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Part IV.  Appendices 
 
 
Appendix A.  Glossary of Terms 
 
Acceptable indoor air quality:  air in which there are no known contaminants at harmful 
concentrations as determined by knowledgeble authorities and with which a substantial majority (>80%) 
of the people exposed do not express dissatisfaction. 
ACGIH:  American Conference of Governmental Industrial Hygienists. 
Action level:  the concentration of a contaminant at which steps should be taken to interrupt the trend 
toward higher, unacceptable levels. 
Aerosol:  particles of respirable size generated by both humans and environmental sources and that 
have the capability of remaining viable and airborne for extended periods in the indoor environment. 
AIA:  American Institute of Architects, a professional group responsible for publishing the Guidelines 
for Design and Construction of Hospitals and Healthcare Facilities, a consensus document for design 
and construction of health-care facilities endorsed by the U.S. Department of Health and Human 
Services, health-care professionals, and professional organizations. 
Air changes per hour (ACH):  the ratio of the volume of air flowing through a space in a certain 
period of time (the airflow rate) to the volume of that space (the room volume).  This ratio is expressed 
as the number of air changes per hour (ACH). 
Air mixing:  the degree to which air supplied to a room mixes with the air already in the room, usually 
expressed as a mixing factor.  This factor varies from 1 (for perfect mixing) to 10 (for poor mixing).  It 
is used as a multiplier to determine the actual airflow required (i.e., the recommended ACH multiplied 
by the mixing factor equals the actual ACH required). 
Airborne transmission:  a means of spreading infection when airborne droplet nuclei (small particle 
residue of evaporated droplets <5 µm in size containing microorganisms that remain suspended in air 
for long periods of time) are inhaled by the susceptible host. 
Air-cleaning system:  a device or combination of devices applied to reduce the concentration of 
airborne contaminants (e.g., microorganisms, dusts, fumes, aerosols, other particulate matter, and 
gases). 
Air conditioning:  the process of treating air to meet the requirements of a conditioned space by 
controlling its temperature, humidity, cleanliness, and distribution. 
Allogeneic:  non-twin, non-self.  The term refers to transplanted tissue from a donor closely matched to 
a recipient but not related to that person. 
Ambient air:  the air surrounding an object. 
Anemometer:  a flow meter which measures the wind force and velocity of air.  An anemometer is 
often used as a means of determining the volume of air being drawn into an air sampler. 
Anteroom:  a small room leading from a corridor into an isolation room.  This room can act as an 
airlock, preventing the escape of contaminants from the isolation room into the corridor. 
ASHE:  American Society for Healthcare Engineering, an association affiliated with the American 
Hospital Association. 
ASHRAE:  American Society of Heating, Refrigerating, and Air-Conditioning Engineers Inc. 
Autologous:  self.  The term refers to transplanted tissue whose source is the same as the recipient, or 
an identical twin. 
Automated cycler:  a machine used during peritoneal dialysis which pumps fluid into and out of the 
patient while he/she sleeps. 
Biochemical oxygen demand (BOD):  a measure of the amount of oxygen removed from aquatic 
environments by aerobic microorganisms for their metabolic requirements.  Measurement of BOD is 
used to determine the level of organic pollution of a stream or lake.  The greater the BOD, the greater 
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the degree of water pollution.  The term is also referred to as Biological Oxygen Demand (BOD). 
Biological  oxygen demand (BOD):  an indirect measure of the concentration of biologically 
degradable material present in organic wastes (pertaining to water quality).  It usually reflects the 
amount of oxygen consumed in five days by biological processes breaking down organic waste (BOD5). 
Biosafety level:  a combination of microbiological practices, laboratory facilities, and safety equipment 
determined to be sufficient to reduce or prevent occupational exposures of laboratory personnel to the 
microbiological agents they work with.  There are four biosafety levels based on the hazards associated 
with the various microbiological agents. 
BOD5:  the amount of dissolved oxygen consumed in five days by biological processes breaking down 
organic matter. 
Bonneting:  a floor cleaning method for either carpeted or hard surface floors that uses a circular 
motion of a large fibrous disc to lift and remove soil and dust from the surface. 
Capped spur:  a pipe leading from the water recirculating system to an outlet that has been closed off 
(“capped”).  A capped spur cannot be flushed, and it might not be noticed unless the surrounding wall is 
removed. 
CFU/m3:  colony forming units per cubic meter (of air). 
Chlamydospores:  thick-walled, typically spherical or ovoid resting spores asexually produced by 
certain types of fungi from cells of the somatic hyphae. 
Chloramines:  compounds containing nitrogen, hydrogen, and chlorine.  These are formed by the 
reaction between hypochlorous acid (HOCl) and ammonia (NH3) and/or organic amines in water.  The 
formation of chloramines in drinking water treatment extends the disinfecting power of chlorine.  The 
term is also referred to as Combined Available Chlorine. 
Cleaning:  the removal of visible soil and organic contamination from a device or surface, using either 
the physical action of scrubbing with a surfactant or detergent and water, or an energy-based process 
(e.g., ultrasonic cleaners) with appropriate chemical agents. 
Coagulation-flocculation:  coagulation is the clumping of particles that results in the settling of 
impurities.  It may be induced by coagulants (e.g., lime, alum, and iron salts).  Flocculation in water and 
wastewater treatment is the agglomeration or clustering of colloidal and finely-divided suspended matter 
after coagulation by gentle stirring by either mechanical or hydraulic means, such that they can be 
separated from water or sewage. 
Commissioning (a room):  testing a system or device to ensure that it meets the pre-use specifications 
as indicated by the manufacturer or predetermined standard, or air sampling in a room to establish a pre-
occupancy baseline standard of microbial or particulate contamination.  The term is also referred to as 
benchmarking at 77°F (25°C). 
Completely packaged:  functionally packaged, as for laundry. 
Conidia:  asexual spores of fungi borne externally. 
Conidiophores:  specialized hyphae that bear conidia in fungi. 
Conditioned space:  that part of a building that is heated or cooled, or both, for the comfort of the 
occupants. 
Contaminant:  an unwanted airborne constituent that may reduce the acceptibility of air. 
Convection:  the transfer of heat or other atmospheric properties within the atmosphere or in the 
airspace of an enclosure by the circulation of currents from one region to another, especially by such 
motion directed upward. 
Cooling tower:  a structure engineered to receive accumulated heat from ventilation systems and 
equipment and transfer this heat to water, which then releases the stored heat to the atmosphere through 
evaporative cooling. 
Critical item (medical instrument):  a medical instrument or device that contacts normally sterile 
areas of the body or enters the vascular system.  There is a high risk of infection from such devices if 
they are microbiologically contaminated prior to use.  These devices must be sterilized before use. 
Dead legs:  areas in the water system where water stagnates.  A dead leg is a pipe or spur, leading from 
the water recirculating system to an outlet that is used infrequently, resulting in inadequate flow of 
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water from the recirculating system to the outlet.  This inadequate flow reduces the perfusion of heat or 
chlorine into this part of the water distribution system, thereby adversely affecting the disinfection of the 
water system in that area. 
Deionization:  removal of ions from water by exchange with other ions associated with fixed charges 
on a resin bed.  Cations are usually removed and H+ ions are exchanged; OH- ions are exchanged for 
anions. 
Detritis:  particulate matter produced by or remaining after the wearing away or disintegration of a 
substance or tissue. 
Dew point:  the temperature at which a gas or vapor condenses to form a liquid; the point at which 
moisture begins to condense out of the air.  At dew point, air is cooled to the point where it is at 100% 
relative humidity or saturation. 
Dialysate:  the aqueous electrolyte solution, usually containing dextrose, used to make a concentration 
gradient between the solution and blood in the hemodialyzer (dialyzer). 
Dialyzer:  a device that consists of two compartments (blood and dialysate) separated by a 
semipermeable membrane.  A dialyzer is usually referred to as an artificial kidney. 
Diffuser:  the grille plate that disperses the air stream coming into the conditioned air space. 
Direct transmission:  involves direct body surface-to-body surface contact and physical transfer of 
microorganisms between a susceptible host and an infected/colonized person, or exposure to cloud of 
infectious particles within 3 feet of the source; the aerosolized particles are >5 µm in size. 
Disability:  as defined by the Americans with Disabilities Act, a disability is any physical or mental 
impairment that substantially limits one or more major life activities, including but not limited to 
walking, talking, seeing, breathing, hearing, or caring for oneself. 
Disinfection:  a generally less lethal process of microbial inactivation (compared to sterilization) that 
eliminates virtually all recognized pathogenic microorganisms but not necessarily all microbial forms 
(e.g., bacterial spores). 
Drain pans:  pans that collect water within the HVAC system and remove it from the system.  
Condensation results when air and steam come together. 
Drift:  circulating water lost from the cooling tower in the form as liquid droplets entrained in the 
exhaust air stream (i.e., exhaust aerosols from a cooling tower). 
Drift eliminators:  an assembly of baffles or labyrinth passages through which the air passes prior to its 
exit from the cooling tower.  The purpose of a drift eliminator is to remove entrained water droplets 
from the exhaust air. 
Droplets:  particles of moisture, such as are generated when a person coughs or sneezes, or when water 
is converted to a fine mist by a device such as an aerator or shower head.  These particles may contain 
infectious microorganisms.  Intermediate in size between drops and droplet nuclei, these particles tend 
to quickly settle out from the air so that any risk of disease transmission is generally limited to persons 
in close proximity to the droplet source. 
Droplet nuclei:  sufficiently small particles (1–5 µm in diameter) that can remain airborne indefinitely 
and cause infection when a susceptible person is exposed at or beyond 3 feet of the source of these 
particles. 
Dual duct system:  an HVAC system that consists of parallel ducts that produce a cold air stream in 
one and a hot air stream in the other. 
Dust:  an air suspension of particles (aerosol) of any solid material, usually with particle sizes <100 µm 
in diameter. 
Dust-spot test:  a procedure that uses atmospheric air or a defined dust to measure a filter’s ability to 
remove particles.  A photometer is used to measure air samples on either side of the filter, and the 
difference is expressed as a percentage of particles removed. 
Effective leakage area:  the area through which air can enter or leave the room.  This does not include 
supply, return, or exhaust ducts.  The smaller the effective leakage area, the better isolated the room. 
Endotoxin:  the lipopolysaccharides of gram-negative bacteria, the toxic character of which resides in 
the lipid portion.  Endotoxins generally produce pyrogenic reactions in persons exposed to these 
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bacterial components. 
Enveloped virus:  a virus whose outer surface is derived from a membrane of the host cell (either 
nuclear or the cell’s outer membrane) during the budding phase of the maturation process.  This 
membrane-derived material contains lipid, a component that makes these viruses sensitive to the action 
of chemical germicides. 
Evaporative condenser:  a wet-type, heat-rejection unit that produces large volumes of aerosols during 
the process of removing heat from conditioned space air. 
Exhaust air:  air removed from a space and not reused therein. 
Exposure:  the condition of being subjected to something (e.g., infectious agents) that could have a 
harmful effect. 
Fastidious:  having complex nutritional requirements for growth, as in microorganisms. 
Fill:  that portion of a cooling tower which makes up its primary heat transfer surface.  Fill is 
alternatively known as “packing.” 
Finished water:  treated, or potable water. 
Fixed room-air HEPA recirculation systems:  nonmobile devices or systems that remove airborne 
contaminants by recirculating air through a HEPA filter.  These may be built into the room and 
permanently ducted or may be mounted to the wall or ceiling within the room.  In either situation, they 
are fixed in place and are not easily movable. 
Fomite:  an inanimate object that may be contaminated with microorganisms and serves in their 
transmission. 
Free and available chlorine:  the term applied to the three forms of chlorine that may be found in 
solution (i.e., chlorine [Cl2] , hypochlorite [OCl–], and hypochlorous acid [HOCl]). 
Germicide:  a chemical that destroys microorganisms.  Germicides may be used to inactivate 
microorganisms in or on living tissue (antiseptics) or on environmental surfaces (disinfectants). 
Health-care–associated:  an outcome, usually an infection, that occurs in any health-care facility as a 
result of medical care.  The term “health-care–associated” replaces “nosocomial,” the latter term being 
limited to adverse infectious outcomes occurring only in hospitals. 
Hemodiafiltration:  a form of renal replacement therapy in which waste solutes in the patient’s blood 
are removed by both diffusion and convection through a high-flux membrane. 
