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EXECUTIVE SUMMARY

Much attention has been drawn to fuel saving measures for
private dwellings and non-priority commercial and public buildings
both in the United States and abroad. Health care facilities have been
designated thus far as priority users. of natural gas, heating oil,
and other fuels. However, 767 of American hospitals burn natural
gas under their boilers, a practice that may receive increasingly
critical scrutiny by local jurisdictions with responsibility for
allocating this scarce fuel. There has been a tendency in the
United States to set standards of good design and operation--including
those for hospital‘heating, ventilating and air conditioning (HVAC)
systems--that provide a very high quality environment for patients and
staff, This has been done largely with little or no regard for the
energy consumed to provide such an environment. Consequently, hospital
building space is considerably more energy intensive than its commercial
or public counterpart.

Thus far hospitals have not only been virtually guaranteed an
uninterrupted supply of fuel, but there has been considerable reluctance
to lower HVAC standards because of concern over possible adverse
impact on the health, safety and comfort of patients. Hospital HVAC
systems are designgd to maximize the well-being of patients and staff,
not to minimize the consumption of energy. As the Health Resources
Administration observes:

There 18 a limit to how low we can set the thermostat
for sick and elderly patients. Air conditiowing is



not a luxury in patient care and certainly not in the

operating room. Ventilation made possible by power-

driven fans is tightly controlled by Federal regula-

tion. Few appreciate the fact that a hospital is

divided into positive and negative pressure zones

to reduce the possibility of cross-contamination.

Humidity levels are controlled for optimum patient

care and to avoid fire and shock hazards in cirtical

areas.

The complexity of events in recent years, starting with OPEC's
1973 embargo on petroleum exports to the United States, was directly
responsible for Project Independence, a broad, multidimensional
federal program designed to achieve energy self-sufficiency in the
1980s. Existing buildings are responsible for an estimated 35%
of the nation's energy budget; consequently, building conservation
measures were one of Project Independence's priority objectives.
This growing energy conservation consciousness has focused attention
on the energy performance of buildings and changes in the codes used
to guide construction of new buildings. It has been estimated that
hospitals consume approximately 157 of all energy used in commercial
buildings (the equivalent of 400,000 barrels of oil a day).
Approximately 30 to 507 of this energy is used for heating and
another 10 to 15% for cooling. Therefore, measures that reduce
energy consumption in health care facilities could have a
significant impact upon the nation's overall energy consumption.
This University of Minnesota School of Public Health project is

based on the premise that current hospital ventilation standards are
excessively conservative and impede possible opportunities for

HVAC energy conservation strategies. Stated otherwise,

relaxation of these standards might. provide a further quantum increase
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in energy conservation over that possible from hospital energy management
programs alone. The objective of this research, therefore, is to
examine the basis of current hospital HVAC standards and to determine
if they can be relaxed based on criteria that do - not compromise the
health, safety and comfort of patients and staff and has acceptance
of the health care community.
Information has been obtained from the literature and from a
small working conference sponsored by the project. The conference was
advisory to the University with an objective of obtaining current (i.e., as
yet unpublished) thinking with respect to opportunities for and constraints
on the relaxation of these standards in the United States to facilitate
energy conservation measures. Four Scandinavians were joined by six
experts from the United States to form an advisory panel. In
addition, 15 observers were invited and made significant contributions to
the Panel's deliberations. As extracted from the conference proceedings
major recommendations of the panel follow:
L. The hospital in general is over ventilated and some
reduction appears possible. However, in planning for
reduced overall ventilation rates, care must be
taken to emsure adequate ventilation of specific
micro-envivonments. ALl of the following points must
be considered in the context of this position.
2. High ventilation rates have traditionally been assumed
necessary in the hospital for control of airborne
infections. However, current studies indicate that
these are a very minor part of the overall hospital
infection problem and would not be measurably
affected by reducticn of ventilation air to the
levels under consideration. Ventilation for many
areas of the hospital can probably be reduced to
that of commercial office space.
3. Humidity does not need to be controlled on the basis

of human comfort. Other factors should define humidity
endpoints.
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4. The probably limiting constraint on ventilation
18 control of chemical contaminants. No
information exists to adequately characterize
the airborvie chemical load in the hospital setting
at the present time.
5. Thé question of odors needs further research.
In particular, Yaglou's work of 1936-37 needs
updating in the context of today's technology
and cultural factors.
These recommendations were incorporated into the project's
recommendations and guided the direction of the literature review.
Chapter 2 summarizes existing standards in use throughout the
United States governing hospital ventilation systems and the
thermal environment. Data was gathered by .letter contact
with each of the states and territories. The letter requested
information about hospital ventilation and related standards adopted by
the respective governmental unit. Responées have been received from
all 50 states and one territory.
Most states adhere to the 1974 Hill-Burton Standard, entitled
"Minimum Requirements of Construction and Equipment for Hospital
and Medical Facilities." Federal hospital construction standards
have been mandated since 1946 with passage of the Hill-Burton Act
which authorized the federal government to provide grants-in-aid
to the states for planning and construction of hospitals. As with
all such grants, the states must comply with federal regulations, and
the Act provided for federal specification of general standards of
construction and equipment for hospitals of different classes
and different locations.
Hill-Burton Program standards are particularly important in that

they are specifically oriented toward hospital and other health care

facility design and construction. Further, they are widely accepted

iv



within the health care community as specifying minimum acceptable
practic. Overall, one conclusion is that present hospital standards
as exemplified by those of the Hill-Burton Program, are extremely
conservative and difficult to justify on a basis of available
knowledge, and may constrain opportunities for energy conservation.
At the same time however, there does not appear to be an adequate
research base for development of criteria on which an overall
revision of these standards could be based.

Chapter 3 explores the role of air in hospital-acquired
infections. In the past the literature has contained many reports
about the importance of airborne spread of infection. It is
thought that one of the reasons for establishing high ventilation
rates in the hospital has been to curb. the supposed spread of
infection by air by reducing the number of airborne particles
through dilution with clean air. The control of hospital-acquired
infections is a multi-factoral problem because microorganisms,
pathogenic and non-pathogenic are ubiquitous. There are
numerous sources of potential pathogens in the hospital and the transfer
of organisms within a hospital environment is a very complex process.
It is technically difficult to document the movement of microorganisms
from one area to another and the means by which the transfer occurred
be it direct or indirect contact or by the airborne route. Available
evidence shows that the airborne route of transfer plays a minor
role in infection. More importantly, the literature stresses the
need for strict adherence to proper and aseptic technique by all

personnel.



Ventilation may affect transfer of microorganisms and the level
of contamination, but whether or not it affects infection rates
depends on the relative importance of the airborne route to transfer
to other routes in a given situation. Indications at the present time
are that endogenous flora are responsible for the greatest percentage
of nosocomial infections. Exogenous flora transferred by the airborne
route assumes a }elative minor rolebin infection and ventilation

rates based on the premise of reducing infection are erroneous.

Chapter 4 explores the realm of indoor air quality within the
hospitai. In some cases there is a definite relationship between
outdoor air pollutants and the level of indoor contaminants. Sources
within the hospital can also contribute substantially to the
chemical contaminant load of the héspital air environment, exposing
staff and possibly patients as well totpotentially significant
hazards.

When considering possible chemical contamination of hospital air,
distinction must be made between the effect of indoor air quality
on patients and on ﬂospital employees. Protection of the health of
each population makes specific demands on the hospital ventilation

system.

Perhaps the most important consideration for patient health is
that patients have 24-hours per day exposure to the same air supply.
In this respect they differ from what would be considered a normal
working population. In fact, existing air quality standards and
criteria are all based on the assumption that humans divide each

day between two environments, the work and home.
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A second factor to consider in determining the effects of indoor
air quality on patients is that their health may be imparied
in such a way that could make them more susceptible than a healthy
population might be to the same air contaminants. Threshold limit
values (TLV) are based on the assumption that a worker is healthy
and only has a.maximum eight hour per day exposure to a given
chemical. The hospitalized patient may be far from healthy and has a 24
hour per day exposure to whatever substances might be in the air.
This could be a partiéular problem in the case of infants, the elderly
or peopie hospitalized with cardiopulmonary or eye problems. Literature
dealing with the chemical contaminant loading in the hospital is scarce
for patient exposure,but is fairly well documented for some employees
such as the operating room team and their exposure to waste anesthetics.

Because of the need for such material the project staff initiated
a survey of the University of Minnesota Hospitals to evaluate the chemical
load of that particular hospital. Representatives from each operational
unit were contacted and asked to provide information on their
chemical usage history. Unit representatives were not -asked to
segregate toxic from nontoxic substances in their inventory, as this
might have led to differences in definition of "toxic'" from

department to department. Results were mixed from this very

rudimentary survey. First, it is encouraging to note that no
extremely hazardous situation was discovered. Employees, especially
those working with highly hazardous chemicals, appear to be following
fairly good work practices. Perhaps less encouraging, howevef, is the
realization that such basic inventories are not conducted on a

regular basis. The University of Minnesota Hospitals is a teaching/

research institution and has been constructed in stages. This means
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that laboratories are often tucked into corners near patient areas
and that ventilation in some spots may be less than optimal. Because
of the inability of administrators to control these physical
characteristics, it would seem that potential problems could be
prevented if an effort were made to becomé aware of chemicals

usage patterns.

Chapter 5 contains a discussion concerning the influenée'of
thermal factors on patient comfort. When evaluating the indoor
environment with respect to human health and comfort four principal
thermal factors must be considered: air (dry bulb) temperature;
water vapor pressure, usually expressed as relative humidity (RH);
-air movement, expressed in terms of velocity and direction; and mean
radiant temperature. These are independent variables which must
be individually controlled by the researcher when investigating human
sensory, physiological and pathological responses to the thermal environment.

Current United States hospital ventilation standards specify the
thermal'environment'primarily'in'terms‘of dry bulb'temperatufe
(OF and/or oC) and relative humidity. In contrast to other types of
building space, these standards generally specify tighter temperature
and humidity requirements ostensibly in order to maintain a stable,
supportive patient environment.

Since close control of temperature and humidity consumes large
amounts of energy, this chapter considers patient requirements for temperature
and humidity control beyond questions of comfort. In this context,
temperature and humidity are considered with respect to their
physiological, pathological and microbiological implications. Most
of the published research is conéerned with the thermal comfort of

sedentary health subjects, not with seriously compromised patients.
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- However, an overview bf:thermal comfoff is provided to provide a
baseline for further discussion of temperature and humidity.
Temperature restrictions called for by Hill-Burton require a
specific temperature (750F) instead of allowiﬁg a range, necessitating
the use of increased energy. The available literature suggests that
there is a much wider comfort zone that would allow for higher indoor
summer'femperatures and lower indoor winter temperatures.
Hill-Burton humidity requirements are very restrictive and
allow for a range of 30-607 relétive humidity (RH). The original
justification for stringent humidiﬁy requirements is thought to be
based on some work that suggested that'dié off of microorganisms was
accelerated at 50% RH. Fach microorgénism reacts differently and
only within narrow humidity limits, limits which are more restricted
than tﬁe Hill-Burton Standard. Consequently, if the standard's
tight humidity range is to be justified on the basis of airborne
pathogen destruction, a choice must be made as to a specific microorganism
or virus. Recent study reports have also shown that humidity does
not affect cilia movement, another supposed influence of humidity.
In determining future standards, hoﬁe?er, it must be borne in
mind that even if mucous and cilia activity, respiratory function
and microbial decay do not constféin humidity, other factors such
as sensitive electronic equipment and condensation problems may.
Chapter 6 discusses the hospital odor problem with regards to
ventilation rates. Odors are a recurring problem within today's complex

hospital enviromment and do cause patient, staff and visitor discomfort.
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The primary sources of odors include the patient as well as the
multitude of cleaning agents, disinfectants, deodorants and
deodorizers which are sometimes used indiscriminantly throughout the
hospital. Deodorants and deodorizers simply mask the odorant or induce
anosmia and do not remove the odor causing particles. (

Ventilation per se should not be used for control of odorants
since odors vary logarithmically with concentration and ventilation
rates in excess of 20 air changes per hour may be necessary to reduce
a strong odor to an acceptable level. Elimination of.sources of odors
as well as point source control should be the major strategy
used for odor control.

Chapter 7 includes conclusions and recommendations developed from
the literature review as well as from the conference.
The principles summarized in the chaptef are generally applicable
to all hospital spaces.’ They cannot be unilaterally applied, however,
without consideration of the unique characterstics of particular spaces
--such-as~operating rooms; -intensive care units, and isolation rooms.
These principles are summarized herein:
1. All hospital spaces other than those used directly
for patient care or where unusual health and safety
hazards exist, should comply with appropriate ASHRAE
energy conservation standards for new or existing
commercial buildings.
2. Airborne microorganisms play a minor réle
in the incidence of nosocomial infections. Therefore,
means of minimizing the numbers of airborne

biological agents other than by use of outdoor air



can be emphasized, and hospital ventilation standards

do not need to be based on control of these agents.
Since odor perception versus concentration is a
logarithmic function, the outdoor air required to

reduce acute odors in the hosgpital to an acceptable
level can be very high. By the same reasoning, low
level prevailing odors which are satisfactorily
controlled with present ventilation systems are not
likely to become problems with a moderate reduction

in outdoor air quantities.

Generally hospitals are using a wide variety of products
for cleaning and disinfection purposes and are frequently
not aware of their chemical composition. Many of these
products have odors and potentially toxic properties
associated with them. This situation dictates that

considerable care be taken in assessing implications of

quite likely that the quaﬁtities and varieties of these
cleaning materials can be reduced, allowing reduction of
dilution (outdoor) air requirements.

It is quite clear that with respect to patient, staff
and visitor comfort, humidity is a minor factor when

the temperature is in the comfort envelope.

More and more, however, very sensitive electronic
patient diagnostic and monitoring equipment is

being used in hospitals. In general, such equipment

is very sensitive to both high and low moisture
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levels. 1t is therefore anticipated that
humidity standards will pfobably have to be based
on the requirements for thé proper operation of
electronic equipment and the need to prevent moisture
damage to hospital equipment and sttructures.

6. Both the Hill-Burton Program standards, and the

ASHRAE Handbook specify 75°F dry-bulb temperature

for large parts of the hospital. There is no known
technical justification for this requirement, other
than, perhaps it lies at the middle of the comfort
envelope. Adoption of the first principle will
relax this requirement for "hospital spaces other
than those used directly for patient cére or where
unusual health and safety hazards exist."

Chapter 7 also includes recomméndations for necessary supporting

research.
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Chapter 1

INTRODUCTION

The worldwide pre-eminence of the United States is largely the
result of an energy-intensive industrial economy. The nation is
generally blessed with extensive energy resources, although shortfalls
in petroleum and natural gas production have occurred as early as the
1950s.

The complexity of events in recent years, starting with OPEC's
1973 embargo on petroleum exports to the United States, is directly
responsible for Project Independence, a broad, multidimensional
federal program designed to achieve energy self-sufficiency in the
1980s. Existing buildings are responsible for an estimated 357%
of the nation's energy budget; consequently, building conservation - —— -
measures are one of Project Independence's priority objectives,7

Much attention has been drawn to fuel saving measures for
private dwellings and non-priority commercial and public buildings
both in the United States and abroéd. Health carefacilities
have been designated as priority users of natural gas, heating oil,
and other fuels. However, 76% of American hospitals burn natural
gas under their boilers, a practice that may receive increasingly
critical scrutiny by local jurisdictions with responsibility for

allocating this scarce fuel.
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In 1976, there were 3,776,000 admissions to the 1,434,000 hospital
beds in the 7,082 hospitals across the Unitéd States.l This does not
include nursing homes and other iong*term health care facilities, which
also consume a significant portion of this nation's energy supply 24 hours
per day, 7 days per week. It has been estimated that hospitals consume
approximately 15% of all energy used in commercial buildings (the equivalent
of 400,000 barrels of oil a day). Approximately 30 to 50% of this energy
is used for heating and another 10 to 15% for cooling. Therefore,
measures that reduce energy consumption in health care facilities could
have a significant impact upon the nation's overall energy consumption.

It is generally agreed that the quality of the environment in
health care facilities such as hospitals and nursing homes must be
better thanm that provided for the general public in eaping and lodging
facilities and places of assembly. This is based on the premise that
patients are already under stress and that they should not be subject to
additianal stress resulting from environmental shortcomings. An
““additional consideration is that patientsare exposed to the health care
environment 24 hours per day, with limited or no opportunity to
escape from that setting. It is also thought th;t the quality of the
hospital enviromment should be and can be actually supportive of the
patient rather than stressful.

As a result of these arguments, there has been a tendency in the
United States to set standards of good design and operation——including
those for hospital heating, ventilating and air conditioning (HVAG)
systems —~that provide a very high quality environment for patients and

staff. This has been done largely with little or no regard for the



energy consumed to provide such an environment. Consequently, hospital
building space is considerably more energy intensive than its commercial
or public counterpart.

Thus far hospitals have not only been virtually guaranteed an
uninterrupted supply of fuel, but there has been considerable reluctance
to lower HVAC standards because of concern over possible adverse impact
on the health, safety and comfort of patients. Hospital HVAC systems
are designed to maximize the well-being of patients and staff, not to
minimize the consumption of energy. As the Health Resources Administration
obsetrves:

There is a limit to how low we can set the thermostat
for sick and elderly patients. Air conditioning is
not a luxury in patient care and certainly not in the
operating room. Ventilation made poseible by power-
driven fans is tightly controlled by Federal regula-
tion. Few appreciate the fact that a hospital s
divided into positive and negative pressure zones

to reduce the possibility of cross-contamination.
Humidity levels are controlled for optimum patient

care and to avoid fire and shock hazards in critical
areas.d

Emphasis on hospital ventilation has a long history, beginning in_ .

the first century A.D. with a Roman military hospital in which each
room had a window for ventilation. Over the next several centuries,
"hospitals'" consisted of large open halls, heated and ventilated

by four fireplaces such as the monastery of Clumy, France (1043 A.D.).
The halls were well ventilated but not very well heated, necessitating
curtaining off the patient so that his own body heat would keep

him warm. The Ospedale Maggiore of Milan (1456) partially solved

this problem by running a line of braziers down the middle of the

6
ward.



In the military hospitals of the day were found the best heating
and ventilation. Two examples of hospitals with good vent;lation
were the Royal Navy Hospital in Plymouth, England (1764-65) and
James Tilton's hospital termed the "Indian Hut." In the "Indian
Hut," there was a fire in the middle of the ward, without a chimney,
allowing the smoke to raise up in the center above the patients'
heads. The smoke helped "combat infections" and was not offensive
because it was above the patients' heads.

The civilian hospitals of the 17th and 18th centuries were not
as well developed as the military hospitals. At the time, it was
thought that disease was caused by poisonous gases, miasmas, and
pestilential exhalations so that ventilation was the primary goal
of hospital architecture. Some hospitals esse;tially became wind
tunnels such as Cesar Laure's crossward plan for the Hotel Dieu of
Lyons (1622-31) which had a dome over the chapel at the crossing
where foul air was supposed to collect. There was a fireplace

burning all the time for ventilation and two large cast-iron stoves

for heat. The ventilation was so good that on winter mornings the
temperature in the chapel would be as low as 27.5° F. On the
other extreme, it was thought that free circulation of air should be
pfevented and that to protect the patients from disease, the windows
should be sealed and heavy curtains placed around the beds as found
in the Rotunda Maternity Hospital of Dublin (1757). 6

The Nightingale ward became prominent in the 19th century.
Florence Nightingale was the first female nurse to care for British

soldiers,and she made dramatic improvements in mortality rates
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by insisting on a scrupulously clean, well-ventilated hosptial. The
Nightingale ward was an oblong room with windows on both sides.
Sanitary facilities were at one end, partitioned and independently
ventilated, while an open fireplace was centrally located for heat
and ventilation. °

By the middle of the 19th century, air was being introduced
into rooms from the outside by tubes through small openings so as
not to produce inconvenient drafts. The exhaust air was removed
through vents that were larger than the intake vents. This system
relied on the principle that a fire in the fireplace can be used to
suck the air out of a room through the chimney.

In 1861, an . American Sanitary Commission (ASC) report recommended
that hospitals should provide ample heating and ventilation and that
hospitals shouldbe gspecially constructed instead of trying to make

hospitals out of existing buildings where the heating and ventilation

was already a problem. 6

In the United States the Civil War military hospitals were,—as— -

in the past,making important developments with heating and ventilation.
As a result of the ASC report, Lincoln Hospital was constructed on
the same principle as Tilton's "Indian Hut." The barracks were
ventilated by four ventilation gratings at regular distances in the
floor of the ward; wood flues carried air from the outside giving the
ward fresh air even when the doors and windows had to be closed.6

The John Hopkins Hospital of Boston built in 1887 was probably

the first hospital built with modern day heating and ventilation. 1In

the building, air was drawn in through the basement which had many



coils of cast-iron pipe on the outer walls wﬁich carried water that
could be heated to 150° F. The air was drawn into the ward through
a vent between the beds. There were two series of outlets to

remove air from the wards; one was located under the beds, and the
other was in the ceiling. In cold weather, only the lower

system was used but both systems were used in hot weather to
thoroughly circulate the air.6

Formal standards for hospital ventilation did not appear,
however, until the late 1950s and early 1960s under the federal
Hill-Burton Program that provides financial support for the construction
of hospitals. Early in the Hill-Burton Program it became evident that
design standards would have to be developed, applicable to all
hospital construction funded by the federal government. Over the
years, these standards have become accepted as the minimum requirement
for hospital design even in situations where federal funds are not
involved. It is likely that many of these standards are overly
conservative and thus energy inefficient in thé light of new information
developed over the past decade or so.

Research has demonstrated conclusively that older buildings require
far more energy than is necessary to achieve the objectives for which
they were designed and built. Hospitals are, of course, no
exception. More than 90% of the nation's hospitals were built or
designed prior to 1973-74 and are thus energy inefficient by today's
standards.7 Therefore, the first major thrust for hospital energy

conservation is that of implementing various engineering measures

to reduce energy consumption (i.e., energy management). These



engineering changes in design and operation do not in themselves
alter the quality of the environment, but provide the same quality
with greater energy efficiency. Possibilities include:

1. Employ low pressure air distribution systems;

2. Decrease boiler pressure;

3. Employ hot water heating;

4, Discontinue reheat system for individual room
temperature control; and

5. Provide centralized facilities for operations
which are energy intensive and not directly
related to patient care, including computer
facilities, kitchens, laundry, and possibly
central sterile supply.

It must be noted that all of these measures can be undertaken
without affecting the quantity of ventilation air used; i.e., the
hospital would remain in conformance with current ventilation standards.

The discussion above, however, suggests that the current
standards may well be overly conservative and therefore excessively
energy intensive. Thus, a second strategy for energy. .  conservation._ . .
is through a systematic reassessment of Hospital ventilation stanaards.

Relaxation of these standards would allow consideration of
additional schemes which tend to alter the quality of the environment
and thereby could have an adverse effect on the health and well-being
of patients and staff. Possibilities include:

1. Reduce overall ventilation rates;

2. Reduce outside air requirements;

3. TUse lower efficiency air cleaning equipment;

4. Increase the use of recirculated air;



5. Reduce building temperatures in winter and
increase temperatures in summer;

6. Relax humidification requirements;
7. Employ air-to-air energy recovery systems; and
8. Shut down ventilation systems when:not needed.

These strategies could affect the indoor air environment in four

N

general areas:

1. Biological agents, regarding hospital-acquired
infections and air hygiene.

2. Low-level chemical contaminants from sources within
the hospital, including toxic anesthetic gases, as
well as outside air pollutants, both gaseous and
particulate.

3. Thermal properties, i.e., dry bulb temperature, wet
bulb temperature, mean radiant temperature and air
velocity.

4. Aesthetic properties, i.e., "fresh" versus "stale"

versus ''dead" air, including consideration of odors,
air ions, and the efficacy of deodorizing techniques
‘and air fresheners.

Consequently, it is necessary to assess the extent to which
each constrains ventilation air requirements. The results of such
an inquiry are documented in this report, with an objective
of forming a technical basis for recommendations as to:
1. Possible relaxation of current hospital

ventilation standards, based on criteria

that do not compromise the health, safety

and comfort of patients and staff and have

the acceptance of the health care community;and

2. Necessary research to fill information gaps.

Information contained herein was developed from two primary sources:

a literature review, and a small working conference sponsored by the project.
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The literature review examined relevant foreign and domestic
original documents, both published and unpublished, with emphasis on
the literature appearing since 1965. The reason for this is that the
majority of hospital ventilation standards was established prior to
1965, and it is likely that many are overly conservative-—-and thus
energy inefficient--in light of new information developed over the
past decade. Numerous references in the engineering, medical, hospital
administration, microbiology, physiology, and toxicology disciplines
were examined in devélopment of a comprehensive literature summary.
This material is documented hereinafter. Chapter 2 summarizes existing
federal and state hospital HVAC standards, while Chapters 2 through 6
examine the indoor air environment withvrespect to each of the four
factors cited above. The objective of each chapter is to assess the .
extent to which the respective factor constrains ventilation
requirements in the hospital context.

The other primary source of information was provided through

sponsorship of an International Working Conference on Hospital
Ventilation Standards and Energy Conservation, held in the Gemini
Room, IDS Center, Minneapolis on February 21-23, 1978. The Conference
was advisory to the University with an objective of obtaining current
(i.e., as yet unpublished) thinking with respect to opportunities for
and constraints on the relaxation of these standards in the

United States to facilitate energy conservation measures.

The Conference invitation addressed this in further detail:



Precise knowledge of altermatives to present standards and practices
in the design and operation of hospital ventilation systems from the
standpoint of patient welfare and energy conservation is, for a large
part, nonexistent. Thevefore, it is necessary to rely on knowledgeable
persons in such areas as man's physiological needs, special problems
of the hospital environment, energy conservation, control of airborne
contaminants and engineering practice.

Northern European countries are very progressive in hospital
design and HVAC systems as related to patient care and energy
conservation. These countries have already had several years of
experience in dealing with high energy costs without sacrificing
quality of health care delivery. The International Working Conference
will draw upon the experiences and expertise of four experts from
these countries by meeting with representatives from the United States
to consider alternatives and to advise the University of Minnesota on
problems of patient care and comfort while giving serious consideration
to energy conservation...

The major task of the panel will be to review present standards
for the design and operation of HVAC systems from the biological,
chemical, physical and aesthetic standpoint to see if these
standards and practices can be relaxed without compromising the
health and well being of patients and staff....The Conference
18 advisory to the project with a twofold objective:

--To determine what is already known that
could lead to developing changes in hospital
ventilation standards to conserve energy, and
--To determine what information gaps exist that
could-tead-to-further energy-conservation - =
through additional changes in ventilation
standards.
The four Scandinavians were joined by six experts from the United
States to form an Advisory Panel. 1In addition, 15 observers were
invited and made significant contributions to the Panel's deliberations.
The agenda was organized around discussion of the four aforementioned

factors for the first two days. The third day was devoted to developing

the panelists' recommendations to the project . Major points include:

1. The hospital in general is over ventilated and some
reduction appears possible. However, in planning
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reduced overall ventilation rates, care must be
taken to ensure adequate ventilation of specifie
-micro~envivonments. All of the following points )
must be considered in the context of this position.

8. High ventilation rates have traditionally been
assumed necessary in the hospital for control of
atrborne infections. However, curvent studies
indicate that these are a very minor part of the
overall hospital infection problem and would not
be measurably affected by reduction of ventila- -
tion air to the levels under consideration.
Ventilation for many areas of the hospital can
probably be reduced to that of commercial office
space. '

3. Humidity does not need to be controlled on the
basis of humen comfort. Other factors should
define humidity endpoints.

4. The probably limiting constraint on ventilation
18 control of chemical contaminants. No information
exists to adequately characterize the airborme
chemical ‘load in the hospital setting at the
present time. '

5. The question of odors needs. further research.  In
particular, Yaglou's work of 1936-37 needs updating
in the context of today's technology and cultural
factors.®

N 5
The Conference Proceedings are documented elsewhere. However,

Appendix A contains a‘list of the Advisdr§ Panel membéfé;andr
the full text of their position statements and recommendations.

The literature research and Conference are mérged herein in
Chapter 7 which provides conclusions and recommendations. Therein,
a set of principles is articulated on which re&ised hospital

ventilation standards could be based, as well as'a series of relevant

research recommendations.
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Chaptér 2

HOSPITAL VENTILATION AND THERMAIL STANDARDS

There is increasing awareness that development of more efficiént
and reliable energy resources is not a short-term but a long-term
solution to the energy crisis, resulting in a greéter national
emphasis on energy conservation programs. This growing energy conser-

vation consciousness has focused attention on the energy performance of
buildings and changes in the codes used to guide construction of new
buildings. This chapter sﬁmmarizes existing standards in use through-
out the United States, governing hospital ventilation systems and the
thermal environment. It is intended to provide a baseline for assessing

opportunities for and constraints on energy conservation measures.

MODEL CODE FOR ENERGY CONSERVATION IN. NEW.BUILDING-CONSTRUGT-ION--—--

With passage of the Energy Policy and Conservation Act of 1975
(fL 94-163), the United States Congress mandated establishment of
federal guidelines requiring that certain levels of energy-efficiency be
achieved in new building construction. Virtually all.states have
responded to these guidelinés and are now participating in this program.
Under this program, a state may voluntarily enter into a cooperative
effort with the federal government to further>that state's energy
conservation efforts. Each state bears the responsibility for develop-
ing and implementing a comprehensive state energy conservation plan.

The federal govefnment, in turn, provides both technical assistance



and financial support. To assist these states and local building code
officials in the development, adoption and implementation of energy
conservation codes for ﬁew buildings, the United States Department of
Energy (DOE) funded the development of a model building design code
establishing minimum energy conservation levels in new buildiﬁg construc-
tion. The model code,"Code for Energy Conservation in New Building
Constructiod:is the result of a contract between the National Conference
of Stateé on Building Codes and Standards, Inc. ( NCSBCS )and DOE. 3The DOE - -
funding support provided that NCSBCS contract with the three model
code groups, Building Officials & Code Administrators Internationél, Inc.;
International Conference of Building Officials; and Southern Building
Code Congress International,Inc., to work together in a joint effort to
produce this document. The Code incorporates ongoing energy conservation
code development efforts by the three model.code groups as well as
various state energy conservation activities.

Extracting from the Code itsélf, its intent and scope are as

follows:

101.2 Intent

The provisions of this Code shall regulate the
design of building envelopes for adequate thermal
resistance and low air leakage and the design and
selection of mechanical, electrical, and illumin-
ation systems and equipment which will enable the
effective use of energy in new building construc-
tion. . . This Code is not intended to abridge
any safety or health requirements required under
any other applicable codes or ordinances.

101.3 Scope

This Code sets forth minimum requirements for the
design of new buildings and structures or portions
- thereof and additions to existing buildings that
provide facilities or shelter for public assembly,
education, business, mercantile, institutional,




storage and residential occupancies, as well as
those portions of factory and industrial occu-
pancies designed primarily for human occupancy
by regulating their exterior envelopes and the
selection of their HVAC, service water heating,
electrical distribution and illuminating systems
and equipment for effective use of energy. 3
(emphastis added)

In effect, implementation of the Code means that, in the interest of .
eﬁergy conservation, new buildings which are used primarily for human
occupancy(including residences, office space, portions of factory and
industrial occupancies, educational facilities, or shelter for public
assembly, business,etc.) must meet minimum design requirements ensur-
ing efficient use of energy.
Functionally, the Code was developed to serve three major
purposes:
1. Provide, in language compatible with current building codes,
energy conservation standards for new building construction

that are based upon technical criteria developed by the American

Society of Heating, Refrigerating and Air Conditioning EngineerssInc.

(ASHRAE) , embodied in ASHRAE Standard 90-75, "Energy Conservation
in New Building Design." Each paragraph of fﬁiéiéﬁéﬁééédﬂ%ééW”mw
reviewed for appropriateness as‘an enforceable provision with
applicable sections modified into code language. These sections
are considered no less stringent than ASHRAE Standard 90-75.

The Code has also been restructured in relation to the ASHRAE
standard, and requirements to regulate new additions to exist-

ing buildings and acceptable practice provisions have been added.

2. Take into account codes reflecting a concern for energy conservation

that have already been developed by various states and model code

groups. This was done to ensure that the Code is compatible
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and, therefore, acceptable to all the concerned state and local
code groups. Moreover, the Code takes a comprehensive approach,
as opposed to other codes, which do not consider all elements of
the ASHRAE standard and all building types.

3. Include administrative provisions to facilitate adoption and

implementation of the Code by states and local govermmental units.

Interest in this report is with the thermal environment and

ventilation. The Code specifies the following:

]

302.2 Interior Design Conditions

(a) Indoor Design Temperature. Indoor design temper-
ature shall be 72 F for heating and 78 F for
cooling.

EXCEPTION: Other design temperatures may be used
for equipment selection if it results in a lower
energy usage.

(b) Humidification. If humidification is provided
during heating, it shall be designed for a
maximum relative humidity of 30 percent. When
comfort air conditioning is provided, the actual
design relative humidity within the comfort en-
velope as defined in Std RS-4 shall be selected
for minimum total HVAC system energy use.

303.1 Ventilation

Ventilation air shall conform to Std RS-3. The
minimum column value of Std RS-3 for each type of
occupancy shall be used for design. The ventilation
quantities specified in Section 6 of Std RS-3 are for
100 percent outdoor air ventilating systems. Reduc-
tion of up to 33 percent of the specified minimum out-
door air requivement in Section 5 of Std RS-3 for

- recirculation HVAC systems is permitted.

EXCEPTIONS: If outdoor air quantities other

than those specified in Std R5-3 are used or
required because of special occupancy or process
requirements, source control of air contamination,
health and safety or other standards, the required
outdoor air quantities shall be used as the basis
for calzulating the heating and cooling design
loads. 3 (emphasis added)
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"Std RS-3" and "'Std RS-4" refer to, respectively:

1. ASHRAE Standard 62-73, "Natural and Mechanical
Ventilation" (ANSI B 194.1-1977) (see below); and

2. ASHRAE Standard 55-74, "Thermal Environmental
Conditions for Human Occupancy'" (ANSI B 193.1-76).

These standards are incorporated by reference within the Code.

HOSPITAL VENTILATION AND THERMAI STANDARDS

The Code will form the backbone of state-level building energy
conservation programs throughout the United States. Nonetheless, it must
be placed in perspective with respect to hospitals and other health care
institutions. The Code specifically states that it is 'not intended to
abridge any safety or health requirements required under any other
applicable codes or ordinances." 3 This one statement, in effect,
exempts hospital ventilation and thermal requirements from the energy
conservation consciousness reflected in development and adoption of
this new code for building construction.

Instead, hospital construction is guided by design and construction
standards which are oriented strictly toward patient care
and possibly erring on the side of safety. As a result, contemporary
hospitals are relatively and perhaps needlessly,energy intensive
compared to commercial and public building space.

The purpose of this report is, of course, to assess hospital
ventilation (and thermal) standards with respect to their potential
for relaxation as an energy conservation measure. As part of this
effort, hospital ventilation and thermal standards in use in the United

States have been collected and summarized, as present ed in this chapter.
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Methodology

Letter contact was made with the individual responsible for health
care facility licensure in each of the states and territories. This
individual was identified from information compiled by the Association
of State and Territorial Health Officers. These recipients were sent
a form letter requesting information on hospital ventilation and
related standards adopted by the respective state. In general, replies
consisted of a transmittal letter providing explanatory comments and
a copy of the state's rules for health facility design and construction.
Responses have been received from all 50 states and one territory.

In a similar fashion, the five federal agencies known to construct
and operate hospitals were contacted.

A draft of this chapter was mailed to all respondents, asking
for critical review and comment. Some responses were received
and have been incorporated herein.

Many states use a national standard, either formally adopted
or informally applied. These standards are summarized
herein in Tables 2.1 to 2.5. Other govermental units have developed
unique standards, as tabulated in Table 2.6.

Individual standards, both national and governmental unit, are
presented in a common matrix format as shown in Figure 2.1 to facilitate
comparision. All standards are présented in this form except ASHRAE
Standard 62-73 (Table 2.3) and that adopted by the Departmént of the
Air Force (Table 2.6.1). These two standards specify ventilation air

requirements on a CFM basis rather than air changers per hour; consequently
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their column headings have been altered, Row headings (i.e., afea g
designations) are consistent throughout.

Conventions adopted in preparation of Tables 2.1 through 2.6 are:

N = Negative pressure to be maintained with respect to surrounding
spaces.

P = Positive pressure to be maintained with respect to surrounding
spaces.

E = Equal pressure to be maintained with respect to surrounding spaces.

V = Pressure may vary with respect to surrounding spaces.

- = No data specified.

CFM = Cubic feet per minute.

Requirements specified in these tables are minimums and are not
intended to prelude higher ventilation rates for
heating or cooling.
In addition to tabular information, each table includes supplemental
requirements -and explanatory notes.

National Standards

Many states utilize national standards, which have been adopted by
reference, explicitly codified as a state rule, or simply informally
adopted as prima facie evidence of accepted design and construction
practice.

There are presently three sources of national standards concerned with
hospital ventilation air and thermal requirements:

1. TU. S. Department of Health, Education and Welfare,

Public Health Service, Health Resources Administration:
minimum design and construction requirements under the
Hill-Burton program.

2. American Society of Heating, Refrigerating and Air

Conditioning Engineers, Inc.: applicable engineering

standards.

3. National Fire Protection Association; Life Safety Code.
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Each of these is discussed below.

Hill-Burton Standard (Tables 2.1 and 2.2). Federal hospital construction

standards have been mandated since 1946 with passage of the Hill-Burton Act
which authorized the federal government to provide grants-—in-aid to the states
for planning and construction of hospitals. As with all such grants, the states
must comply with federal regulations, and the Act provided for federal
specification of general standards of construction and equipment for hospitals
of different classes and different locations.

The original ''General Standards' appeared in the Federal Register on

February 14, 1947, as part of the original regulations relating to the implement-
ation of the Hill-Burton Program. Since that time, the standard has been
revised several times to maintain relevancy to the functional and technological
advances in health care and in construction practice as they affect the delivery
of health care. Hospital architects, administrators and medical advisors have
comprised the technical committees which drafted these revisions.

These standards have evolved over the years, generally toward increased
ventilation air requirements and higher temperature and humidity c:ontrol.S’6
Infection éonéfél is the gégisréf”théseﬁstandards; the air change rates is
intended to maintain viable particle counts per cubic foot below specified levels
for different hospital areas. These levels were based on surveillance studies
conducted by the Communicable Disease Center in the early 1960s. From these
studies Galson and Goddard concluded '"that definite standards for hospital
environments are economicaliy feasiBle and could be established."5 As
discussed in Chapter 3, however, the role of air in hospital-acquired infections
has been over emphasized and thus the conclusions of the CDC studies are -

challengeable, in light of more current studies.
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Although there is a 1976 Hill-Burton Standard, the 1974 version is
the more generally recognized. The differences between the two are
apparently primarily editorial. The 1974 Hill-Burton Standard, entitled

"Minimum Requirements of Construction and Equipment for Hospital and

Medical Facilities," is a revision of "General Standards of Construction

and Equipment for Hospital and Medical Facilities" issued in‘1969 and
has been reduced in scope to specify only minimum requirements.

For moré than two years, technical study groups, under Hill-Burton
auspices, regularly met to draft this document. These groups evaluated
comments by various federal and state agencies as well as medical,

construction, and design authorities. Consideration was also give to

comments received as a result of a notice which appeared in the Federal
Eggigggg on June 28, 1973.

The standard specifies minimum requirements that "are considered
necessary to ensure properly planned and well constructed health care

facilities which can be efficiently maintained and operated to furnish

8

adequate services." It does not infringe upon an individual state's

right to impose more stringent requirements, statingt .o

Because of local conditions, states may
have additional requirements, some of which may
exceed those detailed herein. Neither these
minimum requirements nor the guide materials
mentioned above are intended in any way to
restrict innovations and improvements in
design or construction techniques. Accord-
ingly, plans and specifications which contain
deviations from te requirvements perscribed
herein may be approved if it is determined
that the purposes of the minimum requirements
have been fulfilled. Requests to waive any
specific requirement shall be submitted to
DHEW's Division of Facilities Utilizationm,
Health Resources Administration, as early
in the planning process as possible.8
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In addition, it specifiesg its relationship to other codes and standards
as follows:
Nothing stated herein shall relieve the

sponsor from compliance with building codes,

ordinances, and regulations which are enforced

by eity, county, or state jurisdictions. Where

such codes, cordinances, and regulations are not

in effect, the sponsor shall consult one of the

national building codes generally used in the

area for all components of the building type

which are not specifically covered by these

mintmum requirements, provided that the require-

ments of the national code are consistent with

the minimun requivements set for therein. 8

A draft of a new ("Proposed’) Hill-Burton Standard (Table 2.1)

appeared in February 1978. As of this writing, however, a new standard

has not been officially promulgated.

With respect to ventilation and thermal requirements, some
difference s between the 1974 and Proposed Standards are evident.
Temperature requirements will be relaxgd in some areas, although
humidity requirements will now be specified for all areas. Some areas
will now be able to have a variable pressure relationship with
adjacent areas, which may provide some energy savings. Perhaps of
most interest will beé an optional requirement for operating rooms,
allowing either 15 changes per hour of outside air or 5 changes
per hour of outside air with 25 total air changes per hour. It is not
clear that any of these new requirements resulted from energy
conservation considerations.

Hill-Burton Program standards are particularly important in that
they are specifically oriented toward hospital and other health care
facility design and construction. Further, they are widely accepted
within the health care community as specifying minimum acceptable
practice. Nonetheless, it must also be recognized that these standards
may be excessively conservative, possibly. constraining opportunities

for major energy conservation measures.
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ASHRAE Standards (Tables 2.3 and. 2.4) ThevAmerican'Society of Heating,

" . 'Refrigerating and Air Conditioniqg Engineers, Inc. (ASHRAE) provides

two sources of hospital ventilation standards recognized by some states:
1. Formal engineering standards; and

2. Guidelines contained in the ASHRAE Handbook and Product
Directory.

- The relationship between these sources_is not entirely clear; consequently,
 each will be discussed separately.
ASHRAE engineering standards are established to assist the HVAC

industry and the public by offering a uniform method of testing equipment
for rating purposes, by suggesting safe practices in designing and

installing such equipment, by providing proper definitions of this
equipment, and by providing other information which may serve to guide
the industry. The creation of these standards is determined by need,
and conformance is completely voluntary. Adherancé is perceived as
solely in the interest of obtaining uniform standards throughout the
industry, vis—a-vis other interests such as public health and safety.

Equipment ratings published as conforming to an ASHRAE standard must

comply with the publication provisions statéé”fherein.l
ASHRAE standards are updated on a five-year cycle. Each title is
preceded by a number; the digits before the hyphen refer to the standard
designation,and the digits after the hyphen refer to the year of
approval, revision or update. Appearancé of an "ANSI" designation
reflects approval by the American National Standards Institute.
ASHRAE standard 62-73, "Standards for Natural and Mechanical
Ventilation" (ANST B 194.1-1977) establishes:
ventilation requivements for spaces
. tntended for human occupancy and specifies
minimum and recommended ventilation air
quantities for the preservation of the

oceupants' health, safety, and well~being.
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Good ventilation practices .exists
when clean ventilation air is provided
in sufficient quantities to maintain the
required oxygen, carbon dioxide, and
other air quality levels, in the space
under consideration.

The standard does not specify the
atr quantities requived for the control
of temperature and humidity or the exhaust
quantities required for source control
of domestic or industrial wastes. The
specifications are based on the currvent
state of knowledge and acceptable
practice related to air filtration. odor
control and environmental physiology. 10
(emphasis added)

The standard specifies ventilation air (i.e., "that portion of supply
air which comes from outside . . . plus any recirculated air that has
been treated to maintain the desired quality of air within a designated
space.”) requirements for a variety of building spaces, including
residential, commercial, industrial, agricultural, institutional, and
organizational facilities.l0 Requirements for hospitals are tabulated
in Table 2.3.

The introduction provides some historical perspective on this
s tandard:

The impovtance and confusion regarding the need for - - -
ventilation standards is evidenced by the existence

of such standards in numerous building codes since

the early 1900's and, at the same time, the diverse
and often conflicting specifications. In. 1965, ASHRAE
was invited to participate in the revision and up-
dating of ASA Standard A53.1, Light and Ventilation,
dated May 23, 1946. Responsibility for ' the Mechan-
teal Ventilation Section of this Standard was assigned
to an ASHRAE Project Committee appointed in 1966.

With the reorganizatin of ASA (now ANSI) and a

change in its procedures, the A53 Committee became
inactive; at the instructions of the ASHRAE Standards
Committee, the Project Committee was advised to
continue its efforts and develop an ASHRAE Standard.

To meet its responsibility, the Project Committee
undertook an extensive program to obtain input from
all segments of industry, the public, and ASHRAE
members. A comprehensive review and comparison of
ventilation codes was undertaken to aid the Committee
in its formulation and standardization of definitions
and recommendations. An article in the ASHRAE Journal
2-12



and a press release to the trade press solicited
opinions, comments and suggestions. An open forum

was held at the ASHRAE Semi-annual Meeting in Chicago,
January 1969. Interest was high and considerable
information was obtained for guidance of the Project
Committee. Following Project Committee acceptance

of the eight draft, the proposed Standard was submitted
to an additional review by ASHRAE members and represent-
atives from industry and government prior to approval
by the Standards Committee and ASHRAE's Board of

- Directors.

The Standard recommends ventilation rates based upon

the best available scientific and technical knowledge.
It also incorporates, for the first time, a quantitative
definition of "acceptable outdoor air' and specifies
conditions under which the amount of outdoor air may

be reduced, thereby taking advantage of advancements

in air cleaning technology.

The technical basis of this standard must be understood. It
eétablishes requirements based on the state of knowledge with respect
to "air filtration, odor control and environmental physiology,"

10
vis-a-vis infection control. Consequently, the minimum ventilation
air requirements are specified in terms of "cubic feet per minute, per
, 10
human occupant,' rather than air changes per hour. It is therefore
difficult to make an overall comparison of ASHRAE Standard 62-73 with -
standards oriented strictly to the hospital environment. = i

One analysis, however, may be illustrative. Section 6.5,
"Institutions," of ASHRAE Standard 62~-73, specifies that hospital '"single,
dual bedrooms ""shall have a minimum ventilation air rate of 10 CFM
per occupant, and provides an estimate of 15 persons per 1000 square

, 10 '
feet of floor area. If a ceiling height of nine feet is assumed, this
amounts to 1.0 ventilation air chariges per hour. In contrast, the
proposed Hill~Burton Standard requires two changes of outdoor air per
hoﬁr, double the ASHRAE standard., Presumably the factor of two is

intended to provide for infection control; i.e., air requirements beyond

that for odor control and physiological needs.
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The standard only specifies ventilation air requirements. A
companion document, ASHRAE Standard 55-74, "Thermal Environmental
Conditions for Human Occupancy" (ANSI B 193.1-76), provides thermal
comfort criteria. This is a performance standard specifying the
environmental conditions that will provide year-round thermal accept-

ability for at least 80% of normally clothed men and women living in the

United States and Canada, while engaged in indoor sedentary or near
sedentary activities, such as light office work, at altitudes of sea level
to 7,000 feet. The specifications are based on the current state of
knowledge of environmental physiology, comfort research, and commercial
practice. This standard is not applicable to spaces in which the activity
level is greater than that of light office work or for other than indoor
clothing.ll
Satisfaction with the thermal environment is a complex subjective
response to seyeral interacting variables. This standard has meaning
only when the criteria established by it are applied together and in the
manner outlined therein. It is necessary that those applying ASHRAE
Standard 55-74 realize that the thermal performance of an occupied space
is determined by the design and construction of the space as well as the
heating, cooling, ventilation and air cleaning systems and their controls.ll
ASHRAE Standard 55-74, in terms of its scope, is not applicable
to the patient environment. Consequently, it cannot be unilaterally
applied to the hospital setting, and no thermal comfort criteria from
it are included herein.

