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Introduction

For mora than 100 years, the relative importance of contact and
airborne vectors for contamination or infection of patieats and staff has
been debated. Moreover, the debate has been concerned with the relacive
importance of endogenous and exogenous sources of contamination.
Historically, concern has been concentrated on the hospital operating
room, the quantity of air supplied to the room, and whether the air should
be recirculated. More recently, energy conservation and cost containment
programa in hospitals have extended the concern for effective methods of
air quality control to include all areas of the hospital.

In this paper, indoor and outdoor sources of gases and vapors, inert
and viable (i.e., biological) particulates, and radionuclides are
characterized for nine functional categories within hospitals;
susceptibilities and expected responses (i.e, strains) of occupants within
these funcrional categories are described; preliminary criteria for
acceptable air quality are proposed; and methods of control thar are now
available to achieve rhese conditions are reviewed.

Contaminant Characterization

Outdoor Sources

The quality of the outdoor air muat be known before it can be
successfully used for ventilation. In ASHRAE Standard 62-1981, if the
quality of the outdoor air does not comply with values provided in two
tables, the air must be cleaned by appropriate techniques befora
compliance with that standard may be claimed (1).

Above-grade. Concentrations of contaminants within the zone bounded
by the building site (i.e., meso-enviromment) require special
consideration. If the quality of this outdoor air is unknown, it cannot be
controlled and the use of ventilation systems under these conditions may
be counter-productive. For example, in the ASHRAE Position Paper on
Legionellosis (2), increased ventilation rates were considered and
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the outdoor air (i.e, macro-environment) or 1in the make-up air (i.e,
meso-enviromment) can be potentially higher than in the indoor air; and 2)
ventilation with outdoor air was not cost-effective for Legionella
bacteria due to the cost of the required filtration.

Below-grade. The meso-environment is also the source of contaminants
that enter the hospital through the building sub~structure. The soil
surrounding the building contains air, soil gases (e.g., rtadon), and
water. In addition to non-viable components, soil also contains living
organisms whose metabolic and decay processes cause changes in the
composition of the soil. The soil characteristics may be due to natural
phenonomen, but they may also be due to anthropogenic factors. For
example, landfill may exhibit substantially different characteristics than
the original soil. Such cases have been reported in which high
concentrations of radon from mine tailings, industrial wastes (e.g.,
dioxin), pesticides, and fertilizers were detected in the soil gas.

Indoor Sources

Functional categories. In addition to the primary health care
functions that a hospital provides, it contains nearly every type of
function found in other buildings. Because of this complexity, lists of
more than 120 functional areas have been published by various
organizations. A composite of these lists characterizes these functions in
nine functional categories: 1) Administrative Facilities including support
offices, main lobby, admitting and business areas, and médical records; 2)
Diagnostic and Treatment Facilities including laboratory, pathology and
radiology suites, rehabilition and inhalation therapy areas, pharmacy,
dental and other services such as counselling and educational services; 3)
Nursery and Pediatric Facilities including full-term, special care,
observation and premature nurseries, and pediatric and adolescent nursing;
4) Nursing Facilities including medical, surgical, post-partum and
psychiatric nursing wunits, and intensive care units; 5) Surgical
Facilities including operating, recovery and waiting rooms, and service
areas such as scrubbing and sterilizing facilities; 6) Central Sterilizing
and Supply Facilities including sterilization room and general stores; 7)
Obstetrical Facilities including delivery, labor, birthing, recovery
rooms, and service areas such as scrubbing and sterilizing facilities; 8)
Emergency Facilities including trauma and waiting rooms, and service areas
such as scrub stations and toilet facilities; and 9) Service Facilities
including dietary, dining, laundry, mechanical, and employee facilities,
maintenance shops, and waste processing facilities.

Human occupancy. In many functional areas of the hospital, the
hospital staff, patients, and visitors may be the primary indoor sources
of acoustic, thermal, and mass stressors:

o Sound power from conversational speech ranges from 8 - 91 uW (3);

o Heat dissipation ranges from 0.7 - 3 Mets (4);

o Respiration results in typical emission rates of -38 g/hr 0,, 32
g/hr CO,, and 12 g/hr water vapor for healthy, sedentary adults,
but may vary by a factor of 10- due to activity levels and
respiratory quotients (4, 5);
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o Sweating results in typical emission rates of 17 g/hr water vapor
for sedentary, healthy adults, and values may vary by a factor of
10 due to activity level and state of health (4, 5);

o Other gaseous bioeffluents are also generated by occupants (6)%

o Particulates may be generated by talking, cn?ghxng, skin s}uff;ng,
and other functions at rates of 7 million/min, each containing an
average of 4 viable bacteria (7, 8, 9.