Hemodialysis:  a treatment for renal replacement therapy in which waste solutes in the patient’s blood 
are removed by diffusion and/or convection through the semipermeable membrane of an artificial 
kidney or dialyzer. 
Hemofiltration:  cleansing of waste products or other toxins from the blood by convection across a 
semipermeable, high-flux membrane where fluid balance is maintained by infusion of sterile, pyrogen-
free substitution fluid pre- or post-hemodialyzer. 
HEPA filter:  High Efficiency Particulate Air filters capable of removing 99.97% of particles 0.3 µm in 
diameter and may assist in controlling the transmission of airborne disease agents.  These filters may be 
used in ventilation systems to remove particles from the air or in personal respirators to filter air before 
it is inhaled by the person wearing the respirator.  The use of HEPA filters in ventilation systems 
requires expertise in installation and maintenance.  To test this type of filter, 0.3 µm particles of 
dioctylphthalate (DOP) are drawn through the filter.  Efficiency is calculated by comparing the 
downstream and upstream particle counts.  The optimal HEPA filter allows only three particles to pass 
through for every 10,000 particles that are fed to the filter. 
Heterotrophic (heterotroph):  that which requires some nutrient components from exogenous sources.  
Heterotrophic bacteria cannot synthesize all of their metabolites and therefore require certain nutrients 
from other sources. 
High-efficiency filter:  a filter with a particle-removal efficiency of 90%–95%. 
High flux:  a type of dialyzer or hemodialysis treatment in which large molecules (>8,000 daltons [e.g., 
β2 microglobulin]) are removed from blood. 
High-level disinfection:  a disinfection process that inactivates vegetative bacteria, mycobacteria, fungi, 
and viruses, but not necessarily high numbers of bacterial spores. 
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Housekeeping surfaces:  environmental surfaces (e.g., floors, walls, ceilings, and tabletops) that are not 
involved in direct delivery of patient care in health-care facilities. 
Hoyer lift:  an apparatus that facilitates the repositioning of the non-ambulatory patient from bed to 
wheelchair or gurney and subsequently to therapy equipment (immersion tanks). 
Hubbard tank:  a tank used in hydrotherapy that may accomodate whole-body immersion (e.g., as may 
be indicated for burn therapy).  Use of a Hubbard tank has been replaced largely by bedside post-lavage 
therapy for wound care management. 
HVAC:  Heating, Ventilation, Air Conditioning. 
Iatrogenic:  induced in a patient by a physician’s activity, manner, or therapy.  The term is used 
especially in reference to an infectious complication or other adverse outcome of medical treatment. 
Impactor:  an air-sampling device in which particles and microorganisms are directed onto a solid 
surface and retained there for assay. 
Impingement:  an air-sampling method during which particles and microorganisms are directed into a 
liquid and retained there for assay. 
Indirect transmission:  involves contact of a susceptible host with a contaminated intermediate object, 
usually inanimate (a fomite). 
Induction unit:  the terminal unit of an in-room ventilation system.  Induction units take centrally 
conditioned air and further moderate its temperature.  Induction units are not appropriate for areas with 
high exhaust requirements (e.g., research laboratories). 
Intermediate-level disinfection:  a disinfection process that inactivates vegetative bacteria, most fungi, 
mycobacteria, and most viruses (particularly the enveloped viruses), but does not inactivate bacterial 
spores. 
Isoform:  a possible configuration (tertiary structure) of a protein molecule.  With respect to prion 
proteins, the molecules with large amounts of α-conformation are the normal isoform of that particular 
protein, whereas those prions with large amounts of β-sheet conformation are the proteins associated 
with the development of spongiform encephalopathy (e.g., Creutzfeldt-Jakob disease [CJD]). 
Laminar flow:  HEPA-filtered air that is blown into a room at a rate of 90 ± 10 feet/min in a 
unidirectional pattern with 100 ACH–400 ACH. 
Large enveloped virus:  viruses whose particle diameter is >50 nm and whose outer surface is covered 
by a lipid-containing structure derived from the membranes of the host cells.  Examples of large 
enveloped viruses include influenza viruses, herpes simplex viruses, and poxviruses. 
Laser plume:  the transfer of electromagnetic energy into tissues which results in a release of particles, 
gases, and tissue debris. 
Lipid-containing viruses:  viruses whose particle contains lipid components.  The term is generally 
synonymous with enveloped viruses whose outer surface is derived from host cell membranes.  Lipid-
containing viruses are sensitive to the inactivating effects of liquid chemical germicides. 
Lithotriptors:  instruments used for crushing caliculi (i.e., calcified stones, and sand) in the bladder or 
kidneys. 
Low efficiency filter:  the prefilter with a particle-removal efficiency of approximately 30% through 
which incoming air first passes.  See also Prefilter. 
Low-level disinfection:  a disinfection process that will inactivate most vegetative bacteria, some fungi, 
and some viruses, but cannot be relied upon to inactivate resistant microorganisms (e.g., mycobacteria 
or bacterial spores). 
Makeup air:  outdoor air supplied to the ventilation system to replace exhaust air. 
Makeup water:  a cold water supply source for a cooling tower. 
Manometer:  a device that measures the pressure of liquids and gases.  A manometer is used to verify 
air filter performance by measuring pressure differentials on either side of the filter. 
Membrane filtration:  an assay method suitable for recovery and enumeration of microorganisms from 
liquid samples.  This method is used when sample volume is large and anticipated microbial 
contamination levels are low. 
Mesophilic:  that which favors a moderate temperature.  For mesophilic bacteria, a temperature range of 
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68°F–131°F (20°C–55°C) is favorable for their growth and proliferation. 
Mixing box:  the site where the cold and hot air streams mix in the HVAC system, usually situated 
close to the air outlet for the room. 
Mixing faucet:  a faucet that mixes hot and cold water to produce water at a desired temperature. 
MMAD:  Mass Median Aerodynamic Diameter.  This is the unit used by ACGIH to describe the size of 
particles when particulate air sampling is conducted. 
Moniliaceous:  hyaline or brightly colored.  This is a laboratory term for the distinctive characteristics 
of certain opportunistic fungi in culture (e.g., Aspergillus spp. and Fusarium spp.). 
Monochloramine:  the result of the reaction between chlorine and ammonia that contains only one 
chlorine atom.  Monochloramine is used by municipal water systems as a water treatment. 
Natural ventilation:  the movement of outdoor air into a space through intentionally provided openings 
(i.e., windows, doors, or nonpowered ventilators). 
Negative pressure:  air pressure differential between two adjacent airspaces such that air flow is 
directed into the room relative to the corridor ventilation (i.e., room air is prevented from flowing out of 
the room and into adjacent areas). 
Neutropenia:  a medical condition in which the patient’s concentration of neutrophils is substantially 
less than that in the normal range.  Severe neutropenia occurs when the concentration is <1,000 
polymorphonuclear cells/µL for 2 weeks or <100 polymorphonuclear cells /mL for 1 week, particularly 
for hematopoietic stem cell transplant (HSCT) recipients. 
Noncritical devices:  medical devices or surfaces that come into contact with only intact skin.  The risk 
of infection from use of these devices is low. 
Non-enveloped virus:  a virus whose particle is not covered by a structure derived from a membrane of 
the host cell.  Non-enveloped viruses have little or no lipid compounds in their biochemical 
composition, a characteristic that is significant to their inherent resistance to the action of chemical 
germicides. 
Nosocomial:  an occurrence, usually an infection, that is acquired in a hospital as a result of medical 
care. 
NTM:  nontuberculous mycobacteria.  These organisms are also known as atypical mycobacteria, or as 
“Mycobacteria other than tuberculosis” (MOTT).  This descriptive term refers to any of the fast- or 
slow-growing  Mycobacterium spp. found in primarily in natural or man-made waters, but it excludes 
Mycobacterium tuberculosis and its variants. 
Nuisance dust:  generally innocuous dust, not recognized as the direct cause of serious pathological 
conditions. 
Oocysts:  a cyst in which sporozoites are formed; a reproductive aspect of the life cycle of a number of 
parasitic agents (e.g., Cryptosporidium spp., and Cyclospora spp.). 
Outdoor air:  air taken from the external atmosphere and, therefore, not previously circulated through 
the ventilation system. 
Parallel streamlines:  a unidirectional airflow pattern achieved in a laminar flow setting, characterized 
by little or no mixing of air. 
Particulate matter (particles):  a state of matter in which solid or liquid substances exist in the form of 
aggregated molecules or particles.  Airborne particulate matter is typically in the size range of 0.01–100 
µm diameter. 
Pasteurization:  a disinfecting method for liquids during which the liquids are heated to 140°F (60EC) 
for a short time (>30 mins.) to significantly reduce the numbers of pathogenic or spoilage 
microorganisms. 
Plinth:  a treatment table or a piece of equipment used to reposition the patient for treatment. 
Portable room-air HEPA recirculation units:  free-standing portable devices that remove airborne 
contaminants by recirculating air through a HEPA filter. 
Positive pressure:  air pressure differential between two adjacent air spaces such that air flow is 
directed from the room relative to the corridor ventilation (i.e., air from corridors and adjacent areas is 
prevented from entering the room). 
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Potable (drinking) water:  water that is fit to drink.  The microbiological quality of this water as 
defined by EPA microbiological standards from the Surface Water Treatment Rule: a) Giardia lamblia: 
99.9% killed/inactivated; b) viruses: 99.9% inactivated; c) Legionella spp.: no limit, but if Giardia and 
viruses are inactivated, Legionella will also be controlled; d) heterotrophic plate count [HPC]: <500 
CFU/mL; and e) >5% of water samples total coliform-positive in a month. 
PPE:  Personal Protective Equipment. 
ppm:  parts per million.  The term is a measure of concentration in solution.  Chlorine bleaches 
(undiluted) that are available in the U.S. (5.25%–6.15% sodium hypochlorite) contain approximately 
50,000–61,500 parts per million of free and available chlorine. 
Prefilter:  the first filter for incoming fresh air in a HVAC system.  This filter is approximately 30% 
efficient in removing particles from the air.  See also Low-Efficiency Filter. 
Prion:  a class of agent associated with the transmission of diseases knowns as transmissible 
spongiform encephalopathies (TSEs).  Prions are considered to consist of protein only, and the abnormal 
isoform of this protein is thought to be the agent that causes diseases such as Creutzfeldt-Jakob disease 
(CJD), kuru, scrapie, bovine spongiform encephalopathy (BSE), and the human version of BSE which is 
variant CJD (vCJD). 
Product water:  water produced by a water treatment system or individual component of that system. 
Protective environment:  a special care area, usually in a hospital, designed to prevent transmission of 
opportunistic airborne pathogens to severely immunosuppressed patients. 
Pseudoepidemic (pseudo-outbreak):  a cluster of positive microbiologic cultures in the absence of 
clinical disease.  A pseudoepidemic usually results from contamination of the laboratory apparatus and 
process used to recover microorganisms. 
Pyrogenic:  an endotoxin burden such that a patient would receive >5 endotoxin units (EU) per 
kilogram of body weight per hour, thereby causing a febrile response.  In dialysis this usually refers to 
water or dialysate having endotoxin concentrations of >5 EU/mL. 
Rank order:  a strategy for assessing overall indoor air quality and filter performance by comparing 
airborne particle counts from lowest to highest (i.e., from the best filtered air spaces to those with the 
least filtration). 
RAPD:  a method of genotyping microorganisms by randomly amplified polymorphic DNA.  This is 
one version of the polymerase chain reaction method. 
Recirculated air:  air removed from the conditioned space and intended for reuse as supply air. 
Relative humidity:  the ratio of the amount of water vapor in the atmosphere to the amount necessary 
for saturation at the same temperature.  Relative humidity is expressed in terms of percent and measures 
the percentage of saturation.  At 100% relative humidity, the air is saturated.  The relative humidity 
decreases when the temperature is increased without changing the amount of moisture in the air. 
Reprocessing (of medical instruments):  the procedures or steps taken to make a medical instrument 
safe for use on the next patient.  Reprocessing encompasses both cleaning and the final or terminal step 
(i.e., sterilization or disinfection) which is determined by the intended use of the instrument according to 
the Spaulding classification. 
Residuals:  the presence and concentration of a chemical in media (e.g., water) or on a surface after the 
chemical has been added. 
Reservoir:  a nonclinical source of infection. 
Respirable particles:  those particles that penetrate into and are deposited in the nonciliated portion of 
the lung.  Particles >10 µm in diameter are not respirable. 
Return air:  air removed from a space to be then recirculated. 
Reverse osmosis (RO):  an advanced method of water or wastewater treatment that relies on a semi-
permeable membrane to separate waters from pollutants.  An external force is used to reverse the 
normal osmotic process resulting in the solvent moving from a solution of higher concentration to one 
of lower concentration. 
Riser:  water piping that connects the circulating water supply line, from the level of the base of the 
tower or supply header, to the tower’s distribution system. 