The other source. of ASHRAE standards are guidelines contained in the

ASHRAE Handbook and Product Directory. The Handbook contains four

volumes, providing a comprehensive and current source of reference
data on air conditioning, heating, ventilation and refrigeration.

Besides technical data sections, each volume includes a Product Directory,
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listing the names and addresses of over 4500 manufacturers and organized-

under 1000 product categories; a Catalog Data section, illustrating

products of leading manufacturers for rapid reference to modern equipment;

and an Index of Technical Data.

Each of the four volumes is undated on a staggered four year
. cycle such that an updated Handbook volume is published annually. The
ﬁresent four volumes: are:

1977 Fundamentals (Current until 1981)

1976 Systems (Current until 1980)

1975 Equipment (Current until 1979)

1978 Applications (Current until 1982)

The 1978 Applications volume 'presents information on the use of

various components, units and systems to provide specific conditions for
. . . "2 . .

a building occupancy or as required for a process. It specifies

hospital ventilation air requirements as tabulated in Table 2.4 .

Since the accompanying text discusses such issues as infection control,

presumably these requirements are so based. This is also evident from

a comparison with the Hill-Burton Standard: The 1978 Applications

volume specifies very similar outdoor air requirements.

Although these requirements are recognized by some states, it is
important to recognize that they are not formal engineering standards.
Updating the Handbook volumes is the responsibility of ASHRAE's various
technical committees, and there is no assurance of review by other interest
groups as would be the case with a standard adopted by the mechanisms

of the American National Standards Institute. Nonetheless the Handbook

is an excellent source of state of knowledge reference data for designers,

with a higher degree of acceptability for the hospital environment than

ASHRAE Standard 62-73.
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Life Safety Code (Table 2.5) This Code is prepared under sponsorship

of the National Fire Protection Association under the formal designation

of NFPA 101, "Code for Safety to Life From Fire in Buildings and Structures."
The Code's purposes and scope are;

SECTION 1-2. PURPOSE

1-2111. The purpose of this Code is to specify
measures which will provide that degree of public
safety from fire which can be reasonably required.
The Code endeavors to avoid requirements which
might involve unreasonable hardships or umnessary
ineonventience or interference with the normal use
and occupancy of a building, but insists upon
compliance with a minimum standard for firve safety
necessary in the public interest, even though a
financial hardship may be involved in scme
tndividual coses.

SECTION 1-3, SCOPE

1-3111. This Code deals with life safety from
fire and like emergencies. It covers construction,
protection, and occupancy features to minimize
danger to life from firve, smoke, fumes, or panic
before buildings are vacated. It specifies the
number, size,and arrangement of exit facilities
sufficient to permit prompt escape of occupants
from buildings or structures in case of fire or
other condition dangerous to life.

The Code recogniszes that life safety is
more than a matter of exits and accordingly deals
with various matters besides exits which are
congidered essential to life safey and, in some
cases, specifies limits beyond which the haszard
i8 so great that no practical amount of exits can
give assurance of any reasonable safety.’

The Life Safety Code has a long and distinguished history, and it is
worthwhile to dwell briefly on its origin and development to place it

in context with respect to hospital ventilation:

The Life Safety Code had i®s origin in the work of the
Committee on Safety to Life of the National Fire Protection
Association which was appointed in 1913. For the first few
years of its existence the Committee devoted its attention
to a study of the notable fires involving loss of life and
in analyzing the causes of this loss of life. This work
led to the preparation of standards for the construction of
stairways, fire escapes, etc., for fire drills in various
occupancies and for the construction and arrangement of
exit facilities for factories, schools, ect., which form the
basis of the present Code. These reports were adopted by the
National Fire Protection Association and published in pamphlet
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form as "Ooutside Stairs for Fires Fxits: (]-9]6') and "Safegua.pding: :

. Factory Workers from Fire' (1918). A pamphlet, "Exit Drills in

Factories, Schools, Department Stores and Theatres,' published in

1912 following its presentation by the late Committee member,

"Mr. R, H, Newbern, at the 1911 annual meeting of the Association,
although antedating the organization of the committee, is considered
as having the status of a Committee publication and had been
used with the other pamphlets as a ground work for the present
Code. These pamphelts were widely cireulated and put into quite
general use.

In 1921 the Committee was enlarged to include representation
of certain interested groups not previously participating, and
work was started on the further development and integration of
previous Committee publications to provide a comprehensive guide
to exits and related features of life safety from fire in all
classes of occupancy, to be known as the Building Exits Code.
Various drafts were published, circulated and discussed over
a period of years and the first edition of the Building Fxits
Code was published by the National Fire Protection Association
in 1927, Thereafter the Committee continued its deliberations,
adding new material on features not originally covered, and
reviging various details in the light of fire experience and
practical experinece in the use of the Code. New editions were
published in 1929, 1934, 1936, 1938, 1939, 1942, and 1946 to
incorporate the amendments adopted by the National Fire Pro-
tection Association.

The Cocoanut Grove Night Club fire in Boston in 1942 in
which 492 lives.were lost focused national attention upon the
importance of adequate exits and related fire safety features.
Public attention to exit matters was further stimulated by
the series of hotel fires <in 1946 (LaSalle, Chicago-61 dead;
Canfield, Dubuque~19 dead; and the Winecoff, Atlanta-119 dead).
The Building Exits Code thereafter was used to an increasing
extent for legal regulatory purposes. However, the Code was
not in suitable form for adoption into law, as it had been
drafted as a reference document containing many advisory
provisions useful to designers of buildings, but not appro-
priate for legal use. This led to a decision by the committee
to re-edit the entire Code limiting the body of the text to
requivements suitable for mandatory application and placing
advisory and explanatory material in notes. The re-editing
also involved adding to the Code provisions on many features
in order to produce a complete document. Preliminary work
was carried on concurrently with development of the 1948,
1949, 1951, and 1952 editions. The results were incorporated
in the 1956 Edition, and further refined in subsequent
editions dated 1957, 1958, 1959, 1960, 1961, and 1963.

In 1955, separate documents, NFPA 101B and NFPA JOZC
were publiched on nursing homes and interior finish, respec-
tively. NFPA 101C was revised in 1956. These publications
have since been withdrawn. :
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In 1963 the Safety to Life Committee was reconstructed.
The Committee was decreased in size to include only those
having very broad knowledge in fire matters and representing
all interested factions. The Committee serves as a review
and correlating committee for seven Sectional Committees
whose personnel include members having a spectal knowledge and
interest in various portions of the Code.

Under the revised structure, the Sectional Committees
through the Safety to Life Committee prepared the 1966 edition
of the Code which was a complete revision of the 1963 edition.
The Code title was changed from Building FExits Code to the
Code for Life Safety from Fire in Buildings and Structures,
the text was put in '"code language: and all explanatory notes
were placed in an appendix. The contents of the Code were
arranged in the same general order as contents of model
building codes because the Code is used primarily as a
supplement to building codes.

New editions of the Code were adopted in 1967 and 1970,
and the Code was placed on a three~year revision schedule.

In all of the work in developing the various sections
of the Code the groups particularly concerned have been
consulted. Reports have been published by the NFPA for review
by all concerned and have been discussed and adopted in the
annual meetings of the NFPA. Records of the discussions and
action taken by the NFPA will be found in the Technical
Committee Reports and the NFPA Fire Journal . . .7

The 1970 edition of the Life Safety Code was approved by the American
National Standards Institute on July 27, 1971 and designated ANSI A9.1.
The 1973 edition superseded the 1970 edition and was adopted by the
National Fire Protection Association on May 17, 1973.

While the Code is primarily concefned with the exit facilities.
it does extend to numerous other subject areas concerned with publiq
safety in buildings. The ventilation requirements in Table 2.5 are
implicitly required by the Code.

The Code's Chapter 10, '"Institutional Occupancies,”

includes the following text:
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10-137. Hazardous Areas

10-1371. Any hazardous areas shall be safeguardéd in
accordance with Section 6-5, Hazardous areas include,
but are not restricted to the following. Those areas
accompanied by a dagger (+) in the list shall have
both separation and a complete extinguishment system.

Botler and heater rooms + Rooms or spaces,
Loundries _ ‘ ineluding repair
Kitchens - o shops, used for the
Repair Shops o storage of combustible
Handicraft Shops supplies and equipment
- Employee locker rooms ' in quantites deemed
4 Soiled linen rooms hazardous by the author-
4 Paint shops ity having Jurisdiction.

+ Trash collection rooms
Gift shops

10-1372. Laboratories shall be protected in accordance
with the applicable standard listed in Appendixz B. '

Appendix A, "Notes," provides the following explanatory material on the

above text:

A-10-1371. For flammable liquid storage, reference
should be made to NFPA Standard 30. Rooms in clinical
laboratories in which automatic processing of speci-
mens with flammable solvents is likely to take place
when the equipment is unattended present a limited
hazard which may be more readily protected through
use of sprinklers connected to the domestic water
supply. Provisons for the enclosure of rooms used
for charging linen and waste chutes or for the

rooms into which chutes empty are provided in Chapter
7. In addition to the fire-resistive cutoff of rooms
into which linen chutes and waste chutes discharge,
automatic sprinkler protection ig considered
essential. Provisions for the protection of storage
facilities for flammable gases and oxygen are

covered in NFPA 564, Code for the Use of Inhalation
Anesthetics, and NFPA 56F, Standard for Non-flammable
Medical Gas Systems. 7

The identification of NFPA Standard 56A in Appendix A simplies its incorp-
oration into the Life Safety Code, as stated in Appendix B, "Referenced
Publications." NFPA Standard 56A, "Standards for the Use of Inhalation
Anesthetics‘(Flammable and Nonflammable),'" specifies ventilation

requirements for inhalation anesthetic gas use and storage. These are
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the only requirements for hospital ventilation air within the Life Safety
Code and are tabulated in Table 2‘5‘as requirements of the Code.

NFPA Standard 56A has the following scope:

12. Scope |

1211. This standard states the composite methods whereby
the haszards of fire, explosion, and electric shock
attending the use of inhalation anesthetics may be reduced.
It also specifies the design and procedures for operating
rooms in which flammable agents shall not be used, the
ecomposite methods whereby the hazards of electric shock
from power and lighting cireuits may be mitigated, and
also delineates safeguards in the use of compressed gas.

1212. Electric shock and compressed gas hazards, exist
irrespective of whether the facility is designed for use
of flammable agents or for the exclusive use of non-
flammable agents.

1213. This standard is intended to provide requirementsto -
protect against explosions or fires, electric shock,
mechanical injury from compressed gases or compressed

gas cylinders, or anoxia from erroneous gas connections
without unduly limiting the activities of the surgeon

or anesthesiologist.

1214. This principle, without minimizing any of the
aforementioned dangers, recognizes that the physicians
shall be guided by all the hazards to life that are
inherent to surgical procedures carried out in
anesthetizing locations ..+ 9

The following comments on its history, origin and development are
included in NFPA Standard 56A:

When this standard was first published in 1941 the
majority of inhalation anesthetics were administered with
flammable agents, and fires and explosions in operating
rooms occurred with disturbing frequency. Promulgation
of this standard by the NFPA and the use of this standard
by hospitals has lowered the incidence of such tragedies
significantly.

Nonflommable inhalation anesthetics possessing
relatively safe properties were developed during the
1950's. The increasing use of these agents has curtailed
and in some institutions almost completely eliminated the
use of flammable agents. This change in anesthetic
practice has made 1t desivable to delineate standards of

2-20



constfuction and_ operation Qj?roéms in locations where
Flammable agents never will be used, It must be

hazards other than those related to fires and explosions,
e.q., electric shock. It must also be recognized that
these_newer agents may possess toxicologic hazards to
patients and personnel

This standard has been formulated in the belief
that, although materials and mechanical equipment must
be relied upon to the fullest possible extent for the

- mitigation of fire, explosion, and electric shock
hazards, such physical safeguards are most effective only
when augmented by safety precautions conscientiously
applied by operating room and supporting personnel.
This standard emphatically calls attention to the need
for constant human diligence in the maintenance of safety
practices, because of the peculiar intermixing of
flammable anesthetic hazards and electric shock hazards,
together with the mental strain in the envivonment
of surgical operations ...,

The original edition of No. &6 was in the form of
an advisory pamphlet entitled "Combustible Anesthetics
in Hospital Operating Rooms." In 1951 this was expanded
and became "Safe Practices for Hospital Operating Rooms,"
and in 1962 it was renamed "Use of Flammable Anesthetics."

In 1970 it was expanded to include the use of
nonflammable as well as flammable anesthetics. Other
changes included the requirement for a dynamic line
isolation monitor, spectial grounding procedures, and
the revision of electrical safequards to mitigate the
hazard of electric shock in anesthetizing locations.
The number was changed to No. 564, and the title was
changed to "Use of Inhalation Anesthetics.” In 1971
ammendments included requirvements for the equipotential
grounding system, and the introduction of new designs
for plugs and receptacles for use with the isolated
power system. The 1972 edition included changes in
testing requirvements for antisatic materials, clari-
fieation of requirvements for the Line Isolation
Monitor, additional definitions, and new appendix
material. 9

For a few states, the only adopted standard specifying hospital
ventilation requirements is the Life Safety Code. It must be emphasized
that the ventilation requirements therein (i.e.,those of NFPA Standard 56A)

are with respect to reducing the explosion and fire hazard associated with

the storage and use of inhalation anesthetic gases. They are in no way
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oriented toward protection of patients and staff from possible
toxicological effects of these gases. That is, they are safety,

not health, oriented.

Governmental Units

Table 2.6 summarizes standards adopted by five federal agencies and

the 50 states, and Puerto Rico. The five federal agencies known to construct and

operate their own hospitals are tabulated below. No other federal

agencies are known to have internal hospital construction programs.

Sub-Table

Department of Defense

Department of the Air Force 2.6.1

Department of the Army 2.6.2

Department of the Navy 2.6.3
U. S. Department of Health, Education and Welfare

Indian Health Service 2.6.4
Veterans Administration 2.6.5

Each of these agencies has adopted its own standard, vis-a-vis a national
standard, as being more appropriate to its particular needs. There is
no evidence of energy conservation measures incorporated into any of
these standards.
At present, the 50 states and Puerto Rico can be classified as follows:

1. Adopts a Hill-Burton Standard (Table 2.2) (17 states and Puerto Rico):

Alaska, Arizona, Delaware, 1llinois, Iowa, Kansas, Michigan,
Nevada, New Hampshire, New Jersey, New Yerk, Ohio, Pennsylvania,
Rhede Island, Utah, Virginia, and West Virginia.

2. Adopts only an ASHRAE standard (Tables 2.3 and 2.4) (2 states)

Maryland, and Nebraska. (Nebraska also requires conformance
to NFPA Standard 56A)
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3. Adopts only NFPA. Life Safety. Code (Table 2.5) (7 states):

Georgia, Hawaii, Massachusetts, Oregon, South_Caroliné,
Vermont, ard Wyoming. '

4. Adopts own standard (Tables12.6.6vto 2.6.26) 19 states):.

Alabama®*, Arkansas, California*, Connecticut*, Florida¥,
Idaho*, Indiana, Kentucky®, Minnesota®, Mississippi¥*,
Missouri*, New Mexico*, North Carolina*, North Dakota¥*,
Oklahoma, South Dakota®*, Texas¥*, Washington,®

‘and Wisconsin®. (The asterisked states also

required conformance to NFPA Standard 56A)

5. Has no standard (5 states):

Colorado, Louisiana, Maine, Montana, and Tennessee

The latest Hill-Burton standard is generally accepted by the health care
community as specifying minimum acceptable hospital design and construction
practice to ensure adequate patient and staff comfort and well being.

An obvious conclusion from the above summary and from Tables 2.6.6 to
2.6.26 is that most statés have adopted inadequate and/or outdated
standards. In practice, however, since mést hospital construction

is federally funded, the latest Hill-Burton standard must be followed
unless the state has adopted a more stringent standard. Even wheﬁ
Hill-Burton funding is not involved, it would be extremely difficult
for'the eﬁgineer to specify and justify a mechanical system providing

less capability than the latest Hill-Burton standard.

0f the é3 states that have not aaopted a Hill-Burton
s tandard, four states have indicated that the latest Hill-Burton s candard
is informally applied (Minnesota, South Carolina, Tennessee, and Vermont),
and four states have indicated plans to adopt a Hill-Burton s tandard
(Colorado, Montana, Tennessee and Wisconsin). Nevada, Which has adopted
the 1969 Hill-Burton Standard by rule, plans to adopt an ASHRAE standard.

No significant energy conservation measures appear to be reflected in

any of these state standards, irrespective of source.
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JOINT COMMISSION ON ACCREDITATION OF HOSPITALS

A unique factor in the health care community is the Joint
Commission on Accreditation of Hospitals (JCAH). The JCAH is dedicated
"to the development of national sténdards of structure, function, staffing,
and procedure for hospitals. All of these standards are directed toward -
the provision and maintenance of quality patient care." ! JCAH
standards and their interpretations form the basis by‘which the JCAH
provides hospitals with consultation, education, evaluation and
accreditation services on a fee basis. Requests for all JCAH services
are voluntary, implying "a professionally motivated, voluntary commit-
ment to self-evaluation and self-improvement" on on the part of the
requesting hospital.

As stated in its certificate of incorporation, the formal purposes
of the JCAH are;

1. to establish standards for the operation of hospitals and
other health-related facilities and services:

2. to conduct survey and decreditation programs that will
encourage members of the health professions, hospitals,
and other health-related facilities and services
voluntarily:

a. to promote high quality of care in all
aspects . in order to give patients the
optimal beznefits that medical science
has to offer,

b. to apply certain basic principles of
physical plant safety and maintenance,
and of organization and administration
of function for efficient care of the
patient, and

c. to maintain the essential services in
the facilities through coordinated
effort of the organized staffs and the
governing bodies of the facilities;
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3. to recognize compliance with standards by issuance of certificates.
of accreditation;

4.  to conduct programs of education and research and publish the
‘ results thereof, which will further the other purposes of the
corporatton,and to accept grants, gifts, bequests, and devices

in support of the purposes of the corporation; and

5. to assume such other vesponsibilities and to conduct such other
activities as are compatible with the operation of such
- standard-setting, survey and accreditation programs.

History
The history of the JCAH and its relationship to the health care.
community are summarized in the following paragraphs:

The Joint Commission on Accreditation of Hospitals is an outgrowth
of ‘the Hospital Standardization program established by the American
College of Surgeons in 1918 to encourage the adoption of a uniform medical
record format that would facilitate the accurate recording of the patient's
elinical course. The American College of Surgeons recognized the need
for a system of standardization thatwould provide a means of tdenttfyzng
those institutions devoted to the highest ideals of medicine.

Although the American College of Surgeons' standardization program
was siccessful, it grew to be a financial burden on the College, and
participation by other national professional organizations was solicited
in order to continue the program. In 1951, an event occurred which was
unique in the history of medicine: five major associations of North
American medicine and hospitals jointly created an organization whose
sole purpose was to encourage the voluntary attainment of uniformly -
high standards of institutional medical care. The founding members of
the Joint Commission on Accreditation of Hospitals were the American

. College of Surgeons, the American College of Physicians, the American
Hospital Association, the American Medical Association, and the Canadian
Medical Association. The Canadian Medical Association continued its
participation in the Joint Commission until 1959 when the Canadian
Council on Hospital Accreditation activated its own program.

In 1965, Public Law 89-97 (Medicare) was enacted. Reference to the
Joint Commission in this law represented the confidence of Congress in
the ability of the health care sector to voluntarily assess the quality
‘of ecare being provided. Written into the Medicare Act was the provision
that the hospitals participating in that program were to maintain the
Level of patient care that had come to be recognized as the norm.
The standards of the Joint Commission arve specifically referrved to in the
law, and the Conditions of Participation for Hospitals, subsequently
promulgated and published by the Social Security Administration, reflected
in the 1965 standards of the Joint Commision.
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, One result of the 1965 Medicare legislation was the provision that
hospitals accredited by the Joint Commission were automatically "deemed"
to be in compliance with the federal Medicare Conditions of Participation
and, thus, "deemed" to be eligible for participation in Medicare. (The
1972 Amendments to- the Social Security Act, Public Law 92-603, provide
for "validation" surveys of JCAH-accredited hospitals. This means that,
while JCAH-accredited hospitals continue to be deemed eligible for part-
ieipation in Medicare, the Secretary of the Department of Health,
Education, and Welfare 18 authorized to validate JCAH findings, either
on a selective sample basis or on the basis of substantial complaint.)l

VStandards

The JCAH publishes an Accreditation Manual for Hdspitals, which

documents its current standards and their interpretations. Historically,
the Manual has been published on an aperiodic basis; however ,starting in
1978, it will be published annually on August 1 of each year, with the
new requirements therein becoming effective for accreditation purposes on
the succeeding January 1. This new schedule is intended to provide
hospitals with publication predictability, an up-to-date Manual annually,
and sufficient lead time to initiate necessary action to achieve compliance.
The JCAH standards are primarily oriented toward the operational
aspects of the hospital, vis-a-vis design and construction. However,
the Manual - does-include some general-requirements-with respect to design"
and construction, including ventilation. Reference is made to numerous
National Fire Protection Association standards, including NFPA 101,
"LLife Safety Code." However, this is the only national standard described
in this chapter that is explicitly cited by the Manual. All other
references are generic; i.e., "applicable laws and regulations." 1
Following are excerpts from the February 1978 edition of the

Accreditation Manual for Hospitals that call out ventilation requirements.

The Manual's format is a series of principles, each supported by one or

more standards and an interpretation for each standard.
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PRINCIPLE

THE HOSPITAL PREMISES SHALL BE STRUCTURALLY SAFE FOR ALL WHO USE THEM

STANDARD:

The hospital buildings and grounds shall be designed,
eonstructed, equipped, and furnished in a manner that protects
the lives and ensures the physical safety of its patients,
personnel, and visitors.

Interpretation: The hospital shall be designed, constructed
equipped, and furnished in such a manner as to be in.
compliance with applicable building codes, fire prevention
codes, state and/or federal occupational safety and health
codes and standards, and the 1973 Life Safety Code of the
National Fire Protection Association. Where -there is a
conflict in the applicable standards or codes, the more
restrictive provisions shall prevail, unless documented
equivalency satisfactory to the Joint Commission on Accredi-
tation of Hospitals .exists.

PRINCIPLE

THERE SHALL BE AN ORGANIZED DIETETIC SERVICE, WHICH SHALL EFFECTIVELY
APPLY THE PRINCIPLES OF THE SCIENCE OF NUTRITION TO THE PREPARATION OF
PALATABLE AND APPROPRIATE FOOD.

STANDARD:

The dietetic service shall have adequate space, equipment and
supplies to effect the efficient, safe, and sanitary operation
of all funections assigned to it.

Interpretation: Facilities must be provided to fulfill the
food service and dietetic needs of the hospital. The layout
of the department, in combination with the type, size, and
placement of equipment, should make possible efficient food
preparation and distribution, and effective sanitation and
safety. The food service area should be appropriately located
and equippped. At least the following precautions shall be
taken in the handling and preparation of food: . . Control
of lighting, ventilation, and ventilation, and humidity, in
order to prevent both condensation of moisture and the growth
of molds. :
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PRINCIPLE

THE HOSPITAL SHALL BE FUNCTIONALLY SAFE AND SANITARY FOR PATIENTS, HOSPITAL
STAFF, AND VISITORS.

STANDARD:

Comprehensive safety systems shall be installed, and practices,
policies, and procedures instituted, to minimize hazards to
patients, hospital staff, and visitors.

Interpretation:  Handling and Storage of Flammable Gases and
and_Liquids . . .Enclosures in which flammable anesthetizing

agents are stored shall be individually and continuously
ventilat ed either by gravity or a mechanical means at a rate
of not less than eight air changes per hour. There shall be

a fresh-air inlet near the ceiling and an exhaust-air outlet
near the floor . . . A relative humidity of at least 50% shall
be maintained in anesthetizing areas, both flammable and
nonflammable. The humidity rating shall he recorded every day
anesthetizing agents are used.

Engineering and Maintenance. A scheduled preventive maintenance
program shall be established for equipment relatzad directly

or indirectly to patient care and for building service equip-
ment. To ensure safety and reliable performance, all equip-
ment shall be kept clean, calibrated and adjusted, and in

good repair. The written plan shall define the inspection
interval for each individual item or category of equipment.
Records shall be maintained to reflect the dates of inspection
and maintenance as well as the status of all equipment,
ineluding the need for veplacement and the individual notified
of this need,

Installed equipment shall be located and mounted so as to
minimize vibration and transmission of wnoise, and to facilitate
servicing and maintenance. Wherever feasible, equipment shall
be located in designated utility spaces or areas to minimize
traffic of service persomnel in hospital-function areas.
Mechanical rooms shall not be used for material storage .

Patient and Personnel Safety Devices and Measures . . . Special
safety measures shall be provided for areas of the hospital
that present an unusual hazard to persomnel or patients as
follows . . . Rooms in which volatile and/or toxic chemicals
are used shall be adequately ventilated and equipped with
noncombustible fume hoods.
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STANDARD : Sanitafion practices, policies, and procedures shall minimize
" health hasards to all patients, hospital staff and viseitors

Interpretation: A clean enviromment 18 essential in elminating
health hazards. Of major concerwn are systems that involve
water supply, ventilation,storage, and waste disposal. The
relationship to infection control is stressed in the Infection
Control section of this Mdnual.

Ventilation, Heating, and Other Mechanical Systems.  All
butlding service equipment, such as ailr-conditioning and
ventilating systems and heating systems, shall be installed
in accordance with applicable laws and regulations. ALl
mechanical systems in the hospital shall be maintained in
accordance with a written preventive maintenance program,
with documentation of corvective measures instituted or
completed.

The ventilation system shall provide a controlled, filtered
air supply in designated critical areas, such as operating
rooms, recovery rooms, delivery rooms, newborn nurseries and
special care units. The air-handling system serving infectious
isolation facilities shall be such that the attendant pressure
patterns assure that potential airborne pathogens are not
distributed to other areas of the hospital. Good ventilation
must be assured for the clinical laboratory, dietetic services
area, and laundry. The number of air exchanges per unit of
time in any area shall be as specified by the authority having
Jurisdiction. Combustion and ventilation air for boiler,
ineinerator, or heater rooms shall be taken from and discharged
to the outside.

PRINCIPLE
THERE SHALL BE AN EFFECTIVE INFECTION CONTROL PROGRAM WITHIN THE HOSPITAL

STANDARD: There shall be an active hospital-wide infection control program.

Interpretation: Because infections acquired in the hospital or

. brought into the hospital from the community are potential
hazards for all persons having contact with the hospital,
effective measures must be developed to prevent, identify, and
control such infections.

The basic elements of the program shall include at least the
following: .. .. Preventive, surveillance, and control procedures
relating to the inanimate hospital envirvomment, including steril-
tgation and disinfection practices, central service, housekeeping,
Laundry, engineering and maintenance, food sanitation, and

waste management, Such procedures shall be evaluated, and
revised as necessary, on a continuing basis .
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STANDARD:

An effective hospital infection control program should also
include other elements that may be implemented to varying
degrees depending on the facility and the services provided.
These elements include but are not limited to: . . .Compliance
with ventilation patterns and air exchange rates for operating
rooms and isolation rooms of all types, as established by the
authority having Jurisdiction. This includes provision of
rooms with a negative pressure system, to prevent potential
atrborne pathogens . from being distributed to other patients
and personnel from designated isolation cases, as well as the
maintenance of a room at positive pressuve reldative to other
areas of the hospital, as in the case of protective (reverse)
isolation, when either of these facilities is required by the
condition of the patient.

There shall be specific written infection control policies
and procedures for all services throughout the hospital.

Interpretation: Iinen and Laundry:. . . The laundry area should
be planned, equipped, and ventilated so as to prevent the
dissemination of contaminants. The ventilation system should
include adequate intake, filtration, exchange rate, and exhaust
in accordance with the local, state, and federal requirements....

PRINCIPLE

SERVICES PROVIDED BY THE HOSPITAL FOR OUTPATIENTS SHALL BE OF HIGH QUALITY
AND SHALL BE RENDERED IN AN EFFECTIVE AND TIMELY MANNER.

STANDARD:

Facilities for the outpatient service shall be conducive to the
effective care of the patient.

Interpretation: Physical facilities of the service shall be
structurally constituted and maintained in a manner that provides

a clean, safe, and functional environment for patients and
personnel .

The operating room should be so located that it does not
directly connect with a corridor used for general through
traffic. BEntry and exit shall be controlled with respect to

‘authorization of personnel, patients, and materials handling .

An air-handling system shall be provided, the performance
characteristics of which are in conformity with provisions of
applicable codes.



| PRINCIFLE

PATHOLOGY CONSUTTATTON "AND SERVICES SHALE BE REGUIARLY AND CONVENIENTLY
AVAILABLE TO MEET THE NEEDS OF PATIENTS.

STANDARDS: There shall be. sufficient space, equipment,and supplies within
the pathology Llaboratory to.perform the required volume of work
with optimal accuracy, precision, efficiency, and safety.

Interpretation: The environment within the laboratory should
be conducive to the optimal performance of personnel and equip-
ment. The ventilation system should provide an adequate amount
of fresh air and must be able to remove all toxic and noxious
fumes. 1

PRINCIPLE

THE EOSPITAL SHALL MAINTAIN A PHARMACEUTICAL SERVICE THAT IS CONDUCTED IN
ACCORDANCE WITH ACCEPTED ETHICAL AND PROFESSIONAL PRACTICES AND ALL LEGAL
REQUIREMENTS.

STANDARD: Space, equipment, and supplies shall be provided for the
professional and administrative functions of the pharmaceutical
service as requird, to promote patient safety thorugh the
proper storage, preparation, dispensing, and adminstration of
drugs.

Interpretation: Hospitals with an organized pharmaceutical
service shall have the necessary space, equipment and supplies

and dispensing of drugs. As appropriate, this shall include
the preparation and dispensing of parenteral products and
radiopharmaceuticals.

Drug storage and preparation areas within the pharmacy and
throughout the hospital must be under the supervision of the
divector of the pharmaceutical service or his pharmacist-
designee. Drugs must be stored under proper conditions of

sanitation, temperature, light, moisture, ventzlatﬂon, segregation,
and security.

CONCLUSION

It is obvious that there are many standards promulgated by a
multitude of regulatory agencies and standards organizations. They have

different objectives, and there is a lack of common understanding and
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interpretation. In this regard, infection control--a problem unique to.
hospitals and other health care facilities~~is by far the most prominent
issue. Again, however, it must be emphasized that the latest Hill-Burton
Sﬁandard, which is specifically intended to provide a safe environment fér
both patients and staff, does take precedence over other standards for
hospital design and construction., Nonetheless, the present plethora of
standards is confusing and redundant.

Additionally, none of the standards described herein addresses energy
conservation to any meaningful extent. The well-being of the patient takes
precedence over all else. The time has come for energy, or the lack of
energy, to become a consideration in tradeoff decisions in establishing
hospital ventilation criteria.

It is apparent that the incorporation of energy conservation consider-
ations cannot be accomplished adequately by merely adding some appropriate
phrases to each of the existing codés and standards. It appears necessary
to bring together the code writing and standard setting agencies and
organizations to prepare a single document to which all can subscribe.

The codification of ASHRAE standard 90-75 into the '"Code for Energy
Conservation in New Building Construction," described earlier in this
chapter, may be a useful model for the process that needs to be undertaken.
This project has an ongoing responsibility to develop recommendations as

to development of a single, energy conservation oriented, hospital

ventilation standard acceptable to the health care community.
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Matrix Format for Presentation of Hospital Ventilation Standards

Area Designation

Relative
Pressure

Figure 2.1

Air Changes
Outdoor Air
Per Hour

Total Alr
Changes
Per Hour

Recircu-
lation

Percent
Humidity

Temperature

(°F)

Operating Room
Emergency Operating Room
Delivery Room
Nursery Suilte
Recovery Room
Intensive Care
Patient Roon
Patient Corridor
Isolation Room
Isolation Alcove
Examination Room
Medication Room
Pharmacy
Treatment Room
X-ray, Fluoroscopy Room
X-ray, Treatment Room
Physical Therapy and Hydro-
therapy .
Soiled Utility
Clean Utility
Autopsy
Workraom
Warefrigerated Body Holding
Room
Toilet Room
Bedpan Room
Bathroom
Janitors' Closet
Sterilizer Equipment Room
Linen and Trash Chute Rooms
Laboratory, General
Laboratory, Media Transfer
Food Preparation Centers
Warewashing
Dietary Day Storage
Laundry, General
Soiled Linen
Clean Linen
Anesthesia Storage .
Central Medical and Surgical
Supply
Soiled Room
Clean Workroom
Unsterile Supply Storage



Tables 2.1 - 2.5: NATIONAL STANDARDS

FOOTNOTES

1.

10.

11.

12.

13.

Air may not be recirculated unless filtered in. this fashion: .
2 filter beds; #1=25% and #2=907 efficiency. Filter efficiency
will be checked according to ASHRAE Standard 52-68. A manometer
will be installed across each filter bed.

This area may be vented by induction units: 1) if the units contain
only a reheat coil, and 2) if only the primary air supplied from a
central system passes through the reheat coil.

Recirculation will not be permitted unless 907 efficiency filters
are used. ASHRAE dust spot method will be used to determine filter
efficiency.

- Recirculation will not be permitted unless 80% efficiency filters

are used. ASHRAE dust spot will be used to determine filter effi-
ciency.

Recirculation will not be permitted unless low efficiency, throw-
away type filters are used.

Recirculation will not be permitted unless 957 efficiency filters
are used. DOP method for testing filter efficiency will be employed.

Recirculation will not be permitted unless 99.977 efficiency filters
are used. DOP method for testing filter efficiency will be employed.

Recirculation will not be permitted unless 50% efficiency filters are
used. ASHRAE dust spot method of testing filter efficiency will be
employed.

Supply air must be filtered by 90% efficiency filters. The DOP method
of testing filter efficiencies will be used.

If 100% outside air is used, these quantities may be reduced to provide
a minimum of 8 air changes per hour in the winter and 11-15 air
changes per hour in the summer.

Recirculation will be permitted if and only if circulation is confined
to a single area.

Recirculation will not be permitted unless the following filtration
requirements are met: 2 filter beds, #1=25% and #2=90%; or if 100Y%
outside air is used, one filter of the 25% variety may be used. All
filters will be tested by the ASHRAE Standard 52-68.

If- 100% outdoor air is used, total air.changes can be reduced to

‘15 per hour.
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TABLE 2.1: PROPOSED HILL~BURTON STANDARD

] Air Changes Total Air S .
Relative Gutdoor Air Changes Recircu- Percent Temperature

Area Designation Pressure Per Hour Per Hour lation Humidity (°r)
Operating Room P 5/15 (13) 25/15 (13) 1o (1) 50-60 68-76
Emergency Operating Room P 5/15 (13) 25/15 (13) No (1) 50-60 68-76
Delivery Room P 5 12 No (1) 50-60 o 70-76
Nursery Suite - P 5 12 No (1) 30-60 75
Recovery Room P 2 6 No (1) 50-60 75
Intensive Care P 2 6 No (1,2) 30-60 72-78
Patient Room . E 2 2 Optlonal 30-60 75
Patient Corridor E 2 4 Optional 30-60 75
Isolation Room E 2 6 No (2) 30-60 75
Isolation Alcove E 2 10 No (2) 30-60 75
Examination Room E 2 6 Optional 30-60 . 75
Medication Roonm P 2 4 Optional 30-60 : 75
Pharmacy P 2 4 Optional 30-60 75
Treatment Room E 2 6 Optional 30-60 75
X-ray, Fluoroscopy Room N 2 6 No 30-60 75
X-ray, Treatment Room . v 2 6 Optional 30-60 75
Physical Therapy and Hydro- ) )

therapy N 2 6 .Optional 30-60 75
Soiled Utility N 2 10 No 30-60 75
Clean Utility P 2 4 Optional 30-60 75
Autopsy N 2 12 No 30-60 75
Workroom N 2 10 No : 30-60 75
Warefrigerated Body Holding

Room N Optional 10 No 10-60 : 75
Toilet Room N . Optional . _ 10 No 30-60 75
Bedpan Room N Optional 10 No 30-60 75
Bathroon N Optional 10 No 30-60 - 75
Janitors' Closet N Optional 10 No 30-60 75
Sterilizer Equipment Room - N Optional 10 No 30-60 ' 75
Linen and Trash Chute Rooms N Optional 10 No 30-60 75
Laboratory, General N 2 6 Optional 30-60 75
Laboratory, Media Transfer P 2 4 No (1) 30-60 75
Food Preparation Centers E 2 10 No 30-60 75
Warewashing N Optional .10 No 30-60 75
Dietary Day Storage v Optional 2 No 30-60 75
Laundry, General v 2 10 No 30-60 75
Soiled Linen N Optional 10 No 30-60 75
Clean Linen T Optional 2 ‘Optional 30-60 75
Anesthesia Storage v Optional 8 No 30-60 75
Central Medical and Surgical :

Supply . .
Soiled Room R 2 6 No 30-60 75
Clean Workroom ‘ P 2 4 Optional 30-60 75
Unsterile Supply Storage v Optional 2 Optional 30-60 75
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Reference:

Additional

Requirements:

Supplemental Data: Proposed Hill-Burton Staﬁdard

Department of Health, Education, and Welfare, Public Health Service, Health Resources
Administration, D1v151on of Facilities Utilization. Minimum Requirements of Construc—
tion and Equlpment for Hospitals and Medical Facilities. HRA Publication #78-14012.

Table 2.1.1: Filter Efficiencies for Central Ventilation.
and Air Conditioning Systems in General

Hospitals.
ri1lter Efficiencies (rercent)
Minimum Number Filter Bed Filter Bed
Area Designation of Filter Beds No. 1 No. 2
Sensitive Areas * 2 25 90

Patient Care, Treatment,
Diagnostic, and Related Areas 2 25 90 **

Food Preparation Areas
and Laundries 1 80 —_

Administrative, Bulk Storage
and Soiled Holding Areas 1 25 -

* Includes operating rooms, delivery rooms, nurserles, recovery rooms, and intensive care
units,

** May be reduced to 807 for systems using all cutdoor air.

All agbove filter efficiencies shall be averége atmospheric dust spot efficiencies tested
in accordance with ASHRAE Standard 52-68.

‘A manometer shall be installed across ecach filter bed serving sensitive areas** or central
alr systems.

The temperature in the Nursery Special Care Unit should be kept between 75 and 80 degrees
Fahrenheit and the relative humidity should be kept between 30 and 60 percent.

The ventilation systém for the anesthesia storage room shall conform to the requirements
of NFPA standard 56 A.
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TABLE 2.2:

1974 HILL-BURTON STANDARD

Air Changes Total Air
Relative Outdoor Air Changes Recircu- Percent Temperature
Area Designation Pressure Per Hour Per Hour lation Humidity °m
Operating Room P 5 25 No (1) 50-60 70-76
Emergency Operating Room P 5 25 No (1) 50-60 70-76
Delivery Room P 5 12 No (1) 50-60 70-76
Nursery Suite P 5 12 No (1) 30-60 75
Recovery Room P 2 6 No (1) 50-60 75
Intensive Care P 2 6 No (1,2) 30-60 75-80
Patient Room E 2 2 Optional - 75
Patient Corridor’ E 2 4 Optional - 75
Isolation Room E 2 6 No (2) - 75
Isolation Alcove E 2 10 No (2) - 75
Examination Room E 2 6 Optional - 75
HMedication Room P 2 4 Optional - 75
Pharmacy P 2 4 Optional - 75
Treatment Room E 2 6 No (1) - 75
X~ray, Fluoroscopy Room N 2 6 Cptional - 75
X~ray, Treatment Room E 2 6 Optional - 75
Physical Therapy and Hydro- ’
therapy N 2 6 Optional - 75
Soiled Utilicy N 2 10 No - 75
Clean Utildity P 2 4 Optional - 75
Autopsy N 2 12 No - 75
Workroom N 2 10 No - 75
Warefrigerated Body Holding
Room N . Optional 10 No - 75
Toilet Room N Optional 10 No - 75
Bedpan Room N Optional 10 No - 75
Bathroom N Optional 10 No - 75
Janitors' Closet N Optional 10 No - 75
Sterilizer Equipment Room - N Optional 10 No - 75
Linen and Trash Chute Rooms N Optional 10 No - 75
Laboratory, General N 2 6 Optional - 75
Laboratory, Media Transfer P 2 4 No (1) - 75
Food Preparation Centers E 2 10 No - 75
Warewashing N Optional 10 No - 75
Dietary Day Storage E Optional 2 No - 75
Laundry, General E 2 10 No - 75
Soiled Limen N . Optional 10 No - 75
Clean Linen P 2 2 Optional - 75
Anesthesla Storage E Optional 8 Ne - 75
Central Medical and Surgical
Supply
Soiled Room N 2 6 No - 75
Clean Workroom P 2 4 Optional - 75
Unsterile Supply Storage E 2 2 Optional. - 75
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Supplemental Data: 1974 Hill~Burton Standard

Reference: Department of Health, Education, and Welfare, Public Health Service, Health Resources
Administration, Division of Facilities Utilization. Minimum Requirements of Construc—
tion and Equipment for Hospitals and Medical Facilities. HRA Publication #74-4000.
U. S. Government Printing Office, Washington D. C. 1974. :

Additional
Requirements: Table 2.2.1: Filter Efficiencies for Central Ventilation
and Air Conditioning Systems in General
Hospitals.
Filter Efficiencies (Percent)
. Minimum Number Filter Bed Filter Bed
Area Designation of Filter Beds No., 1 ~ No. 2.
Sensitive Areas * 2 25 90
Patient Care, Treatment,
Diagnostic, and Related Areas 2 25 90 **
Food Preparation Areas _
and Laundries . 1 80 -
Administrative, Bulk Storage
and Soiled Holding Areas 1 25 o -

* Includes operating rooms, delivery rooms, nurseries, yecovery rooms, and intensive care .
units. . - :

** May be reduced to 802 for systems using all outdoor air.

All above filter efficiencies shall be average atﬁospheric dust spot efficiencies tested
in accordance with ASHRAE Standard 52-68.

A manometer shall be installed across each filter bed serving sensitive areas** or central
air systems. N ’

The temperature in the Nursery Special Care Unit should be kept between 75 and 80 degrees
Fahrenheit and the relative humidity should be kept between 30 and 60 percent.

The ventilation system for the anesthesia storage room shall conform to the requirements
of NFPA standard 56 A. :
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Relative Feet Per Minute
Pressure Per Person

Area Designation

TABLE 2.3:

ASHRAE STANDARD 62-73

Minimum Cubic

Recommended Cubic
Feet Per Minute
Per Person

Recirculation

Percent Temperature
Humidity (°r)

Operating Room
Emergency Operating Room
Delivery Room
Nursery Suite
Recovery Room
Iatensive Care
Patient Room
‘Patient Corridor
Isolation Room
Isolation Alcove
Examination Room
Medication Room
Pharmacy
Treatment Room
¥-ray, Fluoroscopy Room
X-ray, Examination Room
Physical Therapy and Hydro-
therapy
Soiled Utility
Clean Utility
Autopsy
Workroom
Warefrigerated Body ‘Holding
Room
Toilet Room
Bedpan Roonm
Bathroom
Janitors' Closet
Sterilizer Equipment Room
Linen and Trash Chute Room
Laboratory, General
Laboratory, Media Transfer
Food Preparation Centers
Warewashing
Dietary Day Storage
Laundry, General
Soiled Linen
Clean Linen
Anesthesia Storage
Central Medical and Surgical
Supply:
Soiled room
Clean Workroom
Unsterile Supply Storage

20
20
20

15

10
20
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Reference:

Additional
Requirements:

Supplemental Data: ASHRAE Standard 62-73

ASHRAE Standard 62-73 (ANSI B 194,1-1977). Standards for Natural and Mechaniecal

Ventilation. ASHRAE Inc. New York, 1973.

In no case shall the outdoor air quantity be less than 5 CFM per person.

Table 2.3.1: Maximum Allowable Contaminant Concentrations
for Ventilation Air.

Annual Average Short-Term level

(Arithmetic Mean) (Not to be exceeded Averaging

Contaminant ug/m More than once a Year)ug/m3 Period (hr)
Particulates 60 * 150 = 24
Sulfur Oxides 80 - 400 24
Carbon Monoxide 20,000 ' 30,000 8
Photochemical Oxidant 100 : 500 1
Hydrocarbons - (not :

including methane) 1,800 _ 4,000 3
Nitrogen Oxides 200 : 500 24

Odor

Essentially Unobjectionable #%

% Federal criteria for U.S. by 1975.

*#% Judged unobjectionable by 60% of a panel of 10 untrained subjects.

Recirculation will be permitted if the air meets the above criteria.
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TABLE 2.4: ASHRAE 1978 HANDBOOK STANDARD
Air Changes Total Air
Relative Outdoor Air Changes Recircu- Percent Temperature
Area Designation Pressure Per Hour Per Hour lation Humidity °F
Operating Room P 5;15 (13) %5;]? (13) No 8; 50-60 22—;2
Emergency Operating Room P 5/15 5/1 Ho 50-60 -
Delisernyozm 8 P 5 (13) 12 (13) No (1) 50-60 68-76
Nursery Sulte P 5 12 No (1) 30 75
Recovery Room P 2 6 No (1) 50-60 75
Intensive Care P 2 6 No (1,2) 30-60 75-80
Patient Room E 2 2 Optional 30-50 75
Patient Corridor E 2 4 Optional 30-50 75
Isolation Room E 2 6 No (2) 30 75
Isolation Alcove E 2 10 No (2) 30 75
Examination Room E 2 6 Optional 30 75
Medication Room P 2 4 Optional 30 75
Pharmacy P 2 4 Optional 30 75
Treatment Room E 2 6 Optional 30 75
X-ray, Fluoroscopy Room N 2 6 No 40-50 75-80 .
X-ray, Treatment Room E 2 6 - . Optional 30 75
Physical Therapy and Hydro-
therapy N 2 6 Optional 30 80
Soiled Utility N 2 10 No 30 75
Clean Utility P 2 4 Optional 30 75
Autopsy N 2 12 No 30 75
Workroom = - - - 30 75
Warefrigerated Body Holding
Room N Optional 10 No 30 75
Toilet Room N Optional 10 No 30 75
Bedpan Room N Optional 10 No 30 75
Bathroom N Optional 10 No 30 75
Janitors' Closet N Optional 10 No 30 75
Sterilizer Equipment Room - N Optional 10 No 30 75
Linen and Trash Chute Rooms N "Optional 10 No 30 75
Laboratory, General N 2 6 Optional 30 75
Laboratory, Media Transfer P 2 4 No (1) 30 75
Food Preparation Centers E 2 10 No 30 75
Warewashing N Optional 10 No 30 75
Dietary Day Storage E Optional 2 Optional 30 75
Laundry, General E 2 10 No 30 75
~Soiled Linen N Optional 10 No 30 75
Clean Linen P Optional 2 Optional 30 75
Anesthesia Storage E Optional 8 No 30 75
Central Medical and Surgical
Supply
Soiled Room N 2 6 No 30 75
Clean Workroom P 2 4 Optional 30 75
Unsterile Supply Storage 2 Optional 2 Optional 30 75
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Supplemental Data: AodRAE 1978 Handbook Standard

Reference: ASHRAE Handbook and Product Directory 1978 Applications. ASHRAE Inc. New York, 1978

Additional :

Requirements: Medium efficiency grade filters of at least 80% efficiency (certified by an independent
testing agency using the ASHRAE Filter Test Standard 52-68) will suffice for central
1007 outdoor air systems serving patient rooms.

Filters with an efficiency of at least 90% (using ASHRAE 52-68) should be used with
central systems that recirculate and redistribute the air to the various patient rooms.

To control odor that is associated with some cases, activated charcoal filters or
additional ventilation may be required in a central recirculating system.

High efficiency filters having at least 907 (ASHRAE 52-68) efficiencies should be
used on the air supply systems serving surgical suites, obstetrical suites, nurseries,
reverse isolation rooms, and intensive care rooms. Some agencies require 95% efficien
cies tested by the DOP method.