Processes. Alternatively, processes conducted .with%n the various

functional areas may be the primary sources of acoustic, visual, thermal,

stressors:

and m:ssCOmbuation' processes of tobacco smoking, vented _and unvented

heaters and appliances, vehicle ga:ages,‘apd welding procedures
generate significant thermal loads in addition to the gaseous and
particulate emissions (35, 10); . )

o Housekeeping activities (e.g., bed-making, floor cleaning,
dusting) may result in signifigant aeru;ol fnd gaseOus‘generatEon
rates (e.g., more than 10 bscteraFIm of beddxng' during
bed-making (11), effluents from 88 dlffPrent formulations of
sanitizing agents, air fresheners, deodorxz?rs, detergents, and
solvents (12), disinfecting patieants' rooms wzth‘HCHO (13, 14)?; 1

o Laboratory procedures invelve the use of chemical and physical
agents normally covered by occupational safety ‘and health
regulations, commonly including HCHO, xyl?ne, and cyanide (12);.

o Sterilization procedures with ethylene oxide (ETO) for prosthetics
and other items that cannot tolerate the heat frqm steam
autoclaves may result in significant emissions of ETQ into the
laboratory, if purge c¢ycles are not properly operated, and both
ETO and steam procedures add significant heat 10&?3 (15);.

o Laundry procedures can result in neroﬁol generation of vxable'and
non-viable particles from the bedding, llnen,_ and clothing,
emission of gaseous contaminants from the dirty zone, and
emissions of detergents particles, water vapor, and tyetmal lo§ds;

o Dietary procedures can result in emiss}ons of volatile organics,

water vapor, and heat during the cooking process; generation of

viable and non-viable particles, gases, and vapors during fo?d
disposal; and emissions of detergent particles, droplet nuclei,
water vapor and heat during dishwashing pFocedures; ;

o Surgical procedures expose both the surgxcal_team ?nd patients to
contact and airborne sources of infection including :he_przmary
pathway of particles (i.e., skinflakes) shed by the team into the
field of surgery (8, 9); the surgical team and espec:a%ly the
anesthesiologists are also exposed to fugitive concentrations of
anesthetic gases including nitrous oxide and halothane (16);

o Enviromnmental control systems may be intermediate sources 'of
gaseous, vaporous, and particulate contaminants including
bacteria, molds, fungi, amoeba, and protozoaz on warm/wetted
surfaces and have been implicated in diseases such as
legionellosis, humidifier fever, and allergic brochopulmonary
aspergillosis (17).

Building materials. Meterials and furnishings may also be ?ignificant
sources of acoustic, visual, thermal, and mases stressors. quse, light,
and heat transmission, absorption, and reflection characteristics are well
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documented. However, similar characteristics for the gases, vapors,
particulates, and radionuclides are not as readily available. These
matecials may emit significant amounts of contaminants. Sources include;
masonry and wood products; thermal and acoustic insulation; fabrics such
as carpeting, drapery, upholstry, and wallpaper; and paints and adhesives
(5, 10).

Human Responses

A summary of contaminant sources, susceptible populations, and
expected strains to unacceptable concentrations of contaminants within
each functional category, shown in Table 1, indicates that a set of common
sources and common strains may be expected in all functional categories.
However, several of the categories also have important unique
characteristics.

Proposed Criteria

A proposed set of air quality criteria for acceptable control within
the functional categories is shown in Table 2. These criteria presuppose
that the thermal, lighting, and acoustic criteria for each category are
also met. Compliance with these criteria would be met when both the
objective and the subjective measures were achieved.