 208 

RODAC:  Replicate Organism Direct Agar Contact.  This term refers to a nutrient agar plate whose 
convex agar surface is directly pressed onto an environmental surface for the purpose of microbiologic 
sampling of that surface. 
Room-air HEPA recirculation systems and units:  devices (either fixed or portable) that remove 
airborne contaminants by recirculating air through a HEPA filter. 
Routine sampling:  environmental sampling conducted without a specific, intended purpose and with 
no action plan dependent on the results obtained. 
Sanitizer:  an agent that reduces microbial contamination to safe levels as judged by public health 
standards or requirements. 
Saprophytic:  a naturally-occurring microbial contaminant. 
Sedimentation:  the act or process of depositing sediment from suspension in water.  The term also 
refers to the process whereby solids settle out of wastewater by gravity during treatment. 
Semicritical devices:  medical devices that come into contact with mucous membranes or non-intact 
skin. 
Service animal:  any animal individually trained to do work or perform tasks for the benefit of a person 
with a disability. 
Shedding:  the generation and dispersion of particles and spores by sources within the patient area, 
through activities such as patient movement and airflow over surfaces. 
Single-pass ventilation:  ventilation in which 100% of the air supplied to an area is exhausted to the 
outside. 
Small, non-enveloped viruses:  viruses whose particle diameter is <50 nm and whose outer surface is 
the protein of the particle itself and not that of host cell membrane components.  Examples of small, 
non-enveloped viruses are polioviruses and hepatitis A virus. 
Spaulding Classification:  the categorization of inanimate medical device surfaces in the medical 
environment as proposed in 1972 by Dr. Earle Spaulding.  Surfaces are divided into three general 
categories, based on the theoretical risk of infection if the surfaces are contaminated at time of use.  The 
categories are “critical,” “semicritical,” and “noncritical.” 
Specific humidity:  the mass of water vapor per unit mass of moist air.  It is expressed as grains of 
water per pound of dry air, or pounds of water per pound of dry air.  The specific humidity changes as 
moisture is added or removed.  However, temperature changes do not change the specific humidity 
unless the air is cooled below the dew point. 
Splatter:  visible drops of liquid or body fluid that are expelled forcibly into the air and settle out 
quickly, as distinguished from particles of an aerosol which remain airborne indefinitely. 
Steady state:  the usual state of an area. 
Sterilization:  the use of a physical or chemical procedure to destroy all microbial life, including large 
numbers of highly-resistant bacterial endospores. 
Stop valve:  a valve that regulates the flow of fluid through a pipe.  The term may also refer to a faucet. 
Substitution fluid:  fluid that is used for fluid management of patients receiving hemodiafiltration.  
This fluid can be prepared on-line at the machine through a series of ultrafilters or with the use of sterile 
peritoneal dialysis fluid. 
Supply air:  air that is delivered to the conditioned space and used for ventilation, heating, cooling, 
humidification, or dehumidification. 
Tensile strength:  the resistance of a material to a force tending to tear it apart, measured as the 
maximum tension the material can withstand without tearing. 
Therapy animal:  an animal (usually a personal pet) that, with their owners or handlers, provide 
supervised, goal-directed intervention to clients in hospitals, nursing homes, special-population schools, 
and other treatment sites. 
Thermophilic:  capable of growing in environments warmer than body temperature. 
Thermotolerant:  capable of withstanding high temperature conditions. 
TLV®:  an exposure level under which most people can work consistently for 8 hours a day, day after 
day, without adverse effects.  The term is used by the ACGIH to designate degree of exposure to 
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contaminants.  TLV® can be expressed as approximate milligrams of particulate per cubic meter of air 
(mg/m3).  TLVs® are listed as either an 8-hour TWA (time weighted average) or a 15-minute STEL 
(short term exposure limit). 
TLV-TWA:  Threshold Limit Value-Time Weighted Average. The term refers to the time-weighted 
average concentration for a normal 8-hour workday and a 40-hour workweek to which nearly all 
workers may be exposed repeatedly, day after day, without adverse effects.  The TLV-TWA for 
“particulates (insoluble) not otherwise classified” (PNOC) - (sometimes referred to as nuisance dust) - 
are those particulates containing no asbestos and <1% crystalline silica.  A TLV-TWA of 10 mg/m3 for 
inhalable particulates and a TLV-TWA of 3 mg/m3 for respirable particulates (particulates <5 µm in 
aerodynamic diameter) have been established. 
Total suspended particulate matter:  the mass of particles suspended in a unit of volume of air when 
collected by a high-volume air sampler. 
Transient:  a change in the condition of the steady state that takes a very short time compared with the 
steady state.  Opening a door, and shaking bed linens are examples of transient activities. 
TWA:  average exposure for an individual over a given working period, as determined by sampling at 
given times during the period.  TWA is usually presented as the average concentration over an 8-hour 
workday for a 40-hour workweek. 
Ultraclean air:  air in laminar flow ventilation that has also passed through a bank of HEPA filters. 
Ultrafilter:  a membrane filter with a pore size in the range of 0.001–0.05 µm, the performance of 
which is usually rated in terms of a nominal molecular weight cut-off (defined as the smallest molecular 
weight species for which the filter membrance has more than 90% rejection). 
Ultrafiltered dialysate:  the process by which dialysate is passed through a filter having a molecular 
weight cut-off of approximately 1 kilodalton for the purpose of removing bacteria and endotoxin from 
the bath. 
Ultraviolet germicidal irradiation (UVGI):  the use of ultraviolet radiation to kill or inactivate 
microorganisms. 
Ultraviolet germicidal irradiation lamps:  lamps that kill or inactivate microorganisms by emitting 
ultraviolet germicidal radiation, predominantly at a wavelength of 254 nm.  UVGI lamps can be used in 
ceiling or wall fixtures or within air ducts of ventilation systems. 
Vapor pressure:  the pressure exerted by free molecules at the surface of a solid or liquid.  Vapor 
pressure is a function of temperature, increasing as the temperature rises. 
Vegetative bacteria:  bacteria that are actively growing and metabolizing, as opposed to a bacterial 
state of quiescence that is achieved when certain bacteria (gram-positive bacilli) convert to spores when 
the environment can no longer support active growth. 
Vehicle:  any object, person, surface, fomite, or media that may carry and transfer infectious 
microorganisms from one site to another. 
Ventilation:  the process of supplying and removing air by natural or mechanical means to and from 
any space.  Such air may or may not be conditioned. 
Ventilation air:  that portion of the supply air consisting of outdoor air plus any recirculated air that has 
been treated for the purpose of maintaining acceptable indoor air quality. 
Ventilation, dilution:  an engineering control technique to dilute and remove airborne contaminants by 
the flow of air into and out of an area.  Air that contains droplet nuclei is removed and replaced by 
contaminant-free air.  If the flow is sufficient, droplet nuclei become dispersed, and their concentration 
in the air is diminished. 
Ventilation, local exhaust:  ventilation used to capture and removed airborne contaminants by 
enclosing the contaminant source (the patient) or by placing an exhaust hood close to the contaminant 
source. 
v/v:  volume to volume.  This term is an expression of concentration of a percentage solution when the 
principle component is added as a liquid to the diluent. 
w/v:  weight to volume.  This term is an expression of concentration of a percentage solution when the 
principle component is added as a solid to the diluent. 
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Weight-arrestance:  a measure of filter efficiency, used primarily when describing the performance of 
low- and medium-efficiency filters.  The measurement of weight-arrestance is performed by feeding a 
standardized synthetic dust to the filter and weighing the fraction of the dust removed. 