Table 2.4.1:Filter Efficiencies for Central Ventilation
and Air Conditioning Systems in General

Hospitals.
riiter Efficiencies rercent)
Minimum Number Filter Bed Filter Bed
Ares Desipnation of Filter Beds No. 1 No, 2
Sensitive Areas ¥ 2 ' 25 90

Patient Care, Treatment,
Diagnostic, and Related Areas 2 25 90 *#

Food Preparation Areas
and Laundries 1 80 -

Admialstrative, Bulk Storage :
and Soiled Holding Areas 1 ) 25 -

# Includes operuting rooms, delivery rooms, nurseries, recovery rooms, and intensive care
units. .

%% May be reduced to 80Z for systems using all outdoor air.

All gbove filter efficiencies shall be average atwospheric dust spot efficiencies tested
in accordance with ASHRAE Standard 52-68.

A manometer shall be installed across cach filter bed serving sensitive areas**® or central
air systems.

The temperature in the Nursery Special Care Unit should be kept between 75 and 8G degrees
Fahrenheit and the relative humidity should be kept between 30 and 60 percent.

The ventilation system for the anesthesia storage room shall conform to the requirementa
of NFPA standard 56 A,
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Area Designation

Rela;ive
Préssure

TABLE 2.5:

LIFE SAFETY CODE

Air Changes
QOutdoor Air
Per Hour

Total Air
Changes
Per Hour

Recircu— Percent Temperature
lation Humidity °m

Operating Roonm
Emergency Operating Room
Delivery Room
Nursery Sulte
Recovery Room
Intensive Care
Patient Rooum
Patient Corrider
Isolation Room
Isolation Alcove
Examination Room
Medication Room
Pharmacy
Treatment Room
X-ray, Fluoroscopy Rcom
X~ray, Treatment Room
Physical Therapy and Hydro-
therapy
Soiled . Utility
Clean Utility
Autopsy
Workroom )
Warefrigerated Body Holding
Room
Toilet Room
Badpan Room
Bathroom
Janitors' Closet
Sterilizer Equipmant Room
Linen and Trash Chute Rooms
Laboratory, Ceneral
Laboratory, Media Transfer
Food Preparation Centers
Warewashing
Dietary Day Storage
Laundry, General
Soiled Linen
Clean Linen
Anesthesia Storage
Central Medical and Surgical
Supply
Soiled Room
Clean Workroom

Unsterile Supply Storage

t oo

I RV T

25
25
25

No (3) 250 63-75
No (3) 250 68+~75
No (3) 250 65-75
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Reference:

Additional

Requirements:

Supplemental Data: Life Safety Code

National Fire Protection Association. Code for Safety to Life from Fire in
Buildings and Structures, NFPA 101-1973. Boston 1973.

NFPA Codes 56A, B, and C.

High efficiency filters (99.7%) shall be used in areas where highly infectious or
radiocactive material is used.






TABLE 2.6: STANDARDS ADOPTED BY GOVERNMENTAL UNITS

This table summarizes hospital ventilation and thermal standards
adopted by federal agencies for their respective hospital construction
programs, and by each of the 50 states and by Puerto Rico for hospital

construction within their jurisdiction. The table is in two parts:

1. A status summary of the standards of each governmental
unit, including authority for the standard (reference);

the specific standard adopted, and additional requirements
imposed.

2. A set of tables (Tables 2.6.1 to 2.6.28) summarizing
the ventilation and thermal requirements of each govern-
mental unit that adopts its own standard. Footnotes for
these tables are found immediately preceeding Table 2.1.
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STATUS SUMMARY OF STANDARDS ADOPTED BY GOVERNMENTAL UNITS

Table

DEPARTMENT OF THE AIR FORCE , . . . . . . . . . . 2.6.1

Reference: Department of Defense, Department of the Air
Force, Facilities Division. Air Force Manual
88-15, Air Force Design Manual, Criteria and
Standards for Air Force Construction.

Standard: Agency.
Additional
Requirements: ~-Mechanical ventilation may be provided for any

space where it is not feasible or possible to
provide natural ventilation for human comfort.
--Air Filters.

1. Filters classified as roughing (65%) shall
be tested by the NBS Dust Spot Test Method
using Cotrell Dust.

2. Medium (30%-907%) high efficiency (90%-99%)
filters are generally tested by the NBS Dust
Spot Test Method using atmospheric dust.

3. Ultra high efficiency filters (99.97%) are
rated by the DOP test,

4., All filters will conform to class 1 or 2
U.L. incorporated.

——Critical air handling systems (those systems
serving surgery, delivery, nursery, urology,
and ICU) shall carry a minimum 25% outside air.

--Non-critical air handling systems (those areas
of the hospital not mentioned above) shall be
supplied with a minimum of 15% outside air based
on 15 cfm/person.

--Surgery, obstetrical, nursery, urology, and ICU
will require filters in the following sequence.

1. Roughing filter of 70% minimum efficiency.

2. High efficiency filter of 80-857 minimum
efficiency tested by the DOP test.

3. Ultra high efficiency filter.
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Table

' —-Patient room systems willurequire_filters in
the following sequence. C

1. Combination outside air intake roughing
filter, 70% minimum efficiency and a
medium filter, 807% minimum efficiency.

~-Isolation rooms used for burn patients will
require a combination ultra high efficiency
filter and a booster fan.

*—=The clinical, administrative, dining and kitchen

' areas will require a combination roughing
filter 70% minimum efficiency and a medium
filter of 807 minimum efficiency, upstream
of AHU coils.

-~Filters with an efficiency of not less than 957
(DOP) shall be used as the final filter for
all air supplied to sterile corridors serving
critical areas.

DEPARTMENT OF THE ARMY . . . . .  « v v v v o . 2.6.2

Reference; Department of Defense, Department of the Army,
Office of the Chief of Engineers. ZEngineering
and Design, Interior Mechanical Design for Army
Medical Facilities.

Standard: Agency.
Additional
‘Requirements: --Supply air to the operating, delivery, and

nursery rooms shall be filtered by two
beds, #1=90% and #2=99.97%. Filter
efficiencies will be measured by the DOP
method of testing filter efficiencies.

—-Air supplied to the recovery and intensive
care units, shall be filtered by one bed
of 90% efficiency filters. Filter effi-
ciency based on the DOP method of testing
filter efficiency.

—--Air supplied to areas not mentioned in the
above filtration requirements, shall be
filtered by one bed of 78% efficiency
filters. Filter efficiency will be
determined by using ASHRAE S tandard 52-76.

~-Air supplied to the media transfer room of
the laboratory, shall be filtered by two
beds of filters, #1=78% and #2=95% efficient.
Filter efficiency will be determined by
using the DOP testing method.

—--The ventilation system for anesthesia storage
room shall conform to the requirements of
NFPA Standard 56A.
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Table

DEPARTMENT OF THE NAVY . . . . . . . . . . . . 2.6.3

Reference: Department of Defense, Department of the Navy,
Naval Facilities Engineering Command. Medical
Facilities Layout Plates.

Standard: Agency.
Additional
Requirements: -—--~Air supplied to all areas shall be filtered by

two beds, #1=25% and #2=80%, except in the
following areas in which.one filter bed of
99.97% efficiency shall be added: operating
room, delivery room, nursery, recovery and
ICU.

INDIAN HEALTH SERVICES . . . . . . . . . . . . 2.6.4

Reference: Indian Health Service.New Hospital. Heating,
Ventilating, and Air Conditioning Design Criteria-
Minimum Standards.

Standard: Agency.
Additional
Requirements: --All supply air will be filtered by two beds of

filters, #1=257 and #2=90% efficient.
Filter efficiency will be determined by
using the ASHRAFE Standard 52-68

~-The ventilation system for anesthesia storage

rooms shall conform to the requirements of
NFPA Standard 56A.

VETERANS ADMINISTRATION . . . . . . . . . . . . 2.6.5

Reference: Veterans Administration, Office of Construction,
' Energy Engineering Division. Revised Heating,
Ventilating, and Air Conditioning Design Criteria.

Standard: Agency.
Additional :
Requirements: --The ventilation system for anesthesia storage ;

rooms shall conform to the requirements of :
NFPA Standard 56A. : ‘

ALABAMA . . . . . . . . . . . . . . . . 2.6.6

Reference: Alabama State Board of Health, Rules, Regulations,
and Standards for Hospitals with Licensure Law and
Guidelines and Recommendations. Adopted December
21, 1966; last revised and effective December 18,
1970.

Standard: State ,
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ALASKA .

Reference:

Standard:
Additional

Requirements:

ARTZONA . .

Reference:

Standard:
Additional

Requirements:

—~The patient room shall be ventilated in such a
manner as to supply fresh air and to prevent
accumulation of objectionable odors.

--All inside rooms shall be ventilated by louvers,
wall vents, or undercut in doors, and by
windows, gravity vents or by mechanical means
so as to prevent offensive odors from entering
other parts of the building.

—-The food service area shall be. ventilated in such
a manner that will maintain comfortable working
conditions, remove objectionable odors and
fumes and prevent excessive condensation.

--The ventilation system for anesthesia storage
rooms shall conform to the requirements of
NFPA Standard 56A.

‘State of Alaska, Department of Health and Social

Services, Division of Public Health, Environmental
Health Section. Health Facilities Certification
and Licensing. Adopted July 1977.

Licensure.

1974 Hill-Burton Standard, by reference.

--The heating system shall be capable of maintain-
ing temperatures adequate for the comfort and.
protection of all patients at all times.

—-Kitchens, laundries, toilet rooms, and utility
rooms shall be ventilated by windows or
mechanical means to control temperatures and

- offensive odors.

--Kating places shall have sufficient ventilation
to keep free of excessive heat, steam, conden-
sation, vapors, smoke, and fumes.

State of Arizona, Department of Health Services of
Planning and Resources. Health Care Institutions:
Effective January 1974.

1974 Hill-Burton Standard, by reference.

--Heating, cooling, and ventilating systems shall
be appropriate for the welfare and comfort of
the patients and employees at all times.

"—~Al1l gas heaters will be properly vented to the

outside.
——Each patient room shall have one window with
unobstructed natural light and ventilation.
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Table

ARKANSAS [ . . . . e e . .. 2.6.7

Reference: Arkansas State Department of Health. Rules and
Regulations for Hospitals and Related Institutions
in Arkansas. Adopted in 1961; last amended 1975.

Standard: State.

Additional

Requirements: ~--The total air changes in the pharmacy shall be
proper.

--The ventilation system serving the operating
room, delivery room, nursery, isolation rooms,
and the laboratory sterile rooms, and where
recirculation is not permitted, shall be
equipped with two filter beds on the supply
duct. #;=30% and #2=90% efficiency. The NBS
method of testing filter efficiency will be
used. :

—--The ventilation system serving the laboratory
shall be equipped with 80% efficiency filters.
The NBS method of testing filter efficiency
will be used.

CALIFORNIA . 2.6.8
T 2.6.9
Reference: State of California, Health and Welfare Agency,
Department of Health. Drafted December 1976.
Standard: State [Table 2.6.8: 100% Outside Air; Table 2.6.9:
not 100% outside air].
Additional
Requirements: --Rooms in areas where excessive heat or moisture

is generated, where objectionable odors or dust
are present, or where flammable or toxic gases
may accumulate, which are used by hospital
personnel or patients shall be provided with
exhaust ventilation to change the air a minimum
of 10 times per hour.

—--Natural wventilation through windows or other
openings such as louvers shall be considered as
supplemental to the required mechanical
ventilation systems.

-—Air shall be introduced at the cleanest areas and
removed from the dirtiest areas in order to
reduce the changes of airborne cross infection.

—-—-A manometer shall be installed across each filter
bed serving central air systems.

--80% efficiency filters shall be used on air supply
ducts. A prefilter is recommended.
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--Two beds of 90% efficiency filters shall be used
on all supply air systems in 100% outside air
systems serving operating room, delivery, and
the nursery.

--100% outside air. Where air conditioning is
listed as optional, it will be assumed that
no minimum outside standard exists.

—--Filter efficiencies shall be certified by the
manufacturer and shall be based on ASHRAE
Standard 52-68 or the DOP (dioctyl phthalate)
test method when specifically set forth in
these standards.

~~All air distribution sytems serving sensitive
areas, including operating rooms, delivery
rooms, nurseries, isolation rooms and laboratory
media preparation rooms, intensive care units,
cardiovascular catheterization laboratories and

- recirculated central air systems serving other
hospital areas, shall be equipped with ome filter
bank, and shall have a minimum efficiency of
90%.

--Filters for burn care centers shall be HEPA
filters having a 99.9% efficiency.

~-Chemical air cleaners of the spray chamber type
utilizing a bacterio-static non-toxic solution
may be used in lieu of filter bank #2. Such
cleaners shall have installed as an integral
part a filter designed to provide a unit
efficiency of 907 and shall prevent mechanical
carry over or precipitation of chemicals -
when operated at rated capacity.

--Air handling units serving administrative,
maintenance shops, and general storage areas
only may be equipped with a filter bank of
257% efficiency.

~~Evaporative coolers and make-up units serving one
room only of kitchens or laundries shall be
equipped with 25% efficient filters downstream
of the evaporative cooling section.

~-The air from dining areas may be used to ventilate
the food preparation areas only after it has
passed through a filter with 80% average
efficiency.

—-Floor surfaces in occupied spaces above such rooms
(boiler room, heater room, electrical equipment
room) should not exceed a temperature of 29.4 C
and suitable insulation may be required. '

-~The ventilation system for anesthesia storage
rooms shall conform to the requirements of
NFPA Standard 56A-1973.
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COLORADO ,

Reference:

Standard:
Additional

Requirements:

CONNECTICUT

Reference:

Standard:

Additional .

Requirements:

. DELAWARE

Reference:

Table

. . . . . . 2.2

State of Colorado, Department of Health, Design
and Construction, Medical Care Licensing and
Certification Division. General Hospitals-Chapter
IV. Adopted September 15, 1976; effective January
11, 1977.

None. (Plans to adopt the 1974 Hill-Burton Standard).

—-~Rooms for preparing and serving food and washing
utensils shall be well ventilated.

--The flow of air in the central medical-surgical supply
shall be from the clean areas towards the exhaust
in the soiled area. Exhausts shall be placed over
the sterilizers to prevent condensation on walls and
ceilings.

--The soiled utility room shall be provided with
continuous exhaust to the outside.

—-The dietary day storage room shall be well
ventilated.

——Adequate ventilation shall be provided to the pharmacy.

. . . . . . . . 2.6.10

State of Connecticut, Department of Health.
Short Term Hospitals General and Special.

State.

-~See specifications in Table 2.2.1. Filter
Efficiencies for Central Ventilation and
Air Conditioning Systems in General Hospitals.

—-The ventilation systems for anesthesia storage
rooms shall conform to the requirements of
NFPA Standard 56A.

——A pressure differential device shall be installed
across each filter bed serving sensitive areas
of central air systems.

—-Boiler rooms shall be provided with sufficient
outdoor air to maintain combustion rates of
equipment.

2.2

State of Delaware, Department of Health and Social
Services, Division of Public Health. Office of
Health Facilities Licensing and Certification.
Laws, Rules and Regulations Governing the
Licensing of Hospitals and the Development,
Establishment and the Enforcement of Standards
for the Construction, Maintenance and Operation
of Hospitals in the State of Delaware. Adopted
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Standard:
Additional

Requirements:

FLORIDA .

Reference:

Standard:

Additional

Requirements:

GEORGIA .

Reference:

Standard:
Additional

Requirements:

HAWATI

Reference:

Standard:
Additional

Requirements:

July 10, 1970; last amended, January 28, 1974.
1974 Hill-Burton Standard, adopted by reference.

-=None.

State of Florida, Department of Health and

Rehabilitative Services, Office of Licensure and
Certification. Adopted January 1, 1977.

ILow Filtration; Table

State [Table 2.6.11:
2.6.12: High Filtration].
~~Humidity

2.6.12, ‘

~~All outside air shall be filtered via 80% effi-

ciency filters. ASHRAE dust spot method of

shall be in the comfort zone for all
patient areas except as noted on Table 2.6.1l and

testing filter efficiency shall be used.

--The ventilation system for anesthesia storage

rooms shall conform to the requirements of
NFPA Standard 56A-1973.

State of Georgia, Department of Human Resources,
Office of Regulatory Services, Standards and

Licensing Unit. Revised September 1974.

NFPA Standard 101, adopted by reference.

——None.

State of Hawaii, Department of Health.

Public
Health Regulations, Chapter 12-Hospitals. Adopted

March 19, 1973; effective May 15, 1973.
NFPA Standard 101, adopted by reférence.

~~None,

2-55

Table

2.5

2.5



IDAHO . .

Reference:

Standard:
Additional

Requirements:

ILLINOIS .

Reference:

Standard:
Additional

Requirements:

INDIANA .

Reference:

Standard:
Additional

Requirements:

Iowa .

Reference:

Standard:

Table
. . . . . . . . . 2.6.13

State of Idaho, Department of Health. Rules,
Regulations, and Minimum Standards for Hospitals

in Idaho. 1963 Edition.
State.

—-The ventilation system for anesthesia storate
rooms shall conform to the requirements of
NFPA Standard 56A. (latest edition).

--Patient rooms shall be ventilated by natural or
mechanical means to assure a fresh air supply.

--Air supplied to anesthetizing areas shall be
humid enough to prevent static charge.

3]
N

.

State of Illinois, Department of Public Health,
Office of Health Facilities and Quality of Care,
Hospitals and Ambulatory Surgical Treatment
Center Section. Hospital Licensing Act and
Requirements. Adopted July 1, 1953 and last

amended October 1, 1977.
1974 Hill-Burton Standard, adopted by rule .

~-None.

2.6.14

State of Indiana, State Board of Health,
Division of Hospital and Institutional Services.

Indiana State Board of Health, Regulations for General
and Special Hospitals-HHL 42. Effective December 18, 1977.

State.

--The hemodialysis and/or protective isolation rooms
shall be ventilated in the following manner: A
negative pressure must be maintained, with 2 air
changes of outdoor air per hour with a total of
6 air changes per hour.

—-—A filter with 907% efficiency shall be installed in
the air supply systemat its entrance to the laboratory
media transfer. room, except where laminar flow hoods
or equivalent devices are used.

——A manometer shall be installed across each filter
bed.

R )

State of Iowa, Towa State Department of Health,
Health Facilities Division. Hospital Rules and
Standards. Adopted October 10, 1976; effective

January 5, 1977.

1974 Hill-Burton Standard, adopted by rule.



Table

Additional

Requirements: --The heating plant shall be adequate to maintain
a cold weather ‘temperature of 70° F throughout
the building and a higher temperature where
required.

--Kitchens, bathrooms and service rooms shall be
so located and ventilated by window or mechan-
ical means to prevent offensive odors from
entering patient rooms and the public halls,

KANSAS . . . . . . . . . . . . . . . 2.2
Reference: State of Kansas, Department of Health and
Environment, Medical Facilities Licensure Section,
Bureau of Medical-Dental Health.
Standard: 1974 Hill-Burton Standard, adopted by rule.
Additional
Requirements: --None.
KENTUCKY . . . . . . . . . . . . . . . 2.6.15
Reference: Commonwealth of Kentucky, Department for Human

Resources, Bureau for Health Services, Center

for Comprehensive Health Systems Development,

Standards Development Section, Kentucky Health

Facilities and Health Services, Certificate of

Need and Licensing Board.

Standard: State.
Additional
Requiremenst: --The operating room, nursery suite, delivery

room, isolation room, have the air supply
filtered by two beds of filters, #1=30%,
#2=90%, based on the NBS dust method.

--Ventilation systems serving sensitive areas

' such as, operating rooms, delivery rooms,
nurseries, isolation rooms and laboratory
sterile rooms, and circulated central air
systems serving other hospital areas, shall
be equipped with a minimum of two filter
beds, #1=30%, and #2=90%.

--Central air systems using 100% outdoor air shall
be provided with filters rated at 80 7
efficiency.

~~All filter efficiencies shall be based on the
NBS Dust Spot Test Method with Atmospheric
Dust.

-—-A manometer shall be installed across each filter
bed serving central air systems.

--The ventilation system serving anesthesia storage
rooms shall conform to the requirements of
NFPA Standard 56A.
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LOUILSIANA

Reference:

Standard:

Additional

Requirements:

MAINE .

Reference:

Standard:

Additional

Requirements:

MARYLAND

Reference:

Standard:

Additional

Requirements:

Table
e e e NA
State of Louisiana, Louisiana State Department of

Hospitals. Rules, Regulations and Minimum Standards
Governing Hospitals and the Hospital Licensing Law.

Adopted April 24, 1962; promulgated by the Hospital
Licensing Council May 10, 1962.

None.

-~The nursery suite shall be maintained with a
©  temperature of 75° F.

-~All heating systems shall be constructed, .
maintained and operated in a manner to provide
a comfortable temperature for patients and
personnel, :

--All rooms in general use shall be provided with
adequate ventilation.

e 2.5

State of Maine, Department of Human Services,
Division of Hospital Licensing. Regulations

for the Licensure of General and Specialty Hospitals
in the State of Maine. Adopted July 1972,

None.

--None

NN

State of Maryland, Maryland State Department
of Health and Mental Hygiene. 10.02-04-

Standards and Regulations for Acute General
Hospitals and Special Hospitals. Originally
adopted December 19,1946; last revised 1972.

ASHRAE Standard 62-73 or ASHRAE 1974 Handbook*.

--None

* 1t is assumed that the state was refering to
one of the ASHRAE standards when it stated, "All
governing laws, ordinances, codes, etc. shall be
met, together with the applicable minimum standards
of ASHVE."
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MASSACHUSETTS . . . . . . . . . . . . .. 2.5

Reference: Commonwealth of Massachusetts, Department of
Public Health, Division of Hospitals and Ambulatory
Care. Licensure Rules and Regulations for Hospitals
in Massachusetts. 1972.

Standard: NFPA Standard 101, adopted by rule.
Additional
Requirements: ~-~The heating plant including boiler, connecting

pipes or ducts, radiators, space heaters,
grilles and diffusors shall be so designed
and maintained as to provide environmental
warmth to insure adequate comfort and
temperature conditions satisfactory to the
Department.

MICHIGAN . . . . . . . . ) . . . . . . 2.2

Reference: State of Michigan, Department of Public Health
Bureau of Health Care Administration. Licens-
ing of Hospitals Act 17. Adopted 1968, last
revised 1975.

Standard: 1974 Hill~Burton Standard, adopted by reference¥*,.
Additional
Requirements: ~—-None.

*The Director of Public Health 'shall adopt such
standards, rules and regulations as are necessary to
enable the state or individual hospitals or both to
qualify for federal funds provided to assist with
patient care or for construction or remodeling of
facilities. The standards, rules and regulations
for the operation and maintenance of hospitals shall
not be less than is required for the certification of
hospitals under Public Law 89-97 and standards, rules
and regulations relating to the construction or
remodeling shall not be less than those required for
federal assistance under Public Law 88-43 ,"

MINNESOTA . .« «  « o« e e 2.6.16

Reference: State of Minnesota, Minnesota State Board of
Health, Division of Health Facilities. Minnesota
Statutes and Regulations of the Minnesota State
. Board of Health for the Construction, Equipment,
Maintenance, Operation and Licensing of Hospitals.
Effective August 13, 1955; 1974 edition.

Standard: State %,
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Additional

Requirements:

MISSISSIPPI .

Reference:

Standard:
Additional

Requirements:

MISSOURI .

Reference.

Standard:
Additional

. Requirements:

~—-All outside air shall be tempered and
filtered.
—-The ventilation system for anesthesia storage

rooms shall conform to the requirements of
NFPA Standard 56A-1954,

*Informally applies 1974 Hill-Burton Standard.

State of Mississippi, Mississippi Commission on
Hospital Care. Mississippi Hospitals. Adopted
March 12, 1973; effective May 15, 1973.

State.

--All areas open to patients shall have at least
2 air changes per hour.

~—All hospitals shall be so located to be reasonably
free of undue noises, smoke, dust or foul odors,
and should not be located adjacent to railroads,
freight yards, schools, childrens' playgrounds,
or airports, industrial plants, or disposal
plants.

—-The ventilation system for anesthesia storage rooms

Table

2.6.17

shall conform to the requirements of NFPA Standard 56A.

State of Missouri, Department of Social Services,
Division of Health, Bureau of Health Facilities
Planning and Construction. Missouri Hospital
Licensing Law Regulations and Codes. Adopted 1960;

reaffirmed 1974.

State.

—~The operating and delivery rooms shall be provided
with fresh filtered air.

--The patient rooms shall be provided with natural
ventilation.

~~The heating system shall be capable of maintain-
ing 70° F except as noted.

--Compliance is urged with the 1974 Hill-Burton
Standard (Table 2.2)

—--The ventilation system for anesthesia storage
rooms shall conform to the requirements of
NFPA Standard 56A.
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MONTANA . .

Reference:

Standard:
Additional

Requirements:

NEBRASKA . .

Reference:

Standard:
Additional

Requirements:

NEVADA .

Reference:

" Standard:

Additional

Requirements:

Table

. . .. . . . . . . . . . 2.2
State of Montana, Department of Health and
Environmental Sciences, Division of Hospital
and Medical Facilities.
None (Proposes to adopt 1976 Hill-Burton Standard).
—-None.
. . . . . . . . . . . . 2.4

State of Nebraska, Department of Health, Section
of Hospital and Medical Facilities Designated
Agency. Regulations and Standards for Hospitals.
Effective February 4, 1976.

ASHRAE 1974 Handbook*.

--Heating plant should be adequate to maintain
a temperature of 80° F in severe weather
and capable of maintailning a temperature of
90° F in nurseries.

~—At all times the building shall be adequately
ventilation. Kitchen, bathroom ,and service
room shall be so located and ventilated by
window or mechanical means through a vent
leading directly to the outside so as to
prevent offensive odors from entering
patients' rooms and public halls,

~-Each patient room shall be an outside room
and well ventilated.

--The ventilation system for anesthesia storage
rooms shall conform to the requirements of
NFPA Standard 56A.

--The latest edition of the NBFU-Bulletin 56
published by the National Board of Fire
Underwriters, shall be adopted by reference.

*State rule specifies that the latest edition of the
"ASHRAE Guide published by ASHRAE" shall be adopted by
reference.

. 2.
2.
Nevada State Division of Health, Bureau of
Health Facilities. General Hospital Construction
Standards. Adopted Agust 26, 1969.
1969 Hill-Burton Standard, adopted by rule (Plans to

adopt "ASHRAE Standards').

-~None.



NEW HAMPSHIRE

Reference:

Standard:
Additional

Requirements:

NEW JERSEY .

Reference:

Standard:

.

Additional

Requirements:

NEW MEXICO .

Reference:

Standard:
Additional

Requirements:

NEW YORK .

Reference: ’

Standard:

Table

2.2

State of New Hampshire, Department of Health
and Welfare, Division of Public Health Services,
Bureau of Health Facilities Administration.

1974 Hill-Burton Standard, adopted. by rule.

~—None.

2.6.19

New Jersey State Department of Health. Manual
of Standards for Hospital Facilities. Amended

January 1976.

1974 Hill-Burton Standard. Adopted by
reference.

--None

. . . . . . 2.6.20

State of New Mexico, Department of Public Health,
Health and Social Services Department, Licensing
and Certification Section. Rules, Re/nlations
and Standards for Hospitals and Sanatoria
Infirmaries, Diagnostic and Treatment Centers

and Rehabilitation Centers. Effective July 25,

1964, last amended  August 20, 1965.
State.

~-The 1974 Hill-Burton Standard (Table 2.2) is
required when Hill-Burton funding is
involved.
~-The ventilation system for anesthesia storage

rooms shall conform to the requirements of
NFPA Standard 56A.

2.6.21

State of New York, Department of Health, Office
of Health Systems Management. Title X, New York
Codes Rules and Regulations, Chapter V. Effective
July 31, 1976

1974 Hill-Burton Standard, adopted by rule.




Table

Additional

Requirements: --The ventilation, heating, air conditioning, and
air changing systems shall be maintained in a
manner which will prevent the spread of infec-
tion and provide for patient or resident health
and comfort,

~=The ventilation, heating, air conditioning, and
alr changing systems shall be provided, as
needed, with acceptable air filtration equip-
ment that is cleaned and serviced at adequate
intervals.

-=-It willl be assured that the relative humidity is
maintained at a minimum of 50% in those areas
where conductive floors are required.

--The ventilation system for anesthesia storage
rooms shall conform to the requirements of
NFPA Standard 56A.

NORTH CAROLINA . . . . . . . . . . . . . 2.6.20

Reference: State of North Carolina, Department of Human
Resources, Division of Health Services. Laws,
Regulations and the Procedures Applying to the
Licensing of Hospitals in North Carolina.
Adopted June 19, 1964,

Standard: State.

Additional

Requirements: --Each patient's room shall have at least one window,
opening to the outside to permit ventilation
"and a source of light.

--Kitchens, morgues, bathrooms, and service rooms
shall be so located and ventilated by window
or mechanical devices to prevent offensive
odors from entering patients' rooms and public
halls.

——A mechanical air supply system shall be provided
for year-round usage in operating and delivery
rooms, ‘

~-The ventilation system for anesthesia storage
rooms shall conform to the requirements of
NFPA . Standard 56A.

NORTH DAKOTA . . . . . . . . . . . . . . 2.6.21

Reference: North Dakota State Department of Health, Division
of Health Facilities. Rules and Regulations for
Hospitals in North Dakota. Adopted 1976.

Standard: " State.

Additional

Requirements: -—See specifications in Table 2.2.1, "Filter Bffi-
ciencies for Central Ventilation and Ajir Condi-
tioning Systems in General Hospitals. '
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OHIO

Reference:
Standard:

Additional
Requirements:

OKLAHOMA .

Reference:

Standard:

Additional
Requirements:

OREGON .

Reference:

Standard:

Additional
Requirements':

Table

--The ventilation system for anesthesia storage
rooms shall conforma to the requirements
of NFPA Standard 56A-1973.

~--The nursery premature unit shall have a tempera-
ture maintained between 75 and 80°F and
relative humidity maintained between 50 and 60%.

2.2

State of Ohio, Department of Health, Bureau of
Medical Services. Ohio Building Code.

1974 Hill-Burton Standard, adopted by reference.

——None.

2.6.22

Oklahoma State Department of Health, Health
Facilities Licensure. Standards and Regulations
for Licensure of Hospitals and Related Institutions.
amended - March 11, 1978.

State.

—--Provisions shall be made for an adequate supply
of fresh air from the outside, (whether heated,
cooled or temperature unchanged) for all rooms
and areas of- the hospital.

--All patient rooms shall have, as a minimum, out-
side window area equal to 10%Z of the room floor
area, with sufficient opening sashes to provide
natural ventilation when necessary.

-—-Operating, delivery, nursery, and isolation rooms
shall have an adequate supply of fresh air
from the outside, preferably 100%.

—-Rooms, and areas, other than those afore mentioned,
shall have a minimum of 10% fresh air supply
from their ventilating system.

2.5

State of Oregon, Department of Human Resources
Health Division, Health Facilities Licensing

and Certification Section. Rules for Inpatient
Care Facilities in Oregon. Adopted June 1, 1976.

NFPA Standard 101, adopted by reference.

-~-None.



PENNSYLVANIA .

Reference:

Standard:

Additional
Requirements:

RHODE ISLAND .

Reference:

Standard:

Additional
Requirements:

SOUTH CAROLINA .

Reference:

Standard:

Additional
Requirements:

. .

Commonwealth of Pennsylvania, Department of

.

Health, Division of Licensure.

Regulations for Hospitals.

Rules and

Adopted April 1,

1966; last revised June 25, 1976.

1976 Hill-Burton Standard, -adopted by rule.

—-Patient rooms shall be provided with natural

ventilation.

State of Rhode Island, and Providence Planta-
tions Department of Health, Medical Care Standards.
Rules and Regulations for Licensing of Hospitals.

Adopted August 1973; last amended May 1977.
1974 Hill-Burton Standard, adopted by reference .

--None.

South Carolina Department of Health and

Environmental Control, Bureau of Health Facilities
Minimum Standards for Licensing in
South Carolina Hospitals and Institutional

Engineering.

Infirmaries.

Adopted May 1968.

NFPA Standard 101, adopted by rule¥*.

~-The building must be equipped with a central
heating system adequage to maintain a temperature

range of 70-80 F.

~~There shall be an adequate supply and forced
exhaust ventilation of utility rooms, kitchens,
dishwashing area, laundry, toilets, baths,

storerooms, work rooms, operating rooms,

delivery rooms, X-ray rooms, emergency rooms,
sterilizer equipment rooms, and maintenance shop.
~=-All institutions shall be located so that they are
free from undue noises, smoke, dust or foul

odors.
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SOUTH DAKOTA .

Reference:

Standard:
Additional

Requirements:

TENNESSEE .

Reference:

Standard:

Additional

Requirements:

TEXAS

Reference:

Standard:
Additional

Requirements:

UTAH .

Reference:

Standard:
Additional

Requirements:

.

South Dakota Department of Health, Office of
State Health Planning and Development, Facility
Development Section, Resource Development Program.
Construction Standards.

State.

-~The ventilation system for anesthesia storége
rooms shall conform to the requirements of
NFPA Standard 56A.

State of Tennessee, Department of Public Health,
Technical Services Program. Minimum Standards
and Regulations for Hospitals. Revised 1974.

None¥* (Plans to adopt 1974 Hill-Burton
Standard).

~-~The heating plant shall be of sufficient size
to maintain a temperature of at least 70 F.

—-The hospital building shall be adequately vent-
ilated at all times to reduce airborne contam-
ination.

~-Bathrooms, utility and service rooms, shall be
ventilated by forced mechanical means.

——Medium efficiency filters are required throughout

with high efficiency filters in critical areas.

*Informally applies 1974 Hill-Burton Standard.

State of Texas, Department of Health, Hospital
Licensing Division. Hospital Licensing Standards.
Effective April 15, 1969.

State.

-~The ventilation system for anesthesia storage
rooms shall conform to the requirements of
NFPA Standard 56A-1960.

State of Utah, Department of Social Services,
Division of Health, Medical Care and Facilities
Branch, Bureau of Medicaid Certification. Adopted
1968; last revised July 10, 1977.

1974 Hill-Burton Standard, adopted by reference.

—--None.
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Table

VERMONT . . . . . . . . . . . . . . . 2.5
Reference: State of Vermont, Agency of Human Services,
Department of Health, Medical Care Facilities.
Standard: NFPA Standard 101, adopted by reference*,
Additional
Requirements: --None.

*Informally applies 1974 Hill-Burton Standard
VIRGINIA . . . . . . . . . . . . . . . 2.2

Reference: Commonwealth of Virginia, Department of Health,
Bureau of Medical and Nursing Facilities Services.
Rules and Regulations for the Licensure of General
and Special Hospitals in Virginia. Adopted
September 1, 1976; effective Janaury 1, 1977.

Standard: 1974 Hill-Burton Standard, adopted by rule.
Additional
Requirements: --None.
WASHINGTON . . . . . . . . . . . . . o . 2.6.25
Reference: State of Washington, Department of Social and

Health Services, Health Services Division, Office
of Health Resources Development, Licensing and
Development Section. Hospital Rules and Regu-
lations. Amended January 1977.

Standard: State.
Additional
Requirements: --Comfortable temperatures must be maintained

throughout the hospital.

~—~Adequate ventilation must be provided for all
areas of the hospital.

--All supply ventilation systems shall include
properly designed, electronic or mechanical
filters.

--The ventilation system for anesthesia storage
rooms shall conform to the requirements of
NFPA Standard 56A-1960.

WEST VIRGINIA . . . . . . . . . . . . . . 2.2
Reference: State of West Virginia, Department of Health,
Health Insurance Benefits Unit.
Standard: 1974 Hill-Burton Standard, adopted by reference.
Additional
Requirements: ~~None.



Table

WISCONSIN . .+ v v v e e e e 2.6.26

Reference: State of Wisconsin, Department of Health and
Social Services, Division of Health, Bureau of
Quality Compliance, Facilities Need Analysis
Secion. Wisconsin Administrative Code, Rules
of the Division of Health, Chapter H-24, General
and Special Hospitals. Effective June 1, 1968.

Standard: State (Plans to adopte 1974 Hill-Burton Standard).
Additional
Requirements: --Recirculation of air shall only be vermitted

within the system serving an individual room.
~~The air movement in corridors and halls shall
not be less than 10 CFM per lineal foot of
corridor or hall.
--The ventilation system serving anesthesia storage
rooms shall conform to the requirements of NFPA
Standard 56A.

WYOMING . . .. . . . . . . . . . . . . . 2.5

Reference: State of Wyoming, Department of Health and
Social Services, Division of Health and Medical
Services, Medical Services. Hospital Rules and
Regulations. Draft.

Standard: NFPA Standard 101, adopted by reference.
Additional
Requirements: =--The air supplied to the operating and delivery

rooms shall be filtered to remove 90-99%
of all particulates.

-~The anesthesia storage room shall be continuously
ventilated.

~—The linen and trash chute rooms, the laundry,
the soiled and clean linen rooms, shall be
provided with adequate ventilation.

~—Adequate temperatures must be maintained in the

laundry.
PUERTO RICO .
Reference: Commonwealth of Puerto Rico, Department of Health
Facilities.
Standard: 1974 Hill-Burton Standard, adopted by reference.
Additional
Requirements: --None
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TABLE 2.6.1:

DEPARTMENT OF THE AIR FORCE

Central Medical and Surgical
Supply:
Soiled Room
Clean Workroom

Unsterile Supply Storage -

Outdoor Air Total
Relative CFM Per CFM Per Recirculation Percent Temperature

Area Designation Pressure Square Feet Square Feet Humidity °r)
Operating Room - P - 3.5 - 50-60 70-75
Emergency Operating Room P - 3.5 - 50-60 70-75
Delivery Room P - 3.5 - 50-60 70-75
Nursery Suite P - 2 - 50 75
Recovery Room - - - - - -
Intensive Care P - 2 - 50-60 70-75
Patient Room E - 2 - 40~-50 75
Patient Corridor E - 0.4 - 30-55 75
Isolation Room N - 3 No 30-55 75
Isolation Alcove - - - - - -

- Examination Room - - - - - -
Medication Room - - - - - -
Pharmacy - - - - - -
Treatment Room - - - - - -
X~-ray, Fluoroscopy Room - - - - - -
X-ray, Examination Room - - - - - -
Physical Therapy and Hydro-

therapy - - - - - -
Soiled Utility N - 1.5 o 30-55 75
Clean Utility P - 0.8 - 10-55 75
Autopsy N - 2 No 30-55 75
Workroom - - - - - -
Werefrigerated Body Holding

Room . N - 1 No 30-55 75
Toilet Room N - 2.5 No 30-55 75
Bedpan Room - - -~ - - -
Bathroom N - 2.5 No 30-55 75
Janitors' Closet N - 1 No 30-55 75
Sterilizer Equipment Room - - - - _ "
Linen and Trash Chute Rooms - - - - - -
Laboratory, General N - 1.5 No 30-55 75
Laboratory, Media Transfer P - 2 - 30-55 75
Food Preparation Centers N - 4.5 No 30-55 75
Warewashing - - - - - -
Dietary Day Storage - - - - - -
Laundry, General - - - - _ _
Soiled Linen - ~ - - - -
Clean Linen - - - - - -
Anesthesia Storage - 8 No 30-55 75
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TABLE 2.6.2:

DEPARTMENT OF THE ARMY

Air Changes Total Air -
_ Relative Outdoor Air Changes Recircu- Percent Temperature
Area Designation Pressure Per Hour Per Hour lation Humidity °r
Operating Room P 5 25 No 55 68-76
Emergency Operating Room P 5 25 No 55 68-76
Delivery Rocm P 5 25 No 55 70-76
Nursery Suite P 3 12 No 55 75
Recovery Room P 5 12 No 55 75
Intensive Care p 5 12 No 55 70-80
Patient Room E 2 6 No 35-55 75
Patient Corridor o 2 6 Optional - 70-78
Isolation Room N 5 12 No - 70-78
Isclation Alcove N 5 12 No - 70-78
Examination Room E 2 6 No - 70~-78
Medication Room - - - - - 70-78
Pharmacy P 2 4 Optional - 70-78
Treatment Room E 2 6 No - 70-78
X-ray, Fluoroscopy Room N 2 6 No - 70-78
X-ray, Treatment Room E 2 6 Optional - 70-78
Physical Therapy and Hydro- i
therapy N 2 6 Optional - 70-78
Soiled Utility N 2 4 No - 70-78
Clean Utildity P 2 4 Optional - 70-78
Autopsy ¥ 3 15 Yo - 70-78
Workroom - - - - - 70-78
Warefrigerated Body Holding
Room - - - - - 70~78
Toilet Room - - - - - 70-78
Bedpan Room - - - - - 70-78
Bathroom N Optional 10 No - 70-78
Janitors' Closet N Optional 10 No - 70-78
Sterilizer Equipment Room " E 2 10 No - 70-78
Linen and Trash Chute Rooms N Optional 10 No - 70-78
Laboratory, General N 2 6 No - 70-78
Laboratory, Media Transfer N 2 6 No - 70-78
Food Preparation Centers N 2 10 No - 70-73
Warewashing N Optional 10 No - 70-78
Dietary Day Storage E Optional 4 No - 70-78
Laundry, General - - -~ - _ 70-78
Soiled Limen N 4 12 No - 70-78
Clean Linen P 2 4 Optional - 70-78
Anesthesia Storage E 2 4 No _ 70-78
Central Medical and Surgical
Supply '
Soiled Room N 2 8 No - 70-78
Clean Workroom P 2 6 Optional - 70-78
Unsterile Supply Storage E 2 4 Optional - 70-73
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TABLE 2.6.3:

DEPARTMENT OF THE NAVY

Adir Changes Total Alr
Relative Qutdoor Air Changes Recircu- Percent Temperature

Area Designation Pressure Per Hour Per Hour lation Humidity (°F)
Operating Room P 5 25 No 50-60 6880
Emergency Operating Room P 5 25 No 50~60 68-80
Delivery Room P 5 25 No 50-60 68-76
Nursery Suite P 5 12 Opticnal 50 75
Recovery Room P 3 12 Optional 50 75
Intensive Care P 2 6 Optional 50 75
Patient Room E 2 4 Optional 50 75
Patient Corridor - - - - - -
Isolation Room E 1.5 6 No 50 75
Isolation Alcove P 2.5 10 No 50 75
Exawination Room E 1.5 6 Optional 50 75
Medication Room P 4 Optional 50 75
Pharmacy - - - - - -
Treatment Room E 1.5 6 Optional 50 75
X-ray, Fluoroscopy Room N 1.5 6 Optional 50 78
X-ray, Treatment Room E 1.5 6 Optional 50 78
Physical Therapy and Eydro—

therapy E 1.5 6 Optdional 50 75-80
Soiled Utility N 2.5 10 Optional 50 75
Clean Utility P 1.5 6 Optional 50 75
Autopsy N 3 12 o 50 75
Workroou - - - -. - -
Warefrigerated Body Holding

Room ) - - - - - -
Toilet Room X Optional i0 No 50 75
Bedpan Room - - - - - -
Bathroom - - - - - -
Janitors' Closet N Optional 10 No - -

Sterilizer Equipzent Room
Linen and Trash Chute Rooms
Laboratory, General
Laboratory, Media Transfer
Food Preparation Centers
Warewashing
Dietary Day Storage
Laundry, General
Soiled Linen
Clean Linen
Anesthesia Storage
Central Medical and Surgical
Supply
Soiled Roon
Clean Workroom

Unsterile Supply Storage
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TABLE 2.6.4: INDIAN HEALTH SERVICE

Air Changes Total Air

Relatlve Qutdoor Air Changes Recircu- Percent Temperature
Area Designation Pressure Per Hour Per Hour lation Humidity (°F)
Operating Room P 5 25 No 50-60 70-76
Emergency Operating Room P 5 25 No 50-60 70-76
Delivery Room P S 12 No 5060 70-76
Nursery Suite P 5 15 No 30-60 75
Recovery Room P 2 6 No 50~-60 72-78
Intensive Care b4 2 6 No 30~60 72-78
Patient Room v 2 2 Optional - 72-78
Patient Corridor v 2 2 Cptional - 72~78
Isolation Room P/N 2 6 No - 72-78
Isolation Alcove P/N 2 6 No - 72-78
Examination Room A 2 6 Optional - 72-78
Medication Room v 2 2 Optional - 72-78
Pharmacy v 2 2 Optional - 72-78
Treatment Room v 2 6 Optional - 72-78
X-ray, Fluoroscopy Room v 2 6 No - 72-78
X~ray, Treatment Room v 2 6 No - 72-78
Physical Therapy and Hydro-
therapy N 2 6 Optional - 72-78
Soiled Utility N 2 10 No - 72-78
© Clean Utility P 2 4 Optional - ~72-78
Autopsy N 2 12 No - 72-78
Workroom L= - - - - 72-78
Warefrigerated Body Holding
Room N 2 10 No - 72~-78
Toilet Room N Optional 10 No - 72-78
Bedpan Room - - - - - 72-78
"Bathroom N Optional 10 No - 72-78
Janitors' Closet N 2 10 No - 72-78
Sterilizer Equipment Room - - - - - 72-78
Linen and Trash Chute Rooms - - - - - 7278
Laboratory, General N 2 6 Optional - 72-78
Laboratory, Medlia Transfer P 2 6 No - 72-78
Food Preparation Centers N 2 10 No - 72-78
Warewashing N Optional 10 No - 72-78
Dietary Day Storage v 2 2 No - 72-78
Laundry, General N 2 10 No - 72-78
Soiled Linen N 2 10 No - 72-78
Clean Linen P 2 4 Optional - 72-78
Anesthesia Storage E - 3 No - 72-78
Central Medical and Surglcal
Supply ‘
Soiled Roonm - - - -
Clean Workroom - - - - - ;%_;g
Unsterile Supply Storage v 2 2 No - 79278
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TABLE 2.6.5:

VETERAN'S ADMINISTRATION

Air Changes

Total Air
Relative Outdoor Air Changes Recircu- Percent Temperature
Area Designation Pressure Per Hour Per Hour lation Humidity e
Operating Room P 15 15 No 50 70
Emergency Operating Room P 15 15 No 50 70
Delivery Room - - - - 30-50 72-78
Nursery Suite - - - - 30-50 72-78
Recovery Room P 15 15 No 50 70
Intensive Care P - - - 30-50 72-78
Patient Room - - - - 30-50 72-78
Patient Corridor - - - - 30~-50 72-78
Isolation Room P/N - - No 30-50 72-78
Isolation Alcove P/N - - No 30-50 72-78
Examination Room - - - - 30-50 72-78
Medication Room - - - - 30-50 72-78
Pharmacy - - - -~ 30-50 72-78
Treatment Room - - - - 30-50 72-78
X-ray, Fluoroscopy Room -~ - - - 30-50 72-78
X~ray, Treatment Room - - - No 30-50 72-78
Physical Therapy and Hydro-
therapy - - - - 30-50 72-78
Soiled Utiliry N - - No 30-50 72-78
Clean Utility - - - - 30-50 72-78
Autopsy N 15 15 No 30-50 72-78
Workroom - - - - 30-50 72-78
Warefrigerated Body Holding
koom - - - - 30-50 72-78
Toilet Room N 10 10 No 30-50 72-78
Bedpan Room - - - - 30~-50 72-78
Bathroom - 10 10 No 30-50 72-78
Janitors' Closet - - - - 30-50 72-78
Sterilizer Equipment Room - - - - 30-50 72-78
Linen and Trash Chute Rooms - - - No 30~50 72-78
Laboratory, General - - - No 30-50 72-78
Laboratory, Media Transfer - - - - 30-50 72-78
Food Preparation Centers - - - No 30-50 72-78
Warewashing - - - No 30-50 72-78
Dietary Day Storage - - - - 30-50 72-78
Lauadry, General - - - - 30-50 72-78
Soiled Linen - - - - 30-50 72-78
Clean Linen - - - - * 30-50 72-78
Anesthesia Storage - - - No 30-50 72-78
Central Medical and Surgical
Supply
Soiled Room - - - - 30-50 72-78
Clean Workroom - - - - 30-50 72-78
Unsterile Supply Storage - - - - 30-50 72~78
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TABLE 2.6.6:

STATE OF ALABAMA

Alr Changes Total Adr
Relative Outdoor Air Changes Recircu- Percent Temperature
Area Designation Pressure Per Hour Per Hour lation Humidity e
Operating Room - - - - - 70-75
Emergency Operating Room - - - - - 70-75
Dalivery Room - - - - - 70-75
Nursery Suite - - - No - 70-75
Recovery Room - - - - - 70-75
Intensive Care - - - - - 70~75
Patient Room - T- - - - 70-75
Patient Corridor - - - - - 70-75
Isolation Room - - - - - 70-75
Isolation Alcove - - - - - 70-75
Exanination Room - - - - - 70-75
Medicatlion Room - - - - - 70-75
Pharmacy - - - - - 70-75
Treatment Room - - - - - 70-75
X-ray, Fluoroscopy Room - - - - - 70-75
X~ray, Treatment Room - - - - - 70-75
Physical Therapy and Hydro-
therapy - - - - - 70-75
Soiled Utility - - - - - 70-75
Clean Utility - - - - - 70-75
Autopsy - - - - - 70-75
Workrcom - - - - - 70-75
Warefrigerated Body Holding
Roon - - - - - 70-75
Toilet Room - - - - - 70-75
Bedpan Room - - - - - 70-75
Bathroonm - - - - - 70-75
Janitors' Closet - - - - - 70-75
Sterilizer Equipment Room - - - - - 70-75
Linen and Trash Chute Rooms - - - - - 70-75
Laboratory, General - - - - - 70-75
_Laboratory, Media Transfer - - - - - 70-75
Food Preparation Centers - - - - - 70-75
Warewashing - - - - - 70-75
Dietary Day Storage = - - - - 70-75
Laundry, General - - - No - 70-75
Soiled Linen - - - - - 70-75
Clean Linen - - - - - 70-75
Anesthesia Storage E - 8 No - 70-75
Central Medical and Surgical
Supply
Soiled Room - - - - - 70-75
Clean Vorkroom - - - - - 70-75
Unsterile Supply Storage - - - - - 70-75
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TABLE 2.6.7: STATE OF ARKANSAS

Air Changes Total Air
. Relative Outdoor Air Changes Recircu~- Percent Temperature
Area Designation Pressure Per Hour Per Hour lation Humidity (°F)
Cperz:ingz Reom P 12 12 No 50-60 65-70
Exzer Operating Zeocw P 12 12 No 50-60 65-70
Delivery Room P 12 iz No 50-60 70-76
Nurszry Suite 4 12 12 Yo 50 75
Recovery Rcom E 6 6 Optional 50-60 75
Intensive Care P 6 6 No 30-60 70-80
Patient Room E 2 2 Optional - 75
Patient Corridor E 4 4" Optional - 75
Isolation Room ‘B 6 6 No - 5
Isolation Alcove E 6 6 No - 75
Examination Room - - - - - -
Medication Room - - - - - ~
Pharmacy - - - - - -
Treatment Room E 6 6 No - 75
X-ray, Fluoroscopy Room N 6 6 No - 75
X~ray, Treatment Room N 6 6 No - 75
Physical Therapy and Hydro-
therapy N 6 6 Optional - 75
Soiled Utility N 4 4 No - 75
Clean Utility P 4 4 Optional - 75
Autopsy N 6 15 No - 75
Workroom N 6 15 No - 75
Warefrigerated Body Holding
Room - - - - - -
Tollet Room N Optional 10 No - 75
Bedpan Room N Optional 10 No - 75
Bathroom N - Optional 10 No - 75
Janitors' GCloset N Optional 10 No - 75
Sterilizer Equipment Room N Optional 10 No - 75
Linen and Trash Chute Rooms N Optional 10 No - 75
Laboratory, General N 6 6 Optional - 75
Laboratory, Medla Transfer P 4. 4 No - 75
Food Preparation Centers E 10 10 No - 75
Warewashing N Optional 10 No - 75
Dietary Day Stcrage E Optional 2 No - 75
Laundry, General E 10 10 No - 75
Sciled Linen N Optional 10 Vo - 75
Clean Linen P 2 2 Optional - 75
Anesthesia Storage E 8 8 No - 75
Central Medical and Surgical
Supply
Soiled Room N & 4 No - 75
Clean VWorkrocom P 4 4 No - 75
Unsterile Supply Storage E 2 2 Optional - 75
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TABLE 2.6.8:

STATE OF CALIFORNTA

Air Changes Total Air -
Relative Outdoor Air Changes Recircu~ Percent Temperature
Area Designation Pressure Per Hour Per Hour lation Humidity °r
Operating Room P 12 12 No 50-60 70-75
Emergency Operating Room P 12 12 No 50-60 72-75
Delivery Room P 12 12 No 50-60 70-76
Nursery Suite P 8 8 No 30-60 70-76
Recovery Room E 6 6 . No 50-60 70-76
Intensive Care P 6 6 No 30-60 70-80
Patient Room E 2 2 Optional - 72-75
Patient Corridor E 2 2 Optional - 7275
Isolation Room E 6 6 No - 2-75
Isolation Alcove E 6 6 No - 72-75
Examination Room E 6 6 No - 72-73
Medication Room - - - - - 7275
Pharmacy - - - - - 72-75
Treatment Room E 6 6 No - 72-75
¥-ray, Fluoroscopy Room N 6 6 No - 72-75
X-ray, Treatment Room E 6 6 Optional - 72-75
Physical Therapy and Hydro-
therapy N 6 6 Optional - 72-75
Soiled Utillty N 4 4 No _ 72-75
Clean Utility P 4 4 Optional - 72-75
Autopsy N 8 8 No - 72-75
Workroom N 8 8- No - 72-75
Warefrigerated Body Holding
Roem - - - - - 72-75
Toilet Room N Optional 10 No _ 7975
Bedpan Room N Optional 10 No - 72-75
Bathroon N Optional 10 No - 72-75
Janitors® Closet N Optional 10 No - 72-75
Sterilizer Equipment Room N Optional 10 No - 7975
Linen and Trash Chute Rooms N Optional 10 No _ 72-75
Laboratory, Gemeral N 6 6 Opticnal - 72-75
Laboratory, Media Transfer P A 4 No - 72-75
Foo& Preparation Centers E 10 10 No - 72-75
Warewashing N Optional 10 No _ 72-75
Dietary Day Storage E Optional 2 Optional _ 72-75
Laundry, General jo 10 10 No - . 72-75
Soiled Linen N - - No - 72-7
Clean Linen p 2 2 Optional - 79-75
Anesthesia Storage E g 8 No - 72-75
Central Medical and Surgical
Supply
Soiled Reom N & 4 No - 7275
Clean Workroom P 4 4 Optional - 72275
Unsterile Supply Storage E 2 2 Optional

72-75
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TABLE 2.6.9: STATE OF CALIFORNIA

Air Changes Total Air
Relative Qutdoor Air Changes Recircu- Percent Temperature
Area Designation Pressure Per Hour Per Hour latdion Humidity {°F)
Operating Room P 5 25 No 50-60 70-76
" Emergency Operating Room P 5 25 No 50-60 72-75
Delivery Room P 5 20 No 50-60 70-76
Nursery Suite P 3 12 No 30-60 70-76
Recovery Room E 2 6 No 50-60 70-76
Intensive Care P 2 6 No 30-60 70-80
Patient Room E 2 2 Optional - 72-75
Patient Corridor E 2 4 Optional -~ : 72-75
Isolation Roon E 2 6 No - 72-75
Isolation Alcove E 2 6 No - 72-75
Examination Room E 2 6 No - 72-75
Medication Room - - - - - 72-75
Pharmacy - - - - - 7275
Treatment Room E 2 6 No - 72-75
X~ray, Fluoroscopy Room N 2 6 No - 72-75
X-ray, Treatment Room E 2 6 Optional - 72-75
Physical Therapy and Hydro- :
therapy N 2 6 Optional - 72-75
Soiled Utility N 2 10 No - 72-75
Clean Utility P 2 6 Optional - 72-75
Autopsy N 2 12 No - 2-75
Workroom N 2 iz2- No - 72-75
Warefrigerated Body Holding
Room - - = - ’ - 72-75
Toilet Room N Optional 10 No - 72-75
Bedpan Room N Optional 10 ’ No - 72-75
Bathroom N Optional 10 No - 72-75
Janitors' Closet N Optional 10 No - 72-75
Sterilizer Eguipment Room N Optional 10 No ~ 72-75
Linen and Trash Chute Rooms N Optional 10 No - 72-75
Laboratory, General N 2 6 Optional - 72-75
Laboratory, Media Transfer P 2 [ No - 72-75
Food Preparation Centers E 2 1 No - 72-75
Warewashing N Optional 10 No - 72-75
Dietary Day Storage E Optional 2 Optional - 72-75
Laundry, General E 2 10 No - 72-75
Soiled Linen N Optional 10 No - 72-75
Clean Linen b 2 2 Optional - 72-75
Anesthesla Storage E - 8 Ne - 72~75
Central Medical and Surgical
Supply ‘
Soiled Room N 2 4 No - 72-75
Clean Workroom P 2 4 Optional - 72-75
Unsterile Supply Storage E 2 2 Optional : - 72-75
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TABLE 2.6.10:

STATE OF CONNECTICUT

Alr Changes Toral Air
Relative Qutdoor Air Changes Recircu~ Percent Temperature
Area Desigration Pressure Per Hour Per Hour lation Humidity (°F;
Operating Rocm P 5 25 No (1) 50-60 68-78
Emergency Operating Room P 5 25 ¥o (1) 50-60 68-78
Delivery Room P 5 12 No (1) 50-60 68-78
Nursery Suite P 5 12 No (1) 30-60 72-78
Recovery Room P 2 6 No (1) 40-60. 72-78
Intensive Care P 2 6 No (1) 30-60 72-80
Patient Rocm E 2 2 Optional - 75
Patient Corridor E 2 4 Optional - 75
Isolation Room E 2 6 No - 75
Isolation Alcove E 2 10 No - 75
Examination Room E. 2 6 Optional - 75
Medication Room P 2 4 Optional - 75
Pharmacy P 2 4 Optional - 75
Treatment Room E 2 6 No (1) - 75
X-ray, Fluoroscopy Room N 2 6 No - 75
X-ray, Treatment Room E 2 6 Optional - 7
Physical Therapy and Hydro- .
therapy N 2 6 Optional - 5

. Soiled Utility N 2 10 No - 75
Clean Utility P 2 4 Optional - 75
Autopsy N 2 12 No - 75
Workroom N 2 10 - No - 75
Warefrigerated Body Holding ‘

Room N Optional 10 No - 75
Toilet Room N Optional 10 No - 75
Bedpan Room N Optional 10 No - 75
Bathroom N Optional 10 No - 75
Janitors' Closet N Optional 10 No - 75

terilizer Equipment Room - N Optional 10 No - 75
Linen and Trash Chute Rooms N Optional 10 No - 75
_ Laborateory, General N 2 6  Optional - 75
Laboratory, Media Transfer P 2. 4 No (1) - 75
Food Preparation Centers E 2 10 No - 75
Warewashing N Optional 10 No - 75
Dietary Day Storage E Opticnal 2 Optional - 75
Laundry, General E 2 10 No - 75
Soiled Linen N Optional 10 No - 75
Clean Linen P 2 2 Optional - 75 -
Anesthesia Storage E Optional 8 No - 75
Central Medical and Surgical
Supply
Soiled Room N 2 6 No - 75
Clean Workroom . P 2 4 Optional - 75
Unsterile Supply Storage E- 2 2 Optional - 75
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TABLE 2.6.11:

STATE OF FLORIDA

Alr Changes Total Air .
Relative Cutdoor Air Changes Recircu~ Percent Temperature

Area Desipnation Pressure Per Hour Per Hour lation Humidity (°F)
Operating Room P 22 22 No 50-60 70-76
Emergency Operating Room P 22 22 No 50-60 70-76
Delivery Room P 22 22 No 50-60 70-76
Nursery Suite P 5 15 No (6) © 50 75
Recovery Room E 6 15 No (3) 50-60 75
Intensive Care P 6 6 No 30-60 79—80
Patient Room E 2 IA No (4) - ’2
Patient Corridor E 4 4 No (4) - 75
Isolation Room E 12 12 No - 75
Isolation Alcove N 12 12 No - 75
Examination Room E 6 6 No (4) - 7
Medication Room - - - - - -
Pharmacy - - - - - -
Treatment Room E 6 6 No (4) - 75
X~ray, Fluoroscopy Room N 6 6 No - 75
&~-ray, Treatment Room N- 6 6 No - 75
Physical Therapy and Hydro-

therapy v N 4 4 No (&) - 75
Soiled Utility N 4 12 No (4) - 75
Clean Utility P 4 12 No (4) - 75
Autopsy N 6 15 No - 75
Workroom - - - - - -
Warefrigerated Body Holding

Room - - - - - =
Toilet Room N Optional 10 No - 75
Bedpan Room N _ Optional 10 No - 75
Bathroom N Optional 10 No - 7?
Janitors® Closet N Optional 10 No - 75
Sterilizer Equipment Room "N Optional 10 No - Z?
Linen and Trash Chute Rooms N Optional 10 No - 73
Laboratory, General N . 6 6 No - 75
Laboratory, Media Transfer P 4 4 No - ZS
Food Preparation Centers E 20 20 No = 75
Warewashing N Optional 10 Yo - 73
Dietary Day Storage E 2 2 No (5) - 73
Laundry, General E 10 10 No - 75
Soiled Linen N Optional 10 No - 75
Clean Linen P 2 2 No (&) - 7
Anesthesia Storage E 8 8 No - 75
Central Medical and Surgical

Supply

Soiled Room N 4 12 No - 75
Clean Workroom P 2 2 - 75

Unsterile Supply Storage

No (4)
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TABLE 2.6.12: STATE OF FLORIDA

Unsterile Supply Storage

Air Changes Toral Air
Relative Outdoor Air Changes Recircu~ Parcent Temperature

rea Designation Pressure Per Hour Per Hour lation Humidity (°F)
Operating Room P 5 22 No (7) 50-60 70-76
Energency Operating Room P 5 22 No (7) 50-60 70-76
Delivery Room P 5 22 No (7) 50-60 70-76
Nursery Suite P 2,8 15 No Eg; 53060 ;;
Recovery Room E 2.8 15 No -
Intensge Care P 2.8 6 No (6) 30-60 7Of80
Patient Room E 1.1 4 No (3) - 75
Patient Corridor E 2 3 No (3) - 75
Isolation Room E 4 12 _ No - 75
Isolation Alcove N 4 12 No - 75
Examination Recm E 2.8 6 No (3) - 75
Yedication Room - - = - - -
Pharmacy - - = - - -
Treatment Room E 2.8 6 No (3) - 75
¥-ray, Fluoroscopy Room = - = - - -
X-ray, Treatment Room - - = = - -
Physical Therapy and Hydro-

therapy N 2.25 4 No (3) - 75
Soiled Utility N 2.25 12 No (3) - 75
Clean Utility P 2.25 12 ' No (3) - 75
Autopsy N Optional 15 No - 75
Workroom - - - - - -
HWarefrigerated Body Holding

Rocm - - - - = -
Toilet Room N Optional 10 No - ZS
Bedpan Room N Optional 10 No - 75
Bathroom N -Optional 10 No - 75
Janitors' Closet N Optional 10 No - 75
Sterilizer Equipment Room N Optional 10 No - 75
Linen and Trash Chute Rooms N Optional 10 No - 75
Laboratory, General N 2.25 6 No - 75
Laboratory, Media Transfer P 1.3 4 No - 75
Food Preparation Centers E 7 20 No (4) - 75
Warewashing . N Optional 10 No - 75
Dietary Day Storage E 1 2 No (4) - 75
Laundry, General E 3.3 10 No - 75
Soiled Linen N Optional 10 No - 73
- Clean Linen P 1 2 No (8). - 75
Anesthesia Storage E 2.8 8 No - 75
Central Medical and Surgical

Supply

Soiled Room N Optional 12 No - 75
Clean Vorkroonm P 1.1 2 No (3) - 75
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TABLE 2.6.13:

STATE OF IDAHO

Alr Changes Total Air
Relative Outdoor Air Changes Recircu- Percent Temperature
Area Designation Pressure Per Hour Per Hour lation Humidity (°F)
Operating Room - - 8 No - 75
Emergency Operating Room - - - - - 75
Delivery Room - - 8 No - 75
Nursery Suite - - - - - 75
Recovery Room - - - - - 70
Intensive Care -. - - - - 70
Patient Room - - - - - 70
Patient Corridor - - - - - 70
Isolation Room - - - - - 70
Isolation Alcove - - - - - 70
Examination Room - - - - - 70
Medication Room - - - - - 70
Pharmacy - - - - - 70
‘Treatment Room - - - - - 70
X~ray, Fluoroscopy Room - - = - - 70
X~-ray, Treatment Room - - - - - 70
Physical Therapy and Hydro-
therapy - - - - - 10
Soiled Urility - - 10 - - 70
Clean Utility - - 10 - - 70
Autopsy - - 10 No - 7C -
Workroom - - - - - 70
Warefrigerated Body Holding
Room . - - - - - 70
Toilet Room - - 10 - - - 70
Bedpan Room - - 10 - - 70
Eathroom - - 10 - - 70
Janitors' Closet - - - - - 70
Sterilizer Equipment Room - - 10 - - 70
Linen and Trash Chute Rooms - - - No - 70
Laboratory, General - - - - - 70
Laboratory, Media Transfer - - - - - 70
Food Preparation Centers - - 10 No - 70
Warewashing - - 10 No - 70
Dietary Day Storage - - 10 - - 70
Laundry, General - - 10 No - 7C
Solled Linen - - - . No - 70
Clean Linen - - - - - 70
Anesthesia Storage ) E - 8 No - 70
Central Medical and Surgical
Supply
Soiled Room - - - - - 70
Clean Workroom - - - - - 70
Unsterile Supply Storage - - - - - 70
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TABLE 2.6.14:

STATE CF INDIANA

Air Changes Total Air
. Relative Outdoor Air Changes Recirgu— Percent Temperature
Area Designation Pressure Per Hour Per Hour lation Humidity (°F)
Operating Room P 5 20 No 45-60 65-75
Emergency Operating Room P 5 20 No 45-60 65-75
Delivery Room P 2 12 No 45-60 65-75
Nursery Suite P 5 12 No - - 70
Recovery Room p 2 6 . No 50-60 70-75
Intensive Care P 2 6 No (2) 30-60 70-75
Patient Room E 2 2 Optional - 70
Patient Corridor E 2 4 Opticnal - 70
Isolation Room E 2 6 No - 70
Isolation Alcove E 2 10 No - 70
Examination Room E 2 6 Optional - 70
Medication Room P 2 4 Optional - 70
Pharmacy P 2 4 Optional - 70
Treatment Room E 2 6 No - 70
X-ray, Fluoroscopy Room N 2 6 No - 70
X~ray, Treatment Room E 2 6 Optional - 70 -
Physical Therapy and Hydro-
therapy N 2 6 Optional - 70
Soiled Utility N 2 10 No - 70
Clean Utility P 2 4 Optional - 70
Autopsy N 2 12 No - 70
Workroom - - - - - 70
Warefrigerated Body Holding
Room N Optional 10 No - 70
Toilet Room N Optional 10 No - 70
Bedpan Room - - - - - 70
Bathroom N Optional 10 No - 70
Janitors' Closet N Optional 10 No - 70
Sterilizer Equipment Room N Optional 10 No - 70
Linen and Trash Chute Rooms N Optional 10 No - 70
Laboratory, General N 2 6 Optional - 70
Laboratory, Media Transfer P 2 4 No - 70
Food Preparation Centers E 2 10 No - 70
Warewashing N Optional 10 No - 70
Dietary Day Storage E Optional 2 No - 70
Laundry, General E 2 10 No - 70
Soiled Linen N Optional 10 No - 70
Clean Linen P 2 2 Optional - 70
‘Anesthesia Storage E Optional 8 No - 70
Central Medical and Surgical
Supply -
Soiled Room N 2 6 No _ 70
Clean Workroom P 2 4 Optional - 70
Unsterile Supply Storage E 2 2 Optional _ 70
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TABLE 2.6.15: STATE OF KENTUCKY

Alr Changes Total Air

- Relative Cutdoor Air Changes Recircu=~ Percent Temperature
Area Designation Pressure Per Hour Per Hour lation Humidity °F)
Operating Room P 5 i2 No 50-60 70-76
Emergency Operating Room P 5 12 No . 50-60 76-76
Delivery Room p 5 12 No 50-60 70-76
Nursery Suite r 5 12 No 50 75
Recovery Room E 2 6 No 50-60 75
Intensive Care P 2 6 No 30-60 75-80
Patient Room B 2 2 Optional - . 72
Patient Corridor E 2 & Optional - 72
Isolation Room E 2 6 No - 72
Isolation Alcove E 2 6 No - 72
Examination Room - - - - - 72
Medication Room - - - - - 72
Pharmacy - - - - : - 72-
Treatment Room E 2 6 No - 72
X~ray, Fluoroscopy Room N 2 6 No - 72
X-ray, Treatment Room E -2 6 Optional - 72
Physical Therapy and Hydro-
~ therapy N 2 6 Optional - 72
Soiled Utility N 2 4 No - 72
Clean Utility P 2 4 Optional - 72
Autopsy N 2 12 No - . 72
Workroom - - - - - 72
Warefrigerated Body Holding

Room - - - - - 72
Toilet Room N Optional 10 No - 7z
Bedpan Room N Optional 10 No - 72
Bathroom N Optional 10 No = 72
Janitors' Closet N Optional 10 No - 72
Sterilizer Equipment Room N Optional 10 No - 72
Linen and Trash Chute Rooms N Optional 10 No - 72
Laboratory, General N 2 6 Optional - 72
Laboratory, Media Transfer P 2 4 : No - 72
Food Preparation Centers E 2 10 No - 72
Warewashing N Optional 10 No B 72
Dietary Day Storage E Optional 2 No - 72
Laundry, General E 2 10 No - 72
Soiled Linen N Optional 10 No - 72
Clean Linen b4 2 2 Optiomnal - 72
Anesthesia Storage : E Optional 8 No - 72
Central Medical and Surgica
Supply :

Sciled Room N 2 4 No - 72

Clean Workroom P 2 4 Optiomal - - 72

Unsterlle Supply Storage E 2 2 Optional - 7
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TABLE 2.6.16:

STATE OF MINNESOTA

Afir Changes Total Air )
Relative Outdoor Alr Changes Recircu- Percent Temperature
Area Designation Pressure Per Hour Per Hour lation Humidity °r
Operating Room - - 8 No 35 75
Emergency Operating Room - - 8 No 55 75
Delivery Room - - 8 No 55 75
Nursery Suite - - - - - 75
Recovery Room - - - - - 75
Intensive Care - - - - - 70
Patient Room - - - - - 70
Patient Corrider - - - - - 70
Isolation Room - - - - - 70
Isolation Alcove - - - - - 70
Examination Room - - - - - 70
Hedication Room - - - - - 70
Pharmacy - - - - - 70 .
Treatment Room - - - - - 70
X-ray, Fluoroscopy Room - - - - - 70
X~ray, Treatment Room - - - - - 70
Physical Therapy and Hydro-
therapy - - 10 - - 70
Soiled Utildity - - 10 - - 70
Clean Utility - - 10 - - 70
Autopsy - - 6 No - 70
Workroom - - - - - 70
Warefrigerated Body Holding
Room - - - - - 70
Toilet Room - - 10 - - 70
Bedpan Room - - 10 - - 70
Bathroom - - 10 - - 70
Janitors' Closet - - 10 - - 70
SteriliZer Equipment Room - - - 10 - - 70
Linen and Trash Chute Rooms - - 6 No - 70
Laboratory, General - - - - - 70
Laboratory, Media Transfer - - - -~ - 70
Food Preparation Centers - - 6 No - 70
Warewashing - - 6 No - 70
Dietary Day Storage - - 6 No - 70
Laundry, General - - 6 No - 70
Soiled Linen - - 6 No - 70
Clean Linen - - 6 - 70
Anesthesia Storage - - - - - 70
Central Medical and Surgical
Supply
Sciled Room - - - - - 70
Clean Workroom - - - - - 70
Unsterile Supply Stbrage - - - - - 70
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Area Designation

TABLE 2.6.17:

STATE OF

MISSISSIPPI

Relative
Pressure.

Air Changes
Outdoor Air
Per Hour

Total Air
Changes
Pexr Hour

Recircu=-
lation

Percent
Humidity (°F)

Operating Room
Emergency Operating Room
Delivery Room
Nursery Suite
Recovery Room
Intensive Care
Patient Roon
Patient Corridor
Isolation Room
Isolation Alcove
Examination Room
Medication Room
Pharmacy
Treatment Room
X-ray, Fluoroscopy Room
X-ray, Treatment Room
Physical Therapy and Hydro-
therapy
Solled Utility
Clean Utility
Autepsy
Workroom
Warefrigerated Body Holding
Room
Tcilet Room
Bedpan Room
Bathroom
Janitors®' Closet
Sterilizer Equipment Room
1inén and Trash Chute Rooms
Laboratory, General
Laboratory, Media Transfer
Food Preparation Centers
Warewashing
Dietary Day Storage
Laundry, General
Soiled Linen
Clean Linen
Anesthesia Storage
Central Medical and Surgical
Supply
Soiled Room
Clean Workroom
Unsterile Supply Storage

RN

50-60 70-76
50~-60 70-76

50 75-80

Tenperature



98-¢

Area Designation

TABLE 2.6.18:

STATE OF MISSOURI

Air Changes
Relative Outdoor Air
Pressure Per Hour

Total Air

Changes
Per Hour

Recircu~
lation

Percent

Humidity

Temperature
{°F)

Cperating Roox
Emergency Operating Room
Delivery Room

Nursery Suite

Recovery Room

Intensive Care

Patient Room

Patilent Corridor
Isolation Roon

- Isolation Alcove

Examination Room

~ Medication Room
* Pharmacy

Treatment Room

X-ray, Fluoroscopy Room

X~ray, Treatment Room

Physical Therapy and Hydro-—
therapy

Soiled Utilicy

Clean Utility

Autopsy

iorkroom

Warefrigerated Body Holding
Room

Toilet Room

Bedpan Room

Bathroon

Janitors’ Closet

Sterilizer Equipment Room

Linen and Trash Chute Rooms

Laboratory, Goneral

Laboratory, Media Transfer

Food Preparation Centers

Warewashing

Dietary Day Storage

Laundry, General

Soiled Linen

Clean Linen

Anesthesia Storage

Central Medical and Surgical

Supply
Soiled Room
Clean Workroom

Unsterile Supply Storage

E Optional

1 oo

50-60
50-60
50-60

75
75
75
75
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TABLE 2,.6.19:

STATE OF NEW MEXICO

Air Changes Total Air :
Relative Outdoor Air Changes Recircu- Percent Temperature
Area Desipmatilon Pressure Per Hour Per Hour lation Humidity (°F)
Operating Room - - - - 50 75
Emergency Operating Room - - - - 50 75
Delivery Room - - - - 50 75
Nursery Suite - - - - 55 75
Recovery Room - - - - - 70
Intensive Care - - - - - 70
Patient Room - - - - - 70
Patient Corridor - - - - ~ 70
Isolation Room - - - - - 70
Isolation Alcove - - - - - 70
Examination Room - - - - - 70
Medication Room - - - - - 70
Pharmacy - - - - - 70
Treatment Room - - - - - 70
X-ray,; Fluoroscopy Room - - - - - 70
X-~ray, Treatment Room - - - - - 70
Physical Therapy and Hydro-
therapy - - - - - 70
Solled Utility - - - No - 70
Clean Utility - - - No - 70
Autopsy - - - - - 70
Workroom - - - - - 70
VWarefrigerated Body Holding
Room - - - - - 70
Toilet Room - - - No - 70
Bedpan Room - - - - - 70
Bathroom - - - No - 70
Janitors' Closet - - - No - 70
Sterilizer Equipment Room - - - - - 70
Linen and Trash Chute Rooms - - - No - 70
Laboratory, General - - - - - 70
Laboratory, Media Transfer - - - - - 70
Food Preparation Centers - - - No - 70
Warewashing - - - No - 70
Dietary Day Storage - - - No - 70
Laundry, General - - - No - 70
Soiled Linen - - - No - 70
Clean Linen - - - No - 70
Anesthesia Storage - - - - - 70
Central Medical and Surgical
Supply
Soiled Room - - - - - 70
Clean Workroom - - - - - 70
Unsterile Supply Storage - - - No - 70
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TABLE 2.6.20:

STATE OF NORTH CAROLINA

Air Changes Total Alr
Relative Qutdoor Air Changes Recircu~ Percent Tenmperature

Area Designation Pressure Per Hour Per Hour lation Humidity °r)
Operating Room - - - - - 70
Emergency Operating Room - - - - - 70
Delivery Room - - - - - 70
Nursery Suite - - - - - 70
Recovery Room -~ - - - - 70
Intensive Care - - - - - 70
Patient Room - - - - - 70
Patient Corridorx - - - - - 70
Isolation Room - - - - - 70
Isolation Alcove - - - - - 70
Examination Room - - - - - 70
Medication Room - - - - - 70
Pharmacy - - - - - 70
Treatment Room - - - - - 70
X-ray, Fluoroscopy Room - - - - - 70
X~ray, Treatment Room - - - - - 70
Physical Therapy and Hydro-—

therapy - - - - - 70
Soilled Utility - - - - - 70
Clean Utility - - - - - 70
Autopsy - - - No - 70
Workroom - - - - - 70
Warefrigerated Body Holding

Room - - - - - 70
Toilet Room - - - No - 70
Bedpan Room - - - - - 70
Bathroom - - - No - 70
Janitors® Closet - - - - - 70

terilizer Equipment Room - - - - - 70
Linen and Trash Chute Rooms - - - - - 70
Laboratory, General - - - - - 70
Laboratory, Medla Transfer - -~ - - - 70
Food Preparation Centers - - - No - 70
Warewashing - - - No - 70
Dietary Day Storage - - - No - 70
Laundry, General - - - - - 70
Soiled Linen - - - - - 70
Clean Linen - - - - _ 70
Anesthesia Storage E - 8 No - 70
Central Medical and Surgical

Supply

Soiled Room - - - - - -
Clean Workroom - - - - _ 70

Unsterile Supply Storage
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TABLE 2.6.21:

STATE OF NORTH DAKOTA

Adir Changes Total Air
Relative Outdoor Air Changes Recircu=- Percent Temperature
Area Designation Pressure Per Hour Per Hour lation Humidity (°r)
Operating Room P 5 12 No (1) 50-60 7C-76
Emergency Operating Room bg 5 12 No (1) 50-60 76-76
Delivery Roon P 5 12 No (1) 50-60 76-76
Yursery Suite P 5 12 No (1) 50 75
Recovery Room E 2 6 No (1) 50-60 75
" Intensive Care P 2 6 No {1) (2) 30-60 70-80
Patient Room E 2 2 Optional - 75
Patlent Corridor E 2 & - Optional - 75
Isolazion Room E 2 6 No (2) - 75
Isolation Alcove E 2 6 No (2) - 75
Examination Room - -~ - - - 75
Medication Room - - - - - 75
Pharmacy - - - - - 75
Treatment Room E 2 6 No - 75
X-ray, Fluoroscopy Room N 2 6 No - 75
X-ray, Treatment Room E 2 6 Optional - 75
Physical Therapy and Hydro-
therapy N 2 6 Optional - 75
Soiled Utility N 2 4 No - 75
Clean Utility P 2 4 Optional - 75
Autopsy N 2 12 No - 75
Workroom - - - - - 75
Warefrigerated Body Holding
Room - - - - - 75
Toilet Room N Optional 10 No -~ 75
Bedpan Room N Optional 10 No - 75
Bathroom N " Optional 10 No - 75
Janitors' Closet N Optional 10 No - 75
Sterilizer Equipment Room - N Optional 10 No - 75
Linen and Trash Chute Rooms N Opticnal 10 No (&) - 75
Laboratory, General N ’ 2 6 Optional - 75
Laboratory, Media Transfer P 2 4 No - 75
- Food Preparation Centers E 2 10 No (&) - 75
Warewashing N Optiomal 10 No {&) - 75
Dietary Day Storage E Optional 2 No (&) - 75
Laundry, General E 2 10 No (&) - 75
Soiled Linen N Optional 10 No - 75
Clean Linen P 2 C 2 Optional - 75
Anesthesia Storage E Optional 8 No - 75
Central Medical and Surgilcal ‘ )
Supply
Soiled Room N 2 & No - 75
Clean Workroom P 2 & " Optional - 75
Unsterile Supply Storage E 2 2 Opticnal - 75
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TABLE 2.6.22:

STATE OF OKLAHCMA

Alr Changes Total Air
Relative Outdoor Air Changes Recircu~ Percent Temperature

Area Designation Pressure Per Hour Per Hour lation Humidity °r)
Operating Room - - - No - 70
Emergency Operating Room - - - No - 7
Delivery Room - - - No - 70
Nursery Suite - - - No - 70
Recovery Room - - - - - 70
Intensive Care - - - - - 70
Patient Room - - - - - 70
Patient Corridor - - = - ~ 70
Isglation Roonm - - - No - 70
Isclation Alcove - - - No - 70
Examination Room - - - - - 70
Medication Room - - - - - 70
Pharmacy - - - - - 70
Treatment Room - - - - - 70
X~ray, Fluoroscopy Room - - - - - 70
X~ray, Treatment Room - - - - - 70
Physical Therapy and Hydro-

therapy - - - - - 70
Soiled Utility - - - No - 70
Clean Utility - - - No - 70
Autopsy - - - No - 70
Workroom - - - - - 70
Warefrigerated Body Holding

Room - - - - - 70
Toilet Room = - - No - 70
Bedpan Room - - - No - 70
Bathroonm - - - No - 70
Janitors' Closet -~ - - No - 70
Sterilizer Equipment Room - - - No - 70
Liren and Trash Chute Rooms - - - - - 70
Laboratory, General - - - No - 70
Laboratory, Media Transfer - - - No - 70
Food Preparation Centers - - - No - 70
Warewashing - - - No - 70
Dietary Day Storage - - - No - 70
Laundry, General - - - No - 70
Soiled Linen - - - No - 70
Clean Linen - - - No - 70
Anesthesia Storage - - - No - 70
Central Medical and Surgical

Supply

Soiled Room - - - - _ 70
Clean Workroom - - - - - 70

Unsterile Supply Storage
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TABLE 2.6.23:

STATE OF SOUTH DAKOTA

Air Changes Total Air
Relative Qutdoor Air Changes Recircu- Percent Temperature
Area Designation Pressure Per Hour Per Hour latien Humidity °r
Operating Room - - - - 50-60 70
Emergency Operating Room - - - - 50-60 70
Delivery Room - - - - 50-60 70-76
Nursery Suite - - - - 50 75
Recovery Roon - - - - 50-60 753
Intensive Care - - - - 30-60 70-80
Patient Room - - - - - 75
Patilent Corxidor - - - - - 75
Isclation Room - - - - - 75
Isolation Alcove - - - - - 75
Examination Room - - - - - 75
Medication Room - - - - - 75
Pharmacy - - - - - 75
Treatment Room - - - - - 75
X-ray, Fluoroscopy Room - - - - - 75
X-ray, Treatment Room - - - - - 75
Physical Therapy and Hydro-
therapy - - - - - 75
‘Soiled Utility - - - - - 75
Clean Ytdility - - - - - 75
Autopsy - - - - - 75
Workroom - - - - - 75
Warefrigerated Body Holding
Room - - - - - 75
Toilet Room - - - - - 75
Bedpan Room - ~ - - - 75
Bathroom - - - - - 75
Janitors' Closet - - - - - 75
Sterilizer Equipment Room - - - - - 75
Linen and Trash Chute Rooms - - - - - 75
Laboratory, General - - 2 - - 75
Laboratory, Media Transfer - - 2 - - - 75
Food Preparation Centers - - - - - 75
Warewashing - - - - - 75
Dietary Day Storage - - - - - 75
Laundry, General - - - - - 75
Soiled Linen - - - - - 75
Clean Linen - - - - - 75
Anesthesia Storage E - 8 No - 75
Central Medical and Surgical
Supply ,
Soiled Room - - - - - 75
Clean Workroom - - - - _ 75
Unsterile Supply Storage - - - - _ 75
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TABLE 2.6.24:

STATE OF TEXAS

Central Medical and Surgical

Supply
Soiled Room
Clean Workroom

Unsterile Supply Storage

Air Changes Total Air
Relative Outdootr Adr Changes Recircu- Percent Temperature.
Area Designation Pressure Per Hour Per Hour lation Humidity (°F)
Cperating Room P ‘5 25 (10) No (12) 50-50 70-76
Emergency Operating Room P 5 25 (10) No (12) 50-60 70-76

Delivery Roon P 5 12 (10) No (12) 50-60 - 70-76
Nursery Suite P 5 12 No (12) 30-60 75
Recovery Room P 2 6 Optional 50-60 75
Intensive Care P 2 6 Optional 30-60 75-80
Patient Room - - - - - -

. Patient Corridor - - - - - -
Isolation Room E 2 6 No (3) - -
Isolation Alcove - - - - - -
Examination Room - - - - - -
Medication Room - - - - -
Pharmacy - - - - - -
Treatment Room - - - - - -
X-ray, Fluoroscopy Room - - - - - -
X~-ray, Treatment Room - - - - - -
Physical Therapy and Hydro-

therapy - - - - - -
Soiled Utility - - 10 - - -
Clean Utility - - 10 - - -
Autopsy - - 10 - - -
Workroom - - - - - -
~Warefrigerated Body Holding
Room - - - - - -
Toilet Room - - 10 - - -

- Bedpan Room - - 10 - - -
Bathroom - - 10 - - -
Janitors® Closet - - 10 - - -
Sterllizer Equipment Room - - 10 - - -
Linen and Trash Chute Rooms - - 10 No - -
Laboratory, General N - = - = -
Laboratory, Media Transfer - - - - - -
Food Preparation Centers - - 10 - - -
Warewashing - - 10 - - -
Dietary Day Storage - - 10 - - -
Laundry, Gensral - - 10 - - -
Soiled Linen - - 10 - - -
Clean Linen - - 10 - - -
Anesthesia Storage - 8 8 No 50 70
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TABLE 2.6.25:

STATE OF WASHINGTON

Air Changes Total Air »
Relative Outdoor Air Changes Recircu— Percent Temperature
Area Designation Pressure Per Hour Per Hour lation Humidity °r
Operating Room - - - No - 70
Emergency Operating Room - - - No - 70
Delivery Room - - - No - 70
Nursery Sulte - - -~ No - 70
Recovery Room - - - No - 70
Intensive Care - - - No - 70
Patient Room - - - - - 70
Patient Corridor - - - - - 70
Isolation Room - - - - - 70
Isolation Alcove - - - - - 70
Examination Room - - - - - 70
Medication Room - - - - - 70
Pharmacy - - - - - 70
Treatment Room - - - - - 70
X-ray, Fluoroscopy Room - - - - - 70
Z~ray, Treatment Room - - - - - 70
Physical Therapy and Hydro-
therapy - - - - - 70
Soiled Utility - - 10 - - 70
Clean Utility - - 10 - - 70
Autopsy - - 10 = - 70
Workroom - - - - - 70
Warefrigerated Body Holding
Room - - - - - 70
Toilet Room - - 10 - - 70
Bedpan Room - - - - - 70
Bathroom - - 10 - - 70
Janitors' Closet - - - - - 70
Sterilizer Equipment Room - - 10 - - 70
Linen and Trash Chute Rooms - - 10 - - 70
Laboratory, General - - 10 - - 70
Laboratory, Media Transfer - - i - - 76
Focd Preparation Centers - - 10 - - 70
Warewashing - - - - - 70
Dietary Day Storage - - - - - 70
Laundry, General - - 10 - - 70
Soiled Linen - - 10 - - 79
Clean Linen - - 10 - _ 70
Anesthesla Storage E - 8 No - 70
Central Medical and Surgical
Supply
Soiled Room - - 10 - _ 76
Clean Vorkroom - - 10 - _ 76
- Unsterdile Supply Storage - - 10 - _ 70
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TABLE 2.6, 26:

STATE OF WISCONSIN

Air Changes Total Air
Relative Outdoor Air Changes Recircu—- Percent Temperature
.Area Designation Pressure Per Hour Per Hour lation Humidity °F)
Operating Room P 6 6 Optional - 70
Emergency Operating Room P 6 6 Optional - 70
Delivery Room P 6 6 Optional - 70
Nursery Suite P 6 6 Optional - 75
Recovery Room P 6 6 Optional - 75
Intensive Care - - - Optional - 75
Patient Room - - - Optional - 75
Patient Corridor - - - Optional - 75
Isolation Room P 6 6 Optional - 75
Isolation Alcove P 6 6 Optional - 75
Examination Room - - - Optional - -
Medication Room - - - Optional - -
- Pharmacy - - - Optional - =
Treatment Room - - - Optional - -
X~-ray, Fluoroscopy Room - - - Optional - -
X-ray, Treatment Roonm - - - Optional - -
" Physical Therapy and Hydro-
therapy - 6 6 Optional - 75
Soiled Utility - - - Optional - 60
Clean Utility - - - Optional - -
Autopsy - 6 6 ~ No - 60
Workroom - - - Optional - -
Warefrigerated Body Holding
.~ Room - - - Optional - -
" Toilet Room - - - Optional - 75
Bedpan Room - - - Optional - 60
Bathroom - - - Optional _ 75
- Janitors®' Closet - - - Optional - -
Sterilizer Equipment Room- - - - Optional - 60
Linen and Trash Chute Rooms - - - Optional - -
Laboratory, General - - - Optional - 67
Laboratory, Media Transfer - - - Optional - -
Food Preparation Centers - - - Optional -~ -
Warewashing - - - Optional - -
Dietary Day Storage - - - Optional - -
‘Laundry, General - - - Optional - 60
Soiled Linen = - - Opitonal - 60
Clean Linen - - - Optional - -
Anesthesia Storage - - - Optional - 60
Central Medical and Surgical
Supply
Soiled Room - - - Optional - -
Clean Workroom - - - Optional - _
Unsterile Supply Storage - - - Optional -



Chapter 3

ROLE OF AIR IN HOSPITAL-ACQUIRED INFECTIONS

Historic man has always had thé tendency to implicate the unseen
or unknown as the cause of his illness. Explanations of disease were
based on observations and circumstances such as the weather and did not
always properly relate cause and effect. For example, the terms miasmas,
meaning noxious vapors, and malaria, meaning bad air, were often implicated
as the cause of disease. The church and religion also played a strong
role in determining men's thinking. Good and evil spirits were always
present and cures to a particular disease could be effected through
appeasement of the evil spirit. Asreligious thinking progressed, man
still associated disease with religion but transferred the responsibility
to the good spirit and disease then became the consequence of sin while
cure was affected by appeasing a wrathful god. Disease was also
related to the incomprehensible physical environment such as motion
of the stars and earthquakes.

In 1546, Fractorius published his theory of contagion and explained
that.transmission of infections might occur by air. From that time on,
the concept of airborne disease was developed. Pasteur, in 1861,
demonstrated the existence of air spores. 1In 1869, Joseph Lister attempted
to sterilize the atmosphere with carbolic acid in operating rooms since
he believed airborne bacteria were a major source of infection. In 1917,

Stillman reported that he had cultured the same type of pneumococci from
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patients as isolated from dust in their homes. In 1934, Wells developed

the concept of droplet nuclei, which essentially is that smaller droplets

(less than 100-200u) expelled from the mouth would remain suspended

whereas the larger droplets would fall to the ground before evaporating.

He demonstrated that a variety of pathogens, including streptococci,

pneumococci, coliform orgaﬁisms, and influenza virus, could be atomized

into a chamber and remain viable in the resultant aerosols for hours

or even days. He extended his ideas to the hypothesis that droplet

nuclei were the primary mode for the spread of measles and proceeded

to test his ideas by installing ultraviolet lights in schoolrooms

theorizing that the measles virus would be killed and hence, reduce the

infection rate. A number of other workers, notably O.H. Robertson and

J.E. Perkins in this country and a large group in Great Britain, extended

the concept of ultraviolet disinfection to army barrackes where influenéa,

streptococci and upper respiratory tract disease were rampant amongrecruits.34l

However, during and subsequent to this period increasingly detailed

epidemiological studies pointed more and more toward the importance of

close personal association rather than the air in the spread of this group

of infections in hospitals and barracks. 352
During the last 25 years, systematic epidemiological studies supported

by extensive laboratory studies in experimental animals and human

subjects have established the existence of airborne spread of certain

naturally occurring diseases. These include: psittacosis, Q fever,

histoplasmosis, coccidiomycosis, anthrax, brucellosis, and pulmonary

tuberculosis., In addition, infection by inhalation of microbial aerosols

has been shown to be a major hazard in research laboratories. Certain

procedures involving infectious agents are notoriously dangerous. These
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ineclude: intra—naSal inoculatioﬁ of animals, grinding of tissues in a
blender, or concentrating microorganisms in a centrifuge. Extensive
precautions against aerial contamination are now standard practice in
laboratories.

Airborne spread is an important route of infection in the hospital;
however, the probable importance of airborne transfer in relation to
other modes of spread often becomes a matter of judgment rather than

311

direct evidence. It is important therefore, to briefly discuss the

epidemiology of airborne infections.

EPIDEMIOLOGY OF AIRBORNE INFECTIONS

The acquistion of an infection involves five stages: 1) a reservoir
of potentially pathogenic organisms; 2) dispersal from the source;

3) transfer through the environment; 4) deposition on a susceptible
host, and 5) multiplication. Each stage is an important and essential
determinant in the risk of infection. Whether the infection leads to
disease depends on the properties of the organism, the susceptibility
of the host and the site of infection.

Bacteria are ubiquitous and while they are relatively harmless to .
an individual in good health, they can be fatal for the debilitated
patient such as individuals with upper respiratory infections,
newborns and patients undergoing surgery. The organisms are found on
an individual's hands, hair, clothing and in the nose and may be
dispersed during normal activities, making control of pathogens a
multifactoral problem. Most often it is impossible to determine the
exact means by which a patient comes in contact with a particular

organism.



With the advent of sulfonamides and antibioties, it was thought-that

the problems of infections would become obsolete. However, in the

1950s and early 19605 bacteria, especially, Staphylococcus aureus
promptly developed an incfeased.virulence and resistance to many of the
antibiotics. §. aureus dis still a common pathogen but the majority

of infections today are usually caused by gram—negative organisms.

Until the late 1960s most epidemiological studies focused primarily
on coagulase positive staphylococcus, but these studies are not
necessarily applicable to the other organisms that also cause infection.
It should be noted that there is often no correlation between the amount

of Staphylococcus aureus in the air, and the total amount of bacteria.

Also, the total number of bacteria is not a good indicator of the

X . R .. 179 .
occurrence of possible pathogenic bacteria in the air. Hospital
personnel and patients are the major reservoirs for most pathogens.
For example, there are nasal carriers of staphylococci and streptococci
and E. coli dispersals occur via the fecal-oral route. Fomites,
inaminate objects in the hospital environment, have been implicated
in pseudomonas and other gram-negative infections.

Neither the frequency with which normal individuals harbor

Staphylococcus aureus 1in the nose and on the skin, nor the reason

for the wide variation in the number of staphylococci shed into the

air by carriers is well known. Hare and Ridley, 1958, showed that very
few staphylococci are liberated into the air directly from the nose

of carriers during ordinary activity and later emphasized the importance
334

of desquamated epithelium to act as a carrier of staphylococci.

The liberation of bacteria during shaking of bedclothing has been
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3 44
amply demonstrated by Girdlestone, 1951, and Solberg, 1965. 31, 3

Nurses'gowns and operating room clothing have been implicated in the
shedding of bacteria.310 Human or vehicular traffic will also
increase bacterial dispersal from dusty surfaceé.322 Although many
workers have estimated the bacterial content of floors, the agtual

. 348,
transfer by this route has not been demonstrated.