Methods of Control

This review of the types and sources of contaminants found in the
functional categories indicates that gases and vapors are ubigqitous.
However, a review of the literature indicates that the primary method of
controlling the concentrations of these gases and vapors is by dilution
with outdoor air, with little or no treatment provided for that outdoor
air, even when its concentrations exceed established guidelines and
standards (2). A simple mass balance of a one-compartment model indicates
that in the case of a uniformly mixed space, three methods of control may
be applied: source control, removal, and dilution (5). For purposes of
improved environmental control and reduced costs of energy and operations,
it is recommended that:

1. Source control be evaluated as the primary method of reducing

emissions of gases such as CO, NOZ' N20, halothane, ETO, HCHO,
HCN, and xylene;

2. Exposure to residual gases, vapors, and particulates be minimized
by controlling the air distribution patterns within and between
the rooms in which the sources exist or which the most
susceptible populations occupy; .

3. Optimize the use of removal and dilution control strategies to
achieve the acceptable envirommental quality and minimum
life-cycle costs.

e e
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| table 1. Sources, susceptible populations, and strains within functional categories

(15). Samuels, T.M. Local exhaust and cycle purges reduce ETO release. a b
Hospitals, Feb. 1981, 67-69. Functional Sources of Susceptible Strain
. Category Contamination Populations (Respoase)
(16) Wh}tcher, C., Piziali, R., Sher, R., and Moffat, R.J. Development and
Evaluation of Methods for the Elimination of Waste Anesthetic Gases and - ; ini ;
Vapors in Hospitals. National Institute of Occupational Safety and Health 1. Adm}nfs?ratxve Tobacco smoke, Aqunlstratlve staff,
Publication No. (NIOSH) 75-137, 1975. z::;l;:::s N T products, Visitors
ines,
(17) ¢ ice » Decorative Plants
Nt ommittee on Indqor Pollutants. Indoor Pollutants. Report by the
ational Research Council. National Academy Press, Washington, DC, 1981. 2. Diagnostic Volatile chemicals, Medical and nursing Infections,
and Treatment Sterilants and staffs, Technical Tissue
Facilities disinfectants (HCHO, ETO), staff, Patients deterioration
Bedding and clothing
3. Nursery, Volatile chemicals, Infants, Mothers, Infections
Pediatrics, and Sterilants and Adolescent patients,
Adolescent " disinfectants, Consumer Medical and nursing
Nursing products, Bedding and staffs, Visitors
Facilities clothing, Decorative plants
4, Nursing volatile chemicals, Patients, Infections
Facilities Sterilants and Visitors,
disinfectants, Consumer Medical and nursing
products, Bedding and staffs
clothing, Decorative plants
5. Surgical Nature of surgery, Patients, Infections
Facilities, Surgical sheets and gowns, Medical and nursing
7. Obstetrical Anesthetics, Volatile staffs
Facilities, chemicals, Aerosols,
8. Emergency Sterilants and disinfectants
Facilities
6. Central Volatile chemicals, Technical staff
Sterilization Anesthetics,
and Supply Sterilants and disinfectants
9. Service Other bioeffluents, Patients, Medical and Infections
Facilities Volatile chemicals, Medical and nursing
Aerosolized soaps, food astaffs, Technical staff,
particles and detergents, Administrative staff

Sterilants and disinfectants,
Bedding and clothing, Utility
supplies, Combustion equipment,
Electricla equipment

3 Sources common to all categories: Human bioeffluents, Building materials, Insecticides and
pesticides, Housekeeping, HVAC systems, Qutdoor air.

b Strains common to all categories: Odor, Eye and skin irritation, Respiratory difficulty,
Headachea, Dizziness, Sleepiness.
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Table 2. Proposed criteria for acceptable air quality in hospitals
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SUMMARY

J.E. Woods, M.A, Ficht, and R.J. Albrecht: Criteria and Methods of

Controlling Hospital Indoor Air Quality., As energy conservation andé cost

Airborne
Contaminant

Criteria

Objective
(Stressor)

Subjective
(Strain)

Gases and Vapors:
Anesethetic gases
(N20, halothane)

Carbon dioxide
(coz)

Carbon monoxide
(co)

Ethylene oxide
(ETO)

Formaldehyde
(HCHO)
Hydrogen cyanide

(HCN)

Nitrogen dioxide
(No,)

Water vapor
(HZO)

Xylene

Particulates:
Inert

Biological

Radionuclides:
Radon

Ivin

b
o

<5 ppm (8 hr TWA)

< 2500 ppm for continuous

exposure if gas removal
equipment is used;
otherwise < 1000 ppm for
continuous exposure

3 ppm for exposures
24 hrs

1 ppm in labs,8 hr TWA;
thervise < 0.3 ppm

< 0.1 ppm for continuous
exposure

<5 ppm for 10 min
< 0.05 ppm for continuous
exposure

30 - 602 RH

< 0.75 ppm

<75 ug/a® (TSP)

< 1000 CFU/m3 except
for special clean areas

< 0.01 WL

Abseance of headaches or
fatigue.