Appendix B.  Air 

1. Airborne Contaminant Removal

Table B.1.  Air changes/hour (ACH) and time required for airborne-contaminant removal 
efficiencies of 99% and 99.9%* 

Time (mins.) required for removal:  
ACH+ § ¶ 99% efficiency 99.9% efficiency

2 138 207
4 69 104
6 46 69 
8 35 52

10 28 41 
12 23 35 
15 18 28 
20 14 21
50 6 8

* This table is revised from Table S3-1 in reference 4 and has been adapted from the formula for the rate of purging airborne
contaminants presented in reference 1435.

+ Shaded entries denote frequently cited ACH for patient-care areas.
§ Values were derived from the formula:

t2 – t1 =  – [ln (C2 / C1) / (Q / V)] H 60, with t1 = 0 and where 

t1 = initial timepoint in minutes t2 = final timepoint in minutes 
C1 = initial concentration of contaminant C2 = final concentration of contaminant 
C2 / C1 = 1 – (removal efficiency / 100) Q = air flow rate in cubic feet/hour 
V = room volume in cubic feet Q / V = ACH 

¶  Values apply to an empty room with no aerosol-generating source.  With a person present and generating 
aerosol, this table would not apply.  Other equations are available that include a constant generating source.  
However, certain diseases (e.g., infectious tuberculosis) are not likely to be aerosolized at a constant rate.  The 
times given assume perfect mixing of the air within the space (i.e., mixing factor = 1).  However, perfect mixing 
usually does not occur.  Removal times will be longer in rooms or areas with imperfect mixing or air stagnation.213  
Caution should be exercised in using this table in such situations.  For booths or other local ventilation enclosures, 
manufacturers’ instructions should be consulted. The verification code for this document is 650538.

2. Air Sampling for Aerosols Containing Legionellae

Air sampling is an insensitive means of detecting Legionella pneumophila, and is of limited practical 
value in environmental sampling for this pathogen.  In certain instances, however, it can be used to a) 
demonstrate the presence of legionellae in aerosol droplets associated with suspected bacterial 
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reservoirs; b) define the role of certain devices [e.g., showers, faucets, decorative fountains, or evaporate 
condensers] in disease transmission; and c) quantitate and determine the size of the droplets containing 
legionellae.1436   Stringent controls and calibration are necessary when sampling is used to determine 
particle size and numbers of viable bacteria.1437   Samplers should be placed in locations where human 
exposure to aerosols is anticipated, and investigators should wear a NIOSH-approved respirator (e.g., 
N95 respirator) if sampling involves exposure to potentially infectious aerosols. 
 
Methods used to sample air for legionellae include impingement in liquid, impaction on solid medium, 
and sedimentation using settle plates.1436   The Chemical Corps.-type all-glass impingers (AGI) with the 
stem 30 mm from the bottom of the flask have been used successfully to sample for legionellae.1436   
Because of the velocity at which air samples are collected, clumps tend to become fragmented, leading 
to a more accurate count of bacteria present in the air.  The disadvantages of this method are a) the 
velocity of collection tends to destroy some vegetative cells; b) the method does not differentiate 
particle sizes; and c) AGIs are easily broken in the field.  Yeast extract broth (0.25%) is the 
recommended liquid medium for AGI sampling of legionellae;1437  standard methods for water samples 
can be used to culture these samples. 
 
Andersen samplers are viable particle samplers in which particles pass through jet orifices of decreasing 
size in cascade fashion until they impact on an agar surface.1218   The agar plates are then removed and 
incubated.  The stage distribution of the legionellae should indicate the extent to which the bacteria 
would have penetrated the respiratory system.  The advantages of this sampling method are a) the 
equipment is more durable during use; b) the sampler can cetermine the number and size of droplets 
containing legionellae; c) the agar plates can be placed directly in an incubator with no further 
manipulations; and d) both selective and nonselective BCYE agar can be used.  If the samples must be 
shipped to a laboratory, they should be packed and shipped without refrigeration as soon as possible. 
 
 
3.  Calculation of Air Sampling Results 
 
Assuming that each colony on the agar plate is the growth from a single bacteria-carrying particle, the 
contamination of the air being sampled is determined from the number of colonies counted.  The 
airborne microorganisms may be reported in terms of the number per cubic foot of air sampled.  The 
following formulas can be applied to convert colony counts to organisms per cubic foot of air 
sampled.1218 
 
For solid agar impactor samplers: 
 C / (R H P) = N   where N = number of organisms collected per cubic foot of air sampled 
   C = total plate count 
   R = airflow rate in cubic feet per minute 
   P = duration of sampling period in minutes 
 
For liquid impingers: 
 (C H V) / (Q H P H R) = N   where C = total number of colonies from all aliquots plated 
   V = final volume in mL of collecting media 
   Q = total number of mL plated 
   P, R, and N are defined as above 
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4.  Ventilation Specifications for Health-Care Facilities 
 
The following tables from the AIA Guidelines for Design and Construction of Hospitals and Health-Care Facilities, 2001 are reprinted with permission of the American Institute 
of Architects and the publisher (The Facilities Guidelines Institute).120 
 

Table B.2.  Ventilation requirements for areas affecting patient care in hospitals and outpatient facilities1 
Notes:  This table is Table 7.2 in the AIA guidelines, 2001 edition.  Superscripts used in this table refer to notes following the table. 
 
 Air movement Minimum Minimum AII air 
 relationship air changes total air exhausted Recirculated Relative Design 
 to adjacent of outdoor changes per directly to by means of humidity8 temperature9 
Area designation area2 air per hour3 hour4, 5 outdoors6 room units7 (%) (degrees F [C]) 
 
Surgeru and critical care 
Operating/surgical cystoscopic rooms10, 11 Out 3 15 – No 30–60 68–73 (20–23)12 

Delivery room10 Out 3 15 – No 30–60 68–73 (20–23)  
Recovery room10 – 2 6 – No 30–60 70–75 (21–24) 
Critical and intensive care – 2 6 – No 30–60 70–75 (21–24) 
Newborn intensive care – 2 6 – No 30–60 72–78 (22–26) 
Treatment room13 – – 6 – – – 75 (24) 
Trauma room13 Out 3 15 – No 30–60 70–75 (21–24) 
Anesthesia gas storage In – 8 Yes – – – 
Endoscopy In 2 6 – No 30–60 68–73 (20–23) 
Bronchoscopy11 In 2 12 Yes No 30–60 68–73 (20–23) 
ER waiting rooms In 2 12 Yes14, 15 – – 70–75 (21–24) 
Triage In 2 12 Yes14 – – 70–75 (21–24) 
Radiology waiting rooms In 2 12 Yes14, 15 – – 70–75 (21–24) 
Procedure room Out 3 15 – No 30–60 70–75 (21–24) 
 
Nursing 
Patient room – 2 616 – – – 70–75 (21–24) 
Toilet room In – 10 Yes – – – 
Newborn nursery suite – 2 6 – No 30–60 72–78 (22–26) 
Protective environment room11, 17 Out 2 12 – No – 75 (24) 
Airborne infection isolation room17, 18 In 2 12 Yes15 No – 75 (24) 
Isolation alcove or anteroom17, 18 In/Out – 10 Yes No – – 
Labor/delivery/recovery – 2  616 – – – 70–75 (21–24) 
Labor/delivery/recovery/postpartum – 2  616 – – – 70–75 (21–24) 
Patient corridor – – 2 – – – – 
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 Air movement Minimum Minimum AII air 
 relationship air changes total air exhausted Recirculated Relative Design 
 to adjacent of outdoor changes per directly to by means of humidity8 temperature9 
Area designation area2 air per hour3 hour4, 5 outdoors6 room units7 (%) (degrees F [C]) 
 