The particle size of microbial aerosols is a major factor in the
occurrence of airborne infection whether natural, accidental or experimental.
Small particles, less than about 5p in diameter pass through the nose and
pharynx, down the trachea into the far reaches of the lungs to the
terminal bronchioles and alveoli, Many of these small particles are
trapped there, beyond the point where they can be removed by ciliary
action of the bronchial epithelium. In contrast, particles larger than
about 5p are trapped in the nose and throat or elsewhere in the respiratory
tract and cannot reach the alveoli. Experimental studies have shown
that the number of small particles necessary to infect through the alveoli
are very small, often ten organisms or less, whereaé Vthe dosé necessafy
to infect with larger particles through the upper respiratory tract
are great, often exceeding 5,000,

Studies by Noble, 1963, have indicated that the mean 'equivalent

diameter" of particles carrying Staphylococcus aureus was about lé4jp. 216

This is consistant with the idea that most airborne Staphylococcus

aureus cells are associated with desquamated fragments of skin and

thus, are too large to penetrate to the lung alveoli.
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Air currents of 40 -~ 50 feet/minute and turbulences from opening
and ciosing doors are not uncommon, so that transfer of staphylococci
for considerable distances is clearly possible. In fact, aerial transfer
has been demonstrated for over 90 feet. There is a considerable amount
Qf laboratory work to show that staphylococci survive in the dried
state for periods measured in days or weeks. Indications of some loss
of infectivity due to temperature and humidity have been reported
while others have found no such effect. (See Chapter 5)

There are two ways airborne staphylococci or other microorganisms might
inféct hospital patients and personnel: 1) by inhalation, which may
occur anywhere and at any time, or 2) by settling directly into some
susceptible area, such as a wound, or onto instruments or dressings that
subsequently come into contact with the wound. The major cause of
respiratory infections is the aspiration of fluid from the pharynx (during
anesthesia, intoxications and . other conditions when the cough
reflex‘is depressed) . Introduction of bacteria via humidifiers,
nebulizers, and respirators may also cause respiratory infection.
Many~authors argue that sedimentation from the air onto a scalpel blade,
however, is unlikely to introduce more than a few organisms.185

There is no doubt that potentially pathogenic microorganisms are
present in the environment, and that under certain circumstances airborne
transfer can be of importance. However; along with the possibility of
aerial transfer, there is also the possibility of transfer by other routes,
and the existence of other factors that enhance or diminish the rate of
infection, Therefore, the problem is to assess the importance of air
in hospital acquired infections, in relation to other factors and to apply
effective control to the most important routes} those routes which

transfer the majority of the pathogens.
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FACTORS OTHER THAN AIR THAT INFLUENCE INFECTION RATES IN SURGERY
The Committee on Control of Surgical Infectionsof the Pre and
Postoperative Care Committee of the American College of Surgeons
have classified surgical wounds into the following categories:
Class I. Clean operative wound. A non-traumatic wound in which
no inflammation was encountered, no break in technique occurred, and
respiratory, alimentary, and genitourinary tracts were not entered.
Class II, Cleén, contaminated operative wounds. A non-traumatic
wound in which minor break in technique occurred or in which gastrointestinal,
genitourinary or respiratory tracts were entered without significant spillage.
Class III. Contaminated operative wound. Any fresh traumatic
wound from a relatively clean source or an operative wound in which
there is a major break in technique, gross spillage from the
gastrointestinal or entrance info the genitourinary or biliary tracts in the
presence of infected urine or bile.
Class IV. Dirty operative wound. A traumatic wound from a dirty
source or with delayed treatment, fecal contamination, foreign body
or retained devitalized tissue.
Clean wounds have a 27 infection rate on the average while
dirty wounds average a 307 infection rate regardless of the aseptic
technique used.354 In these instances it is most likely endogenous
not exogenous flora causing infection. There are numerous factors
other than air which are associated with surgical risk, six of which

will be discussed here, This list is by no means comprehensive.
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Age. Increasing age has been demonstrated to have a definite effect on
the rate of operative wound infection as shown in a prospective study in
1964 by the National Academy of Sciences. The infection rate of all ages
in that study was 7.4%. The lowest rate of 4.7% occurred in the 15-24
yvear old group and the highest rate of 10.7% occurred in the 65-74 year
old range. Adjustment of the data to include different wound types,

" duration of surgery, diabétes and obesity did not alter these conclusions.
The increased iﬁcidence of surgical infection at the extremes of the age
range has been postulated to be a result of decreased antibody production
or ineffective phagocytosis and intracellular killing of bacteria by

neutrophils. 355’356

§g§, Neither sex nor race appears to be a primary determinant of risk

for differences in wound classification. 355,356

Nutritional State. The incidence of postoperative infection appears to be

increased by the extremes in the nutritional state of the patient. In the
National Academy of Sciences study, severe obesity was associated with an
infecﬁion rate of 8.17Z This is much higher than the average infection
rate and the rate doesn't decrease when adjusted for the longer operating
time required in the obese patient. The apparent susceptibility of obese
persons to wound infections is attributed to the relative avascularity
of adipose tissue.

Severe malnutrition was associated with a higher incidence of
wound infection. It is thought that polymorphonuclear leucocytes in
these patients have reduced phagocytic activity and a defect in

intracellular bactericidal capacity.355, 356.



Diabetes. Diabetes mellitus has long been thought to decrease host
resistance to infection. The study by the National Academy of Sciences
showed that thié alleged propensity to infection did not exist and that
the age~adjusted rate of wound infection was similar to the non-diabetic

group. However, other studies dispute this.claim.355’356

Length of Hospitalization. An increased incidence of infection is directly
related to the length of hospitalization and the duration of the

operative procedure. This applies to all classifications of wounds

355,356

including clean procedures.

Personal Hygiene. The shedding of bacteria can be decreased dramatically

by good personal hygiene habits of the surgical staff. Washing with
chlorhexadiene or hexachlorophene can reduce shedding of viable organisms
from 1,000,000 particles to almost nill. Nof only should the surgeon
wash his hands but it is also recommended that the surgeon shower and
wash his axilla and ﬁerineum before surgery. In England during some
operations surgeons cover their perineum with vaseline or wear rubber
diapers to inhibit shedding. A study by Cruse has shown that if the
patient did not shower before surgery the infection rate was 2.6%. If

he showered before the operation using soap the infection rate was 2.17%
and if he showered using an antiseptic detergent containing hexachlorophene
the infection rate fell to 1.3%. In patients who had the operation

site shaved, the infection rate was 2.5%, In patients who had no shave
but had their operation site clipped, the infection rate fell to 1.77%.
For Fhose patients who had no shaving or clipping the infection rate

was .9%. Furthermore, in patients on whom depilatory creams were used

instead of shaving the infection rate was .6%.356



It can be seen from some of this information that factors
other than air greatly enhance or diminish infections in hospitals.
The information dealing with surgical patients can also be extrapolated
to other patients remembering that the personal hygiene habits of doctors
and nurses and patients affect the status of infection outside surgery
as well as in it.

AIR AS A SOURCE OF NOSOCOMIAL INFECTION

The very nature of a hospital where many people are brought into
intimate contact in a close community provides numerous possibilities for
the exchange of microorganisms by indirect and direct contact or
by airborne transmission. The sources of potentially pathogenic micro-
organisms in hospitals are numerous. It has already been reported that
most of the organisms recovered from the air at any one time have been
freshly disseminated from skin of people‘through normal activity.
Organisms have also been-isolated from mechanical systems such .
as humidifiers, that disseminate air. Linen chutes have been
implicated as sources of bacteria on wards due to the chimney
effect of the vertical chute and the piston effect of loads of contaminated
laundry dropping in the chute. 202 Aspergillus infections were linked to
a reservoir of fungus growing in the fire proofing insulation around pipes and
ventilation ducts.103 Air filters and ceiling tiles have also been named
as potential reservoirs of bacteria and fungus in hospitals. The specific
organisms involved and the magnitude of thecontamipation:hleadnsegment of the
hospital environment seem to vary according to sampling methods and other

local variables including temperature, humidity, air movement, traffic and
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physical structure of the hospital, as well as a seemingly endless list
of the clinical characteristics of the patients in the sampled area such
as age, underlying illness,and antimicrobial usage.

Transfer within the environmenﬁ is, or may be, a very complex process.

The possible routes are very numerous and can be direct or labarynthian.
Figure 3.1 is a diagram of the many routes of transmission

for bacteria in hospitals. The surfaces throughout the entire hospital are

of paramount importance as reservoirs of bacteria that contaminate the

environment in which the hospital population lives. 291
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The ability to precisely document the
movement of bacteria from one segment of the
environment to another (e.g., from the narves of
a Staphylococcus aureus carrier to the
wound of another patient) is Ffraught with many
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technical difficulties, and demonstrating

that airborne transmission of a specific

organism occurs more frequently or more

readily than any other possible mode is

extremely difficult.s59
Solberg, 1978, reports that the route of infection differs from
microorganism to microorganism; it differs from one place to another
depending on what has been done to eliminate sources and to close
other avenues of transfer, and it differs under the previous

conditions from time to time.

Methods Use to Study Air.

It appears from a review of the literature

that there 1s no consistently applied method
used to study air. Settling plates of

different sizes, large volume aivr samplers,

and slit air samplers were employed for varying
amounts of time to quantify bacterial contamination.
Thus, a great need exists for standardization of
technique and for development of laboratory
methods that will reliably sample the environemnt
in differing situations. Even in studies
focusing on Staphylococcus aureus not all

authors used phage typing as epidemiological
markers. 30

Studies using phage typing often found that the one phage type
that predominated in nosocomial infections was never recovered
from the air.218 Several workers using these variable methods have
then extrapolated the association of air with a high number of
staphylococei to the possibility of a high infection rate.

The simple demonstration that a pathogenic

organism has been deposited on a settling

plate or is present upon analysis of an Andersen

Alr Sampler is insufficient evidence to implicate

the air as the mode of transmission.

The Importance of Airborne Infection. Airborne transmission of infectious

diseases has often been demonstrated in hospital wards. Wells and Riley,

1961, clearly demonstrated the importance of this route of transmission for
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pulmonary tuberculosis. Ehrenkranz, 1972, réports that on a ward where a
patient with undetected tuberculosis bronchomeumonia spent 2 1/2 days,
there were 21 infections in 60 former tuberculin—negative personnel
(35%). 82 Ten had little or no direct contact with the patient and

were likely to have been infected by the spread of Mycobacterium

tuberculosis. through an upbalanced air conditioning system that lacked

high-efficiency filters.. Airborne spread of smallpox can take place over
at least 1-2 floors (Mechede), and epidemics of measles spread via the

airborne route have been reported from several hospitals. However,

thepartplayed by airborne transmission in most viral infections is
far frém clear, and more studies are needed,

Several investigators have attempted to differentiate the relative
roles of operating rooms and wards in the acquisition of hospital acquired
infections. Most favor the predoﬁinance of the operating room, despite
the fact that the wound is subject to a series of manipulations during
the postoperative period in the ward environment.335’37’338’272
Because most of the literature has evolved around.the operating room,

many of the following examples have been taken from these reports.

Airborne Infection In Surgery. There have been many reports in the

literature on the ailrborne transmission of staphylococcal infection
during surgery over the last 20 years. Ayliffe and Collins, 1968, studied
251 operations carefully and identified seven patients whose postoperative

- Staphylococcus aureus infections stemmed from an orderly who was the

20
only one in the surgical room who carried this very rare phage type.
Since ‘the orderly had no patient contact but stayed in the periphery
of the room, the infection most likely was airborne. Walter and

colleagues, 1963, reported a similar event in which two
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of 169 patients developed postoperative wound infections following
exposure to a carrier who was gowned and masked and remained on the
periphery of the operating room and had no contact with the patients.348
The route of infection was in all likelihood airborne since no other
carrier of this specific phage type was found among the operating room
personnel. A later report by Hambraeus found a specific strain of
staphylococcus carried only by the anesthesiologist resulting in two
surgical infections, probably implicating the airborne route.130

These reports, however, do no establish the relative importance

of this route of infection compared to other routes.

Unfortunately, many of the other studies of this type had noticeable
shortcomings. Infection was defined by clinical evaluation, yet data
was not pfesented by correlating any source or mode of transmission (air)
with infections and patient colonization or infection and/or other
sources of infection were not conclusively eliminated.276 Another example
is a study conducted by Wehrle, 1970, where airborne transmission of
smallpox was epidemiologically implicated by the use of a smoke
generator simulation test. During the smoke generation test, the
windows of both primary and secondary cases were open, but the authors
did not note wﬁether the windows had been open during the epidemic.

If the premise that the airborne route exists is to be accepted, the
magnitude of its role in producing disease must then be determined.
Seropiaﬁ, 1966, studied the importance of airborne contamination as a
factor in postoperative wound infection between two hospitals and found

overall infection rates were lower in Hospital #2 than in Hospital #1

in spite of significantly higher airborne colony counts in Hospital
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257
#2. Bernard and Cole, 1962, could demonstrate no correlation between

air contamination and the incidence of wound infection in clean surgical"
procedures. Data presented by Oldstine, 1966, along with the experimental
information that large numbers of staphylococci must be incorporated

into a wound to cause infection (Elek, 1956), make it unlikely that
fallout of organisms, even from heavily contaminated air, play a role

218,328

in the transmission of staphylococcal infection.
comprehensive study on the relationship between the bacterial flora

found in the operating room air and the bacterial flora found in postoperative
wound infection, .the ad hoc committee of the National Research Council

concluded that there was no correlation (Committee On Trauma 1964). 324

Even if one were to show that the pathogen was more frequently found
in the air than on hands of medical personnel, it still must be demonstrated
that airborne transmission is the more likely mode of infection. Lidwell,
1975,and Hambraeus, 1975,studied the transfer of staphylococci unique for
one patient and compared the staphylococci counts to those obtained from tracer
particles, They found that the transfer of staphylococci occurred at
least 10 times more frequently than the transfer of tracer particles.181
The conclusion was that the number of staphylococci found elsewhere
in the wardicould not be accounted for by airborne transmission
alone. A detailed study of nursing procedures has shown that the
nurses' uniforms become heavily contaminated with bacteria after
contact with an infected patient. During a nursing procudure,
the direct transfer could be as high as 300 colony forming units

127

(cfu) per one-third meterz. " . Marples and Kligman, 1975,

have shown that about 400 cfu of staphylococci represents an
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infectious dose when the upper layer of the skin has been
196 , . .
removed by tape. Thus the direct transfer during nursing
may represent the infectious dose rather than air alone. Spears,
P , 345
1969, reported similar observations.

Many experiments show that the number of organisms trans-
mitted by hand contact may be very large compared to the numbers
transmitted by air. In a study by Mortimer, 1966, airborne
transmission probably occurred among colonized infants, but direct
contact, which was shown to be minimized by handwashing appeared to

206 '

play a greater role. A group of susceptible newborns was exposed

to a group of newborns who were colonized with Staphylococcus aureus.

One nursery without physical barriers was
divided so that one nursing team had contact
with the susceptible (airborne) group only,
while another team had contact with a group
of both susceptible (close contact) and
index infants. The rate of transmission
from index infants to susceptible infants,
between whom there was no physical contact,
was 6-10 percent. In contrast, the rate of
transmission from index infants to those
susceptible infants cared for by the

nursing team was 43 percent when no hand-
washing was performed. When nurses washed
their hands after caring for an infant, the
rate of transmission within the group fell
to 14 percent.859

Reduction of direct airborne transfer of microorganisms from one
area to another would appear to be of clinical advantage only
where transfer by other routes is significantly less than that by

the direct airborne route.
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The simple mechanical act of handwashing has long been recognized
as the most important procedure in the prevention of nosocomial

357,358 The most predominate site of nosocomial infections

infections.

is' the urinary tract, followed by the lower respiratory tract,

intravenous catheter-associated bacteremias, neonatal skin infections,
. . . 354 . .

and surgical wound infections. Organisms are transmitted from

the hands of medical personnel during certain procedures and cause

. , . 206 . . ,

infections at these sites. Many different types of infections

may therefore be prevented following appropriate handwashing.

The role of exogenous bacteria has been discussed and more
recently the role of endogenous bacteria has come to attention
especially in view of the critically ill and immuno-suppressed
patient. Because of these patients and because of complex

orthopedic and cardiac procedures that are being performed,

laminar airflow systems have been designed and studied.

LAMINAR AIRFLOW IN SURGERY

The use of laminar airflow systems in the operating room is

considered to be one of the most controversial issues in surgery

today. The term laminar flow compounds the controversy since true
laminar flow cannot exist in the operating room. In a true laminar
airflow system, the entire body of air within a confined area moves at

a uniform velocity along parallel lines. In the operating room, however,

persons or objects, such as the surgeon or the equipment disturb the
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air pattern, and the air becomes turbulent. As turbulence
develops,the levels of airborne contamination at critical work
sites can be significantly altered.99 There seems to be little
question that the concentration of airborne bacteria can be reduced
in rooms with unidirectional airflow. The assumption was made
that a reduction in airborne contamination would result in a reduction
of microbial contamination of the surgical wound, and presumably

a reduction in the incidence of postoperative wound infection.

From a review of the literature, it appears that other factors

than laminar air flow systems are involved and that many

surgeons have had good results without laminar airflow systems.

Franco and coworkers, 1976, measured the effect of laminar
airflow systems and aspiration suits on airborne contamination
and.wound contamination in orthopedic surgery.92 Analysis of the
data showed that the laminar airflow system indeed reduced the
number of airborne particles by about a factor of five, but
that there was no correlation between the level of microbial
contamination of the air and microbial contamination of the
wound when operations were performed in laminar airflow or
conventional airflow operation rooms.

Several investigations support the findings of Franco. McLauchlan,
1976, found no difference in infection rates when hip replacement surgery
was performed in ultraclean and plenum-ventilated operating rooms. 198
Hambraeus, 1967, also reduced the air contamination in the operating room

without effecting any change in wound infection rates.lBO Irvine,
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1974, performed 100 hip joint replacements in laminar airflow and 100

in conventional airflow, and an equal number of infections occurred in
each group. 336 In none of the cases did the bacteria isolated from the
infected wound match those of the air in either the laminar flow or
conventional room, although the ambient bacterial counts in the laminar
flow room were greatly reduced from those of the conventional room.

It was concluded that laminar flow had no advantage over conventional
ventilation. Schonholtz, 1976 and French, 1973, both report that
infection rates are proportional to the duration of the operation and
the number of staff in the room, and inversely proportional to

the air changes per hour. 248,102

Laufman, 1973, reports that after
thousands of hip replacement operations in conventional operating
rooms without laminar flow chambers, a number of American orthopedic
surgeons have a combined two-year infection rate of 0.45%, a figure
as low as, or lower than that reported by surgeons with comparable

170

numbers of operations performed in laminar flow chambers. In

yet another survey, Haslam, 1974, shows that conventional air

conditioning systems with proper filtering and airflows can provide

atmospheres with bacterial contamination of the same order of magnitude

. . . . . 137

as those with the special air handling devices.
Many hospitals point to work done by Charnley when arguing for

laminar air flow operating rooms. After more than 6,000 operations,

Charnley reported a decrease in the infection rate from 7% to 0.5%.
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Charnley, 1970, felt that this reduction was due to operation in clean
air. >4 It must be noted however, that the largest drop in infection
rates came when Charnley moved from a naturally ventilated (open windoﬁs)
operating room to a plenum ventilated operating room. During the study
they also improved technique, altered criteria for surgery, used a new
skin disinfectant, gloves, closely woven gowns (to limit the penetration
of skin bacteria) and enforced aseptic technique mbre rigidly. As
can be seen, no hard, statistical data are universally agreed upon that
prove or disprove that a clean air system decreases the infection raté.
While the laminar flow room can reduce the number of infections, there
remains no substitute for strict aseptic technique, careful patient
preparation, and gentle tissue handling.

Formal papers presented at meetings and those published over the
past several years have suggested that operating room particle counts
might be equated with airborne bacteria and therefore with the potential
for wound infection. In practice, howeyer, ‘particle counts in
the air do not seem to correlate with ~the incidence of wound
infection. Evidence is abﬁndantly available to indicate that airborne
microbes over the wound site can be diminished practically to zero
without significant effect on the already low infection rates. Studies
that do purport to show reduced infection rates do not correlate the
infections with airborne bacteria, but to the ' types of bacteria
found on the skin. The rare cases of infections traced to airborne bacteria
are the ones that gain most attention because they tend to be reported.
In an overwhelming majority of these reports, the cause is an
unusual situation, such as a malfunctioning or erroneously constructed
ventilating system, or to an exceptionally heavy shedder or carrier in the

room, or to some combination of unusual circumstances any of which are
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equally harmful in the presence of laminar flow. Moreover, absence of
bacteria in the air does not necessarily mean the absence of bacteria on
the particles settling on instruments and gloves, nor the absence of
penetration of bacteria through apparel.

The use of published studies to collect data is hampered by a number
of contraints: the low incidence of known rates of wound infection
and poorly controlled studies; data from simulated situations are
difficult to interpret; differences in methods of data collection;
inadvertant distortion of conclusions by bias for, or defense of, either
a method or a system (as exemplified by opposing points of view that
used the same data for support but arrive at opposite conclusions); and
differences in types of source material (kinds of surgery, techniques,
dead space, tissue ischemia; constricting sutures, the condition of a
patient, etc.). Because of the relatively low contribution of any one
factor to an already low incidence of infection, alteration of factors
such as air, technique, time of day; or length of operation, can be
adjusted only after an enormous number of cases in order
to have real significance. The number of cases required to prove
the significance of one factor upon such a low incidence event as wound
infection has been variously estimated at between 2,000 and 5,000
consecutive cases of precisely the same kind of operation under precisely
the same conditions, except for the one variable being tested. This
would be an extremely tedious»ekerciée and would not allow for any new
developments in either method or system. Thus, the role of air cleanliness
with respect to infection rates has not been definitively demonstrated,
nor has a suggested "“threshold value' which could be correlated with
infection rates been developed. Consensus is simply that air should be

kept as clean as economically possible. 110
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CONTROLLING BACTERIA BY MEANS OTHER THAN LAMINAR FLOW

Although infections remain a problem in hospitals, the best means
to control or eliminate them remains a subject of controversy. Let us
now take a brief look at other ways of cleaning the air in hospitals. The
level of bacterial contamination. in a given space is dependent on the
nature of the activity, the cleanliness and quantity of air being supplied,
the quality of housekeeping, and the numbers and activity levels of
personnel. One method of effectively controlling airborne bacteria in
the modern hospital is by adequately filtering the air, particularly in
operating rooms, delivery rooms, burn wards, nurseries, and other
surgical wards. Particulate reduction in the so-called soiling
range of measurements responds almost directly to the efficiency of
the filters employed, (electrostatic precipitators, fibrous media, etc.)
values for which have been well established. Recommendations for filters
used in hospitals include: an efficiency of not less that 95%; durable,
airtight fit to prevent air leakage; a prefilter of at least 30% upstream
of other air conditioning equipment, and proper space for maintenance.

The numbers of electrostatic precipitators used in the United States
grows annually, yet there is reluctance on the part of some authorities
to use this equipment. Precipitators produce measureable amounts of ozone,
which has been suggested to-cause a slowing of certain body processes.
By the time the ozone is dispersed and diffused into the volume of air
in the system, however, its concentration is believed to be reduced
sufficiently so as not to constitute a nuisance or a hazard.

Another excellent method of air cleansing involves recirculation through
activated carbon filters. Many state and local building codes will allow a
greater portion of air to be recirculated if carbon filters are utilized.

but these are not presently applicable to hospitals. It should be noted
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, . . 317
that there is a great variety of carbons and various depths can be used.

Furthermore, carbon gives very little indication when it is worn out and
<. \ . 339 .
not longer functioning and therefore, it must be monitored. Air
scrubbing, air washing and air incineration have all been trxied. Other
. . . 326

concepts of air cleaning have been reviewed by Decker and colleagues, 1962.

Studies have also been conducted to test the effectiveness of air
disinfection by ultraviolet irradiation. Ultraviolet irradiation has
been found to decrease the postoperative infection rate by some observers,
whereas others have seen little or no reduction, even though the
number of viable organisms was significantly reduced in the

.. 136,315,324,333,346
air,

A problem associated with UV use is radiation
reactions such as erythema and conjunctivitis which requires the use of
extensive protective clothing for patients and personnel. It was reported
that as many as 30 irradiators were required in the air ducts to achieve

a purity comparable to that obtainable by adequate filtering. - Since
microorganisms can be protected by dust particles, ultraviolet irradiation
was not a satisfactory method for air purification. Ultraviolet

radiation in classrooms has not reduced the incidence of the common

cold. In a study conducted at Cincinnati General Hospital, the
infection rate with ultraviolet lights was 7.4% compared to 7.5%

when dummy lamps were used.347 Riley, 1971, has demonstrated that with
no increaée in air motion, a single 30-w tube increased the dis-—
appearance of organisms from the lower part of a room by the equivalent

of 61 air changes per hour. 233, 234

With a ceiling fan, the same
ultraviolet tube almost doubled the rate of disappearance of organsims.

He concludes that rates of ventilation that suffice to control
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temperature and humidity can be complemented by ultraviolet to effect
removal of airborne bacteria. Here again, review of the literature
fails to present a correlation of airborne bacteria and infection

rates and to indicate which route is of major importance in postoperative

infections.

The role of air engineering and ventilation shéuld be placed in
perspective among other risk factors. Unless other hygienic measures such
as installations of air locks, and the use of accessible easily cleaned
fittings with smooth surfaces are also taken, ventilation by air under
pressure tends to facilitate rather than to prevent the spread of micro-
organisms in a hospital.122 It is therefore suggested that an air
system should be versatile and adjustable for specific needs rather
than pursuing a course of continually more expensive overall air
handling and disinfection. While no one will deny»that in
tackling the multifactorial nature of nosocomial infections, every
effort should be made to render each potential cause as harmless as
possible, review of the literature indicates that while air may be one
of the modes of transmission, it is most likely a minor one in most
instances, and never the most important element. McLauchlan, 1976, adds
that to argue to the contrary is somewhat analogous to the claim that
it is safer to drink dangerously contaminated water from a sterile
glass., 198 Until further well designed studies provide more conclusive
evidence on the relative importance of airborne érganisms in the
transmission of nosocomial infections, infection control efforts
in the general hospital should focus on the adherance to protective
isolation procedures of patients with serious illnesses for whom
the airborne route may play a significant role in the .transmission

of disease.
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CONCLUSION
It is quite clear that the situation in a hospital is so complex
that it is verydifficult to draw any precise conclusions concerning

the effect of ventilation on infection rates. There are many studies

which strongly indicate that wound infections are due to airborne dispersal
from an identified carrier. These reports do not, however, establish
the relative importance of this route of infection compared to other routes.
Many experiments have studied the role of airborne versus direct contact
transmission and have concluded that airborne organisms accounted for
a smaller proportion of bacterial transmission than the transmission by
direct contact.

In an experiment using tracer particles, it was found that the
transfer of staphylococci occurred at least ten times more frequently than
tracer particles, suggesting that the staphylococci were transferred by
other routes than the airborne route alone. Ventilation may affect the transfer
of bacteria and the level of contamination, but whether or not it affects
infection rates depends on the relative importance of the airborne
route of transfer in a given situation. Most of the evidence also
points to the fact that laminar flow is less effective than adheraice
to proper techniques by the surgical team and support personnel’ in

the operating room and the ward environment.
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FChapter 4

CHEMICAL CONTAMINATION OF HOSPITAL AIR

For as long as recognition has been given. to the importance of
providing hospital patients with clean air, attention has been
primarily focused on eliminating biological contaminants and
.controlling the spread of infection. In the interest of protecting
patients from biological agents, however, hospitals have exposed
both patients and staff to tdxic chemicals. The classic case of such
exposure in the name of protection was Joseph Lister's practice of
spraying carbolic apid (phenol, TLV 5ppm) when he was operating or
changing dressings to reduce the danger of'airborﬁe infection, a
practice he followed and advocated from 1870 until 1887.17

When considering possible chemical contamination of hospital air,
distinction must be made between the effect of indoor air quality on
patients and on hospital employees. Protection of the health of
each population makes specific demands on the hospital ventilation
system.

Perhaps the most important consideration for patient health is
that éatients have 24-hours-per-day exposure to the same air
supply. In this respect they differ from what would be considered
a normal civilian population. In fact, existing alr quality
standards and criteria are all based on the assumption that‘humans

divide each day between two environments, outdoor and indoor. The
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only data based on continuous exposure to-one indoor air source
come from NASA and the U.S. Navy, who have studied the effects on
human health of air supplies in spacecraft and submarines,

38,46 Although results from these studies can provide

respectively.
some useful data on effects of continuous exposure to airborne
contaminants,’théy'haVevnot lead to standards that would/be :
applicable t61hospitals. The aifferences between ventilation
requirements in a closed cabin and in a hospital, in which air is
continuously supplied from the outdoors and between physically fit
military personnel and hospital patients, limit the applicability

of NASA and naval data to the hospital situation.

A second factor to consider in determining the effects of indoorx
air quality on patients is that their health may be impaired in such
a way that could make them more susceptible than ahealthy population
might be to the same air contaminants. This could be a particular
problem in the case of infants, the elderly or people hospitalized
with cardiopulmonary or eye problems.

Finally, air quality standards are for the most part based
on eliminating health hazards rather than simply avoiding possible
annoyances. In a hospital, in which people with illnesses are
presumably being treated to improve and restore their health,
it can be argued that air ought to do more than not pose a hazard.
That is, the environment should actuaily be supportive to the patient.

Thus the question of the effect of airborne chemical contaminants
on hospital patients is unique, and data gathered for drafting of air

quality standards and criteria may not apply. Although the special
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circumstances of the hospital patient have been mentioned in passing
in the literature as interesting areas for possible studies, serious
methodical investigation of the presence and health effects of

airborne chemical contamination in hospitals has not been undertaken.

Also lacking in the literature is information on non-occupational
exposure limits for many toxic chemicals. Extensive studies have not
been conducted on questions like the movement of low levels of chemical
contaminants through ventilation systems or the synergistic effects of
chemicals, for example. Tor patient protection, the hospital indoor
air environment should be examined to see what the general chemical
makeup of indoor air is, what sources of contamination could pose
a potential hazard to patient health, what sources might be eliminated,
andAwhat sources could be isolated apd specially treated to reduce
overall wventilation energy requirements.

Protection of employee health requires different ventilation
considerations from those needed for patient protection. Hospital
employee exposure to chemical contaminants is a fairly typical
occupational exposure, occurring in 8-hour increments, with the
possibiiity of acute, accidental exﬁosure, or longterm, low level
exposure to toxic agents. The problems can be localized, for
example, in laboratories or operating rooms. These problems often are
dealt with locally; for example, fume hoods can be used in laboratories
in which toxic chemicals are used. Problems also can be more
generalized, such as those produced by chemicals used in housekeeping
or in construction and maintenance activities in the hospital.

Unlike the situation with indoor air quality and patient health,
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the question of the effect of chemical contamination on hospital
employees has been examined to some extent in the literature. Three
reasons can be cited for this attention. First, in the process of
determining dose limits for occupational exposure to toxic chemicals,
studies have been generated. Secondly, with the existence of
occupational health standards, study design is relatively straight
forward. It is necessary to only monitor for a particular substance
and compare concentrations found to establish permissible levels.
Finally, recognition of the epidemiological significance of acute
hospital occupational health problems, such as the rate of
spontaneous abortions among female anesthesiologists, has focused
atﬁention on a few occupational health questions.

In this chapter, a rough and somewhat arbitrary distinction
has been made between indoor air quality considerations for patient
and for employee health. Basically, in considering the general
air environment within the hospital, it concentrates on the effect
of that environment on the patient. Because of the dearth of material
on indoor air quality and patient health, data are extrapolated from
studies of chemical contamination in a number of types of buildings,
not just in hospitals. To cover all problems of occupational
health in ﬁospitals would go beyond the scope of this chapter;
therefore, it includes review of the literature on occupational
exposure to anesthetic gases as a case study of ventilation issues that
might have to be considered in recommending changes’ in hospital
ventilation.
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INDOOR AIR QUALITY: THE OVERALL HOSPITAL ENVIRONMENT

Unpolluted tropospheric air is in part a dry mixture of permardent
gases, consisting of approximately 21 percent oxygen by volume,
78 percent nitrogen, 1 percent argon, 0.03 percent carbon
dioxide, plus trace concentrations of other gases, including neon,
helium, methane, krypton, nitrous oxide, hydrogen and xenon. In
addition, air contains varying amounts of water vapor and small
quantities of microscopic and submicroscopic particulate matter.
These permanent atmospheric impurities arise from various natural
processes such as wind erosion, sea spray evaporation, and volcanic
eruption. 6,43 l

Polluted air also contains numerous other contaminants that are
the byproducts of many areas of human endeavor. One classification

for such contaminants is based on the form of the material:

1. Solid particulate matter; i.e., dust, fumes
and smoke.

2. Liquid particulate matter; i.e., mists and fogs.

3. Non-particulate vapors and gases.6
From a public health perspective air contamination may be classified
according to the degree of toxicity and the corresponding dose/response
relationships.

Air, being a mixture, is subject to variation in all of its
components—-variations that may lead to different contamination
problems in different circumstances. For example, a major concern
with air quality in completely unventilated spaces is the oxygen/
carbon dioxide balance. 1In contrast, hazards in ventilated spaces,

such as hospitals are those human-generated contaminants that most
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frequently occur in far greater concentrations than their background
concentrations. Ventilated spaces have two sources of contamination:
air pollutants in the outside firesh air and contaminants arising
from sources from within. Internal sources can be further subdivided
into contamination given off by building materials (offgassing) and
contaminants associated with human activities (cooking or laundering).
It should be noted here that standards for indoor air are a
confusing, often contradictory collection of design criteria and
maximum permissible limits, based on various criteria and margins of
safety. A recent EPA report points out the inconsistency with
which standards are applied to indoor environments.
Hill-Burton standards, which apply specifically to hospitals and other
health care institutions (see Chapter 2), require a certain performance
level for ventilation systems, rather than specifically limiting the
level of particular contaminants. Occupational Health and Safety
Administration and Ameriéan Conference of Governmental Industrial
Hygienist Standards deal with occupational exposure to toxic
substances and cannot be counted on to protect the patient', whose
exposure conditions differ from the occupational exposure of hospital
workers. Thus there is no consensus on the limits for '"good"

hospital indoor air.

INDOOR-QUTDOOR AIR POLLUTION RELATTONSHIPS
Until recently, ventilation engineers operated under the
assumption that outdoor air was clean air; thus, the optimum
ventilation system was that with the largest proportion of outdoor air

and the smallest proportion of recirculated indoor air. This
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assumption had additionél force in éonsidering hospital ventilation,
for outdoor air can be expected to have a lower concentration of
infectious agents and can therefore be important in diluting inﬁernal
biological contamination levels.

Increased external air pollution has called into question the
assumption that outdoor air is cleaner thén indoor air. Realization
that biological agents are not the only hazardous airborne materials
in hospitals has caused additional rethinking about the relative
merit of outdoor and indoor air inmput into the hospital ventilation
system,

Impeding such reassessment is the lack of data onvrelationships
between indoor and outdoor air pollution. In a literature review
from 1972, Benson, et_al. found some tentative relationships.
Researchers in the United States, Russia, and Japan have fqund levels
of reactive gases and particulates to be greater outdoors than indoors.
Beyond that general agreement, however, too many variables have
entered the picture to allow drawing more useful conclusions.

Because a multiplicity of factors, including internal activity and
contaminant sources, atmospheric conditions and natural ventilation,
time, location, building type, and air conditioning and filtration
systems, must be considered, it is difficult to suggest how more
specific information could be generated. Yocum, et al., who have
conducted a long-range study of indoor/outdoor relationship in
various types of buildings inHartford, Connecticut, review the
difficulties involved in obtaining samples and controlling for the

many variables in these studies.48
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In a well-designed study, Andersen found that two of the main
indicators of outside air pollution were sigﬁificantly reduced in
indoor air.4 Studying an uqoccupied room with closed doors and
windows over a 7% month period, he found that the indoor concentrations
of sulfur dioxide and suspended particulates averaged 51 percent and
69 percent of the simultaneous outdoor values with correlation
coefficients of 0.52 and 0.83, respectively. The sulfur dioxide
reduction was attributed to adsorption on room surfaces, while the
suspended particulate reduction resulted from differences between
outdoor and inaoor sedimentation, diffusion and coagulation processes.

Thompson measured total oxidant levels in a Riverside, California
community hospital that utilized a conventional air conditioning design
where incoming air was prefiltered, then passed through a high-
efficiency filter.44 Generally, levels were found to be approximately
one-half of outdoor concentrations. Ironically, however, it was
discovered that the intensive care units had corresponding oxidant
levels about two~thirds of that prevailing outside. This higher
concentration was attributed to the greater use of outside fresh
air,(i.e., a "better'" system) in the ICUs.

In one of the few studies examining the relationship of outdoor
air pollution and air available to hospital patients, Behrman et al.,
correlating outdoor carbon monoxide concentrations and hemoglobin
oxygen—carrying capacity of healthy newborn infants, found a decrease
in the oxygen-carrying capacity correlated "remarkably" well with
outside carbon monoxide pollution.9 The hemoglobin oxygen-carrying
capacity was compared for infants exposed to outside carbon monoxide

concentration of 5 to 20 ppm with those exposed to concentrations
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greater than 20 ppm. For infants up to 24 hours old, a 3.0 percent
decreased was measured (P< 0.025); for infants 24 to 85 hours old,

a further decreased of 2.5 percent (P< 0.025) was observed. The
point made by this study was not that the carbon monoxide levels were
hazardous to the health of the newborns, but that the results

showed a étrong dose/response relationship, with the "dose" being

the outside air pollutaﬁt and the "response" occurring in the indoor
hospital envirbnment.

In anunpublished study, Paulus has monitored air at intake
points for two hospitals in St. Paul, Minnesota. One of the two
hospitals is located near a freeway.al Although carbon monoxide
levels at both locations are below the hazard level, higher levels are
found at the hospital near the freeway. Furthermore, peak levels
are observed during morning and afternoon rush hour and during
periods of air inversions.

None of these studies can be taken as evidence that outdoor air
pollution levels pose a general threat to the well-being of hospital
patients. What they indicate, however, is that ostensibly clean,
"fresh" outdoor air should be examined critically by hospital engineers.
Hospitals located in urban areas and near freeways in particular may
not be best served by the present practice of using large amounts of

outside air for ventilation systems.

INTERNAL SOURCES OF INDOOR AIR CONTAMINATION
Although outdoor air should not be assumed to be clean, contamination
brought into the hospital through the air intake is not the largest

problem facing the ventilation engineer; sources within the hospital



contribute substantially to the chemical contamination load of the
hospital environment.2 Again, because concern over internally

generated hospital contamination has tended to focus on biological
agents, the literature does not contain much information on the

chemical contamination of hospital air. The following discussion is

not, therefore, a comprehensive review of contamination problems specific
to hospitals, but should be interpreted as indicative of the kinds of
problems and potential problems that will have to be considered if

major changes in ventilation rates are made.

It is perhapssurprising that many of the possible forms of chemical
contamination hazards to patients may éome not from the special
activities and materials found in the hospital, but from common
building materials such as concrete and particle board, or from
materials like asbestos, which, although no longer used for insulation,
may be released during renovation activities or from tobacco smoke.

Formaldehyde

Formaldehyde, especially as a component of formaldehyde-urea
resin, is commonly used as a bonding material in particle board and
hardwpod plywood and as insulation material. Invrecent years, it has
been found that particle board continuously emits formaldehyde,
sometimes to the extent that formaldehyde emissions in the home can
exceed limits for occupational exposure.3 Adverse health effects of
low level exposure to formaldehyde are upper respiratory and eye irritation.
Although the problem is acknowledged in countries in northern Europe
and in the United States, where consumer complaints have become more
frequent, the lack of a suitable, inexpensive substitute and the

still uncertain toxicological effects of long term exposure to
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formaldehyde have made manﬁfadturers unwilling to stop using the
substance,

It should be emphasized that formaldehyde offgassing from
particle board is not presumed to be a significant problem in American
hospitals, since particle board is not used extensively as a construction
material. But the experience with formaldehyde brings out two points
,to consider: 1) the difficulty of replacing some materials even
after a problem is seen, 2) the gaps that exist in toxicological data.
Radon

Radon-222 is generally acknowledged to be the main source of
airborne background radiation in the indoor environment.19 Building
materials such as brick, stone, and concrete are more likely than
wood to emit radon. Surveys of residences in Europe and the United
States over the past few decades show varying concentrations. of radon
based on type of construction material, source of construction
materials, and ventilation patterns in the building.22’24’8
The quantity of radioactive substances in building materizls also
influences the quantity of air ions present (see below). At
present hospital ventilation rates, it is not expected that radon poses
a threat to the hospital community; however, radon and other background
radiation sources must be kept in mind if an extreme lowering of
hospital ventilation rates is contemplated.
Air Tons

During the 1920s the phenom=na of air ions began to arouse interest
in the biological and medical professions. In the 1950s numerous

experiments were carried out in order to determine whether
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exposure to ionized air might influence such things in man and animals
as reactivity, working capacity, comfort and the like, but without
ascertaining any unequivocal evidence.

An ion is an atom or group of atoms that contains an electric
charge. Atmospheric air contains fons which are divided into two
classes based on mobility: 1) light gas ions,‘and 2) heavy gas ions.
The body of literature reviewed did not deal with heavy gas ions,
because it is the light gas ions that are thought to exert an influence
on biological systems.

Light gas ions are produced in pairs of one negative and one
positive ion. Natural production of fons occurs outdoors from cosmic
radiation, radioactive material in the earth's crust, or radioactive
substances in the air. Production of ions occurs indoors as well
as outdoo?s. The content of radiocactive substances in building
materials, the rate of generation of radiation from these substances,

as well as the rate of ventilation, are all significant factors in

Opinions on the influence of air ions on humans, range from no
effect to the contention that positive effects of air ions are exerted
by the negatively charged particles, while detrimental effects are
exerted by the positively charged particles. For example, some
researchers contend that negative ionized air produces beneficial

effects on asthma and hay fever, affects the blood content of

serotonin, influences the concentration span of drivers, and

29,24
influences the stale versus freshness of the air.s’ i
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Ventilation exerts an effect on air ion concentration. If
incoming room air is filtered it should have a very low content.
The.rate of exhaust from a room also determines the air ion content.
Koning (1978) has reported thatbartificial airelectrical
pulsés increased driving performance and reduced errors in
concentration tests.29 Albrechsten et al (1978) reported
on the iﬁfluenbe of small afmospheric ions on the airways in
patients with bronchial asthma.l Lung function was shown to
improve somewhat at a significant statistical level. Improvement
was recorded during negative and positive ion therapy. This
was not a double blind study; accordingly, the results were
questioned by the authors.

In contrast to these positive reports regarding the
influence of air ions, Dr. Andersen's extensive study on air ions
and mucociliary function revealed 'that no spatial variation in
the ciliary frequency resulted from air iomn exposure."5 The
application of an electric field also did not change-mucoéiliary
function. Kruegerand and Smith, 1968 (as reported by Andersen)
determined that cilia and mucociliary function was enhanced by

exposure to negative air ioms.

The problem with maﬁy of the experiments on air ions is that often
when a specific effect has been reported from one laboratory it has
been completely impossible to repeat the findings at other laboratories.24

The supposed positive effects of air ions is documented tenaciously
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at best. At the present time there is no real hard documented
evidence to define what the air ion concentration in a particular
"

environment should be, and therefore, there is no basis on which to based
ventilation requirements.
Mercury

Beginning in the 1950s, recognition of increased used of mercury
has caused some concern over the possible toxic:effects of higher
concentrations of mercury to the general public. One area of concern
that is still somewhat in dispute is the mercury used as a fungicide
in house paints. Based on laboratory tests on mice, Goldberg and
Shapero (1957) concluded that no problem existed.20 In 1965, Jacobs
and Goldwater simulated painting of the interior of a residence and
concluded that although mercury was aerosolized, it had no harmful
effects on either the painters or the people living in the freshly
painted r_oqm.23 Despite these and other similar findings, there is some
support for the position that efforts should be made to eliminate
mercury from house paints.26 Foote, for example, found mercury
vapor concentrations substantially higher than ambient levels.18
Smoking

In recent years, more attention has been given to the effects of
smoking on the non-smoker who is in the vicinity of the smoker.

Although nonsmokers do not absorb large dosages of nicotine, it has
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been found that nonsmokers in a room with smokers are exposed

to concentrations of carbon monoxide as high as 80 ppm.42
Furthermore, particulate matter given off by tobacco smoking can
place a burden on the ventilation system.

Researchers have stressed that the amount of carbon monoxide
in "normal" situations, that is, in which ventilation is adequate
and the proportion of smokers to nonsmokers not excessive, is not
harmful to a healthy individual. The levels have been found,
however, to cause some stress in people with heart disease,45

1f care is taken in assigning smoking and nonsmoking areas in
hospitals, ventilation requirements may be able to be reduced. It
should be kept in mind, however, that smoking causes annoyance even
more frequently than it causes health hazards, and the decision must

be made to what extent patients are to be protected from such

an annoyarmnce.

CLEANING AGENTS AS A SOURCE OF HOSPITAL CONTAMINATION

Even less controlled, perhaps, than the previously mentionéd
substances are the detergents, disinfectants, cleaning fluids, solvents,
and other similar materials used in hospital housekeeping activities.
Despite frequent warnings in institutional health literature of the
potency of some of these substances, it does not appear that hospital
housekeeping staffs are paying much attention to problems like potential
synergistic effects of wvarious compounds.35 By simply reflecting on
the freedom with which benzene was once used as a solvent will provide
an appreciaﬁion for the possible unknown sources of chemical contamination

that can exist in the hospital.
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OCCUPATIQNAL HEALTH CONSIDERATIONS

The problems of offgassing from construction materials and of cleaning
agents have been singled out above because such airborne contaminants
are as likely to affect patient health as they are to affect employee
health. In a different vein, many problems of airborne chemical
contamination in hospitals pose a threat mainly for the hospital worker.
Laboratory and operating room personnel have been singled out as using
particularly hazardous substances; below, the literature on occupational
health hazards of anesthetic gases is reviewed as an example of this kind
of problem.

Anesthetic Gases

From an occupational health standpoint, the hospital airborne chemical
contaminants studied most extensively have been the commonly used
inhalation anesthetics, nitrous oxide and halothane, which were
introduced, ironically, to alleviate dangers associated with flammable
aﬁesthetic gases such as ether. Nitrous éxide and halothane? although
different in physical properties, display similar air distribution
patterns in the operating room. It is assumed that these patterns are
applicable to other inhalation anesthetics.

Animal and epidemiological studies have provided evidence that
anesthetic gases pose a number of health hazards including:

1. Increased risk of spontaneous abortion in female
operating room personnel;

2. Increased risk of birth defects among offspring of
female operating room personnel;

3. Increased risk of cancer;

4. TIncreased risk of hepatic and renal disease; and
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5. Detrimental effects on perceptual, congnitive,
and motor skills.7’l4slla21,40

In a report on the health of 303 Russian anesthesiologists, an
unusually high incidence of headaches, fatigue, irritability, increased
incidence of spontaneous abortion, and a high incidence of abnormal
pregnancies were reported.42 In one study, in which exposed female
anesthetists were compared to a group of unexposed female pediatricians,
an increase in abortions was noted in the exposed women.13 A similar
study in the United Kingdom reported the same result plus a trend
toward increased incidence of congenital malformations.28 In a
Michigan study, an increased rate of cancer and birth defects was
suggested.14 The inhalation anesthetics present in the air are the
most likely offending agents, although a cause-effect relationship
has not been definitively established. Based on information collected
from surveying about 50,000 operating room personnel, an ad hoc
committee of the American Society of Anesthesiologists concluded
that an increase in disease rates is seen in operating room personnel
and that exposure to waste anesthetic gases in the operating room
provides the most reasonable explanation.40 NIOSH has made
recommendations for the use of anesthetic gases.15 Table 4.1 summarizes
those recommendations.