Odors from human
bioeffluents may be
detectable when CO
2> 1000 ppm. 2

Odorless.

Concentrations are
< 0.001 odor threshold.

< 50% occupants
expected to detect
odor.

Odor threshold for
trained persons,

< 0.5 odor recognition
threshold.

Thermal and odor
acceptability.

Odor threshold
0.5 - 1.0 ppm,

Concentrations should
be less in areas with
susceptible populations
(allergic, hypersentive
occupants).

Absence of odor,

infection, contagion.

Absence of tissue
deterioration

containment have become more important to health care services, new
control strategies are being evaluated which may provide improved air
quality while reducing operating costs. In this paper, some sources of
gaseous, vaporous, particulate (i.e, inert and viable), and radioactive
contaminants are identified within nine functional categories of the
hospital. Susceptibilities and expected strains of hospital occupants in
response to exposure to these contaminants are described. From these
factors, preliminary criteria for control purposes are recommended, and
available methods of control are reviewed. It is concluded that control
of gases, vapors, and radionuclides may be as important to occupant
well-being as control of viable particulates, and that air distribution
patterns within and between rooms are as important to dilution and
removal control as the quantity of air supplied to the rooms.

RESUME

J.E. Woods, M.A. Ficht, and R.J. Albrecht: Critére et Méthodes de Reglage
de la Qualité of 1'Air & 1'Intérieure d'une Clinique. Pendant que la
conservation de l'énergie et la maitrise des dfpenses sont devenues de plus
en plus importantes pour les services de santé, des stratégies nouvelles de
réglage sont en train d'Stre dvaludes qui pourraient fournir une qualité
d'air améliorbe et 3 la fois réduire les frais d'opdration. Dans ce
rapport, gquelques origines des contaminants gazeuses, vaporeux, en
paillettes (c.a.d. inerts et viables) et radio-actives sont identifids,
trouvés en neuf catdgories fonctionnels de la clinique. Les susceptibilités
et tensions chez les occupants en réponse 3 ces matiéres contaminantes sont
décrits. A partir de ces Ffacteurs, des critéres préliminaires dans le
dessin de réglage sont recommandées, et les méthodes de rdglage disponibles
sont examinges. I1 est conclu que le rvéglage des gaz, vapeurs, et
radio-nuclides peut Eftre ausse importants pour le bien-2tre des occupants
de la clinique que le cfglage des paillettes viables, et que la
distribution de l'air dedans et entre les chambres sont, pour le réglage de
la dilution et enlevement, d'une importance égal 3 la quantité d'air fourni
a la chambre.

KURZFASSUNG

J.E. Woods, M.A. Ficht, and R.J. Albrecht: Richtlinien und Methoden zur
Reselung der Luftqualitit in KrankenhBusern. Energie- und Kosteneinsparung
5ind heute von zunehmender Wichntigkeit fur Krankenpflegeanstalten. Wir ber-
jchten hier Uber neue Regelungsstrategien, die erwogen wurden, verbessgerte
Luftqualit3t versprechen und gekoppelt sind mit reduzierten Betriebskosten.
Luftverunreinigung durch Gase, Dampfe, Teilchen (Staub, Bakterien) und
radioaktive Elemente wurden identifiziert in 9 Krankenhausabteilungen. Die
Empfindlichkiet un Beanspruchung der Menschen im Krankenhaus, die diegem
Verunreinigungen ausgesetzt werden beschrieben. Vorlaufige Richtlinien zur
Regelung dieser Faktoren wurden ausgearbeitet ynd vorhandene Methoden begu-
tachtet. Wir sind Uberzeugt, dass die Regelung luftverseuchender Gaase,
Dampfe und radioakt. Elemente eben so wichtig fdr das Wohlsein der Kramken
sein kann wie die Beseitigung von Krankheitstrdgern, und dass die Luftver-
teilung zwischen Zimmern und innerhalb eines Zimmers die Luftqualitiit eben
so fordert wie die zugefilhrte Luft selbst.