Ancillary 
Radiology19 
 X-ray (surgical/critical care and 
    catheterization) Out 3 15 – No 30-60 70–75 (21–24) 
X-ray (diagnostic & treatment) – – 6 – – – 75 (24) 
 Darkroom In – 10 Yes No – – 
Laboratory 
 General19 – – 6 – – – 75 (24) 
 Biochemistry19 Out – 6 – No – 75 (24) 
 Cytology In – 6 Yes No – 75 (24) 
 Glass washing In – 10 Yes – – – 
 Histology In – 6 Yes No – 75 (24) 
 Microbiology19 In – 6 Yes No – 75 (24) 
 Nuclear medicine In – 6 Yes No – 75 (24) 
 Pathology In – 6 Yes No – 75 (24) 
 Serology Out – 6 – No – 75 (24) 
 Sterilizing In – 10 Yes – – – 
Autopsy room11 In – 12 Yes No – – 
Nonrefrigerated body-holding room In – 10 Yes – – 70 (21) 
Pharmacy Out – 4 – – – – 
 
Diagnostic and treatment 
Examination room – – 6 – – – 75 (24) 
Medication room Out – 4 – – – – 
Treatment room – – 6 – – – 75 (24) 
Physical therapy and hydrotherapy In – 6 – – – 75 (24) 
Soiled workroom or soiled holding In – 10 Yes No – – 
Clean workroom or clean holding Out – 4 – – – – 
 
Sterilizing and supply 
ETO-sterilizer room In – 10 Yes No 30-60 75 (24) 
Sterilizer equipment room In – 10 Yes – – – 
Central medical and surgical supply 
 Soiled or decontamination room In – 6 Yes No – 68–73 (20–23) 
 Clean workroom Out – 4 – No 30-60 75 (24) 
 Sterile storage Out – 4 – – (Max.) 70 – 
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Air movement Minimum Minimum AII air 
relationship air changes total air exhausted Recirculated Relative Design 
to adjacent of outdoor changes per directly to by means of humidity8 temperature9 

Area designation area2 air per hour3 hour4, 5 outdoors6 room units7 (%) (degrees F [C]) 

Service 
Food preparation center20 – – 10 – No – –
Ware washing In – 10 Yes No – – 
Dietary day storage In – 2 – – – – 
Laundry, general – – 10 Yes – – –
Soiled linen (sorting and storage) In – 10 Yes No – – 
Clean linen storage Out – 2 – – – – 
Soiled linen and trash chute room In – 10 Yes No – – 
Bedpan room In – 10 Yes – – –
Bathroom In – 10 – – – 75 (24)
Janitor’s closet In – 10 Yes No – – 

Notes: 

1. The ventilation rates in this table cover ventilation for comfort, as well as for asepsis and odor control in areas of acute care hospitals that directly affect patient care and are
determined based on health-care facilities being predominantly “No Smoking” facilities.  Where smoking may be allowed, ventilation rates will need adjustment.  Areas where
specific ventilation rates are not given in the table shall be ventilated in accordance with ASHRAE Standard 62, Ventilation for Acceptable Indoor Air Quality, and ASHRAE
Handbook - HVAC Applications.  Specialized patient care areas, including organ transplant units, burn units, specialty procedure rooms, etc., shall have additional ventilation
provisions for air quality control as may be appropriate.  OSHA standards and/or NIOSH criteria require special ventilation requirements for employee health and safety within
health-care facilities.

2. Design of the ventilation system shall provide air movement which is generally from clean to less clean areas.  If any form of variable air volume or load shedding system is
used for energy conservation, it must not compromise the corridor-to-room pressure balancing relationships or the minimum air changes required by the table.

3. To satisfy exhaust needs, replacement air from the outside is necessary.  Table B2 does not attempt to describe specific amounts of outside air to be supplied to individual
spaces except for certain areas such as those listed.  Distribution of the outside air, added to the system to balance required exhaust, shall be as required by good engineering
practice.  Minimum outside air quantities shall remain constant while the system is in operation.

4. Number of air changes may be reduced when the room is unoccupied if provisions are made to ensure that the number of air changes indicated is reestablished any time the
space is being utilized.  Adjustments shall include provisions so that the direction of air movement shall remain the same when the number of air changes is reduced.  Areas not
indicated as having continuous directional control may have ventilation systems shut down when space is unoccupied and ventilation is not otherwise needed, if the maximum
infiltration or exfiltration permitted in Note 2 is not exceeded and if adjacent pressure balancing relationships are not compromised.  Air quantity calculations must account for
filter loading such that the indicated air change rates are provided up until the time of filter change-out.

5. Air change requirements indicated are minimum values.  Higher values should be used when required to maintain indicated room conditions (temperature and jumidity), based
on the cooling load of the space (lights, equipment, people, exterior walls and windows, etc.).
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6.  Air from areas with contamination and/or odor problems shall be exhausted to the outside and not recirculated to other areas.  Note that individual circumstances may require 
special consideration for air exhaust to the outside, (e.g., in intensive care units in which patients with pulmonary infection are treated) and rooms for burn patients. 
 
7.  Recirculating room HVAC units refer to those local units that are used primarily for heating and cooling of air, and not disinfection of air.  Because of cleaning difficulty and 
potential for buildup of contamination, recirculating room units shall not be used in areas marked “No.”  However, for airborne infection control, air may be recirculated within 
individual isolation rooms if HEPA filters are used.  Isolation and intensive care unit rooms may be ventilated by reheat induction units in which only the primary air supplied from 
a central system passes through the reheat unit.  Gravity-type heating or cooling units such as radiators or convectors shall not be used in operating rooms and other special care 
areas.  See this table’s Appendix I for a description of recirculation units to be used in isolation rooms (A7). 
 
8.  The ranges listed are the minimum and maximum limits where control is specifically needed.  The maximum and minimum limits are not intended to be independent of a 
space’s associated temperature.  The humidity is expected to be at the higher end of the range when the temperature is also at the higher end, and vice versa. 
 
9.  Where temperature ranges are indicated, the systems shall be capable of maintaining the rooms at any point within the range during normal operation.  A single figure indicates 
a heating or cooling capacity of at least the indicated temperature.  This is usually applicable when patients may be undressed and require a warmer environment. Nothing in these 
guidelines shall be construed as precluding the use of temperatures lower than those noted when the patients' comfort and medical conditions make lower temperatures desirable.  
Unoccupied areas such as storage rooms shall have temperatures appropriate for the function intended. 
 
10.  National Institute for Occupational Safety and Health (NIOSH) criteria documents regarding “Occupational Exposure to Waste Anesthetic Gases and Vapors,” and “Control of 
Occupational Exposure to Nitrous Oxide” indicate a need for both local exhaust (scavenging) systems and general ventilation of the areas in which the respective gases are utilized. 
 
11.  Differential pressure shall be a minimum of 0.01" water gauge (2.5 Pa).  If alarms are installed, allowances shall be made to prevent nuisance alarms of monitoring devices. 
 
12.  Some surgeons may require room temperatures which are outside of the indicated range.  All operating room design conditions shall be developed in consultation with 
surgeons, anesthesiologists, and nursing staff. 
 
13.  The term “trauma room” as used here is the operating room space in the emergency department or other trauma reception area that is used for emergency surgery.  The “first 
aid room” and/or “emergency room” used for initial treatment of accident victims may be ventilated as noted for the “treatment room.”  Treatment rooms used for bronchoscopy 
shall be treated as Bronchoscopy rooms.  Treatment rooms used for cryosurgery procedures with nitrous oxide shall contain provisions for exhausting waste gases. 
 
14.  In a ventilation system that recirculates air, HEPA filters can be used in lieu of exhausting the air from these spaces to the outside.  In this application, the return air shall be 
passed through the HEPA filters before it is introduced into any other spaces. 
 
15.  If it is not practical to exhaust the air from the airborne infection isolation room to the outside, the air may be returned through HEPA filters to the air-handling system  
exclusively serving the isolation room. 
 
16.  Total air changes per room for patient rooms, labor/delivery/recovery rooms, and labor/delivery/recovery/postpartum rooms may be reduced to 4 when supplemental heating 
and/or cooling systems (radiant heating and cooling, baseboard heating, etc.) are used. 
 
17.  The protective environment airflow design specifications protect the patient from common environmental airborne infectious microbes (i.e., Aspergillus spores).  These special 
ventilation areas shall be designed to provide directed airflow from the cleanest patient care area to less clean areas.  These rooms shall be protected with HEPA filters at 99.97 
percent efficiency for a 0.3 µm sized particle in the supply airstream.  These interrupting filters protect patient rooms from maintenance-derived release of environmental microbes 
from the ventilation system components.  Recirculation HEPA filters can be used to increase the equivalent room air exchanges.  Constant volume airflow is required for consistent 
ventilation for the protected environment.  If the facility determines that airborne infection isolation is necessary for protective environment patients, an anteroom should be  
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provided.  Rooms with reversible airflow provisions for the purpose of switching between protective environment and airborne infection isolation functions are not acceptable. 
 
18.  The infectious disease isolation room described in these guidelines is to be used for isolating the airborne spread of infectious diseases, such as measles, varicella, or 
tuberculosis.  The design of airborne infection isolation (AII) rooms should include the provision for normal patient care during periods not requiring isolation precautions.  
Supplemental recirculating devices may be used in the patient room to increase the equivalent room air exchanges; however, such recirculating devices do not provide the outside 
air requirements.  Air may be recirculated within individual isolation rooms if HEPA filters are used.  Rooms with reversible airflow provisions for the purpose of switching 
between protective environment and AII functions are not acceptable. 
 