Waste gas scavenging is a significant factor in obtaining clean
air in the operating room. The simplest disposal system makes use of
the air conditioning system. Kemi (1973) reported a significant reduction
in atmospheric contamination with the use of air conditioning.

Langley and Steward (1974) studied different ventilation systems

and reported that a turbulent flow ventilation system produced an uneven
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spread with the greatest concentrations of halothane in the zone
breathed by the standing staff.30 A downward displacemént system
produced a more even spread throughout the operating room, but with a
significantly reduced maximum level of pollution. |

Standard ventilation systems cannot reduce the halothane concentration

in the atmosphere to levels recommended by NIOSH.49 Therefore, many

methods to reduce the amount of anesthetic gas have been developed,
and depend on the use of specially designed scavenging valves,
collecting manifolds, or one-way valves. The most effective

can be grouped under three main classifications:

1. Discharge of gases at floor or ceiling level, using either
a collecting device or disposal tubing plugged into the
exhaust duct. It has been claimed to lower gas levels
by 9O‘percent.7’34 There are two disadvantages: the
level of contamination will rise in a nonventilated
room (hardly ever the situation in an operating room,
however), and an increasing concentration will occur in
rooms with recirculated air unless the disposal tubing
enters the duct downstream from the point of recirculation.
This is a soluble design problem, although it is expensive
to correct.

2. Removal by suction. The vapors and gases are removed by
piped suction or water pump. A freestanding electric
floor sucker will merely pump the exhaust gases out of
the exit ports back into the atmosphere. Disadvantages
include the possibility of overloading the piped suction,
corrosion of the system by the anesthetic vapors, and cost.

3. Discharge of gases and vapors through a pipe buried in the
wall or floor of the operating room. This method was first
described by Bullough in 1954.12  The pipe must discharge
outside the building and not into the exit corridor. A
One~way system must be utilized to prevent reflux into the
operating room of unfiltered air and structural alterations®
to the building are necessary. This system is especially
recommended for new construction.

The literature demonstrates that although it is obviously not possible

to prevent all contamination of operating room air by anesthetic gases
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and vapors, much can be done with equipment modification, air
monitoring programs, -and good work practices to limit exposure of

operating room personnel.

Table 4.1 Synopsis of NIOSH and HEW Recommendations and
Regulations Which Pertain to Waste Anesthetics

Recommended Maximum Concentrations

Nitrous oxide 25 ppm (Time Weighted Average).

Hallogenated agents 0.5 ppm (Time Weighted Average) when used in
.conjunction with nitrous oxide.

Halogenated agents 2 ppm when used as the only gas anesthetic agent.

Anesthetic delivery systems shall be equipped for scavenging or by
other methods which are as effective.

Work Practices

1. Proper operation of the waste gas disposal shall be determined
prior to the beginning of anesthetic administration.

2. TFace mask toprovide as effective seal as possible.

3. Vaporizers shall be filled in a ventilated area.

4. Low pressure leak tests conducted daily.

5. Starting anesthetic gas flow before induction is prohibited.

6. When the breathing circuit is disconnected from patient,flow
meters shall be turned off or the Y-piece sealed.

7. The breathing bag shall be emptied into the scavenging system
before it is disconnected from the delivery system.

Minimum General Ventilation Exchange Rates

Area Designation Minimum Air Changes of Minimum Total Air
Outdoor Air Per Hour Changes Per Hour
Supplied to Room Supplied to Room
Operating Room 5 25
Delivery Room 5 25
Recovery Room 2 . 6
Anesthesia Storage Optional 8
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Ventilation systems shall be subject to regular preventative
"maintenance and cleaning. Ventilation shall be verified by quarterly
airflow measurements. :

Equipment Maintenance

1. High pressure leak quarterly testing; low pressure leak
daily testing.

Medical Surveillance

1. Comprehensive preplacement medical and occupational histories.
2., Preplacement and annual physical examinations.
3. Education program.

4, Abnormal outcome of pregnancies shall be documented and
maintained for employment times plus twenty years.

Education Program

1. Employee will be informed on assignment or annually thereafter of
the potential health risks of trace anesthetic exposure.

Environmental Monitoring Requirements

1. Supervised by a knowledgeable individual familiar with
sampling and monitoring techniques or by a professional
industrial hygienist.

2. Representative concentrations. .

3. Quarterly basis.

Recordkeeping Requirements

1. Sampling data information, air sampling results and medical
records following employee termination shall be kept for at
least twenty years.

. List compiled by Carlson from references 15 and 40.49
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POTENTTAL OCCUPATIONAL BAZARD FROM OTHER
SOURCES OF ATRBORNE CHEMICAL CONTAMINATION

Throughout the hospital, a wide variety of cleaning solvents,
ﬁany of which are quite volatile, is used for housekeeping purposes
such as removing taf from floors, cleaning oxygen lines and fittings,
removing tape from the skin, cleaning typewriter keys, and for copying
and duplicating equipment. Solvents include perchloroethylene, toluene,
petroleum naptha, methyl chloroform, and xylene. Michaelsen. (1957)
reporﬁs an instance in which a custodial worker was using xylene to
wash the floor of a tissue laboratory as a solvent to remove wax
accumulation.35 Air samples showed that the worker, who had complained
about general ill health over a several month period, was "exposing
himself to a concentration several times greater than the maximum
allowable"; i.e., 200 ppm. The current TLV for xylene is 100 ppm.

In the pathology laboratory, large quantities of ethyl alcohol,
xylene and 10 percent formaldéhyde in alcohol are used in auto-
technicons. In one study, air concentration of xylene was found
to be 133 ppm, with ethyl alcohol concentrations ranging from 25
to 2500 ppm (1000 ppm TLV) and formaldehyde from 0.8 to 10 ppm
(2 ppm TLV)}32 The combination of an ethyl alcohol level of 600 ppm
and a formaldehyde level of 2 ppm produced lacrimination and nasal
burning.

In histology and cytology laboratories, formaldehyde is used as a
sample preservativé and toluene as a solvent for mounting media.
Staining solutions contain ethyl ether, ethyl alcohol and xylene. In
several surveyed hogpitals, laboratory personnel were found to be

exposed to xylene concentrations in excess of the 100 ppm TLV
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for short periods, with frequent complaints of headaches.3

In laboratories using mercury in carbon dioxide combining-power
determinations, mercury vapor concentrations have found to be well
in excess of the 0.05 mg/m3 (as Hg) TLV. 1In one laboratory
utilizing a fairly new piece of equipment, concentrations were
measured at less than 0.0375 mg/m3; however, in another poorly
maintained ;aboratory, the mercury vapor concentration was found to be
0.2 mg/m3, four times the current TLV.32 Small puddles of mercury
were found on the floor, counters, equipment, and window sills. After
cleanup, the mercury vapor concentration dropped to 0.043 mg/mB, not
far below the TLV. Careless handling of mercury is apparently
commonplace. In a survey of 30 hospitals in three western states,
spilled mercury was visible in 9 out of the 16 hospitals using
mercury.

Studies of this kind show increasing interest intﬂuéoccupational
health aspects of the hospital workplace and indicate a growing awareness
that hospitals can present significant hazards to employees. Much work
needs to be done to ensure a healthy working enviromment. ﬁospital
ventilation energy conservation strategies must be constrained by this

consideration.

SURVEY OF TOXIC CHEMICALS: UNIVERSITY OF MINNESOTA HOSPITALS

Examination of the literature makes it clear that more research
has to be done to develop a clearer picture of chemical use in hdspitals,
including an inventory of substances, description of uses, and analysis
of handling practices. This information would seem to be the minimum

that must be collected to assist hospital engineers in designing
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ventilation systems to provide as much contamination control as possible,
but the literature contains no indication that even the most rudimentary
survey of this kind has been conducted. Because of the need for such
material, the scope of this investigation of chemical contamination

in hospitals Was expanded beyond the confines of the existing

literature, a preliminary survey of use of toxic chemicals at the
University of Minnesota Hospitals was conducted. Following is a

summary of principal findings.

It is important to note that the University of Minnesota Hospitals
were chosen to survey because Fheyxﬁere:accessible, not because they
were felt to present unusual hazard. Data presented here are used
to exemplify the kind of situation that is likely to exist in
hospitals, generally not to criticize or indict the one institution
studied.

University Hospitals are a collection of health care facilities
affiliatéd with the University of Minnesota Medical School. Total
inpatient capacity is 761 beds. Located in Minneapqlisr(population'»7
434,000) and part of the Twin Cities metropolitan region (population
two million), the main hospital building was constructed in 1956--57.
Additions and remodeling projects are ongoing.

The hospital has a total area of 416,169 square feet. Breakdown
of square footage by functional area can be seen in Table 4.2. The
health and safety standards under which the hospital operates include
those of the Hill-Burton progfam, state health department licensing
requirements, and the state OSHA program. An operational environmental

health and safety department on campus monitors fume hoods, operating
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room ventilation systems. and other similar devices within the
hospital. Number of persons emploved was not available, but the
fulltime equivalent for hospital employees was 3123.7. Breakdown
of employee fulltime equivalents by functional area is |
shown in Table 4.2.
Methodology

Representatives from each operational unit were contacied and asked
to provide information on their chemical usage history. Unit
representatives were not asked to segregate toxic from nontoxit
substances in. their inventory, as this might have lead to differences
in definition of "toxic" from department to department. Instead,
items on the inventory were labeled toxic or nontoxic on the
basis of NIOSH and ACGIH critefia. Department representatives were
also asked to indicate approximate quantities and major uses of z2ach
chemical {see Table 4.3 ).

On the basis of this survey, it was determined that toluene
and mercury, because of their toxicity and quantities used, might
cause particular potential hazards. Areas where these two substances
were used were toured to see how safe the materials were being
handled. Findings from these tours were discussed with representatives
from the Hospitals Laboratory Safety Services.
Results

Results of the survey are seen in Table 4.4. Possibly the most
striking aspect of these results is the number of chemicals used as
cleaning agents and by painters, that is, material used in areas of the

hospital to which patients could be exposed. The following substances

424



are listed as cleaning agents used by environmental services and

by wall washers, the two groups that do much of the housekeeping

work in the hospital: ammonia, ammonium chloride, chlorine,
p-dichlorobenzene, ethanoic acid, ethanol, hydrochloric acid, phosphoric
acid, 2-propanol, sodium hydroxide, l,l,l—tficholorethane.

Agents used by painters include butane, calcium carbonate, dichloromethane,
methanol, methylbenzene, 4-methyl, 2-pentanone, mineral spirits,
petrQleum naptha, propane, titanium dioxide, turpentine, and zinc
sterate. It should be stressed that all of these substances were

used in concentrations that met the appropriate occupational health
limit: however. as was pointed out earlier. virtually no data exist

on the non-occupational exposure to these substances. Furthermore,
there is very little information on the svnergistic effects of such

a variety of substances on human healtﬁ.

Toluene, with a TLV of 100 ppm (NIOSH), was found to be used
extensively in laboratories (132 liters/month). A tour of the
laboratories was made to observe how and where toluene was used and
how carefully it was being handled. It was found that toluene was
used moét extensively in the immunology laboratory. It was ohly
used under the fume hood and was transported in an approved manner.

Concern over contamination from airborne mercury (TLV 0.05 mg/m3,
NIOSH) led to a tour of the heart catheterization laboratory because
mercury is exposed to the- air constantly in the Van Slyke apparatus.
This device, which is used once a month; has a history of spills. The
spills are cleaned up by Laboratory Safety Services, but the interim

between spill and clean-up can run from 20 minutes up to as long as
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36 hoﬁrs. Laboratory Safety Services is equipped with the specialized
vacuum cleaner needed to prdperly clean a spot where mercury has

been spilled. The service is not operated in the evenings and on
weekends, so a decreased capacity for cleanup exits during these times.
In an acute emergency situation, safety personnel are called in to
clean up. Minor spills on weekends are isolated and confined and
clean up might not occur for 36 hours.

Other sources of mercury contamination are broken thermometers
(which can usually be wiped up by personnel on the spot) and
sphygmomanometer spills, which are the most common source of spilled
mercury. According to Laboratory Safety Services, sizable mercury spills
(those requiring special clean-up) occur at the rate of about 20 to
25 a year. Laboratory Safety Services logs all mercury spills
and will do a follow-up check on a station where there are three
or mdre spills per year.

Discussion

Results are mixed from this very rudimentary survey. First, it
is encouraging to note that no extremely hazardous situation was
discovered. Employees, especially those working with highly hazardous
chemicals, appeared to be following fairly good work practices.
Perhaps less encouraginé, however, is the realization that such basic
inventories are not conducted on a regular basis. The University of
Minnesota Hospitals is a teaching/research institution and has been
constructed in stages. This means that laboratories are often
tucked into corners near patient areas and that ventilation in some

spots may be less than optimal. Because of the inability of
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administrators to control these physical characteristics, it would seem
that potential problems could be prevented 1f an effort were made
to become aware of what chemicals were being used where.

The variety of substances used in departments not generally considered
high risk,and in parts of the hospital not served by special ventilation,
also seem to indicate that some monitoring of substances used,
especially in patient areas, should be ongoing. Furthermore, it might
be possible to determine ways in which the variety of substances could

be consolidated.

CONCLUSION
Based on this review of the literature and preliminary chemical
contaminaﬁt survey, further investigation of toxic chemicals in
hospitals is recommended. More information is needed on:

1. Substances being used in hospitals.

2. Effects of patient exposure. Research in this area
might concern itself with specialized problems such as
differences in inhalation of particulates in walking
and sleeping breathing patterns or rate of settling of
particulates in hospitals. '

3. Offgassing of construction materials commonly used
in hospitals.

At this point, lack of solid data in these areas makes it
difficult to recommend changes in ventilation rates or even to
state whether present rates are adequate, insufficient, or overly

cautious in dealing with airborne chemical contaminants in hospitals.
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Table 4.2 University of Minnesota Floor Space and Staffing

Area Designation

Square Feet

Number of FTE's%%

Operating Room

Emergency Operating Room
Delivery Room
Nursery Suite

Recovery Room

Intensive Care
Patient Room
Patient Corridor
Isplation Room

Isolation Alcove
Examination Room
Medication Room
Pharmacy
Treatment Room
X-ray, Fluoroscopy Room
X-ray, Treatment Room
Physical Therapy and
~ Hydrotherapy

Solied Utility

Clean Utility
Autopsy
Workroom
Warefrigerated Body

Holding Room
Toilet Room

Bedpan Room

Bathroom
Janitors' Closet
Sterilizer Equipment Room
Linen and Trash Chute Rooms
Laboratory, General
Laboratory, Media Transfer
Food Preparation Centers
Warewashing

Dietary Day Storage
Laundry, General

Soiled Linen

Clean Linen
Anesthesia Storage
Central Medical and

Surgical Supply

Soiled Room
Clean Workroom

Unsterile Supply Storage

Housekeeping
Rehabilitation Center

(See

(See

(See
(See

(See
(See
(See

(See
(See

(See
(See
(See

14,919 110
4,481 26
3,099 15
2,976 62
5,009 53
3,575 52
137,752 732
% 0
7,325 53
* 0
* x
* kS
5,093 64
% *
13,918 83
5,897 24
Rehabilitation Center)
* 0
* 0
962 6
% %
% *
Patient Room)
* ES
* *
Housekeeping)
(Central Medical & Surgical Supply)
: . % - ’ *
36,272 384
Laboratory, General
9,279 46
Food Preparation Centers)
4,469 25
Housekeeping)
Housekeeping)
Housekeeping)
ES *
7,849 45
Central Medical & Surgical Supply)
Central Medical & Surgical Supply)
Central Medical & Surgical Supply)
17,138 271
16,286 79

* Data Not Available

*% Fulltime Equivelant number of employees
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Table 4.3 Chemicals and Quantities used in University of Minnesota Hospital

ESTIMATED
TOXIC CHEMICAL WHERE - HOW USED . LITERS/MONTH TLV  (ppm)
Ammonia 50 ceiling NIOSH
Environmental Services - Cleaning Agent ?
Morgue - Cleaning Agent 26.50
Wall-washer ~ Cleaning Agent 1.89
28.39
Ammonium Chloride 10 mg/m3 ACGIH
Wall-washer - Cleaning Agent 2
?
Benzene* 1 ceiling NIOSH
’ Laboratory - Reagent ~0.16
0.16
Butane* 600 ACGIH
Painters -~ Propellent 0.65
0.65
Butanol*
Butyl Alcohol 50 ACGIH
Laboratory - Reagent 0.47
' 0.47
Calcium Carbonate NP ACGIH
Painters - Paint pigment 28.13
' 28.13
Chlorine 0.5 ceiling NIOSH
Material Services - Cleaning Agent 10.41
10.41
p-Dichlorobenzene* ‘ 75 ACGIH
Environmental Services - Defumer 2
7
1, 2~Dichloroethane¥*,
Ethylene Chloride 5 NIOSH
Biomedical Engineering - Solvent 0.04
Engineering - Solvent 0.08
Laboratory - Reagent 0.95

[
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Table 4.3

Ethylene Chloride

Biomedical Engineering - Solvent
Engineering - Solvent
Laboratory - Reagent

QOO
PR
w0 oo
w0 &~

pd
[
~J|

ESTIMATED
TOXIC CHEMICAL WHERE - HOW USED LITERS/MONTH TLV  {(ppm)
Ammonia 50 ceiling NIOSH
Environmental Services - Cleaning Agent ?
Morgue - Cleaning Agent 26.50
Wall-washer ~ Cleaning Agent 1.89
: 28.39
Ammonium Chloride 10 mg/m3 ACGIH
Wall-washer - €leaning Agent 2
S
Benzene* 1 ceiling NIOSH
Laboratory - Reagent 0.16
0.16
Butane* 600 ACGIH
Painters - Propellent 0.65
0.65
Butanol®
Butyl Alcohol 50 ACGIH
Laboratory - Reagent 0.47
0.47
Calcium Carbonate NP ACGIH
Painters - Paint pigment 28.13
28.13
Chlorine » ) 0.5 ceiling NIOSH
Material Services - Cleaning Agent 10.41
10.41
p-Dichlorobenzene* ‘ 75 ACGIH
Environmental Services - Defumer 2
>
1,2-Dichloroethane*,
5 NIOSH
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Table 4.3

ESTIMATED
TOXIC CHEMICAL WHERE - HOW USED LITERS /MONTH TLV _ (ppm)
Dichloromethane%*,
Methylene Chloride 75 NIOSH
Laboratory — Reagent 0.95
Painters ~ Paint remover ?
0.95
Diethylether¥*, .
Ether 400 ACGIH
Environmental Services - Insecticide ? '
Laboratory ~ Reagent 1.97
1.97
Dimethylbenzene¥*,
Xylene 100 NIOSH
Laboratory - Reagent 73.50
Morgue - Mounting slides 0.47
73.97
1,2-Ethandiol¥,
Ethylene Glycol 100 ACGIH
Engineering - ? 7.57 '
7.57
Ethanoic Acid*,
Acetic Acid : 10 ACGIH
Laboratory - Cleaning Agent 16.30
Material Services - Cleaning Agent 18.12
34.42
Ethanol*,
Ethyl Alcohol 1000 ACGIH
Environmental Services - Cleaning Agent ?
Laboratory - Reagent 40.38
Morgue — Tissue fixer 29.34
Wall-washer - Cleaning Agent 0.06
69.78
Ethyl Ethanoate¥®,
Ethyl Acetate ‘ 400 ACGIH
Laboratory -~ Reagent 7.02 ——_—__

7.02
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Table 4.3

ESTIMATED
TOXIC CHEMICAL WHERE - HOW USED LITERS/MONTH TLV _(ppm)
Dichloromethane®,
Methylene Chloride 75 NIOSH
Laboratory - Reagent 0.95
Painters - Paint remover ?
0.95
Diethylether#*,
Ether ] 400 ACGIH
Environmental Services - Insecticide ?
Laboratory - Reagent 1.97
1.97
Dimethylbenzene%*,
Xylene 100 NIOSH
Laboratory — Reagent 73.50
Morgue —~ Mounting slides 0.47
73.97
1,2-Ethandiol*, o
Ethylene Gljcol 160 ACGIH
) - Engineering - ? 7.57 '
: 7.57
Ethanoic Acid#,
Acetic Acid _ _ 10 ACGIH
Laboratory - Cleaning Agent 16.30
Material Services - Cleaning Agent 18.12
' 34.42
Ethanol#*,
Ethyl Alcohol 1000 ACGIH
Environmental Services - Cleaning Agent ?
Laboratory - Reagent 40.38
Morgue - Tissue fixer 29.34
Wall-washer -'Cleaning Agent 0.06
69.78
Ethyl Ethanoate¥®,
Ethyl Acetate 400 ACGIH
Laboratory - Reagent 7.02 _————
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Table 4.3

ESTIMATED
TOXIC CHEMICAL WHERE - HOW USED LITERS/MONTH TLV__ (ppm)
Hexane* 100 NIOSH
Laboratory -~ Reagent . 1.89
1.89
Hydrochloric Acid : 5 ACGIH
: Environmental Services - Cleaning Agent ?
Laboratory - Reagent 11.67
11.67
Hydrofluoric Acid s 6 NIOSH
Environmental Services - Rust remover 2
?
Hydroxybenzene¥*,
Phenol 5.2 NIOSH
Laboratory - Reagent 121.80
121.80
Mercury 0.05 mg/m3 NIOSH
Laboratory - Process 0.05
0.05
Methanal¥,
Formaldehyde 1 ceiling NIOSH
Laboratory - Tissue fixer 7.44
Morgue ~ Tissue fixer 32.91
40.35
Methanol¥*,
Methyl Alcohol 200 NIOSH
Laboratory - Reagent 190.43
Morgue - Tissue fixer (Formalin) - 9.87
Painters - Solvent 7.10
207.40
Methylbenzene¥,
Toluene 100 NIOSH
Laboratory - Reagent 131.62
Painters - Thinner 1.89

133.51
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Table 4.3

133.51

ESTIMATED
TOXIC CHEMICAL WHERE -~ HOW USED LITERS/MONTH TLV _ (ppm)
Hexane#® . 100 NIOSH
Laboratory - Reagent 1.89
1.89
Hydrochloric Acid » 5 ACGIH
Environmental ‘Services - Cleaning Agent ?
Laboratory - Reagent 11.67
11.67
‘Hydrofluoric Acid , 6 NIoSH
Environmental Services - Rust remover 2
?
Hydroxybenzene#*,
Phenol 5.2 NIOSH
Laboratory - Reagent 121.80
121.80
‘Mercury 0.05 mg/m3 NIOSH
Laboratory - Process 0.05
0.05
Methanal#,
Formaldehyde 1 ceiling NIOSH
Laboratory - Tissue fixer 7.44
Morgue ~ Tissue fixer 32.91
40.35
Methanol*,
Methyl Alcohol 200 NIOSH
Laboratory - Reagent 190.43
Morgue - Tissue fixer (Formalin)- 9.87
Painters - Solvent 7.10
207.40
Methylbenzene*,
Toluene : : 100 NIOSH
Laboratory — Reagent 131.62
Painters - Thinner 1.89
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Table 4.3

ESTIMATED
TOXIC CHEMICAL WHERE - HOW USED LITERS/MONTH TLV _(ppm)
4-Methyl, 2-pentanone*, .
Methyl isobutyl ketone 100 ACGIH
Painters - Thinner 1.89
' 1.89
Mineral Spirits,
Petroleum Naptha 500 OSHA
' Painters — Thinner 23.45
: 23.45
Nitric Acid 2 NIOSH
- Laboratory - Reagent 1.07
1.07
Phosphoric Acid 1 mg/m3 ACGIH
Environmental Services - Cleaning agent 2
=
Propane* Asphyxiant ACGIH
Engineering - Fuel ?
Painters - Propellent 0.65
0.65
Propanol*, :
Propyl Alcohol . 200 ACGIH
Laboratory - Reagent 3.79
3.79
2-Propanol*, v
~ Isopropyl Alcohol ° 400 NIOSH
Engineering ~ Solvent : 0.08
Environmental Services - Cleaning Agent 0.68
Laboratory - Reagent : 22,45
Material Services - Cleaning agent 6.62
Morgue - Cleaning agent 0.06
Radiology - Skin disinfectant 16.23
Wall-washer - Cleaning agent 0.21

46.32
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Table 4.3

46,32

. o ESTIMATED
- TOXIC CHEMICAL WHERE - HOW USED LITERS/MONTH TLV _(ppm)
. 4=Methyl, 2-pentanone¥®,
Methyl isobutyl ketone : 100 ACGIH
Painters - Thinner 1.89
1.89
Mineral Spirits,
Petroleum Naptha : e 500 OSHA
Painters - Thinner 23.45
23.45
Nitric Acid v : 2 NIOSH
Laboratory - Reagent 1.07
: ' 1.07
Phosphoric 4cid ; v : 1 mg/m3 ACGIH
Environmental Services - Cleaning agent 2
' » ?
Propane*® ~ Asphyxiant ACGIH
i Engineering - Fuel ? :
Painters -~ Propellent 0.65
0.65
Propanol#*,
Propyl Alcohol : 200 ACGIH
Laboratory -~ Reagent 3.79
3.79
2-Propanol*,
Isopropyl Alcohol 400 NIOSH
Engineering - Solvent . 0.08
Environmental Services - Cleaning Agent 0.68
Laboratory ~ Reagent ' 22.45
Material Services - Cleaning agent 6.62
Morgue -~ Cleaning agent 0.06
Radiology - Skin disinfectant 16.23
Wall-washer ~ Cleaning agent 0.21
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Table 4.3

ESTIMATED
TOXIC CHEMICAL WHERE - HOW USED LITERS/MONTH TLV (ppm)
2-Propanone¥®,
Acetone 10060 ACGIH
Laboratory -~ Reagent 26.94
Morgue — Tissue fixer 3.31
30.25
Soidum Hydroxide 2 mg/m3 NIOSH
Engineering ~ ? 75.49
Environmental Services - Oven Cleaner ?
75.49
Sulfuric Acid 1 mg/m3 NIOSH
Engineering - Cleaning Agent 18.93
Laboratory - Reagent 9.92
28.85
Tetrahydrofuran 200 ACGIH
’ Engineering -~ PCV cement solvent 2
?
Titanium Dioxide NP ACGIH
' Painters - Paint pigment 26.35
26.35
1,1,1-Trichloroethane* 350 ceiling NIOSH
Environmental Services ~ Cleaning agent 3.79
Radiology - Degreaser 0.16
3.95
Trichloroethene¥*,
Trichloroethylene 100 NIOSH
Biomedical Engineering - Solvent 0.16
"Engineering -~ ? 11.36
' : 11.52
Trichloromethane*,
Chloroform 2 ceiling NIOSH
Laboratory - Reagent 57.81

57.81
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Table 4.3

ESTIMATED
TOXIC CHEMICAL WHERE - HOW USED LITERS/MONTH TLV  (ppm)
2-Propanone¥,
Acetone : 1000 ACGIH
Laboratory - Reagent 26.94
Morgue - Tissue fixer 3.31
30.25
Soidum Hydroxide 2 mg/m3 NIOSH
Engineering - ? 75.49
Environmental ‘Services ~ Oven Cleaner ?
75.49
Sulfuric Acid ‘ 1 mg/m3 NIOSH
: Engineering - Cleaning Agent 18.93
Laboratory - Reagent 9.92
28.85
Tetrahydrofuran ) 200 ACGIH
Engineering - PCV cement solvent 2
?
Titanium Dioxide NP ACGIH
Painters - Paint pigment . 26.35
26.35
1,1,1-Trichloroethane* . - . 350 ceiling NIOSH
Environmental Services -~ Cleaning agent 3.79
Radiology ~ Degreaser 0.16
: . 3.95
Trichloroethene*,
Trichloroethylene 100 NIOSH
Biomedical Engineering - Solvent 0.16
Engineering - ? 11.36
: : 11.52
Trichloromethane¥,
Chloroform 2 ceiling NIOSH
Laboratory -~ Reagent 57.81
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Table 4.3

ESTIMATED
TOXIC CHEMICAL WHERE - HOW USED LITERS/MONTH TLV  {ppm)
Turpentine 100 ACGIH
Painters - Solvent 7.57
7.57
Vinyl Chloride (Momomer) 1 ceiling NIOSH
Engineering -~ PVC cement 2
?
Welding Fumes 3
{Gas & Electric) 5 mg/m ACGIH
Engineering - Welding 2
7
Zinc Sterate . NP ACGIH
Painters - Paint pigment

* = JUPAC Systematic naming system

NP = Nuisance Particulate

0.49
0.49

TOTAL 1101.08
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_ Table 4.3

) ESTIMATED
TOXIC CHEMICAL WHERE ~ HOW USED LITERS/MONTH TLV (ppm)
Turpentine 100 ACGIH
Painters - Solvent 7.57
7.57
Vinyl Chloride (Momnomer) 1 ceiling NIOSH
: Engineering - PVC cement 2
-
Welding Fumes -, 3
(Gas & Electric) _ 5 mg/m ACGIH
Engineering - Welding 2
>
Zinc Sterate : NP - ACGIH
Painters - Paint pigment 0.49
0.49

* = JUPAC Systematic naming system

NP = Nuisance Particulate



Table 4.4

Chemical Contaminants in Hospitals

Ammonia *
Route of Entry:

Harmful Effects:

Ammonium Chloride *

Not listed,

Benzene *
Route of Entry:

Harmful Effects:

Butane *
Route of Entry:

Harmful Effects:

Butanol *, Butyl Alcohol

Route of Entry:

Harmful Effects:

#* JUPAC Naming System

Inhalation of gas.

Causes irritation to the mucous
membranes, eyes, and skin.

Inhalation of wvapor which may
be supplemented by percutaneous
absorption.

Benzene is suspected to be a human
carcinogen, (so deemed by the ACGIH).
May produce irritation to the upper
respiratory tract, eyes, and skin.
Acute exposure results in central
nervous system depression.

Inhalation of gas.

Natural gas is an asphyxiant.

Inhalation of vapor and percutaneous
absorption.

The vapor is an irritant to the conjunctiva
and mucous membranes of the nose and
throat, as well as a primary skin

irritant.
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CCH

Calcium Carbonate

Not listed.

Chlorine
Route of Entry: Inhalation of gas.

Harmful Effects: Chlorine reacts with body moisture
to form acids. It is itself, extremely
irritating to the eyes, skin, and
mucous membranes.,

p~-Dichlorobenzene *

Route of Entry: Inhalation of vapor, and percutaneous
absorption of the liquid.

Harmful Effects: Causes irritation to the skin,
conjunctiva, and the mucous membranes
of the upper respiratory tract. Chronic
exposure may result in liver, kidney,
and lung damage as indicated by animal
experiments,

1, 2-Dichloroethane *, Ethylene Chloride

Route of Entry: Inhalation of vapor and skin
absorption of the liquid.

Harmful Effects: May cause eye damage. Inhalation of
high concentrations may cause nausea,
vomiting, mental confusion, dizziness,
and pulmonary edema. Chronic exposure
has been-associated with kidney and liver
damage.

Dichloromethane *, Methylene Chloride

Route of Entry: Inhalation of vapors and percutaneous
of the liquid.

Harmful Effects: Irritates the eyes and the upper respiratory
tract. It dis a mild narcotic and has
the same effects as intoxication.
Exposure to this agent may cause elevated
carboxyhemoglobin levels which may be
significant in smokers, or workers
with anemia or heart disease, and those
exposed to carbon monoxide.

<% TUPAC Naming System
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Diethyl ether *, Ether

Route of Entry:

Harmful Effects:

Dimethylbenzene *, Xylene

Route of Entry:

Harmful Effects:

1, 2-Ethanediol *, Ethylene

Inhalation of wapor

The vapor is mildly irritating to
the eyes, nose and throat. It has
predominantly narcotic properties.

Inhalation of wvapor, and, to a small
extent, percutaneous absorption of
liquid.

The vapor may cause irritation of the
eyes, nose, and throat. Acute

exposure to the vapor may cause central
nervous system depression.

Glycol

Route of Entry:

Harmful Effects:

Ethanoic Acid *, Acetic Acid

Inhalation of aprticulate or vapor.
Percutaneous absorption may also
contribute to intoxication.

The vapor pressure of this substance

is such that at room temperature, toxic
concentrations are unlikely to occur.
If heated, poisioning is possible.
Inhalation seems to primarily result

in central nervous system depression

Route of Entry:
Harmful Effects:

Ethanol *, Ethyl Alcohol

Route of Entry:

Harmful Effects:

* TUPAC Naming System

Inhalation of wvapor.

Respiratory irritant.

Inhalation of vapor and perctuaneous
absorption.

Mildly irritating to the eyes and nose.

Prolonged exposure may produce headaches,
tremors and fatigue.
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Ethyl Ethanoate *, Ethyl Acetate

Route of Entry:

Harmful Effects:

Helium
Route of Entry:

Harmful Effects:

Hexane *
Route of Entry:

Harmful Effects:

Hydrochloric Acid

Route of Entry:

Harmful Effects:

Hydroflouric Acid

Route of Entry:

Harmful Effects:

Hydroxybenzene *, Phenol

Route of Entry:

Harmful Effects:

% IUPAC Naming System

Inhalation and ingestion. -

Vapors, high concentrations, irritate
the mucous membranes, eyes, and nasal
passages. May cause headaches.

Inhalation of gas.

Helium is an asphyxiant.

Inhalation of wvapor.

Irritating to the mucous membranes
of the upper respiratory tract.
Acute exposure may result in narcosis.

Inhalation of gas or mist.

Hydrochloric acid is very corrosive to
the eyes, skin, and mucous membranes.

The irritant effect of vapors on the
respiratory tract may produce laryngitis,
glottal edema, bronchitis, pulmonary
edema, and death.

Inhalation.of gas or mist.

Primary irritant of skin, eyes, mucous
membranes, and lungs.

Inhalation of mist or vapor, percutaneous
absorption of mist, vapor, or liquid.

Hydroxybenzen has a marked corrosive
effect on any tissue. Systemic effects
may occur from any route of exposure.

These include paleness, weakness, sweating,
headache, ringing of the ears, shock,

bt



cyanosis, excitement, frothing of

the nose and mouth, dark colored urine,

and death. If death does not occur,

Kidney damage may appear. Repeated or
prolonged expsoure to hydroxybenzene

may cause chronic hydroxybenzene poisioning.

Mercury
Route of Entry: Inhalation of dust or vapor; percutaneous
absorption of elemental mercury.

Harmful Effects: Mercury is a primary irritant of skin and
mucous membranes. Acute exposure affects
the lungs, primarily in the form of acute
interstitial pneumonitis, bronchitis, and
bronchiolitis.

Methanal *, Formaldehyde

Route of Entry: Inhalation of gas.
Harmful Effects: The gas may cause severe irritation to
the mucous membranes of the respiratory

tract and eyes.

Methanol *, Methyl Alcohol

Route of Entry: Inhalation of vapor; percutaneous
absorption of liquid.

Harmful Effects: Methanol is virtually non-irritating to
the eyes or upper respiratory tract below
2000 ppm. Its toxic effect is thought to
be mediated through metabolic oxidation
products such as methanal, or methanoic acid.

Methylbenzene *, Toluene

Route of Entry: Inhalation of vapor and percutaneous
absorption of liquid.

Harmful Effects: May cause irritation of the eyes, respiratory
tract, and skin. Acute exposure usually
results in central nervous system depression.

* TUPAC Naming System
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4-Methyl, 2-pentanone *, Methyl isobutyl ketone

Route of Entry:

Harmful Effects:

Inhalation of vapor and percutaneous
absorption.

High vapor concentrations may irritate
the conjunctiva and mucous membranes of
the nose and throat. A narcosis is also
produced at high concentrations.

Petroleum Naptha, Mineral Spirits

Route. of Entry:

Harmful Effects:

Nitric Acid
’ Route of Entry:

Harmful Effects:

Nitrous Oxide

Route of Entry:

Harmful Effects:

Phosphoric Acid *

Route of Entry:

Harmfui Effects:

Propane *
Route of Entry:

Harmful Effects:

% JUPAC Naming System

~of the upper respiratory tract.

Inhalation of wvapors.

Petroleum naptha irritates the skin,

conjunctiva, and the mucous membranes
May

cause depression of the central nervous
system.

Inhalation of mist or vapor.

May cause necrosis of the skin, mucous
membranes, and eye tissues.

Inhalation of gas.

May produce irritation of the eyes and
mucous membranes.

Inhalation of vapors, fumes, or mist..
Inhalation of fumes may cause irritation
of pulmonary tissues with resultant acute
Pulmonary edema. Chronic expsoure may
lead to cough, bronchitis, and pneumonia.

Inhalation of gas..

Propane is an asphyxiant.
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Propanol *, Propyl Alcohol
Route of Entry:

Harmful Effects:

Inhalation of vapor; percutaneous
absorption.

The vapors are mildly irritating to

the conjunctiva and the mucous membranes
of the upper respiratory tract. May also
produce mild central nervous system
depression.

2-Propanol *, Isopropyl Alcohol

Route of Entry;:

Harmful Effects:

2-Propanone *, Acetone

Route of Entry:

Harmful Effects:

Sodium Hydroxide

Route of Entry:

Harmful Effects:

Sulfuric Acid

Route of Entry:

Harmful Effects:

Tetrahydrofuran

Not listed.

* IUPAC Naming System

Inhalation of vapor.

The vapors are mildly irritating to the
conjuctiva and the mucous membranes of

the upper respiratory tract. It is also
potentially narcotic in high concentrations.

Inhalation of wvapor; percutaneous
absorption.

It is a respiratory irritant, and at high

concentrations, may cause headaches, nausea,
dizziness, and unconsciousness.

Inhalation of dust or mist.

Very corrosive to body tissues. Extreme

" pulmonary -irritation may result from

inhalation of dust or mist.

Inhalation of mist.
It can cause serious injury to mucous

membranes and the eyes, but principally
the respiratory tract epithelium.
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Titanium Dioxide

Route of Entry:
Harmful Effects:

1,1,1-Trichloroethane *

Route of Entry:

Harmful Effects:

Inhalation of dust or fume.

Not highly toxic for man.

Inhalation of vapor and moderate skin
absorption,

Irritates the eyes and causes mild
conjunctivitis. It acts as a narcotic
and depresses the central nervous
system.

Trichloroethene *, Trichloroethylene

Route of Entry:

Harmful Effects:

Inhalation of vapor; percutaneous
absorption.

May cause irritation to the eyes, nose,
and throat. It also acts as a depressant
to the central nervous system after acute
exposure.

Trichloromethan *, Chloroform

Route of Entry:

Harmful Effects:

Turpentine

Route of Entry:

Harmful Effects:

% TUPAC Naming System

Inhalation of vapor.

Exposure may lassitude, digetive
disturbance, dizziness, mental dullness,
and coma. Chronic overexposure has been
shown to cause enlargement of the liver
and kidney damage. Trichloromethane is
considered to be potentially carcinogenic
‘to humans by the ACGIH. R '

Inhalation of vapor; percutaneous
absorption. )

High wvapor concentrations are irritating
to the eyes, nose, and bronchi. In acute
concentrations, it may cause central
nervous system depression.
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Vinyl Chloride (monomer)

Route of Entry:

Harmful Effects:

Welding Fumes

Not listed.

Zinc Sterate

Not listed.

* TUPAC Naming System

Inhalation of gas.

Vapor contact with the eyes will cause
immediate and severe irritation. Vinyl
chloride is regarded as a human carcinogen,
and a casual agent of angiosarcoma of the
liver.
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Chapter 5

THERMAL FACTORS

When evaluating the indoor environmment with respect to human health
and comfort,four principal thermal factors must be considered: air
(dry bulb) temperature; water vapor pressure, usually expressd as relative
humidity (RH); air movement,expressed‘in terms of velocity and direction;
and mean radiant temperature. These are independent variables which must
be individually controlled by the researcher when investigating human
sensory, physiological and pathological responses to the thermal environment.

Current United States hospital ventilation standards (see Chapter 2)
specify the thermal environment primarily in terms of dry bulb temperature
(°F and/or °C) and relative humidity. TIn contrast to other types of
building space, these standards generally specify tighter temperature
and humidity requirements in order to maintain a stable, supportive patient
environment. Thus far these standards do not appear to significantly
reflect energy conservation measures. For example , in comparing the 1974
Hill-Burton Stardards and the Proposéd Hill-Burton Standard (Figures 5.1 and 5.2),
only a minor relaxation of temperature requirements is evident, while
relative humidity requirements are now specified for all inpatient areas.

Since control of temperature and humidity consumes large amounts of
energy, this chapter attempts to address patient requirements for tempera-
tufe and humidity control beyond questions of comfort. In this context,
temperature and humidity are considered with respect to their physiological,

pathological and microbiological implications.
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HILL-BURTON TEMPERATURE AND HUMIDITY STANDARDS

Temperatures and humidities.

(a) The systems shall be designed to provide the following temperatures
and humidities in the areas noted:

Area Relative

Designation Temperature Humidit %)

°F °C Min. Max.
Operating Rooms 70-76%  21-24% 50 60
Delivery Rooms 70-76%  21-24% 50 60
Recovery Rooms 75 24 60 60
Intensive Care Rooms 75-80% 24-27% 30 60
Nursgeries Unit 75 24 30 60

Special Care Nursery
Unit 75-80%  24-27% 30 60

*Variable Range Required

Figure 5.1
1974 STANDARD

Temperatures and humidities.
(a) The designed capacity of the systems shall provide the following
temperatures and humidities in the areas noted:

Area Relative

Designation Temperature Humidity (%)

°F °C Min. Max.
Operating Rooms 68-76%  20-24*% 50 60
Delivery Rooms 70-76%  21-24% 50 60
Recovery Rooms 75 24 50 60
Intensive Care Rooms 72-78%  22-26% 30 60
Nurseries Unit 75 24 30 60

Special Care Nursery
Unit 75-80%  24-27% 30 60

Other Inpatient Areas 75 24 30 60

«Variable Range Required with individual room control

Figure 5.2
PROPOSED STANDARD
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The chaptér is introduced with a brief discussion of thermal comfort.
There is an extensive amount of literature in this area, and no attempt
is made to summarize it herein. Most of the cited research is concerned
with sedentary healthy subjects, not with seriously compromised
patients. However, an overview is given to provide a baseline

for further discussion of temperature and humidity.

It might also be pointed out that considerations other than patient
factors also dictate .tight temperature and humidity control. For example,
NFPA 56A-1973, "Standard for the Use of Inhalation Anesthetics (Flammable

and Non-flammable) " (see €hapter. 2), specifies:

Relative humidity of not less than 50%,
at a temperature range of 707 + 6°F.,
shall be maintained in anesthetizing
locations, both flammable and non-
flammable.

The standard further defines an "anesthetizing Ilocation" as

Any area of a hospital in which it is

intended to administer any flammable or
nonflammable inhalation anesthetic agents

in the course of examination or treatment,

and shall include operating rooms, delivery - -
rooms, emergency rooms, anesthesia rooms,
corridors, utility rooms and other areas

when for induction of anesthesia with
flammable or nonflammable anesthetizing

agents.

Such requirements are acknowledged, but not further discussed.

DEFINITIONS

Marks' Standard Handbook for Mechanical Engineers provides

useful temperature and humidity definitions:
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The atmosphere is a mixture of air and water vapor. Dalton's
law of partial pressures (for the mixture) and the ideal gas law
(for each constituent) may safely be assumed to apply. The total
pressure B (barometric pressure) is the sum of the vapor pressure
py and the air pressure p,.

The temperature of the atmosphere, as indicated by an ordinary
thermometer, is the dry-bulb_ temperature tg. If the atmosphere <is
cooled under constant total pressure, the partial pressures
remain constant until a temperature is reached at which condensa-
tion of vapor begins. This temperature is the dew point te
(condensation temperature) and is the saturation temperature, or
boiling point, corresponding to the actual vapor pressure p,.

If a thermometer bulb is covered with absorbent material, e.g.,
linen, wet with distilled water and exposed to the atmosphere,
evaporation will cool the water and the thermometer bulb to the
wet-bulb temperature t,. This is the temperature given by a
psychrometer. ...The wet-bulb temperature lies between the dry-bulb
temperature and the dew point. These three temperatures are distinct
except for a saturated atmosphere, for which they are identical.
For each of these temperatures, there is a corresponding vapor
pressure. The actual vapor pressure p, corresponds with the dew
point te. The vapor pressures pd and pw , correspondtng with td
and ty, do not represent pressures actually appearing in the
atmosphere but are used in computations.

Relative humidity r is the rvatio of the actual vapor pressure
to the pressure of saturated vapor at the prevailing dry-bulb
temperature v = py/pq. Within the limits of usual accuracy, this
equals the ratio of actual vapor density to the density of
saturated vapor at dvy-bulb temperature, r = py/pg. It is to be
noted that relative humidity is a property of the vapor alone; it
has noihﬁng to do with the fact that the vapor is mized with air.
It is a method of expr633$ng the départure of the ‘vapor from
saturation. :

It should be noted that p, is independent of t. whereas pg is proportional
to tq. Consequently, for a given partial pressure of Watef vapor, i.e.,
water content or absolute humidity, the relative humidity will decrease
with increasing dry-bulb temperature. Thus, for a given relative

humidity, the water content will increase with increasing dry-bulb

temperature,
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THERMAL COMFORT

There are many approaches to defining and assessing thermal comfort.
Engineers measﬁre the wet and dry bulb temperatures and calculate
resultant heat transfer including theveffect of clothing; physiologists
determine heat balances ; and psychologists evaluate sensations by a
variety of scales and take votes of comfort. Clearly,with the multi-
plicity of factors involved, thermal comfort can be expected to be a
subjective value judgment with considerable inter-individual and even
intra-individual variability.

From experimental research three mathematical models have evolved
to rationally account for the subject's response to his thermal environment:
Thermal Sensation (Kansas Stafe University), Predicted Mean Vote (P.O.
Fanger), and Pierce Two Node (John B. Pierce Foundation) Models. It
is possible with these models to predict the combination of thermal
factors (dry bulb temperature, relative humidity, air velocity and mean
radiant temperature) which satisfy most people and also to estimate the

percentage feeling uncomfortable. 35,39,92

However, nearly all studies

have been ﬁerformed under steady state conditions with a specially

selected physically fit population, and it is difficult to generalize

these results to apply to other conditions and subjects, particularly

to the compromised patient, Most studies performed with college-age

subjects and the elderly.indicate that the same comfort conditions apply

to adults of different ages. This apparently is due to the lower

metabolism of the elderly being compensated by a lower evaporative loss. o4
Those studies that hsve evaluated human responses to slow unidirectional

temperature changes demonstrated that drifts were indistinguishable from

‘o : : “ 1
the traditionally assumed constant témperature preference. 4,47
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In a 1961 review article, Nevins found the optimum temperature range for
thermal comfort to have risen steadily since 1900, from an 18-21 C range
to a 24~26 C range in 1960. This increasing trend probably results from
the year round use of lighter weigﬁt clothing by both men and women and
from changing living patterns,including diet and comfort expectations.
It is suggested that today, even a 20 C environment may not be wholly
acceptable to a significant percentage of individuals. Among
contemporary investigators, Legg, 1971, reports.20 C as a standard; Grun,
1974, finds 21-25 C is optimum; Andersen indicates 23.3 C is optimum; and

,33,48,63
Fanger, 1972, reports 26.1 C as the "comfort maximum." > >

Relationship of Temperature and Humidity

Rohles and Nevinsvin their 1971 article, "The Nature of Thermal
Comfort for Sedentary Man," described the testing of 800 male and 800
female healthy college students between thé ages of 18 and 24. Subjects
were exposed in groups of ten, five men and five women, to 20 dry bulb
temperatures ranging from 60 F to 98 F in 2 F increments at each of eight relative
humidities from 15% to 85% in 10% increments. After one hour and every
half hour thereafter, subjects recorded their thermal sensations on a
seven catégory scale ranging from cold to hot. Regression equations
were derived from the results and beta values were computed to determine
the importance of temperature and humidity in predicting thermal
sensation. These results éhowed that for equal numeric changes (e.g.,

X F and X% RH), temperature exerts an influence on how men feel almost
seven times that of humidity. In contrast, temperature is nine times
more impoitant than humidity in determining how women feei.

The body loses heat in three ways: by radiation, by convection and

84,93

by evaporation. At temperatures above 85 F . almost all of the
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" heat loss from the body is by evaporation of'perspiration. However, with
high humidity, the evaporative process is slowed, causing discomfort. But
witﬁin the confines of the hospital, assuming 78 F even at 70% RH, no
feeling of discomfort should exist. At this femperature most of the heat
loss (70%) occurs by convection which depends on the velocity of air
movement past the skin. In a hospital with the required air changes
occurring per hour in a room, the flow of air past the skin should be
enough to provide adequate comfort.

The data shown in the Figure 5.3 below was generated from Rohles and
Nevins' work. 23 What is shown is the distribution of slightly cool,
comfortable, and slightly warm responses (part of the Rohles Comfort
Scale) of men and women after a 3-hour exposuré to three relative humidity
levels. At a relative humidity in the 65-857 range and 75 F, approxi-
mately 907 of the test subjects were comfortable. At 78 F, and the

same humidity, 90% of the swbjects were also comfortable.
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This data provides support for allowing temperatures in the summer months
to rise above the 75 F requirement specified in the 1974 Hill—Bﬁrton
Standard, togéther with a concurrent increase in relative humidity above
the 307 - 607 range specified for most of the hospital. This may provide
some opportunity for energy conservation.

Whether thermal comfort is also a necessary condition for human
health is difficult to assess, and constant thermal conditions particularly,
may well not be justifiable in relation to health. Recent directions in
thermal comfort research indicate a trend from the concept of optimum to
that of thresholds for significant discomfort.34 This work may well result
in defining wider ranges and allowable drifts for both temperature and
humidity. TFor example, the body of research cited above raises an im-
mediate question as to the need for such a tight humidity range in the
hospital environment. It clearly cannot be justified solely on the basis
of thermal comfort.

If the present hospital thermal standards are necessary, they must be
justified on a basis other than thermal..comfort criteria developed from
investigation of héalthy subjects.

The thermal enviromment in hospitals has to satisfyva variety of people
in various stages of activity: patients with minimal activity, nursing
staff with activity ranging frém light to heavy work, and domestic staff
with a heavy workload. Although moét patients are well enough to be able
to resist or to adapt to moderately unfavorable conditions, this may not
be the case with a seriously ill patient or one who is having or has had
a serious operation.

The critical ambient temperature for sedentary patients has been con-

gidered and assessed by Morris and Wilkey, 1970, and Wyndham,1968, as 21-C .



Body temperatures in rooms cooler than 21 C progfessively declined at a
mean rate of 0.3 degrees C/hour with light coverings and no movement.79’ 109

Madsen, 1976; compares the effect of various activities and appropriate
insulation levels of clothing for patients and staff members. An increase
in clothing from 0 clo (nude) to 1.5 clov(cotton underwear, shirt and pants)
will decrease the necessary ambient temperature by 8 C for a sedentary
patient and by 19 C for staff at high activity.73 Certainly much could
be done with cléthing in hospitals,lsuch as eliminating the open-backed
paper gown.

A temperature of 21 C is not adequate for infants and children because
their regulatory mechaniéms are less effective even with slight temﬁerature
Qariations, and a 24-28 C range is necessary.

These temperatures would; however, be unacceptably warm for the opera-
ting room team, as has been shown by Wyon, 1968, and Brock, 1975.17’llO
They find that the temperature most favored by surgeons is 18-21 C , and
that earlier recommendations of 27-30 C are obsolete. Full control of
patient heat loss by adjustment of the thermal environment in the operating
room has not been demonstrated nor is it likely to be pracfical. Op timum
temperatures may be better achieved by direct methods applied to the

patient himself. Morris and Trachtenberg, 1968, suggest that warming

blankets and warming infused fluids may help decrease patient heat loss.
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PHYSIOLOGICAL RESPONSE TO TEMPERATURE

Temperature sensation, physiological strain and health are well

summarized in the ASHRAE Handbook and Product Directory, 1977 Fundamentals :

35 C Hot Danger of heat
stroke
Warm Increased blood flow

30 ¢ Slightly ©Normal regulation by ‘
Warm sweating

W

25 C Neutral Regulation by vascular ‘ Normal health

change %
20 C Cool Urge for more clothing %
15 C Cold Shivering j Increasing complaint of
dry skin, mucosa
10¢ Xsiz Muscular pain impaired

circulation

Hypothermia

Some current physiological studies suggest that heat loss from
ordinary adult patients during surgical operations is significant.
Semiclosed and open anesthetic systems contribﬁte to patient heat loss
and are commonly ﬁsed.70 In addition, long lasting major operations
requiring an open body cavity are often done, with large amounts of

15, 42 All these factors contri-

cold blood transfused into the patient.
bute to patient heat loss, with varying degrees of intraoperative hypo-
thermia. A reduction in ambient temperature of a few degrees causes a
fall in skin temperature, to which the body is able to adjust and readily
(compensate by means of peripheral vascular adjustment

vasoconstruction). However, postoperative shivering may result in cir-

culatory stress.12 The relationship has also been studied by Roe, 1966,
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who found oxygen consumption increased 927 following intraoperative hypo-
thermia.91 Other studies report congestion of the lungs, increased blood
cell count, and impaired processes of immunity following hypothermia.
Nonetheless, mild hypothermia during surgery has not been demonstrated
to be harmful. Hypothermia in the newborn, on the other hand, is an im-
portant factor jeopardizing neonatal survival, and the metabolic con-~
sequences of cold stress (impaired weight gain, increased oxygen consump-
tion, depletion of glycogen stores, etc.) are now well established.l’ 4
There are those, however, who are working to establish and uphold the
principle of the harmfulness of high temperature and great benefits of
low temperatures. Cooler temperatures have been recommended for irradi-
ation injury, mechanical traumas, amputations, infections, plastic and
orthopedic surgery, and thermal burns.3

Elevated Temperatures

Many comprehensive surveys are available on the physiological response

to elevated temperatures.28’ 31, 49, 64, 21

At all levels of biological
organization, heat presents a stress that brings into play a complex of
nervous, endocrine, neurohumoral, and motor functions coﬁbining to restore
a constant body temperature in the homeothermic animal. These studies
associate the incidence of coronary heart disease, hyperthyroid disease
and cystic fibrosis with extreme heat conditions. On the other hand,
there is little data available in the literature on the effect of more
moderate heat stress conditions such as could be encountered in daily
life.

Clark and his colleagues, 1954, suggested that above the range of

21 € there is a tendency toward an increased metabolic rate, and that

there is a danger of heat retention and hyperpyrexia.zo Schikele, 1947,
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reported fatal cases of hyperthermia occuring as low as 26 C.100 Other

conditions have been reported, including reduction of thyroid activity
above 27 C and remission of arthritic swelling and edema. Andersen and
his colleagues, 1974, reported that patients with ischemic heart disease
are sensitive to moderate heat stress (23-29 C ) in terms of mental per-
forméﬁce and comfort.6 Some differences in cardiopulmonary function were
noted, but no differences in thermoregulation. Further studies are in
progress to test the hypothesis that scar tissue, the end result of

either inflammation or injury, is unable to adjust promptly to environ-

mental temperature changes due to decreased vascularization.

HUMIDITY AND HEALTH
In contrast to temperature ,the subject of humidity and its relation
to human health is more complex and more controversial. This section
examines two components of the issue: host resistance in terms of
respiratory functions. and chronic disease. The following section dis-
cusses humidity as a stress factor on airborne microorganisms.

Upper Respiratory Tract Functions

Air Conditioning. The average male subject inhales 10,000-12,000 liters

of air a day. Before air enters the lungs it must travel through the
nose or mouth, nasopharnyx, larynx, trachea and finally the bronchi.
During this journey the air is cleansed, cooled or warmed, and humidified.
This is accomplished by the unique structure of the respiratory tract.

The mucosa of the nose, mouth and pharnyx has an extremely large surface
area and an extensive vascular system that serves to remo&e heat from hot
air -and to heat cold air. In temperéte and cold climates, heat and water

are transferred from the mucosa to the inspired air. Heat is added by
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turbulent convection and water by evaporation.22 These transfers cool
the mucosa. During expiration, some of the water vapor and heat is
returned to the mucosa from the alvéolar gases, Thus, the respiratory
tract conditions inspired air to protect the lungs while at the same time
conserving body heat and water vapor by regaining some back during ex-
piration. A subject breathing air at body temperature saturated with
water vapor will lose no water or heat. 1If he breathes very cold dry
air he loses both heat and water and may suffer from dehydration of the
respiratory tract which could have a deleterious effect because the
upper respiratory tract filters air as well as conditions it and moist
mucous membranes are neceésary for this purpose.

Air Filtration and Cleansing

Air entering the upper respiratory tract is also filtered. Hairs
at the inlet block the passage of gross particles, but beyond this
area the contour of the nasal passages forces inspired air to pass close
to or directly over the nasal mucosa. Larger particles either impinge
on the nasal surface or settle out by gravity depending on size. Particles
that escape being removed in the nose may impinge on the walls of the
nasopharynx and larnynx. Particles between 0.3 and 10 u in diameter may
reach the alveolar ducts and alveoli. The'filtration mechanism of the
upper respiratory tract is important in many respects since it removes
foreign particles, dust, bacteria and viruses, and some irritant gases
and vapors. Once they have settled on the walls of the nose, pharynx and
trachea, particles are removed by sneezing or coughing but mainly by a
layer of mucus moved upward by cilia action. Cilia are fine hairlike
structures about 10 u long, lining virtually all of the respiratory tract

in man. What causes cilia to move is not known, and little is known about
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the physiological.meéhanisms regulating'their activity.. Cilia beat in
strokes;Aeach cilia moving a fast stroke forward followed by a slower
stroke backward. There is precise timing among the cilia so that they
seem to move in unison in a wavelike pattern. The cilia are covered
by themucous layer,and the effect_of'the cilia motion is to move this
sheet upward to the pharynx where it can be swallowed or expectorated.

Humidity, Mucous Flow and Cilia Action

One of the major supposed influences of relative humidity is its
effect on mucous flow and cilia movement in the upper respiratory tract.
Some investigators have suggested that the need for extra evaporation
of water from nasal ﬁucﬁs during inspiration of dry air decreases cilia
activity hence mucus transport, 1¢ading to mucostasis in the nasal
cavity, and further that cilia drying under extreme low humidity conditions
can cause irreversibie damage. This is one of the more controversial
areas of humidity study and is considered to be one of the major reasons
for requiring limitations on humidity. The second major reason for
humidity control includes Dunklin and Puck's experiments which showed
that staphyiocoéci had the highest death rate at 507 relétive humidity
as described hereinafter.29

- Dr. Ib Andersen of the Institute of Hygiene, University of Aarhus,
Denmark, is one of the major contributors to studies of the effect of
relative humidity on nasal mucosal function, human e#posure to dry air and
human perception of humidity. Some 6f his studies are reviewed below.

In his 1972 study, human nasal mucosal flow was measured by tagged
particles on 58 healthy subjects. The study was designed to determine
under controlled climatic conditions whether an exposure to a very low

relative humidity for four hours had a detrimental effect upon.nasal
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mi.cociliary transport or exposure to a very high relative humidity for
eight hours had a beneficial effect. The tagged particle was placed on
the superior surface of the interior turbinate. The reason for

placement of the particle here was to avoid problems encountered byother
investigators. For example, Ewert found a significant relationship between
ambient humidity and mucus flow. His technique enabled him to study only
a small area of the anterior nasal septum whereas in Dr. Andersen's study

the major portion of the nasal passage was examined. In most subjects
it was necessary for Ewert to widen the anterior nasal airway, thus

affecting the air flow in this important region while Dr. Andersen's
procedure did not necessitate this. -Each subject in Andersen's study
served as his or her own control during the first two hour period where
conditions were held constant and mucous flow measured at 70% RH. The
reason for 707 RH as the control condition was because this humidity

is near the upper range for comfort for indoor conditions, and higher
humidities are rarely encountered indoors in the temperature zone,

Subjects were then exposed to either 70, 50, 30, or 10% RH at a constant

air temperature of 23 C.4

Results of this study indicated that a stay of three hours at a
relative humidity of 50, 30, or 10% BH had no affect on mucous flow and
that an 8 hour stay at 704RH also did not increase or decrease mucous
flow. The airflow was analyzed at maximal voluntary ventilation and
an analysis of variance for each nostril, each series of measurements,
and each condition,revealed no significant difference existed among the
air flows at the four humidity conditions. The findings of this study
make it clear that a high ambient humidity does not improve slow

mucociliary clearance nor does low ambient humidity impair it.
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In 1973, Andersen reported‘on.a study of human perception of humidity.
For this research, following acclimation at 707 RH, all subjects were
exposed to an unchanged humidity of 70°, 50, 30 or 10% RH at a constant
23 C temperature. The subjects were not informed about the experimental
conditions, but it was ekplained that the humidity or temperature might be
changed some time during the sessions. Every half hour the subjects were
asked to wvote about the temperature and humidity in the room on a certain

defined scale.

The main findings were that maximal humidity changes were not
perceived as such. The step change in humidity did, however,
temporarily alter the subjects' temperature perception. This
effect is attributed to humidity absorption and desorption in the
clothing causing a transitional heating or cooling effect.

Anothef major study by Andérsen and his associates in 1974 dealt with
human response to exposure to dry air. This research was done in response
to critics who implied that the 1972 study encompassed such a short time
frame so as to preclude humidity from egerting a definite effect on nasal
mucosa and respiratory function. In the later research, variables studied
included mucous flow rate, nasal resistance, forced vital capacity, skin
resistance and discomfort., Eight young, healthy men exposed to clean air
at 25 C were studied,

In groups of fourw, the subjects were indoctrinated as to the procedures
to be followed and then confined in the test chamber for a total of 125 hours.
To increase the nasal airflow and hence any possible drying effects on the
mucous membranes, the subjects pedaled a bicycle ergometer for 20 minutes

each day. The first 27 hours were. the control period during which the
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_ huﬁidity was held at 50% RH, The humidity was then reduced to 9% RH
within one hour and kept at that level for 78 hours when iﬁ was again
raised to 50% within one hour. °

The mucous flow in the nasal cavity was monitored. During the first
day at 50% RH, mucous flow decreased but this was not statistically
significant. During the dry period,a statistically significant increase
in mucous flow was monitored in some parts of the nasal cavity but not
in others. Conclusions drawn from the compilation of all data was that
contrary to the drying theory, mucous flow increased at 9% RH. During
exercise there was a tenfold increase in nasal respiratory flow of dry
air and no indicétiqn that drying of the mucosa occurred was seen. 6

A statistically significant decrease in comfort was shown to occur
during the dry period“- Analysis showed that marked interindividual
differences existed ,with some noticing the humidity change while
others did not. It was concluded that some individuals rated their
comfort not on’the humidity itself but on the static electricity which

became prominent immediately after the humidity was reduced.6

Optimum Humidity for Host Resistance.

Sale, 1968, stated that for good health the respiratory nucosa
requires a 40 to 50 percent RH. In 1971, he concluded that an “ideal
atmosphere" would be one of 40 percent RH at 70 F.95 Lubart is more
consistent. In his two papers published in 1962 he states that 45 percent RH

is regarded as optimal.67’68 Fahnestock and his associates, 1963, stated

32
that 75 F and 45 percent RH is usually required for sedentary workers.
Conversely, the aforementioned 1974 study by Andersen and his associates of

human response to dry air concluded that there is no physiological need

for humidification of air.
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Sale believed that during the cold weather human surroundings are
excessively heated, inadequately ventilated and completely deficient in
proper humidity. He tried to correlate the drying effect on the respiratory
membranes with ear, nose and throat problems occurring in the winter. He
also stated that dry air thickens the mucous and reduces ciliary motion,
causing dry mucous membranes to becomé more permeable to bacteria and
viruses. The problem with all these statements is that they are not backed
up by controlled studies,4’6 Verifying Sale's theoryvis complicated in
that seasonal fluctuation of disease is not only a very general
epidemiologic principle, but for a given disease is one of its most constant
epidemiologic characteristics. One of the former sweeping applications of
the "seasonal prevalence theory" was that upper respiratory tract diseases
were all winter disease hecause of a supposed increase in transmission
resulting from winter "crowding." Conversely, a disease not showing similar
seasonal prevalence had a different mode of spread. It is a fact that rates
of disease vary directly wifh population density, for example urbap and
rural differences, but it has not been shown that in any given population

seasonal variation follows seasonal "crowding." Seasonal disease

prevalence has been attributed to nany different things. The host might

be more receptive to a disease during the winter due to a multitude of
factors. Some of these factors include a decrease in. sunlight, physio-
logical changes brought about by changes in temperature, genetic and
physiologig differences, pregnancy, and seasonal differences in metabolism.
Humidity must also be considered but it cannot be singled out because it
is possible that many other variables exert an effect on winter upper
respiratory tract infection?
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Humidity and Chronic Disease

The literature contains several reports dealing with humidity

and its relationship to chronic disease.53’88’95

Hollander, 1963,
and his associates investigated the effect of simultaneous variations
of humidity and barometric pressure on arthritis.53 This study resulted
from the observation that increasing humidity and falling barometric
pressure almost invariably precede a storm, the time when the arthritic
person reportedly feels the worst. Individual variations of climatic
parameters had been negative in producing adverse effects on the patient.
Humidity at "standard" level was 30% RH and "standard" barometric
pressure was 30 inches of mercury absolute. An "obvious and prompt"
rise in patient discomfort was noted within four hours of onset of
a combined pressure fall and humidity rise. The results obtained when
varying multiple parameters led the researchers to conclude that it.
would "appear that the changing conditions, rather than the high
humidity or low barometric pressure, are responsible for adverse
effects on the patient." These conclusions lend support to allowing
wider humidity ranges in hospitals since the range of humidity in
which discomfort was noted is already within the limits required by
the Hill-Burton Standard.

Instances where humidity control might possibly be beneficial
would include asthma and allergic bronchitis, and other diseases of the
respiratory tract. If humidification can be shown to decrease airway

resistance a beneficial effect would be exerted for the disease. Sale, 1971,
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surveyed 817 of his otologic patients who had used humidifiers to relieve
their symptoms for thr'ee'wintersa95 His concentrated study led him to
believe the humidification had a positive effect. Sale believes that

dry and heated winfer air exert a profound negative impact on his patients
respiratory systems. He determined that 657 of his patients had excellent
improvement and 30% had good improvement due to humidification. These
results can be interpreted to conclude that humidification will alleviate
respiratory ailments of patients in the hospital environment. The problem
is that Sale made . no mention of what the humidity actually was before and
after humidification. No controls were used in these experiments, and no
mention was made of the remaining 5% of his patients.

In 1935, Rappaport and his associates studied the effect of low
relative humidity on pollen asthma.88 All of their subjects gave a
history of attacks of asthma for many years. This study confirmed previous
studies that even in pollen free atmospheres, the symptoms of asthma are
relieved slowly, leading to the conclusion that some other environmental
variable exerts a greater effect on the patients' condition.. A surprising
result of this study is that attacks of asthma are: precipitatedvduring
stormy weather when changing barometric pressures were noticed. This
possibly exerts a greater effect on patients than humidity but must be looked
at more closely.

In a study by Josenhans, 1969, patients with a known respiratory
disorder experienced increasing shortness of breath after a four hour
exposure to 92% relative humidity.39These results indicated that older
patients with respiratory diseases have impaired pulmonary function in
atmospheres of high relative humidity. There was no evidence of other

persons, without respiratory diseases, experiencing adverse effects on
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respiratory function at extreme ranges (10-93%) of relative humidity
at room temperature.

These studies, while not showing specific proof, do suggest that
variables other than humidity ma& predominate in causing allergies,
asthma, and inflammation in arthritic patients., The literature does not
provide definitive guidance as to the effects of humidity on chronic
disease patients, but it clearly does not support the current stringent

standards,

HUMIDITY AND MICROORGANISMS

Chapter 3 generally discusses the importance of airborne nosocomial in-
fections, in particular exogenous contamination caused by bacteria on =
squamous cells shed into the air by patients, visitors and staff. This
section discusses humidity control as a means  of airborne infection
control. It considers the susceptibility of pathogenic bacteria and
viruses to different humidities and\discusses some of the differing
opinions as to why and how humidity effects these microorganisms.

As has been previously stated, the 1974 Hill-Burton Standard sets
restrictive limits on relative humidities of 50-60% in operating,
delivery and recovery rooms and 30-607 in intensive care, nurseries, patient
rooms and special care nurseries. Apparently, one of the reasons for confining
humidity to these ranges is based on Dunklin and Puck's 1948 article
on relative humidity and airborne bacteria which stated that there exist
"a narrow range of relative hﬁmidity in the vicinity of 50% which is
rapidly lethal for microorganisms sprayed into the atmosphere from a
broth suspension," 29 Pneumococcus was shown to be the most sensitive at
this humidity While streptococcus group C and staphylococcus showed

much less sensitivity. It must be remembered that today, Staphylococcus
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aureus is responsible for»approximately one-sixth of the nosocomial
infections but the effect of the humidity on this particular organism is
small when compared to that of the pneumococcus. Another point demonstrated
by this study is the very narrow range needed to dessicate these microorganisms.
Only in the 40-55% RH range is the death rate accelerated,and the 1974
Hill-Burton Standard does not even confine humidity to these limits.

An especially interesting facet of Dunklin and Puck's work is that
they tested the effect of relative humidity on bacteria sprayed into the
air from a saliva suspension. The survival pattern of microorganisms
resulting from these tests mimicked almost exactly that of microorganisms
obtained from broth and saliva., This is an important point because the
survival of microorganisms generated. from different media is of concern
when trying to correlate the data to what actuaily happens when saliva
is the medium of atomization.

McDade and Hall, 1964, reported 6n the effects of relative humidity
on surface-exposed gram negative organisms.74 Their results showed that
faster kills of microorganisms occurred at 85% RH than at 53%. A relative

humidity“ofrllz had almost no effect on the survival of Proteus vulgaris,

Kingdon, 1960, reported in his study on relative humidity and airborne
infections that the optimum range of humidity necessary for killing airborne
viruses lies in the 76%~85% RH rangea6lHe used his data to try to develop
a hypothesis of a correlation between relative humidity and the onset of
the 1957 influenza epidemic. Akers and his associates, 1966, in their
work on Columbia SK Group viruses, also showed maximal virus inactivation
at greater than 807 RH,2 Since members of the Col-SK group are picornaviruses,
these investigators believe that other small, ether resistant, single

stranded RNA viruses will react in the same way.
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Cox, 1972, studied the aerosol survival of Pasteurella tularensis

twice,24 His first results showed minimum survival occurred between
50% and 55% RH, but in the second study maximal survival was between
30%Z and 60% RH, leadiﬁg him to make the statement that "the reasons
for such differences are not clear and indicate that unknown factors
influence aerosol survival."

Lester, 1948, determined the influence of relative humidity on
infectivity of airborne influenza virus.65 His results éhowed that at
humidities from 45 to 65% death occurred in 22.5% of mice exposed to an
aerosolized suspension of virus, while at 20% or 807% RH, mortality was 1007

Wells has shown that very low humidities are lethal to streptococci
Group C atomized into the air. The fault with his data is that he does
not specify the exact humidity, simply describing the air as "dehumidified."
Benbough has shown that polio virus and T3 phages also have rapid dieoffs
at humidities below 507, with under 10%Z of the polio virus surviving after

one second and under 37 surviving after 5 minutes.

As this review has shown, opinions vary widely on effects of
humidity on viruses and microorganisms and some researchers have been
unable to duplicate their own experimental results that demonstrated
bacterial and viral decay at specific humidities. Each microorganism
and virus reacts differently at different humidity levels, and only
within narrow limits which are much more restrictive than the Hill-

Burton Standard.
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Modes of Inactivation of Microorganisms by Humidity

A discussion of the inactivation of microorganisms by humidity must
be based on the previously mentioned point that data generated while
aerosolizing microorganisms in different media must be used and extrapolated
to determine what would actually happen if the organisms were expelled in
saliva. Several authors have dealt at length with this problem.l3’29’6l’105
Saliva contains a probable inhibitor with which microorganisms are thought
to be associated as well as sodium chloride in the order of 0.5 mg. per
ml.61 When a droplet leaves the respiratory tract it is leaving an

environment of about 100% RH and entering the atmosphere at usually some

lower humidity. The droplet immediately starts to lose water by evaporation

which progresses until any further size decrease is limited by vapor
pressure due to increased concentration of dissolved chemicals or until
the solutes in the particle crystallize. The stability of the infective
particle within the expelled droplet is directly related to the size

of the droplet, the medium containing the microorganism and the humidity of the
air which governs the rate of particle shrinkage. The latter point is of
most importance since the rate of decay is directly proportional to the
rate af which the droplet loses moisture and henée infectivity. VAt low
relative humidities air particles can lose all their water even when in
fairly tight chemical combination with the microbial cell . At high
relative humidities, even very loosely bound water will remain and at
intermediate humidity partial dehydration of the cellular system

can occur. Each particular microorganism as shown by the literature
cited appears to be influenced by the solute containing the particle at a
different humidity. This accounts for the fact that some organisms are
resistant at some humidity while others are dessicated., At very low
humidities, some cells effectively lysophilized which would protect them

while others are dessicated.
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Kingdon, 1960, as well as Dunklin and Puck, have established
almost conclusively that it -is the salt concentration within the expelled

29,61 1y ey

cell that exerts the greatest effect on the microbial decay.
determined that it was in fact the salts exerting the toxic effect by
eliminating certain components of the broth that was used as a suspending
medium. All other constituents in the medium when used alone or in
combination exerted no lethal éffect on the microorganisms.

It has been postulated that at a relative humidity deleterious to the

cell, there is a critical degree of moisture content within the cell that

renders the vital cellular components most susceptible to toxic agents.

Thus, the maximum lethal action of the salt occurs at a relative humidity
which dehydrates the microorganism to the point where it becomes most
vulnerable. The lethal action of éalt at this critical humidity probably
involves the inactivation of one or more essential enzyme systems. Death
of microorganisms has also been attributed to rapid loss of water move-
ment out of the cell weakening cellular structures, the inactivation of
cellular components due to much water in the cell, and the concentratioﬁ

. , © 51
of intracellular materials to toxic levels causing osmotic shocks.
. . . , . 29,99,104
Inactivation of virus has also been shown to be a biphasic event.

The first phase is a rapid initial loss of infectivity sometimes occurring

in less than one second, while the final phase is a slower long term inactivation.

CONCLUSION
Many naturally occurring environments such as the Southwestern United
States, cold climates and high altitudes all have the common character-
istic of dry air, some year round. While all of these areas are dry,
none could conceivably approach the 9% RH used by Andersen in his research.
The Sahara Desert averages 22%,and any occupied space where people are

living and breathing will be maintained at some humidity above 15% RH.
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Since the humidity used in the cited experiment was so artificially low
and no drying effects on the mucus were seen, in fact the opposité'bccdrréd,
it can be concluded that in clean air, healthy individuals have no adverse
reactions to either low or high humidity. Of course no conclusions can
be drawn from these reports about the effects of low humidity on
hospitalized patients. The previously mentioned studies by Josenhans
do indicate that very high humidity decreases functional residual
capacity and hence airway resistance in patients with a pulmonary disease.,59
Another point shown by this literature review is the
differing opinion about thé effect of humidity on microorganisms and
viruses. FEach microorganism and virus reacts differently and only
within narrow humidity limits, limits which are more restricted than
the Hill-Burton Standard. Consequently, if the standard's tight
humidity range is to be justified on the basis of airborne pathogen
destruction, a choice must be made as to a specific microorganism
or virus.
Overall;‘ oﬁe conclﬁéibn ié-fﬁét‘pfégéthhoépitéivgherﬁéi‘
standards as exemplified by those of the Hill-Burton Program, are

extremely conservative and difficult to justify on a basis of

available knowledge. At the same time however, there does not appear
to be an adequate research base for development of criteria on which a
revision of these standards could be based.

A possibility. also suggested by this review and particularly
attractive from an energy conservation perspective, is a standard
based on heating or cooling each room based on the. occupants’ particilar

needs, rather than possibly overheating or overcooling the entire complex.
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In determining future standards, however, it must be borne in mind
that even if mucous and cilia activity, respiratory function and
microbial decay do not constrain humidity, other factors may. For
example, one area of concern is off-gassing properties of certain
building materials. Insulation which is a major'building
product has been shown to give off formaldehyde in concgntrations
high enough to be detrimental to health,and humidity seems to exert
an influence on the rate of off-gassing. Humidity must also.be
considered of importance since it has been shown to increase the

irritating effects of cigarette smoke and exert a definite effect on the

perception of odors. This is a most important consideration when one
considers the multitude of cleaning agents, chemicals, odorants,
deodorants, etc. used in hospitals. Another major problem is
condensation of water vapor on cold surfaces which in turn could cause
the growth of allergenic microfungi. A further problem coming to light
at the moment is that of mite infestation of the human body by

Dermatophagoides, . which arevery allergenic. These mites proliferaté . in

indoor dust at humidities above 40%; And finally, there is the problem
of shedding skin scales which increase as humidity decreases. 1t is
thought that «shedding of epithelial cells is one of the major ways in
which microorganisms are transmitted from one person to another during

surgery.
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Chapter 6

ODORS

The sense of smell adds an additional dimension to our environmental

stimuli, in combination with sight, touch and taste. People often think of
"smell as one of our more primitive defensive and offensive mechanisms aﬁd
imagine éncient man stalking his prey and being led by his nose.

Many mammals use odors to delineate their territory, but it is doubtful
that man's sense of smell was ever sufficiently developed for this

purpose. Human reactions to odors are similar to those of other

senses: involuntary and spontaneous; and either 1liking, disliking or
indifferent.8 Odors are either liked or disliked based upon previous
experience with the odor or a similar odor. Pleasant odors conjure up

in our minds visions of pleasant things while unpleasant odors can

create discomfort. Odors have a significant bearing on human interaction
in today's society. Persoﬁs are categorized by their odors whether

the odof is real or not, and the odor emanating from the individual is
used to indicate moral purity, social status and living standards. 29
The entire nervous- system is affected by odors."8 Different odors
react to influence our heartbeat, respi?ation, and other reflexes
and calm us or put us on the defensive.

One of the major problems with odors is that the personal likes

and dislikes of people and cultural groups gause a particular odor

to be classified as pleasant or unpleasant. A given odor that is

preferred by a majority can still be disliked by some minority, and
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some odors no matter how repulsive to a majority might still appeal to
some minority. Such unintentional biases may reduce the validity

of investigator's results in sensory testing. Yet any data developed
by other than the human nose is not capable of revealing the pleasure/
displeasure quality of the odor, nor of réflecting secondary effects
caused by interactions. Odorants may not always be recognized as

odor producing. For example, air that may be characterized as stale
or stuffy is usually contaminated with a conglomeration of occupied
space odorants producing a depressing physiological or psychological
response rather than the sensation of odors. It is difficult then to
set standards and limits for such a subjective conctern. It must

be recognized that hospital odors are a problem that does cause patient
and staff discomfort and that ventilation rates must be considered
when dealing with odor control.

Control of odors in occupied spaces becomes more important with
the reduction of diffusion by improved building construction,
increased outdoor air pollution, increased internal use of processes
andvmaterials which release Volétile chemicéls; and the development of
odor controlling methods. There are many sources of odors that cause
discomfort to individuals in occupancy areas. In hospitals, the most
common obnoxious odors are body odors, tobacco smoke odors, human and
animal wastes, and the frequent use of disinfectants. Odors may
also be contributed by food, cooking, linoleum, paint, cleaning
materials, upholstery, rugs, drapes, and other ward furnishings.

This chapter discusses the physiological aspects of olfaction,
odor classification, odor thresholds, odor measurement, ventilation rates

and standards, and methods for odor control is related to the problem .

of odors in the hospital.
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PHYSTOLOGICAL ASPECTS

The nose is the most prominent feature of the face, and most people
associate the nose with the sense of smell. Actually, the nasal
passages continue for about 2% to 3 inches and join the top of the
pharnyx or throat. The olfactory cleft which is the seat of the sense
of smell, is located in the region behind and just below the
eyes. The inside of the nostrils is lined with a delicate continuation
of the epithelium that lines the outside of the nose. The mucosa of
the nose, in combination with the mouth and phayynx,has an extremely
large suxfacearea and an extensive vascular system that serves to
remove heat from hot air and to heat céld air. Air entering the nose
is also filtered. Hairs at the inlet block the passage of large particles,
and beyond this area the contour of the nasal passage forces inspired
air to pass close to or directly over the nasal mucosa. Larger particles
either impinge on the nasal surface or settle out by gravity depending
on size. With these functions in mind, the nose is much more than
simply a sniffing and smelling organ.

The olfactory cleft is situated in back of and below the eyes, or
more specifically,.between the median septum and the superior turbinate
(see No. 6 of Figure 6.1), so that air inhaled through the nose passes
near this region. A unique aspect of the location of the olfactory
cleft is that inspired air does not pass directly over it. Air ascends
and reaches a peak near the middle of the nasal passage where it then
descends to the posterior nares. For this reason it is thought that
eddy currents carry air to the olfactory region, causing joint olfaction
and a'deeper inspiration%8 The total surface area of the olfactory region

equals approximately one square inch in each nostril. The olfactory

6-3



receptors appear to be quite simple pigmented cells with long
protoplasmic filaments extending into the air ﬁassage. It is generally
believed that these hairs are affected by the odor particles initiating
the sense of smell.38 The hairs are kept moist by mucus supplied from

areas adjacent to the olfactory region.

BRAIN

Anterior
Nares

L

Teeth

70 n (STL'I Iy

Jawboho

FFia. 2.+ The nasal passages.

(1) Vestibule. (7) Sinuses

(1) Antrum. (8) Hard palate.
(3) Inferior turbinate. - (9) Soft palate.

(4) Middle turbinate. (10) Naso-pharynx.
{5) Superior turbinate. ({1 Posteriot nares,
t6) Olfactory cleft, (12) Phavynsx.

Figure 6.1 The nasal passages (Moncrieff, 1968).
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For a substance to have an odor it must be volatile, soluble in water,

and soluble in lipids.4 A characteristic of any given volatile

substance is that it sheds molecules into the air, which is a

prerequisite for the inhalation of its molecules.  The second
prerequisite of water solubility of the molecule is necessary

for the molecule to penetrate the moist mucus layer. If the molecule

is mnot water soluble it cannot penetrate to the nerve endings

and initiate a stimulus. The third prdperty of the molecule,

lipid solubility, is necessary for penetration of the nerve
endings lipid sheath, a component of the surface membranes

of all cells. When the odoriferous molecule penetrates and

stimulates the olfactory cleft, the sense of smell is initiated. The

olfactory nerve, situated in the olfactory cleft, connects the region
to the cerebrum. The cerebrum is the seat of intelligence and of the

12 cranial nerves, the olfactory nerve is the only one to enter this

high an area of the brain. It is in the cerebrum that the sensation

is interpreted and an odor is recognized as such.

The first step in the perception of an odor is the reaction
between the molecules of the odorant and the chemical receptor. The
second step is the recognition and differentiation of odors, a point
on which opinions differ, One of the more plausible theories of
recognition and differentiation is the sterochemical theory of odor
put forth by Amoore_e_i:___ql.4 Amoore initiated a literature search
to identify odorous compounds. This search yielded 600 compounds that
he was able to group in seven categories according to structures.



Amoore's hypothesis falls into the "lock and key"
category. Basically, the theory states that the seven primary
odors (see Figure 6.2) can Be matched to seven kinds of
olfactory receptors. These receptor sites would be similar in size
and shape to particular molecules, yith some molecules being able
to fit into two different slots, defining a complex odor. From the
seven primary odors, every known odor can be made by mixing in different
proportions. Amoore has supported his theory by looking at molecular
structure, predicting its odor, and verifying it with an odor
panel.

Amoore has also looked at specific anosmia, the little known
phenomenon of odor blindness. In his experiments, Amoore studied
what he called Davis Deficiency, the inability to perceive the
sweaty odor of isobutyric acid.3 Subjects in this experiment were
tested for their olfactory thresholds towards a group of 18 purified
compounds related in one way or another to isobutyric acid. The
compounds surveyed were used to test the different variables thought
to be assqciated with anosmia: molecular size and weight; molecular
.shape, and functional group. By exposing an anosmiac to diffefing
molecules and determining which could and could not be smelled, Amoore
was able to determine the approximate size and shape of the isobutyric
receptor site, or what Amoore contends is one of the seven primary
odors. This research indicated that about four percent of the test
population - was anosmiac to a particular odor. If this 18 the case,
it can be postulated that wup to 28.!percent of a given population

may be anosmiac to at least one of the seven primary odors.



This casts a shadow on some of the research on subjective odor levels.
Possibly some people in these tests who did not rate an odor as

objectionable could not even.smell it.

Ethereal

Floral Putrid

Figure 6.2 Shape of the seven primary odor receptor sites (Amoore, 1964)

Dravnieks puts forth a favorable explanation of olfaction different
than Amoore's lock and key theory.l6 Dravnieks states that odors have
two major dimensions: 1) psychophysical or sensory, and 2) analytical.
It is the psychophysical component of the odor that reflects the sensation.
In Dravnieks' article, "The Possible Mechanisms of Olfaction," he states
that odor sensation is convéyed to the nerves in the form of electrical
potential impulses. The impulseé in the odor of a few millivolts are
amplified on aferroelectricsubstréte, causing spontaneous polarizatiom.

The odor is recognized primarily by the pulse frequency that is generated.
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The theories of olfaction are by no means limited to Dravnieks
and Amoore. At the present time, these are accepted as
some of the more plausible theories of olfaction. TFor reader
reference some other theories of olfaction are: Liederitz (1959)
combines psychology and superstition to explain olfaction; Juhasz (1926)
developed the "pitch" theory; Alexander (1951) the "enzyme" theory;
Ruzicka (1920) the "osmoceptor" theory; and Burgenberg, DeJong and

Saubert (1937) the '"colloidal" theory.

ODOR THRESHOLD

The threshold of an odor is the minimum concentration at which it
can be deteéted at a statistically significant level. Usually
threshold refers to that concentration at which a particular odor
can be detected in 50 percent of trials, but in some instances it has
been defined as the first concentration at which 100 percent of the
people can recognize the odor.lA’31 On the other hand, the recognition
odor thréshold is defined as the first concentration at which an observer
can positively identify the odor quality of the odorant chemical and
maintain some consistency of response at all higher concentration 1evels.31

Doubling the concentration of an odor at a given concentration
does not double the perceived intensity. Instead, intensity varies
in proportion to the logarithm of the concentration in accordance with
other physical stimuli. The intensity of any physiological stimuli
can be expressed by the Weber-Freshener Law: sensation = k (log of

4
stimulus intensity). 0 Dravnieks instead uses S = kCn which

14 .
is called the psychophysical power function. S is the poreeived
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intensity with S being assignéd a number proportiénal to the intensity

of odor sensation; C is the odorant concentrafion; and k and n are
coefficients, Values of n for odors are less than unity

because doubling the odor does not aouble the perceived intensity.In general,

"values of n for odor sources that occur in the hospital are not known."l

Individuals vary in ability to detect odors either due to
- specific anosmia or intra—individual sensitivity. Sensitivity to
odors should follow a Gaussian distribution whén_Concentration ié
expressed in logarithmic form.

Odor thresholds of different chemicais varysf immensely. Odor
threshold detgrmination of 53 odorant chemicals as tested by Leonardos
et al showed that Trimethyl Amine has a threshold of .00021 ppm
versus Acetone with a threshold of lbO ppm.31 This would indicate
that extremely low concentrations of a particularvchemical in the
hospital - can be: associated with an odor problem while much higher

-concentrations of a different odorant might yield no problem.

'ODOR'CLASSIFiCATION AND MEASUREMENT
All odor measurement techniques.that are in use at the present time
rely on the human nose. The sensory attributes that can be measured
are the acceptability, quality, intensity énd pervasiveness. When

measuring for malodors within the hospital it is better to measure the

objectionability thréshold rather then the intensity threshold. These

two numbers can be vastly different with the intensity threshold

always lower than the objectionability threshold, because the odor must he
perceived before it .can be objected to. In the hospital it is usually
sufficient to control objectionability rather than to eliminate the odor

entirely. This is a general principal which could be used in all dwellingse

t® tonserve energy
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Odor classification schemes are not standardized. Many researchers
use their own classification system of defining odor scales of
pleasantness or unpleasantness. Many scales use association
for pleasant smells i.e., floral, peppermihty, spicy, and
characterization for unpleasant odors i.e., foul, overpowering

or nauseating.

There are many methods of odor measurement in use today. They

are too many to discuss in the context of this paper so the reader

is directed to references 2,8,17,20,24,36,39 and 42.

VENTILATION RATES AND STANDARDS

In 1935, Lehmberg initiated a laboratory study of minimum
ventilation requirements by confining human subjects in an airtight
box, ventilating the box and smelling the exhausted air?o In
1936-1937, Yaglou greatly expanded Lehmberg's .preliminary work, and today
he. is generally considered the pioneer in the study of ventilation
requirements for odor removal.

Yaglou studied the general problem of odors and tried to simulate
in the laboratory conditions of ventilation as found in offices and
schools. The three methods of odor control he studied were personal
sanitation, ventilation and air washing. Since the experiments by
Yaglou still constitute the main criteria for setting ventilation
standards with regards to stale air versus fresh air, they will

be recounted here in some detail.
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The experimental procedure was carried out in two separate rooms
adjoined by a small door. The "experimental" room was occupied by the
subjects while the other room served as a control for the judges who
estimated the odor intensity in the experimental room.

The air was introduced to the rooms near the ceiling
through 14 in, round ducts running along the entire length
of the rooms and fitted with splitters. The ducts were
perforated over half of the periphery with a multitude
of holes % in. in diameter and 2% in. on centers, facing
toward the ceiling. The recirculated air was withdrawn
at floor level through a 10 in. vound duct. The exhaust
atr was allowed to escape to the corridor through sensitive
check louvres attached near the bottom of the doors.

Accurate measurements of the total air supplied to
the rooms, the amount recirceulated, and that taken from out
of doors, were made by means of thinplate orifices
designed in accordance with the A.S.M.E. standards and
checked against a calibrated venturi meter. Control of
the air flow was by means of variable speed motors and
different size orifices. '

Dry- and wet~bulb temperatures were measured by means
of aspirating psychrometers, and the air movement by means
of kata-thermometers, or globe anemometers. Measurements
of carbon dioxide were made by means of a 20 cc modified
Haldane gas analysis appratus for CO9 only.

The experimental vroom was occuptied by 3,7, and 14
subjects in different series of experiments, so as to
obtain 8 different floor areas per person, t.e., LL, 22,
and 52 sq ft and 3 different air spaces 100, 200 and
470 cu ft approximately. The air flow in the experimental
room was varied from about 2 to 30 c¢fm per person in
diffevent experiments. In one series the total air supply
remained constant at 30 cfm per person but the amount
taken from out of doors was varied from 20 to 30 cfm.

In another series only outdoor air was cireulated through
the experimental room. In a third series, the mixture of
outdoor and recirculated alr was washed, cooled, humidified
or dehumidified in ovder to determine the effect of these
processes -on odor removal and on minimum ventilation
requirements.

According to the scale in Table 6.3 the agreement
between judges was usually within + % point on the scale,
as in Lehmberg's work, once they have become familiar with
the scale.
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Altogether 60 men and women with more or less
normal sense of smell served as judges. They were drawn
from employees of the school and graduate students.
Two of the judges devoted their entive time to the tests.
Others, usually from 8 to 16 persons in each test, were
called in as needed. After a short stay in the control
room, they passed to the experimental room to smell the air,
and were then released. All records were kept confidént@al
by two men who ran the tests.

SENSORY INTENSITY SCALE oF Boby Obor

OporR | ¢y s racTERISTIC ALIFICATION
Ix};;l:g;r\ TERM Qu 1C
0 None No perceptible odor.
13 Threshold Very faint, barely detectable by trained judges; usually
11111)ercept1ble to untrained persons.
1 Definite Readily detectable by all normal persons but not objec-
tionable.
2 Moderate Neither pleasant nor disagreeable. Little or no objection.
Allowable limit in rooms. .
3 Strong Objectionable. Air regarded with disfavor.
4 Very strong Forcible, disagreeable.
-5 Overpowering | Nauseating.

Table 6.3

The results of this study indicated that the strength of the
perceived body odors ﬁpon entering the experimental room varied
inversely as the log of the outdoor air supply. - The minimum air
supply needed to bring the odor to the allowable intensity of
two Yaglou's scale with 200 cubic feet of air space per
person was about 16 dfm per person. Grade school children in
spite of smaller body surfaces required 21 cfm per child to keep
the odor level not objectionable. Under identical conditions,
adolescents, age 16 and up, required the same ventilation rates
as adults. Sex was not a factor in odor intensity. With an air
space of 470 cubic feet per person, which is representative of
conditions in the home, the air requirement with respect to body

odors was reduced to seven cfm.
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Air washing, humidifying or cooling recirculated air removed
a considerable amounﬁ of odors in Yaglou's experiments. Air
reduction in the ventilation requirement for outdoor air during
recirculation from 16 to 13 cfm was realized by any of these
treatments. This repregents a 20 percent reduction in ventilation and
would result in energy saving since proportionally less airmust be conditioned.

One of the‘unusual aspects of .this study was that a

cross section of socio-economic groups was' tésted individually
as follows:. a) 177 sedentary men and women of "average
socio~economic status; b) 62 grade school children of average -
socio—-economic status; c¢) eight laborers; d) seven school children of the
poorest class, and e) 28 school children of the better class. Socio-
economic status was a significant factor during these experiments.
For example, with equal ventilation rates, laborers were much
more odoriferous than medical students (a). In fact the ventilation
rate haa to be increased by 50 percent in order to‘keep the odor
level below 2 units on Yaglou's scale (see Table 6.3 ).

Yaglou's study also showed a difference in odor intensity
perceived by the subjects and the investigators. Subjects generally
agreed that upon entering the test room, air quality was good. Near
the middle of the test odor quality was perceived to have deteriorated,
but at the end of the test subjeéts could not delineate between the
middle and later periods, indicating olfactory sensitization. On
the other hand, the judges were able to distinguish between these
periods and noted a sharp detgrioration in alr quality as the length

of confinement increased. The judges required an airflow of 16 cfm in
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order to consider the odor not objectionable. Subjects were
satisfied with almost any air velocity over three cfm as long as air
space exceeded 100 cubic feet.

Another significant finding was that untreated, recirculated air
in any amount had absolutely no effect in diluting odor intensity
and improving air quality.

The results of Yaglou's second study on ventilation requirements
were reported in 1937. This study dealt with spontaneous disappearance
of body odors with time, changes in odor removal efficiency depending
on room size and ventilator location, and adsorption of odors on room
surfaces. Yaglou's work on body odor degradation %as the first
work of its kind. One of his conclusions was that body odors
disappeared with time. He attributed this to oxidation and to the
loss of moisture from the organic component of body odor to the
atmosphere. Human odors decayed within four minutes of a subject
leaving the room even-with no ventilation. The decay time of
tobacco smoke was also studied and it was shown to exceed 17 hours . ..
and up depending on the number of cigarettes smoked.

The arrangements of persons within a room in relationship to
the location of the air supply had a pronounced effect on odor
removal. These experiments emphasized the importance of a large
area for each person. The greater the area per person the lower
the rate of ventilation needed just so there is enough air to move
across the occupied zone. The air was free to move across this space
removing odors in the larger room. Reducing room size necessitated
increased ventilation rates allowing the air to move quickly to

the exhaust and thus lowering efficiency.
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The experiments by Yaglou showed that adsorption of odors on walls,
ceilings and floors was minimal and did not greatly effect odor
intensity. Other authors have looked into the odor adsorbing
properties of certain materials, but their conclusions cannot be
extrapolated to body odor édsorption.