19.  When required, appropriate hoods and exhaust devices for the removal of noxious gases or chemical vapors shall be provided (see Section 7.31.D14 and 7.31.D15 in the AIA 
guideline [reference 120] and NFPA 99). 
 
20.  Food preparation centers shall have ventilation systems whose air supply mechanisms are interfaced appropriately with exhaust hood controls or relief vents so that exfiltration 
or infiltration to or from exit corridors does not compromise the exit corridor restrictions of NFPA 90A, the pressure requirements of NFPA 96, or the maximum defined in the 
table. The number of air changes may be reduced or varied to any extent required for odor control when the space is not in use.  See Section 7.31.D1.p in the AIA guideline 
(reference 120). 
 
Appendix I: 
 
A7.  Recirculating devices with HEPA filters may have potential uses in existing facilities as interim, supplemental environmental controls to meet requirements for the control of 
airborne infectious agents.  Limitations in design must be recognized.  The design of either portable or fixed systems should prevent stagnation and short circuiting of airflow.  The 
supply and exhaust locations should direct clean air to areas where health-care workers are likely to work, across the infectious source, and then to the exhaust, so that the health-
care worker is not in position between the infectious source and the exhaust location.  The design of such systems should also allow for easy access for scheduled preventative 
maintenance and cleaning. 
 
A11.  The verification of airflow direction can include a simple visual method such as smoke trail, ball-in-tube, or flutterstrip.  These devices will require a minimum differential 
air pressure to indicate airflow direction. 
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Table B.3.  Pressure relationships and ventilation of certain areas of nursing facilities1 
Notes:  This table is Table 8.1 in the AIA guidelines, 2001 edition.  Superscripts used in this table refer to notes following the table. 
 
 
 Air movement Minimum Minimum AII air 
 relationship air changes total air exhausted Recirculated Relative Design 
 to adjacent of outdoor changes per directly to by means of humidity7 temperature8 
Area designation area2 air per hour3 hour4 outdoors5 room units6 (%) (degrees F [C]) 
 
Resident room – 2 2 – – 9 70–75 (21–24) 
Resident unit corridor – – 4 – – 9 – 
Resident gathering areas – 4 4 – – – – 
Toilet room In – 10 Yes No – – 
Dining rooms – 2 4 – – – 75 (24) 
Activity rooms, if provided – 4 4 – – – – 
Physical therapy In 2 6 – – – 75 (24) 
Occupational therapy In 2 6 – – – 75.(24) 
Soiled workroom or soiled holding In 2 10 Yes No – – 
Clean workroom or clean holding Out 2 4 – – (Max. 70) 75 (24) 
Sterilizer exhaust room In – 10 Yes No – – 
Linen and trash chute room, if provided In – 10 Yes No – – 
Laundry, general, if provided – 2 10 Yes No – – 
Soiled linen sorting and storage In – 10 Yes No – – 
Clean linen storage Out – 2 Yes No – – 
Food preparation facilities10 – 2 10 Yes No – – 
Dietary warewashing In – 10 Yes No – – 
Dietary storage areas – – 2 Yes No – – 
Housekeeping rooms In – 10 Yes No – – 
Bathing rooms In – 10 Yes No – 75 (24) 
 
 
 
Notes: 
 
1.  The ventilation rates in this table cover ventilation for comfort, as well as for asepsis and odor control in areas of nursing facilities that directly affect resident care and are 
determined based on nursing facilities being predominantly “No Smoking” facilities.  Where smoking may be allowed, ventilation rates will need adjustment.  Areas where 
specific ventilation rates are not given in the table shall be ventilated in accordance with ASHRAE Standard 62, Ventilation for Acceptable Indoor Air Quality, and ASHRAE 
Handbook - HVAC Applications.  OSHA standards and/or NIOSH criteria require special ventilation requirements for employee health and safety within nursing facilities. 
 
2.  Design of the ventilation system shall, insofar as possible, provide that air movement is from clean to less clean areas.  However, continuous compliance may be impractical 
with full utilization of some forms of variable air volume and load shedding systems that may be used for energy conservation.  Areas that do require positive and continuous 
control are noted with “Out” or “In” to indicate the required direction of air movement in relation to the space named.  Rate of air movement may, of course, be varied as needed  
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within the limits required for positive control.  Where indication of air movement direction is enclosed in parentheses, continuous directional control is required only when the 
specialized equipment or device is in use or where room use may otherwise compromise the intent of movement from clean to less clean.  Air movement for rooms with dashes 
and nonpatient areas may vary as necessary to satisfy the requirements of those spaces.  Additional adjustments may be needed when space is unused or unoccupied and air 
systems are deenergized or reduced. 

3. To satisfy exhaust needs, replacement air from outside is necessary.  Table B.3 does not attempt to describe specific amounts of outside air to be supplied to individual spaces
except for certain areas such as those listed.  Distribution of the outside air, added to the system to balance required exhaust, shall be as required by good engineering practice.

4. Number of air changes may be reduced when the room is unoccupied if provisions are made to ensure that the number of air changes indicated is reestablished any time the
space is being utilized.  Adjustments shall include provisions so that the direction of air movement shall remain the same when the number of air changes is reduced.  Areas not
indicated as having continuous directional control may have ventilation systems shut down when space is unoccupied and ventilation is not otherwise needed.

5. Air from areas with contamination and/or odor problems shall be exhausted to the outside and not recirculated to other areas.  Note that individual circumstances may require
special consideration for air exhaust to outside.

6. Because of cleaning difficulty and potential for buildup of contamination, recirculating room units shall not be used in areas marked “No.”  Isolation rooms may be ventilated
by reheat induction units in which only the primary air supplied from a central system passes through the reheat unit.  Gravity-type heating or cooling units such as radiators or
convectors shall not be used in special care areas.

7. The ranges listed are the minimum and maximum limits where control is specifically needed.  See A8.31.D in the AIA guideline (reference 120) for additional information.

8. Where temperature ranges are indicated, the systems shall be capable of maintaining the rooms at any point within the range.  A single figure indicates a heating or cooling
capacity of at least the indicated temperature.  This is usually applicable where residents may be undressed and require a warmer environment.  Nothing in these guidelines shall be
construed as precluding the use of temperatures lower than those noted when the residents’ comfort and medical conditions make lower temperatures desirable.  Unoccupied areas
such as storage rooms shall have temperatures appropriate for the function intended.

9. See A8.31.D1 in the AIA guideline (reference 120).

10. Food preparation facilities shall have ventilation systems whose air supply mechanisms are interfaced appropriately with exhaust hood controls or relief vents so that
exfiltration or infiltration to or from exit corridors does not compromise the exit corridor restrictions of NFPA 90A, the pressure requirements of NFPA 96, or the maximum
defined in the table.  The number of air changes may be reduced or varied to any extent required for odor control when the space is not in use.
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Table B.4.  Filter efficiencies for central ventilation and air conditioning systems in 
general hospitals* 
Note:  This table is Table 7.3 in the AIA guidelines, 2001 edition. 

Filter bed Filter bed 
Number of No.1 No. 2

Area designation filter beds (%) (%) 

All areas for inpatient care, treatment, and 2 30 90 
diagnosis, and those areas providing direct 
service or clean supplies, such as sterile and 
clean processing, etc. 

Protective environment room 2 30 99.97 

Laboratories 1 80 –

Administrative, bulk storage, soiled holding areas, 1 30 – 
food preparation areas, and laundries 

* Additional roughing or prefilters should be considered to reduce maintenance required for filters with efficiency higher
than 75 percent.  The filtration efficiency ratings are based on average dust sopt efficiency per ASHRAE 52.1–1992.

Table B.5.  Filter efficiencies for central ventilation and air conditioning systems in 
outpatient facilities* 
Note:  This table is Table 9.1 in the AIA guidelines, 2001 edition. 

Filter bed Filter bed 
Number of  No. 1 No. 2+ 

Area designation filter beds (%) (%) 

All areas for patient care, treatment, and/or 2 30 90 
diagnosis, and those areas providing direct service 
or clean supplies such as sterile and clean processing, 
etc. 

Laboratories 1 80 –

Administrative, bulk storage, soiled holding areas, 1 30 – 
food preparation areas, and laundries 

* Additional roughing or prefilters should be considered to reduce maintenance required for main filters.  The filtration
efficiency ratings are based on dust spot efficiency per ASHRAE 52.1–1992.

+ These requirements do not apply to small primary (e.g., neighborhood) outpatient facilities or outpatient facilities that do
not perform invasive applications or procedures.
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Table B.6.  Filter efficiencies for central ventilation and air conditioning systems in 
nursing facilities 
Note:  This table is Table 8.2 in the AIA guidelines, 2001 edition. 

 
 Minimum Filter bed Filter bed 
 number of  No. 1 No. 2 
Area designation filter beds (%)* (%)* 
 
 
All areas for inpatient care, treatment, and/or 2 30 80 
diagnosis, and those areas providing direct  
service or clean supplies 
 
Administrative, bulk storage, soiled holding, 1 30 – 
laundries, and food preparation areas 
 
 
*  The filtration efficiency ratings are based on average dust spot efficiency as per ASHRAE 52.1–1992. 
 
 

Table B.7.  Filter efficiencies for central ventilation and air conditioning systems in 
psychiatric hospitals 
Note:  This table is Table 11.1 in the AIA guidelines, 2001 edition. 
 
 Minimum Filter bed Filter bed 
 number of  No. 1 No. 2 
Area designation filter beds (%)* (%)* 
 
All areas for inpatient care, treatment, and 2 30 90 
diagnosis, and those areas providing direct 
services 
 
Administrative, bulk storage, soiled holding, 1 30 – 
laundries, and food preparation areas 
 
 
*  The filtration efficiency ratings are based on average dust spot efficiency as per ASHRAE 52.1–1992. 
 