Hopper studied the odor retention characteristics of cotton,
wool, nylon and rayon.21 Iso-amyl acetate was used as the odor
producing agent. Of the fabrics tested, rayon did not adsorb
enough odor to be measured. Test results on the other fabrics
showed that odor pickup and odor decay for nylon and cotton are
essentially the same. Wool adsorbed less odor during a 24-hour
period and its rate of odor decay was lower than that of nylon and
cotton.. The maximum odor adsorption and retention of material was
dependent on both the temperature and the relative humidity.

Maximum odor adsorptién occurred at 75° F and 50 percent relative humidity,
Odor adsorption at lower and higher temperatures was considerably lower.

The relationship of humidity and odor was more thoroughly
studied by Kuehner?7’2%ﬁs results showed that high humidiéy
"reduces the acuity of the sense of smell and accelerates the
volatilization of odors from certain household substances."

This pfoduces a quandry which must be balanced to derive beneficial
effects. Where emission of odors is intrinsic such as with paints
and linoleum it would be beneficial to keep humidity low which would
keep odor emission low. On‘the other hand when odors become
adsorbed, ventilating with high humidity will help cleanse the

surface and at the same time reduce the aquity of the sense of smell.
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An extensive literature search revealed that there is
no research relating to odor adsorption by materials from cleaning
agents and echemicals used in the hospital. One could surmise that
very reactive chemicals such as alcohols would leave no residual
odors and be a transient problem,but the multiplicity of other
agents used could indeed cause trouble.
In 1935 Houghton studied classroom odors with reduced outside air
supply. He controlled the heat and ventilation in some classrooms
and determined that five cfm of fresh air is the absolute minimum
necessary to keep odor levels unobjectionable.23 Houghton's
conclusions paralleled Yaglou's, showing that odors are little
noticed by room occupants but are very noticeable to a person
entering an odoriferous area from a less odoriferous area.
Rae and Smith reported a study in 1976 on hospital ward odors.
Tests were carried out to determine the effect of mechanical ventilation
and recirculation rates on subjective odor levels. Rae and Smith
stated in opening'remarks of their paper that:
an extensive Lliterature survey revealed
little previous relevant work on subjective
odor levels, current practice in regards to
odor being largely based on rule of thumb
figures derived from tests carrvied out in the
1930s with subjects in small chambers (Yaglou,
Riley and Loggins, 1936, Yaglou and Witheridge,
1937). We were therefore obliged to commence
testing work in a position of relative
ignorance as to what conditions would occur
in the test situation.

Odor levels in the hospital ward were rated on a scale of one to four, with

one being barely noticeable background odors and fouf being intolerable.

During the two-year period in which this study was carried out, two
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occasions of odor conditions were classified as acute. The
critical zone of patient and staff complaints was found to be
directly within the source room, adjacent rooms and linking corridor.
"No significant effect of either air change rate or percentage
recirculation'" was found to influence the subjective odor level in
the ward areas. Ventilation rates during the study ranged from
three to six air changes per hour.

It should be noted that this study was carried out in Scotland
where the social structure of the hospital setting differs from
that in the United States. Large ward areas are not uncommon and
in the experimental setting four or five patients were located in a
room of 225 square feet which includeda bathroom. Patient isolation
is strongly frowned upon and it would be unheard of to isolate a
patient odor source even if that person was the only source.
In the United States the acutely malodorous conditions encountered
in this experiment from patient sources could have been handled
by isolation. In view of th;\fact that six air changes per hour were
not sufficient to cleanse the air in this experiméntal situatiénv
the authors felt that an excess of 20 air changes per hour would be
necessary to reduce odor to thréshold levels. From an energy point
of view, this would be costly and wasteful.v Isolation of the odor
source seems more preferable in what appears to be a relative .infrequent
occurrence,

One weak aspect of this study is that outsiders or impartial
judges were not used to survey the odor intemsity, but rather
hospital workers and patient's views were taken. Since the odors

were emanating from patient sources,the patient might not admit to

6-17



perceiving an odor problem especially if they were the source.
The hospital staff would presumably be acclimated to hospital
odors and not perceive an odor as '"troublesome' or "intolerable."

Current Standards for Odor Control

The technology of odor control is not as sophisticated as other
aspects of building heating, ventilating and air conditioning
engineering. There is an absence of standards for odorant production
and acceptability and only limited measurement tools to assess the
quality of an odorous space or the performance of odorant control
mechanisms. The present hospital ventilation standards seem to
be based on what is thought to be a need for airborne biological agent
control. To try to apply these stdandards to ©dor control is °
a futile exercise.

Examination of state conformance to hospital ventilation
standards (Chapter 2) revealed that the standards most closely
adhered to are the 1974 Hill-Burton Standard. These standards do
not address themselves to reducing odors (Table 2.2)., In some
areas it is required that the air be filtered but this is for
bacterial and particle removal only. This standard also allows
for an "optional" recirculation of air in some areas. Yaglou's study
showed that recirculated "uncleaned'" air has no functional capacity
for eliminating or diluting odors. In other wordd, . from an odor
staﬁdpoint, recirculation without cleaning the air of odors
is ineffective.

Under the 1974 Hill-Burton Standard the operating room air change
rate can be asblow as five air changes per hour if 100 percent outside

air is used (Table 2.2). Recently surveys indicate that anesthetic
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gas levels can reach appreciable levels even if over 15 air changes
an hour are used, but there is some indication that particulate
concentrations in the air might be reduced and that odors might
be reduced based on extrapolation of Yaglou's data.7

All other areas of the hospital require fewer air changes
per hour. For example patient rooms are allowed a minimum of
two air changes an hour of outside air. Rae and Smith showed that
these ventilation rates would have to be increased 10 to 15 times
to alleviate an odor problem. From an economic and energy standpoint,
this is simply not feasible,

The 1978 ASHRAE Standard (Table 2.4) makes some useful
recommendations regarding odor control. The standard states that

to control odor that is associated with some cases,

activated charcoal filters or additional ventilation may

be required in a central recirculating system.
A further recommendation is:

Most existing govermmental agency design criteria

and codes require all air from toilet rooms to be

exhausted directly to outdoors. This vequirement

appears to be based upon odor control. Practical

experience has shown that health facilities, with

the possibile exception of nursing homes, having

central toilet exhaust systems generally have

sufficient dilution to render the toilet exhaust

atr practically odorless. For this reason, plus

the need to conserve energy, 1t is recommended

that consideration be given to recirculation of

up to 60 percent of toilet room air where central

systems with appropriate conditioning and fil-

tration equipment are employed.”
These ASHRAE recommendations represent a more progressive approach towards
hospital ventilation standards with regard to energy conservation since they

not only call for recirculation of air but outline methods for its use and

possible treatment.
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CONTROL OF ODORS

Some of the major directions taken in odor control are focused
on incineration, oxidation, dilution, absorption and adsorption.
Some of these are not applicable for use in the hospital environment
and some methods of odor control have been discontinued when it was
realized how dangerous they really are (i,e., ozonation) to
the hospital population even though they are effective in curbing
the odor problem.

Masking and Induced Anosmia

Masking is the most widely used odor control method in
homes;, industry, or the hospital. The reasons for this are primarily
economic because masking an odor is much cheaper than any other
control method. The masking of odor falls into two categories:

1) disguising the odor so it smells like something else, and 2)
induced anosmia.

Disguising an odor is prevalent in our society in general. We
wear perfume, use deodorantvsoaﬁs and apply deodorants to our body
even after we have just cleaned them, so it-seems natural to
disguise the odors in the air. Air sprays and fresheﬁers work
primarily in this direction. They are sprayed into the air, or emitted from
"wicks" and other devices to create a new odor that is hopefully
more pleasant than the old odor. Masking does not eliminate the
odor source, nor are molecules causing the odor eliminated.

As previously discussed,_anosmia is the inability to smell an
odor., Andsmia-can be induced by olfactory fatigue, by continued

stimulation, or by certain drugs or chemicals. This can be used to
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an advantage by spraying a chemicalvinto the air, which dulls
olfactory sense and hence causes a person to temporarily lose the
sense of anell. A few minutes in fresh air or even a few sniffs of
fresh air restores the sense of smell. Again, with this method

as in masking, the odor source is neither reduced nor eliminated.

A major concern of masking hospital odors is that another unknown
is added to the environment. An example of this is the deodorants
used in the University of Minnesota Hospitals. The solid air
freshener contains carageenan, pigments, surfactants, water,
preservatives, oils and aromatics. The spray deodorants contain
hydrocarbons, surfactants, water, oils, aromatics, petroleum
distillates and a corrosion inhibitor. This is the only information
available from the manufacturer on the contents of this product.
Chemicadl formulas or names needed to determine the possible
toxicity of these substances were not disclosed.

In 1947 McCord published a paper concerning the safety of air
deodorants 30 His results indicated that they did not have allergenic
properties but only healthy persons were surveyed. More study is
needed in this area to determine if the use of these products is
safe in the hospital environment and not harmful to patients or staff.

Incineration and Oxidation

Incineration is a form of oxidation and can be used for odor
control, h&drocarbon control and organic pollutant control. Almost
~all highly odorous pollutant gases are combustible or are changed
chemically to less odoriferous compounds when burned in the presence

of oxygen.1 When concentrations of a pollutant are extremely low,
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incineration works well but its application to the hospital is
limited due to cost and maintenance. Another limiting factor is that
after inéineration the air would be too hot for recirculation.

Other forms of oxidation are chemical in nature. Chlorination
and ozonation can be used fo oxidize odoriferous compounds. In fact,
ozonation was generally recognized method of odor control and was
used in the hospital setting until it was realized how dangerous the
ozone was versus the odors themselves just being a nuisance.

Chlorine is another oxidizing chemical which should not be used
freely around the hospital, so incineration and oxidation in hospitals
for odor control are not preferable methods.

Dilution

Dilution is simply the process of adding clean air to odoriferous
air and reducing the relative concentration of the odorant. The
only conclusive study applicable to this process appears to be Yaglou's
work. Again, from review of his data, it would seem that
dilution of odoriferous air with clean air might be a solution. The
problem is where the clean air is going to come from. Weather
conditions such as temperature inversion might cause the "clean"
outside air to Be odoriferous precluding its use for dilution.
Another problem is that for different.odors and for different
~concentrations of an odorant the percentage of clean air mixed with
odoriferous air will vary. Yaglou stressed the importance of using
clean air and showed that odors cannot be decreased by dilution with

uncleaned recirculated air.
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A.réport puBliShed by a group in Sweden showed that airflows
in older buildings are normally 40 m3/h (23.5 cfm) per person and lower,
while ne&er buildings have an airflow of about 70 m3/h (41.2 cfm)
per person.13 A statistical analysis conducted by this group to
determine the influence of these different rates on perceived odor
intensity indicated that there was no difference at the lower
versus the higher level. This study also demonstrated that even
when ventilating at 70 m3/h'per person there is no noticeable
improvement in the room: odor, hence dilution does not seem to
be a viable odor control method.

Absorption

Absorption is a diffusion process which involves the transfer of
gas molecules into the liquid phase. Another name for this process is
scrubbing since the odorant is washed by a liquid and absorbed into it.
Air scrubbers may effectively remove odorants but the feasibility for
use in recirculated air systems in the hospital is limited. These
systems are fairly large and expensive to run and maintenance costs
‘are high. This control method is also difficult to apply
to a point source odor problem.

Adsorption

The principal means by which odoxrs are controlled via adsorption
is by allowing the gaseous molecules to iﬁpinge on a solid substrate
so that the moiecules are captured and restrained on the substrate.

» Hence, adsorption is a process by which gaseous molecules are captured
and restrained on a solid. The most common type of adsorbant used

is some form of.activated.cérbon, although clays, gels and

silicates are also in use. This process has the advantage of being
able to remove organic vapors along with odor producing compounds. The

problem with activated carbon is that the greatest efficiency is with
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molecules of high molecular weight and gases with high boiling points. Ammonia
ethylene and formaldehyde all have low molecular weights, so it
should not be expected that activated charcoal would remove .these
substances.44 Very stable gases such as carbon monoxide are also ..
not be removed.

Table 6.4 1lists efficiency of removal by activated carbon for
many materials. Odorous compounds that are found in the hospital

are checked as are some of the chemical compounds.
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G2-9

Talbe 6.4. Capacity of 50 minutes activated coconut charcoal for vapors.

The capacity index has the following meaning:

+-High capacity for all materialsin this category.
weight—average about 1§ (33-14%).
3-Satisfactory capacity for all items in this category.
is not as high as for category 4. Adsorbs about 10 to 259,
2-Includes substances which are not highly adsorb

These constitute

t One pound takes up about 20% to 50% of its own
This category includes most of the odor causing substances.

] good applications but the capacity
of its weight—average about 1/ (16.7%,).

ed but which might be taken up sufficiently to give good

service under the particular conditions of operation. These require individual checking.

1-Adsorption capacity is low for these materials.

move them under ordinary circumstances.

Activated charcoal cannot be satisfactorily used to re-

2-Acetaldehyde
4-Acetic Acid
4~-Acetic Anhydride
3~-Acetone
1-Acetylene
3~Acids

3-Acrolein
1-Acrylic Acid
4~Acrylonitrile
4-Adhesives

4~Air Wick
4-Alcohol
4-Alcoholic beverages
2-Amines
2-Ammonia
4-Amyl Acetate
4-Amyl] Alcohol
4~-Amyl Ether
3~Animal Odors
3-Anesthetics
4-Aniline
4-Antiseptics
4-Asphalt Fumes
3-Automobile Exhaust
3—Bacteria
4-Bathroom Smells
4-Benzene
3-Bleaching Solutions
4-Body Odors
4-Brormine
4-Burned Flesh
4-Burned Food
4-Burning fat
3-Butadiene
2-Butane
4-Butanone
4-Buty] Acetate
4-Buty] Alcohol
4-Butyl Cellosolve
4~Butyl Chloride
4-Butyl Ether
2-Butylene
2-Butyne
3~Butyraldehyde
4-Butyric Acid
4-Camphor
4-Cancer Odor
4—Caprylic Acid
4-Carbolic Acid
3—Carbor Bisulfide
1-Carbon Dioxide
1-Carbon Monoxide
4—Carbon Tetrachloride
4-Cellosolve
4-Cellosolve Acetate
4-Charred Materials
+—Chetse
3-Chemicals
3-Chlorine
4~Chlorobenzene
4-Chlorobutadiene
4-Chloroform
4-Clloro Nitropropane
4-Chloropicrin
4~-Cigarette Smoke

4~Citrus and other fruits
4-Cleaning Compounds
3-Coal Smoke R
3-Combustion Odors
4~Cooking Odors -
3~Corrosive Gases
4-Creosote

4-Cresol
4—-Crotonaldehyde
4-Cyclohexane
4-Cyclohexanol
4-Cyclohexanone
4-Cyclohexene

4-Dead Animals
4-Decane

4-Decaying Substances
4-Decomposition Odors
4-Deodorants
4-Detergents
4-Dibromoethane
4-Dichlorobenzene
3-Dichlorodiflucromethane
4-Dichloroethane
4-Dichloroethylene
4-Dichloroethy! Ether
3-Dichloromonofluormethane
4-Dichloro-Nitroethane
4-Dichloropropane
3-Dichlorotetrafluoroethane
3-Diesel Fumes
3—-Diethyl Amine
4-Diethyl Ketone
4-Dimethylaniline
4-Dimethylsulfate
4-Dioxane

4-Dipropyl Ketone
4-Disinfectants
4-Embalming Odors
1~-Ethane

3-Ether

4-Ethyl Acetate
4-Ethyl Acrylate
4-Ethyl Alcohol
3-Ethyl Amine

4-Ethyl Benzene
3-Ethyl Bromide
3-Ethyl Chiloride
3—-Ethyl Ether

3-Ethyl Formate
4~Ethyl Mercaptan
4-Ethyl Silicate
1-Ethylene

4-Tthylene Chlorhydrin
4-~Ethylene Dichloride
3--Ethylene Oxide
4-Essential Qils
4-Eucalyptole
3-Exhaust Fumes
4-Female QOdors
4~-Fertilizer

3-Film Processing Odors
4~Fish Odors

4-Floral Scents
3-Fluorotrichloromethane
4~-Food Aromas

2~Formaldehyde
3-Formic Acid

2-Fuel Gases
3-Fumes

4-Gangrene

4-Garlic

4~Gasoline

4-Heptane
4-Heptylene
3-Hexane

3~Hexylene

3-Hexyne

4-Hospital Odors
4-Household Smells
1-Hydrogen
2-Hydrogen Bromide
2-Hydrogen Chloride
3-Hydrogen Cyanide
2-Hydrogen Fluoride
3-Hydrogen Iodide
2-Hydrogen Selenide
3-Hydrogen Sulfide
4-lncense

4~-Indole

3-Inorganic Chemicals
3-Incomplete Combustion
3-Industrial Wastes
4-Iodine

4-Iodoform
4-Irritants
4-l1sophorone
3—-isoprene
4~Isopropyl Acetate
4—Jsopropyl Alcohol
4-1sopropyl Ether
4-Kerosene

4-Kitchen Odors
4-Lactic Acid
4-Lingering Odors
4~Liquid Fuels
4-Liquor Odors
4—Lubricating Oils and greases
4-Lysol

4-Masking Agents
4-Medicinal Odors
4-Melons

4~Menthol
4-Mercaptans
4—-Mesityl Oxide
1-Methane

3-Methyl Acetate
4-Methyl Acrylate
3-Methy] Alcohol
3-Methyl Bromide
4—~Methyl Butyl Ketone
4~Methyl Cellosolve
4—Methyl Cellosolve Acetate
3-Methy! Chloride
4-Methyl Chloroform
3-Methyl Ether
4-Methyl Ethyl Ketone
3-Methyl Formate
4-Methy! Isobutyl Ketone
4-Methyl Mercaptan
3-Methylal

4-Methyleyclohexane
4-Methyleyclohexanol
4-Methyleyclohexanone
4-Methylene Chloride
3-Mildew

4-Aixed Odors

3-Mold
4-Alonochlorobenzene
3-Monofluorotrichloromethane
4-Moth Balls
4~Naphtha (Coal tar)
4-Naphtha (Petroleum)
4—Naphthalene
4-Nicotine

3—Nitric Acid

4-Nitro Benzenes
4—Nitroethane
2-Nitrogen Dioxide
4-Nitroglycerine
4~Nitromethane
4-Nitropropane
4~-Nitrotoluene
4-Nonane

3-Noxious Gases

4~ Octalene

4-Octane

4-Odors

4-Qdorants

4-Onions

4—Qrganic Chemicals
4-Ozone

4—Packing House Odors
4-Paint and Redecorating Odors
4-Palmitic Acid
4—Paper Deteriorations
4-Paradichlorbenzine
4-Paste and glue
3—Pentane
4—Pentanone

3-Pentylene
3—Pentyne
4-Perchloroethylene
4-Perfumes, cosmetics
4-Perspirations
4-Persistent Odors
4—Pet Odors

4-Phenol

3—Phosgene

4-Pitch

4—Piastics

3-Poison Gases
3—Pollen

4-Popcorn and Candy
4-Poultry Odors
2-Propane
3-Propionaldehyde
4-Propionic Acid
4-Propyl Acetate
4—-Propyl Alcohol
4—-Propyl Chloride
4-Propyl Ether
4—Propyl Mercaptan
2-Propylene
2-Propyne
3-Putrefying Substances
4-Putrescine
4-Pyridine
2—Radiation Products
4-Rancid Oils
3—-Refrigerant-12
4~Resins
4-Reodorants
4-Ripening Fruits
4-Rubber
4-Sauerkraut
4-Sewer Odors
4-Skatole
3-Slauglitering Odors

4-Smog

4—-Soaps

4-Smoke

3-Solvents

4~-Sour Milks
4-Spilled Beverages
4-Spoiled Food Stuffs
4-Stale Odors
4-Stoddard Solvent
4~-Stuffiness
4-Styrenc Monomer
4~-Sulfur Compounds
2~Sulfur Dioxide
3—Sulfur Trioxide
4-Sulfuric Acid
4-Tar

3-Tarnishing Gases
4—Tetrachloroethane
4—Tetrachloroethylene
4-Theatrical Makeup Odors
4-Tobacco Smoke
4-Toilet Odors
4—Tolucne
4—Toluidine

. 4-Trichlorethylene

4-Turpentine
4-Urea

4-Uric Acid
4—Valeric Acid
4-Valericaldehyde
4-Vapors
4-Varnish Fumes
4-Vinegar
3-Vinyl Chloride
3—Viruses
3-Volatile Materials
4-Waste Products
3-Wood Alcohot
4-Xylene

Somie of the contaminants listed in the table arle)lspeciﬁc c.htfmical compounds, some represent classes of
unds, and others are mixtures and of variable composition. S

\crggifso somewhat with the concentration in air, with humidity and temperature, and with the actual velo-
city used through the filters. The numbers given represent typical or average conditions and might vary
in specificinstances. The valuesin the table have been assembled from many sourcesincluding lal?oratc;]x:y
tests and field experience. In cases where numerical values were not available, the author bas listed his

. opinion of the probable capacity based on gencral experience.
! only.

Activated charcoal’s capacity for odors

The table should be used as a general guide



The charcoal referred to in Table 6.4 is 50-minute
activated coconut.charcoal used widely for air purification. The
50 minutes refers to a test procedure used to determine the
adsorptive capacity of the charcoal. When examining the capacity
index at the top of the chart, some interpretation is necessary
because these values are misleading. For example, "pyrdine, valeric
acid, and methylketone are all givén a ''four' rating. However, the
odor threshold as well as themaximum allowable concentration for the
three substances varies significantly. Valeric acid has a very
unpleasant odor in the low parts per billion range. Methyl ethyl
ketone, on the other hand, can be tolerated at sev;ral hundred
parts-per-million in air. Hence, although the maximum capacity of
activated charcoal Withouf regard to concentration for those
substances may be similar, the actual usable capacity for odor
removal applications will vary markedly due to the large differences
in odor tﬁreshold and odor characteristic.' “

Other shortcomings of the activated carbon are in part due to the
way ithas to be installed in recirculated air systems. The adsorption
beds on a system such as this have to be packed very loosely. This
is necessary to keep resistance minimal so increased energy is not
needed to force the air through. The loosely packed bed results in
decreased dwell time of the air, decreasing efficiency. Factors
influencing the adsorbate efficiency include dwell time, adsorbate
density, adsorbant packing, wvapor pressure of adsorbate and temperature
and pressure of the system.

In an air recirculation system activated charcoal filters are the

method of choice for odor control. Tiese. units can be self-contained,

can be applied to point source control, and require low maintenance.
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CONCLUSIONS

Odors are a recurring problem within today's complex hospital
environment and do cause patient, staff and visitor discomfort.

The primary sources of odors include the patient as well as the
multitude of cleaning agents, disinfectants, deodorants and
deodorizers which are used indiscriminantly throughout the hospital.
Deodorants and deodorizers simply mask the odorant or induce anosmia
and do not remove the odor causing particles.

Ventilation per se can not be used for control of odorants
since odors vary as a log function and ventilation rates in excess
of 20 air changes per hour may be necessary to reduce a strong
odor to an acceptable level.

When discussing odors in the context of.a hospital problem,
it is better to state the odor objectionability threshold and not
the threshold concentration of an odorant. It is-not practical
from an energy standpoint to dilute the odor below threshold when it
would suffice to dilute theodor to its objectionability threshold,

since the latter might require ordersof magnitude less dilution.

Another major point of concern is whether or not an odor

should be diluted to the objectionability threshold for hospital
staff, patients, or visitors. This decision could greatly influence
ventilation requirements and system cost because visitors would

most probably have a lower objectionability threshold than the others,

necessitating increased air treatment.
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Point source control should be applied to odor control. This
could be most expediently carried out by isolating the source and
recirculating the air through an activated carbon filter. Filtering
air through activated carbon filters would reduce the odorant
concentration as well as reduce the levels of airborne chemical
contaminants present in the air.

Yaglou's work needs further study and validation in terms of
today's hospital environment. It must be determined if odorant
concentrations acceptable in 1936 are acceptable today and have the

same perceived intensity in today's society as they did then.

6-28



10.

11.

12.

13.

14,

15.

16.

References

American Industrial Hygiene Association. Air Pollution Manual
Part II. Published by Industrial Hygiene Association, Detroit,

Michigan, 1968.

American Society for Testing and Materials. Manual on Sensory
Testing Methods. ASTM Technical Publication No. 434, Philadelphia,
Pennsylvania, 1968.

AMOORE, S. E. Specific anosmia: a clue to the olfactory code.
Nature, 214: 1095-1098, June 1967.

AMOORE, J. E. et al. The streochemical theory of odor. Scientific
American, 42-49, February 1964.

BARNEBEY, H. L. Activated charcoal for air purification. ASHRAE
Transactions, 64: 485-502, 1958.

BISHOP, R. Odor. Unpublished Plan B paper presented to the School
of Public Health, University of Minnesota, Minneapolis, 1963.

Carlson Keith, Industrial Hygienist, University of Minnesota,
personal communication, 1978.

CHEREMISINOFF and YOUNG. Industrial odor technoldgy assessment. Published by
Ann Arbor Science, Ann Arbor, Michigan, 1975.

CLAPHAN, T. M. et al. Activated carbon-odorant removal from air
quantified. ASHRAE Transactions, 76(2145): 75-86, 1970.

COMSOLAZIO, W.V. et al. Minimal replenishment air required for living
spaces. ASHVE Transactions, 53: 127-151, 1947,

Control of odors and gaseous contaminants. ‘Chapter 33, ASHRAE
Handbook 1976 Systems. Published by ASHRAE New York, New York 1976.

DABUE, R. R. Fundamentals of odor control. WPCF, 44(4): 583-594,
April 1972. . '

Dimensioning air treatment plants in hospitals. Stockholm, Sweden
Translated by Emil Fossan, State Department, Washington, D.C., July 1978.

DRAVNIEKS, A. Effect of increase in odorant concentration on
detectability and intesity of odor, 1978.

DRAVNIEKS, A. Fundamental_consideratioﬁs and methods for measuring
air pollution odors. Paper presented at the 6th International

Symposium on Olfaction and Taste, Gifsuyvette, France, July 1977.

DRAVNIEKS, A, Possible method of olfaction. Science, 4825 245-247,
April 1962,

6-29



17.

18.

21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

31,

DUFEA, R. A. Appraisal of odor-measurement techniques. Journal of the
Air Pollution Control Association, 18(7): 472-474, July 1968.

HARPER, R. et al. Odor description and odor classification.
Published by J. and A. Churchill Ltd., London,1968.

Health Facilities, Chapter 7, ASHRAE Handbook and Product.Directory, 1976
Aplications, Published by ASHRAE, New York, New York, 1978,

HEMEON, W. C. Technique and apparatus for quantitative measurement
of odor emissions. APCA Journal, 18(3): 166-170, March 1968.

HOPPER, W. F. Surface odor adsorption and retention properties of
surfaces. ASHRAE Transactions, 65: 735-744, 1959.

Hospital Ventilation Standards and Energy Conservation. Proceedings
of the lst International Working Conference. (University of
Minnesota, Minneapolis), 1978.

HOUGHTON, F. C. et al. Classroom odors with reduced outside air-
supply. ASHVE Transactions, 41: 253-267, 1935.

JANSSEN, L. Considerations and methods in odor measurement.
(Unpublished Plan B paper presented to the School of Public Health,
University of Minnesota, Minneapolis, Minnesota). 1978

KERKA, W. F. Evaluation procedure for odor control methods. ASHRAE
Transactions, 67(196): 507-525, 1961.

KUEHNER, R. L. The bécteria and odor control problem in occupied
spaces. ASHVE Transactions, 59: 77-96, 1953.

KUEHNER, R. L. The effects of moisture content on the diffusion of
odors in the air. ASHVE Transactions, 53: 77-89, 1947,

KUEHNER, R. L. Humidity effects on the odor prbblem. ASHVE Transactions.
62: 249-256, 1956.

LARGEY, G.P. and B. WATSON. The sociology of odors. American Journal
Sociology, 77(6): 1021-1034, May 1972,

LEHMBERG, W.H. and K. MORSE. A Laboratory study of minimum ventilation
requirements: ventilation box experiments. ASHVE Transactions,
41: 157-171, 1935,

LEONARDOS, G. et al. Odor threshold determinations of 53 odorant
chemicals. Presented at the 6lst Annual Meeting of the Air Pollution
Control Association, St. Paul, Minnesota June 23-27, 1968.

6-30



32.
33.
34.
35.
36.

37.
38.

39.
40.
41,
42,
43.

bt

45,
46.

47.

LEONARDOS, G. and D.A. KENDALL. Questionaire study on odor problems of
enclosed space. ASHRAE Transactions, 77: 101-112, 1971

MAPES, W.H. and R.F. VANCE. Efficiency evaluation of odor control
devices,  ASHRAE Transactions, 77(2): 52-57, 1971.

McCARTNEY, W. Olfaction and odors. Published by Springer-Verlag
Berline-Heidelberg, New York, 1968,

McCORD, C.P. Safety of air deodorants. Hospital Topics and Buyer,
25(3): 29~30, March 1947.

MILLS, J. et al. Quantitative odor measurement. Journal of Air
Pollution Control Association, 13(10): October 1963.

MONCRIEFF, R.W., 1966. Odor Preferences. Leonard Hill: London 1966.

MONCRIEF¥, R.W., 1967. The chemical senses. Leonard Hill: London 1966.

MURA, W.R. Subjective odor measurement. Unpublished Plan B Paper presented

to the School of Public Health, University of Minnesota, 1971.

Odors, Chapter 12, ASHRAE Fundamentals Handbook 1977. ASHRAE New York,
New York, 1977.

Personal Communication with air cleaning product manufacturers, 1978.

RADDEN, E. Measurement and control of odor. Unpublished Plan B
paper presented to the School of Public Health, University of Minnesota,

‘Minneapolis, Minnesota,1963.

RAE, A. and R. M. SMITH. Subjective odor levels in an air conditioned
hospital ward. Applied Ergonomics, 7(1): 27-33, 1976.

STAKAVICH, A.J. The capacity of activated charcoal under dynamic
conditions for selected atmospheric contaminants in the low parts-per
million range. In papers presented at the Symposium on Odors and
Odorants: The Engineering View. ASHRAE Semi-Annual Meeting, Chicago,
Illinois, January 27-30, 1969.

TURK, A. et al. Human responses to environmental odors. Academic
Press, New York, 1974.

YAGLOU, C.P. Ventilation requirements. ASHVE Transactions,
42:  133-162, 1936.

YAGLOU, C.P. and W.N. WITHERIDGE. Ventilation requirements Part 2.
ASHVE Transactions, 43: 423-436, 1937.

6-31






Chapter 7
CONCLUSIONS AND RECOMMENDATIONS

Hospitals are designed, constructed, and operated in a complex
environment requiring adherance to multitudinous standards promulgated
by a variety of regulatory agencies and standards organizations. In
the ventilation area, applicable standards have different objectives,
based on differing and undocumented criteria, and thus a lack of
common understanding as to interpretation exists. Nonetheless, airborne
infection control--a problem unique to hospitals and other health
care facilities--has traditionally been the dominant issue in hospital
ventilation standards. The vast majority of the standards reviewed
in Chapter 2 specify large quantities of outdoor air, ostensibly as
a means of infection control. Heating and cooling of this air alone
make hospital building space considerably more energy intensive than
its commercial counterpart. An additional contributing factor is a
stringent thermal requirement, typically 75°F in much of the hospital
in combination with a limited humidity range.

Overall, the present strategy of hospital ventilation design
standards appears to be that of specification of a desired environmental
condition which can be produced by application of extant HVAC
engineering technology, without regard to capital and operating costs or
to energy consumption. Unfortunately, as the preceding literature
summary suggests, these standards appear to be excessively conservative,
at least in terms of the environmental factors they are intended to

control.
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An energy conservation mandate for hospitals will greatly
constrain the present approach and in fact, will require development
of a completely new strafegy for hospital ventilation standards. The
preceding chapters, in combination with appropriate position statements
developed by the 1978 International Working Conference (see Appendix A),
suggest some principles on which a new, energy conservation-conscious
standard can be based. These principles are technically defensible
within the present state of knowledge and will not compromise the health,
safety and comfort of patients and staff. Nonetheless, the pervasive
faith in ventilation as a means of airborne infection control evident
throughout the health care community, will undoubtedly create resistance
to adoption of these principles.

These principles are summarized in this chapter together with
recommendations for supporting research necessary to fill information

gaps prior to formulation of formal standards.

PRINCIPLES
Prior to delineating this set of prinéiples, it is necessary to

clarify some ventilation terminology used inconsistently in the
literature. The following vocabulary, from American Society of
Heating, Refrigerating, and Air Conditioning Engineers, Inc. (ASHRAE)
sources, is'used herein:

AIR, OUTDOOR: air taken from outdoors and

therefore not previously circulated through

the system.

AIR, RECIRCULATED: return air passed through

the conditioner before being resupplied to the
conditioned space.
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AIR, VENTILATION: that portion of supply air
which comes from outside (outdoors) plus any
recireulated air that has been treated to
maintain the desirved quality of air within a
designated space.

VENTILATION: the process of supplying
ventilation air to any space by natural or
mechanical means. (Provision must be made

for simultaneous vemoval of air from the space)

The following principles are generally applicable to all hospital.
spaces. They cannot be unilaterally applied, however, without
consideration of the unique characteristics of particular spaces such as
operating rooms, intensive care units, and isolation rooms. Such spaces

can be considered as micro-environments imposing special ventilation

requirements which are not applicable to the hospital as a whole.

1, All hospital spaces other than those used directly for patient
care or where unusual health and safety hazards exist, should
comply with appropriate ASHRAE energy conservation standards
for new or existing commercial buildings.

2. Airborne microorganisms play a minor role in the
incidence of nosocomial infections. Therefore, means of
minimizing the numbers of airborne biological agents other
than by use of outdoor air can be emphasized, and hospital
ventilation standards do not need to be based on control of
these agents.

3. Since odor perception versus concentration is a logarithmic
function, the outdoor air required to reduce acute odors in
the hospital to an acceptable level can be very high. By the

same reasoning, low level prevailing odors which are satisfactorily
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controlled with present ventilation systems are not likely
to become problems with a moderate reduction in outdoor
air quantities.

Therefore, it may be desirable to control odors at

‘their sources and to eliminate odorous compounds from the

hospital environment to the maximum extent possible. This
means that overall ventilation of the building space would
not be the major odor control measure and that a new hospital
ventilation standard need not be based on reduction of acute

odors to acceptable levels. Nomnetheless, the use of ventilation

. air for point source control in specific situations should

be considered.

Hospital housekeeping functions are carried out daily using

a variety of soaps, shampoos, furniture polish, organic
solvents, bactercidal compounds, etc., many of which are quite
yolatile. The chemical contaminant load added to the hospital
air environment is unknown, but many of these compounds are
tokic, presenting possible occupational health hazards. Most
hospitals are using far too many products for cleaning and
disinfection purposes and are frequently not aware of their
chemical composition. This situation dictates that considerable
care be taken in assessing the implications of reducing outdobr
air requirements. However, it is quite likely that the
quantities and varieties of these cleaning materials can

be reduced, allowing reduciton of dilution (outdoor) air

requirements.
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An additional contribution to the chemical contaminant
load is the off-gassing of construction materials, which must
be considered in evaluating ventilation requirements.

An outdoor air requirement for control of the prevailing
chemical contaminant load will have to be established. The
use of additional ventilation air for point source control
such as by laboratory hoods, kitchen hoods, and waste
anesthetic gases Scavenging systems should, however, be
considered.
Increasing emphasis is being placed on humidity control in
hospital ventilation standards. From an energy consumption
standpoint, this is an expensive operation. It is quite clear
that with respect to patient, staff and visitor comfort, humidity
is a minor factor when the temperature is in the comfort envelope
(see ASHRAE Standard 55-74). More and more, however, very
sensitive electronic patient diagnostic and monitoring equipment
is being used in hospitals. In general, such equipment is very
sensitive to both high and low moisture levels. It is therefore
anticipated that humidity standards will probably have to be
based on the requirements for the proper operation of electronic
equipment and the need to prevent moisture damage to hospital
equipment and structures. Other measures can be utilized for
control of humidity-dependent airborne biological agent transport,
such as skin shedding and allergenic mites, as necessary.
Both the proposed Hill-Burton Standard (Table2.l) (as well as

earlier versions) and the ASHRAE Handbook (Table 2.4) specify
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75°F dry-bulb temperature for large parts of the hospital.

There is no known technical justification for this requirement
other than if lies at the middle of the comfort envelope defined
in ASHRAE Standard 55-74. Adoption of Principle 1 (above) will
relax this requirement for '"hospital spaces other than those
used directly for patient care or where unusual health and safety
hazards exist."

In those spaces used directly for patient care, as Chapter 5
suggests, it is becoming increasingly apparent that a single
temperature cannot satisfy all patient conditions, and thus

. that a range should be allowable. Fufther, for many patiept
conditions, temperature could float on a seasonal basis without
compromising health and well-being. Thus a new standard could
specify a wide range of, say, 65°F to 780F, with individual room
or zone controls in all patient care areas that are presently
reduired to be maintained at 75°F. This new standard would not
apply ;o those areas that are allowed a range under present
standards, such as opefating rooms. Adoption of this principle
would inherently accommodate the micro-environment control premise
stated above for accommodation of specific patient conditions.

To effect both this principle and Principle 1, some changes
in operating procedures, such as keeping patient room doors
closed and elimination of open-backed gowns, might be necessary.
In summary, the above principles tend to reduce dependence on outdoor

air for control of the unique hazards in hospitals. Instead, these

hazards are to be managed by control of particular micro-environments,



i.e., point source control. Thus, ventilation air criteria will become
analagous to that for other building spaces. Outdoor air quantities can
be based on requirements for the various exhaust systems (toilets,
kitchens, laboratory hoods, etc.), reduction of prevailing chemical
contaminant load to safe levels, and for control of prevailing odors,
such as body odors and those emanating from cleaning materials.
Recirculated air can be used for temperature and humidity control.

In implementing these principles, it must be recognized that
concurrent changes in hospital operating procedures will be required,

some of which require additional research as outlined below.

SUPPORTING RESEARCH RECOMMENDATIONS

1. Describe the approaches which should be taken in the hospital to
minimize the dissemination of biological agents into the air.
These will have to go hand-in-hand with the reduced ventilation
requirements. Although it is anticipated that they can be based
principally on existing technology, some new confirmation studies
may be appropriate.

2. Develop an understanding of the variety, quantities and concentration
of odors in the hospital environment.

3. Based on Recommendation 2, develop strategies for controlling odors at
their séurce as well as eliminating as many sources as possible
from the hospital environment,

4, Same -as Recommendation 2 for airborne chemical contaminants.

5. Same as Recommendation 3 for airborne chemical contaminants.
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Determine the "comfort zone" (in terms of dry bulb temperature,
radiant temperature, air velocity, rate of change of temperature,
humidity, etec.) in various hospital spaces.

The apﬁroach to specifying the new hospital ventilation standards
needs to be determined; e.g., performance standards versus design
criteria; CFM per square foot versus CFM per person versus air
changes per hour; operational requirements as well as design; and
inclusion of the fact that reduced ventilation rates are
contingent on other control measures being in operation. This
work would have to be conducted in close cooperation with several

interest groups.
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Position Statements
and Recommendations

The following statements were developed by the project staif from a

review of the Conference transcript. They are divided into two categories:

1. Position Statements. These are positive
statements made by one or more of the
panelists that reflect the state-of-knowledge
and were not seriously challenged by another
panelist or an observer. Each is potentially
the subject of a position paper in support
of recommended changes in hospital ventilation
standards.

2. Recommendations. These are suggestions for
consideration as possible research projects.

ATIRBORNE INFECTIONS

Position Statements:

1. It is widely recognized that airborne bacteria are capable of causing
infections. However, the majority ofrpostoperative_infegtipp;ra;grcggsed by
the patient's endogenous flora and by contact infection with exogenous bacteria.
In an overall analysis of hospital—acquifed infections, valid conclusions are
difficult to establish concerning the effect of ventilation on infection rates.
There are many studies which strongly indicate that some sound infectiomns are
due to airborne dispersal from identified carriers. However, other experiments
studying the role of airborne versus contact transmission in hospital-
acquired ward infection, is of minor consideration, with the exception of
tuberculosis and some virus infections, and that airborne infection should
not be the limiting factor when establishing lower ventilation standards.

Recommendations:

2. A possible approach to minimizing exogenous infections in the operating
room may be to request the use of tightly woven gowns, in lieu of extreme
ventilation rates. Generally, barrier techniques to minimize skin shedding

should be further investigated.
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3. More information is needed on the mechanisms by which gram negative
organisms colonize in the upper respirafory tract; i.e., is air the source?

4, TInformation is needed on the mechanisms by which viruses are spread;
i.e., viruses causing upper respiratory tract infections (myxo-, adeno-,
rhino=-viruses), rubeola, varicella-zoster and rubella. For example, should
these patients be isolated in single-bedrooms with an airlock and separate
ventilation, or in only single-bedrooms? Perhaps isolation of some of these

patient categories is not needed.

HUMIDITY

Position Statements:

5. Although many older studies have shown that the mucus membrane dries
out and the cleaning function disappears under conditions of low humidity,
it was felt that the nose has a humidifying capacity sufficient to. compensate
for exposures to dry air and similarly that high relative humidity has no
effect on respirator§ function. This led to the conclusion that there is
no physiological need to control humidity.

6. Studies to validate and extend Yaglou's early work have shown that
humidity has little effect on body temperature and heat balance until
maximum skin wettedness is reached. It was observed that humidity is not
a comfort factor for healthy subjects in clean air.

7. However, it was further agreed that both very low and very high
humidities can cause a variety of other difficulties (formaldehyde emission,
skin scale shedding, increased numbers of house dust mites, condensation and
growth of fungi on walls, static electricity, smoke odors, etc.) that require
further study and will determine humidity range endpoints, vis-a~-vis thermal
comfort. ' '

8. It was agreed that the use of explosive anesthetic gases is waning,
eliminating the need to establish operating room humidity levels based on
air explosion hazard. ‘

Recommendations:

9. If humidity is allowed to float throughout the hospital (excluding
special areas) within the wide limits such as 15 to 20 percent minimum and

up to approximately 70 percent, then further studies need to be conducted
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of the effects of humidity extremes on patients, furnishing and electronic
equipment. With regard to low humidity, concerns include increased skin
shedding; effects on electronic equipment which is highly subject to stray
fields and static charges; and destruction of books and furniture due _
to the dryness of the air. At the high end of the spectrum, humidity problems
include condensation of water vapor on cold surfaces and subsequent growth
of allergenic microfungi; corrossion of metal furnishing and equipment; and
increased formaldehyde emissions from resins in furnishing and building
materials.

10. The relationship of allergenic mites and their ability to proliferate

at different humidities needs further study.

ODORS

Position Statements:

11. There was a consensus that odors are usually a point source problem
and should be controlled on that basis rather than setting basic ventilation
rates to dilute odors below their thresholds. Hospitals have numerous odor
sources of varying intensities, with dilution by outside air as the current
major method of control. 'When considering reduced ventilation rates, odor
detection can become a major factor. The increased percentage of people who
can begin to detect specific odors as the dilution is decreased by a factor
of two or four, is substantial. It was agreed, however, that odorous sources
such as cancer wards, laboratories, and bathrooms could be treated locally
with increased filtering or dilution air, therefore, not impeding reduction
of ventilation rates. A

12. There was complete agreement that deodorizers and air fresheners should
not be added to the hospital environment to control odors. These chemicals
may have a temporary effect in masking specific malodors, but with extended
use the pleasant smell may become associated with something unpleasant and
its effectiveness will be lost. Besides limited application for long range
effectiveness, these compounds increase the airborne chemical contaminant
load with materials about which little is known.

Research Needs:

13. Yaglou's work on ventilation rates needed to dilute odors needs
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validation in the context of today's technology and cultural factors.

14. The sources and intensities of hospital odors need study. The emission
strength of typical odor sources within the hospital ﬁust be determined before
a judgment can be made about the amount of fresh air volume per minute needed
to dilute the odor below threshold. Priority should be given to those studies

where the response of human subjects to human odor emission is explored.

VENTILATION

Position Statements:

15. There was general agreement that the ventilation rates in ward areas
could be reduced to those for commercial building space. This conclusion was
reached from analysis of data that showed the relative minor importance of
air in hospital-acquired infections. It was also suggested that the amount

‘of ventilation air needed to control excess build=-up of humidity would be
more than adequate for dilution of most of the chemical contaminants found
in hospitals. A |

16. It was suggested that the whole question of the appropriateness of
recirculation of air in various areas of the hospital could and should be
put to rest with a statement that it is appropriate for some areas, with
identification of those areas.

17. Only a small amount of outside air is needed to meet the basic
physiological needs of patients.

Recommendations:

18. The feasibility of creating nicro-environments to satisfy particular
patient environmental needs rather than creating that enviromnment in a whole
room, sulte or unit should be studiéed. Maintenance of temperature and
ventilation rates in post—surgical and isolation areas are far more critical
than in the average ward or administrative dffice and should be wmore carefilly
maintained. Thermal comfort in general ward areas is highly individualized
and could be controlled by blankets and eliminating open backed gowns. Specific
humidity levels could be delivered through respiratory therapy devices to the
individual patient rather than the whole room or ward. Detection of odors
is also an individual matter, depending on the odor and sensitivity of the

individual to that particular odor. Cancer wards which are often odoriferous
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could be supplied with separate activated carbon filters, but these would
ordinarily not be necessary in regular recovery or administrative areas.

19. Studies should be made of the special ventilation needs for critical
areas such as burn units, isolation wafds, and in labs where volatile
chemicals are used.

20. Research is needed to resolve the questions of toilet exhaust
recirculation.

21. The feasibility of varying ventilation rates with activity over a
24~hour cycle should be studied. For example, is it necessary to exhaust
kitchen areas 24-hours a day even when they aras not in use?

22. Ventilation standards should be developed which would apply under

emergency conditions of severe energy shortage.

CHEMICAL POLLUTANTS

Position Statements:

23, 1t was suggested that the U.S. National Ambient Air Quality Standards
be considered as adequate for application to patient care areas. This was not
disputed nor was it particularly supported. There was some agreement, however,
that the one-tenth of the time—weighted—average, Threshold Limit Values, for
chemicél contaminants, as specified by ASHRAE Standard 62-73, was completely
inappropriate for the continuous exposure experienced by patients.

Recommendations:

24, A suggestion was made that the same methodology as was used to arrive
at the Ambient Air Quality Standards could be used to establish hospital
pollutant/chemical contaminant standards.

25. 1t was suggested that the extent of hospital pollution from each of
these sources be studied: a) Penetration from outside; b) Background emission
from construction materials (off gassing properties of building materials);
c¢) Emissidn from humans, and d) Emission from processes such as solvents used

in pathology and histology.

CHEMICAL CONTAMINANTS

Position Statements:

26. The diversity of cleaning products and cleaning methods should be

decreased with use of those that minimize the need for outside air. Hospital
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housekeeping functions ara carried out daily using a variety of soaps,
shampoos, furniture polishes, organic solvents, and bactericidal compounds.
The amount of chemical contaminant load added to the hospital air environ-
ment is unknown, but many of these compounds are toxic, presenkting sevara
occupational health hazards. Most hospitals are using far too many products
for cleaning and disinfecting purposes and are frequently not aware of their
chemical composition.

Recommendations:

27. 1In general, more specific information is needed on the use of
hazardous chemicals throughout the hospital: Industrial hygiene type
surveys should be carried out to inventory the chemical agents used and their

residual concentrations.

GENERAL COMFORT -

Recommendations:

28. The importance and usefulness of radiant energy should be studied.

29, The effects of air ions on patient comfort needs study.

MANAGEMENT

Recommendations:

30. The feasibility of upgrading the quality of the maintenance and
housekeeping staff to involve them deeply in the matter of energy conservation
needs study.

31. A study should be made of the quality of routine filter maintenance
in representative hospitals.

32. The potential for energy conservation through proper operation of the
physical plant should be carefully demonstrated.

33. Computerized energy management systems and there potential use in
hospitals should be evaluated.

34, Energy audits should be taken in hospitals to determine where enargy

use can be curtailed.
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