 
 
Appendix C.  Water 
 
 
1.  Biofilms 
 
Microorganisms have a tendency to associate with and stick to surfaces.  These adherent organisms can 
initiate and develop biofilms, which are comprised of cells embedded in a matrix of extracellularly 
produced polymers and associated abiotic particles.1438   It is inevitable that biofilms will form in most 
water systems.  In the health-care facility environment, biofilms may be found in the potable water 
supply piping, hot water tanks, air conditioning cooling towers, or in sinks, sink traps, aerators, or 
shower heads.  Biofilms, especially in water systems, are not present as a continuous slime or film, but 
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are more often scanty and heterogeneous in nature.1439   Biofilms may form under stagnant as well as 
flowing conditions, so storage tanks, in addition to water system piping, may be vulnerable to the 
development of biofilm, especially if water temperatures are low enough to allow the growth of 
thermophilic bacteria (e.g., Legionella spp.).  Favorable conditions for biofilm formation are present if 
these structures and equipment are not cleaned for extended periods of time.1440 
 
Algae, protozoa, and fungi may be present in biofilms, but the predominant microorganisms of water 
system biofilms are gram-negative bacteria.  Although most of these organisms will not normally pose a 
problem for healthy individuals, certain biofilm bacteria (e.g., Pseudomonas aeruginosa, Klebsiella 
spp., Pantoea agglomerans, and Enterobacter cloacae) all may be agents for opportunistic infections for 
immunocompromised individuals.1441, 1442   These biofilm organisms may easily contaminate indwelling 
medical devices or intravenous (IV) fluids, and they could be transferred on the hands of health-care 
workers.1441–1444   Biofilms may potentially provide an environment for the survival of pathogenic 
organisms, such as Legionella pneumophila and E. coli O157:H7.  Although the association of biofilms 
and medical devices provides a plausible explanation for a variety of health-care–associated infections, 
it is not clear how the presence of biofilms in the water system may influence the rates of health-care–
associated waterborne infection. 
 
Organisms within biofilms behave quite differently than their planktonic (i.e., free floating) 
counterparts.  Research has shown that biofilm-associated organisms are more resistant to antibiotics 
and disinfectants than are planktonic organisms, either because the cells are protected by the polymer 
matrix, or because they are physiologically different.1445–1450   Nevertheless, municipal water utilities 
attempt to maintain a chlorine residual in the distribution system to discourage microbiological growth.  
Though chlorine in its various forms is a proven disinfectant, it has been shown to be less effective 
against biofilm bacteria.1448   Higher levels of chlorine for longer contact times are necessary to 
eliminate biofilms. 
 
Routine sampling of health-care facility water systems for biofilms is not warranted.  If an 
epidemiologic investigation points to the water supply system as a possible source of infection, then 
water sampling for biofilm organisms should be considered so that prevention and control strategies can 
be developed.  An established biofilm is is difficult to remove totally in existing piping.  Strategies to 
remediate biofilms in a water system would include flushing the system piping, hot water tank, dead 
legs, and those areas of the facility’s water system subject to low or intermittent flow.  The benefits of 
this treatment would include a) elimination of corrosion deposits and sludge from the bottom of hot 
water tanks, b) removal of biofilms from shower heads and sink aerators, and c) circulation of fresh 
water containing elevated chlorine residuals into the health-care facility water system. 
 
The general strategy for evaluating water system biofilm depends on a comparision of the 
bacteriological quality of the incoming municipal water and that of water sampled from within facility’s 
distribution system.  Heterotrophic plate counts and coliform counts, both of which are routinely run by 
the municipal water utility, will at least provide in indication of the potential for biofilm formation.  
Heterotrophic plate count levels in potable water should be <500 CFU/mL.  These levels may increase 
on occasion, but counts consistently >500 CFU/mL would indicate a general decrease in water quality.  
A direct correlation between heterotrophic plate count and biofilm levels has been demonstrated.1450   
Therefore, an increase in heterotrophic plate count would suggest a greater rate and extent of biofilm 
formation in a health-care facility water system.  The water supplied to the facility should also contain 
<1 coliform bacteria/100 mL.  Coliform bacteria are organisms whose presence in the distribution 
system could indicate fecal contamination.  It has been shown that coliform bacteria can colonize 
biofilms within drinking water systems.  Intermittant contamination of a water system with these 
organisms could lead to colonization of the system. 
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Water samples can be collected from throughout the health-care facility system, including both hot and 
cold water sources; samples should be cultured by standard methods.945   If heterotrophic plate counts in 
samples from the facility water system are higher than those from samples collected at the point of 
water entry to the building, it can be concluded that the facility water quality has diminished.  If 
biofilms are detected in the facility water system and determined by an epidemiologic and 
environmental investigation to be a reservoir for health-care–associated pathogens, the municipal water 
supplier could be contacted with a request to provide higher chlorine residuals in the distribution 
system, or the health-care facility could consider installing a supplemental chlorination system. 
 
Sample collection sites for biofilm in health-care facilities include a) hot water tanks; b) shower heads; 
and c) faucet aerators, especially in immunocompromised patient-care areas.  Swabs should be placed 
into tubes containing phosphate buffered water, pH 7.2 or phosphate buffered saline, shipped to the 
laboratory under refrigeration and processed within 24 hrs. of collection.  Samples are suspended by 
vortexing with sterile glass beads and plated onto a nonselective medium (e.g., Plate Count Agar or 
R2A medium) and selective media (e.g., media for Legionella spp. isolation) after serial dilution.  If the 
plate counts are elevated above levels in the water (i.e. comparing the plate count per square centimeter 
of swabbed surface to the plate count per milliliter of water), then biofilm formation can be suspected.  
In the case of an outbreak, it would be advisable to isolate organisms from these plates to determine 
whether the suspect organisms are present in the biofilm or water samples and compare them to the 
organisms isolated from patient specimens. 
 
2.  Water and Dialysate Sampling Strategies in Dialysis 
 
In order to detect the low, total viable heterotrophic plate counts outlined by the current AAMI 
standards for water and dialysate in dialysis settings, it is necessary to use standard quantitative culture 
techniques with appropriate sensitivity levels.792, 832, 833   The membrane filter technique is particularly 
suited for this application because it permits large volumes of water to be assayed.792, 834   Since the 
membrane filter technique may not be readily available in clinical laboratories, the spread plate assay 
can be used as an alternative.834   If the spread plate assay is used, however, the standard prohibits the 
use of a calibrated loop when applying sample to the plate.792   The prohibition is based on the low 
sensitivity of the calibrated loop.  A standard calibrated loop transfers 0.001 mL of sample to the culture 
medium, so that the minimum sensitivity of the assay is 1,000 CFU/mL.  This level of sensitivity is 
unacceptable when the maximum allowable limit for microorganisms is 200 CFU/mL.  Therefore, when 
the spread plate method is used, a pipette must be used to place 0.1–0.5 mL of water on the culture 
medium. 
 
The current AAMI standard specifically prohibits the use of nutrient-rich media (e.g., blood agar, and 
chocolate agar) in dialysis water and dialysate assays because these culture media are too rich for 
growth of the naturally occurring organisms found in water.792   Debate continues within AAMI, 
however, as to the most appropriate culture medium and incubation conditions to be used.  The original 
clinical observations on which the microbiological requirements of this standard were based used 
Standard Methods Agar (SMA), a medium containing relatively few nutrients.666   The use of tryptic soy 
agar (TSA), a general purpose medium for isolating and cultivating microorganisms was recommended 
in later versions of the standard because it was thought to be more appropriate for culturing bicarbonate-
containing dialysate.788, 789, 835   Moreover, culturing systems based on TSA are readily available from 
commercial sources.  Several studies, however, have shown that the use of nutrient-poor media, such as 
R2A, results in an increased recovery of bacteria from water.1451, 1452   The original standard also 
specified incubation for 48 hours at 95°F–98.6°F (35°C–37°C) before enumeration of bacterial colonies.  
Extending the culturing time up to 168 hours, or 7 days and using incubation temperatures of 73.4°F–
82.4°F (23°C–28°C) have also been shown to increase the recovery of bacteria.1451, 1452   Other 



 

 

223

investigators, however, have not found such clear cut differences between culturing techniques.835, 1453   
After considerable discussion, the AAMI Committee has not reached a consensus regarding changes in 
the assay technique, and the use of TSA or its equivalent for 48 hours at 95°F–98.6°F (35°C–37°C) 
remains the recommended method.  It should be recognized, however, that these culturing conditions 
may underestimate the bacterial burden in the water and fail to identify the presence of some organisms.  
Specifically, the recommended method may not detect the presence of various NTM that have been 
associated with several outbreaks of infection in dialysis units.31, 32   In these instances, however, the 
high numbers of mycobacteria in the water were related to the total heterotrophic plate counts, each of 
which was significantly greater than that allowable by the AAMI standard.  Additionally, the 
recommended method will not detect fungi and yeast, which have been shown to contaminate water 
used for hemodialysis applications.1454   Biofilm on the surface of the pipes may hide viable bacterial 
colonies, even though no viable colonies are detected in the water using sensitive culturing 
techniques.1455  Many disinfection processes remove biofilm poorly, and a rapid increase in the level of 
bacteria in the water following disinfection may indicate significant biofilm formation.  Therefore, 
although the results of microbiological surveillance obtained using the test methods outlined above may 
be useful in guiding disinfection schedules and in demonstrating compliance with AAMI standards, they 
should not be taken as an indication of the absolute microbiological purity of the water.792  
 
Endotoxin can be tested by one of two types of assays a) a kinetic test method [e.g., colorimetric or 
turbidimetric] or b) a gel-clot assay.  Endotoxin units are assayed by the Limulus Amebocyte Lysate 
(LAL) method.  Because endotoxins differ in their activity on a mass basis, their activity is referred to a 
standard Escherichia coli endotoxin.  The current standard (EC-6) is prepared from E. coli O113:H10.  
The relationship between mass of endotoxin and its activity varies with both the lot of LAL and the lot 
of control standard endotoxin used.  Since standards for endotoxin were harmonized in 1983 with the 
introduction of EC-5, the relationship between mass and activity of endotoxin has been approximately 
5–10 EU/ng.  Studies to harmonize standards have led to the measurement of endotoxin units (EU) 
where 5 EU is equivalent to 1 ng E. coli O55:B5 endotoxin.1456  
 
In summary, water used to prepare dialysate and to reprocess hemodialyzers should not contain a total 
microbial count >200 CFU/mL as determined by assay on TSA agar for 48 hrs. at 96.8°F (36°C), and 
<2 endotoxin units (EU) per mL.  The dialysate at the end of a dialysis treatment should not contain 
>2,000 CFU/mL.31, 32, 668, 789, 792 
 
 
 
3.  Water Sampling Strategies and Culture Techniques for Detecting 
Legionellae 
 
 
Legionella spp. are ubiquitous and can be isolated from 20%–40% of freshwater environments, 
including man-made water systems.1457, 1458   In health-care facilities, where legionellae in potable water 
rarely result in disease among immunocompromised patients, courses of remedial action are unclear. 
 
Scheduled microbiologic monitoring for legionellae remains controversial because the presence of 
legionellae is not necessarily evidence of a potential for causing disease.1459   CDC recommends 
aggressive disinfection measures for cleaning and maintaining devices known to transmit legionellae, 
but does not recommend regularly scheduled microbiologic assays for the bacteria.396  However, 
scheduled monitoring of potable water within a hospital might be considered in certain settings where 
persons are highly susceptible to illness and mortality from Legionella infection (e.g., hematopoietic 
stem cell transplantation units and solid organ transplant units).9   Also, after an outbreak of 
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legionellosis, health officials agree monitoring is necessary to identify the source and to evaluate the 
efficacy of biocides or other prevention measures. 
 
Examination of water samples is the most efficient microbiologic method for identifying sources of 
legionellae and is an integral part of an epidemiologic investigation into health-care–associated 
Legionnaires disease.  Because of the diversity of plumbing and HVAC systems in health-care facilities, 
the number and types of sites to be tested must be determined before collection of water samples.  One 
environmental sampling protocol that addresses sampling site selection in hospitals might serve as a 
prototype for sampling in other institutions.1209   Any water source that might be aerosolized should be 
considered a potential source for transmission of legionellae.  The bacteria are rarely found in municipal 
water supplies and tend to colonize plumbing systems and point-of-use devices.  To colonize, 
legionellae usually require a temperature range of 77°F–108°F (25°C–42.2°C) and are most commonly 
located in hot water systems.1460   Legionellae do not survive drying.  Therefore, air-conditioning 
equipment condensate, which frequently evaporates, is not a likely source.1461  
 
Water samples and swabs from point-of-use devices or system surfaces should be collected when 
sampling for legionellae (Box C.1).1437   Swabs of system surfaces allow sampling of biofilms, which 
frequently contain legionellae.  When culturing faucet aerators and shower heads, swabs of surface areas 
should be collected first; water samples are collected after aerators or shower heads are removed from 
their pipes.  Collection and culture techniques are outlined (Box C.2).  Swabs can be streaked directly 
onto buffered charcoal yeast extract agar (BCYE) plates if the pates are available at the collection site.  
If the swabs and water samples must be transported back to a laboratory for processing, immersing 
individual swabs in sample water minimizes drying during transit.  Place swabs and water samples in 
insulated coolers to protect specimens from temperature extremes. 
 

Box C.1.  Potential sampling sites for Legionella spp. in health-care facilities* 

 
 •  Potable water systems 
  incoming water main, water softener unit, holding tanks, cisterns, water heater tanks  
     (at the inflows and outflows) 
 
 •  Potable water outlets, especially those in or near patient rooms 
  faucets or taps, showers 
 
 •  Cooling towers and evaporative condensers 
  makeup water (e.g., added to replace water lost because of evaporation, drift, or leakage), 
     basin (i.e., area under the tower for collection of cooled water), sump (i.e., section of basin 
     from which cooled water returns to heat source), heat sources (e.g., chillers) 
 
 •  Humidfiers (e.g., nebullizers) 
  bubblers for oxygen, water used for respiratory therapy equipment 
 
 •  Other sources 
  decorative fountains, irrigation equipment, fire sprinkler system (if recently used), whirlpools, 
     spas 
 
 
*  Material in this box is adapted from reference 1209. 
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Box C.2.  Procedures for collecting and processing environmental specimens for 
Legionella spp.* 

 
 

1. Collect water (1-liter samples, if possible) in sterile, screw-top bottles. 
2. Collect culture swabs of internal surfaces of faucets, aerators, and shower heads in a sterile, 

screw-top container (e.g., 50 mL plastic centrifuge tube).  Submerge each swab in 5–10 mL of 
sample water taken from the same device from which the sample was obtained. 

3. Transport samples and process in a laboratory proficient at culturing water specimens for 
Legionella spp. as soon as possible after collection.+ 

4. Test samples for the presence of Legionella spp. by using semiselective culture media using 
procedures specific to the cultivation and detection of Legionella spp.§¶ 

 
*  Material in this table is compiled from references1209, 1437, 1462–1465. 
+  Samples may be transported at room temperature but must be protected from temperature extremes.  Samples not processed 
       within 24 hours of collection should be refrigerated. 
§  Detection of Legionella spp. antigen by the direct fluorescent antibody technique is not suitable for environmental samples. 
¶  Use of polymerase chain reaction for identification of Legionella spp. is not recommended until more data regading the 
       sensitivity and specificity of this procedure are available. 
 
 
 
 
4.  Procedure for Cleaning Cooling Towers and Related Equipment 
 
I.    Perform these steps prior to chemical disinfection and mechanical cleaning. 

A.  Provide protective equipment to workers who perform the disinfection, to prevent their exposure 
to chemicals used for disinfection and aerosolized water containing Legionella spp.  Protective 
equipment may include full-length protective clothing, boots, gloves, goggles, and a full- or 
half-face mask that combines a HEPA filter and chemical cartridges to protect against airborne 
chlorine levels of up to 10 mg/L. 

B.  Shut off cooling tower. 
1.  Shut off the heat source, if possible. 
2.  Shut off fans, if present, on the cooling tower/evaporative condenser (CT/EC). 
3.  Shut off the system blowdown (i.e., purge) valve. 
4.  Shut off the automated blowdown controller, if present, and set the system controller to 

manual. 
5.  Keep make-up water valves open. 
6.  Close building air-intake vents within at least 30 meters of the CT/EC until after the cleaning 

procedure is complete. 
7.  Continue operating pumps for water circulation through the CT/EC. 

 
II.   Perform these chemical disinfection procedures. 

A.  Add fast-release, chlorine-containing disinfectant in pellet, granular, or liquid form, and follow 
safety instructions on the product label.  Use EPA-registered products, if available.  Examples 
of disinfectants include sodium hypochlorite (NaOCl) or calcium hypochlorite (Ca[OCl]2), 
calculated to achieve initial free residual chlorine (FRC) of 50 mg/L:  either a) 3.0 lbs [1.4 kg] 
industrial grade NaOCl [12%–15% available Cl] per 1,000 gallons of CT/EC water; b) 10.5 lbs 
[4.8 kg] domestic grade NaOCl [3%–5% available Cl] per 1,000 gallons of CT/EC water; or c) 
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0.6 lb [0.3 kg] Ca[OCl]2 per 1,000 gallons of CT/EC water.  If significant biodeposits are 
present, additional chlorine may be required.  If the volume of water in the CT/EC is unknown, 
it can be estimated (in gallons) by multiplying either the recirculation rate in gallons per minute 
by 10 or the refrigeration capacity in tons by 30.  Other appropriate compounds may be 
suggested by a water-treatment specialist. 

B.  Record the type and quality of all chemicals used for disinfection, the exact time the chemicals 
were added to the system, and the time and results of FRC and pH measurements. 

C.  Add dispersant simultaneously with or within 15 minutes of adding disinfectant.  The dispersant 
is best added by first dissolving it in water and adding the solution to a turbulent zone in the 
water system.  Automatic-dishwasher compounds are examples of low- or nonfoaming, silicate-
based dispersants.  Dispersants are added at 10–25 lbs (4.5–11.25 kg) per 1,000 gallons of 
CT/EC water. 

D.  After adding disinfectant and dispersant, continue circulating the water through the system.  
Monitor the FRC by using an FRC-measuring device with the DPD method (e.g., a swimming-
pool test kit), and measure the pH with a pH meter every 15 minutes for 2 hours.  Add chlorine 
as needed to maintain the FRC at >10 mg/L.  Because the biocidal effect of chlorine is reduced 
at a higher pH, adjust the pH to 7.5–8.0.  The pH may be lowered by using any acid (e.g., 
nuriatic acid or sulfuric acid used for maintenance of swimming pools) that is compatible with 
the treatment chemicals. 

E.  Two hours after adding disinfectant and dispersant or after the FRC level is stable at >10 mg/L, 
monitor at 2-hour intervals and maintain the FRC at >10 mg/L for 24 hours. 

F.  After the FRC level has been maintained at >10 mg/L for 24 hours, drain the system.  CT/EC 
water may be drained safely into the sanitary sewer.  Municipal water and sewerage authorities 
should be contacted regarding local regulations.  If a sanitary sewer is not available, consult 
local or state authorities (e.g., a department of natural resources or environmental protection) 
regarding disposal of water.  If necessary, the drain-off may be dechlorinated by dissipation or 
chemical neutralization with sodium bisulfite. 

G.  Refill the system with water and repeat the procedure outline in steps 2–7 in I-B above. 
 
III.  Perform mechanical cleaning. 

A.  After water from the second chemical disinfection has been drained, shut down the CT/EC. 
B.  Inspect all water-contact areas for sediment, sludge, and scale.  Using brushes and/or a low-

pressure water hose, thoroughly clean all CT/EC water-contact areas, including the basin, sump, 
fill, spray nozzles, and fittings.  Replace components as needed. 

C.  If possible, clean CT/EC water-contact areas within the chillers. 
 
IV.  Perform these procedures after mechanical cleaning. 

A.  Fill the system with water and add chlorine to achieve an FRC level of 10 mg/L. 
B.  Circulate the water for 1 hour, then open the blowdown valve and flush the entire system until 

the water is free of turbidity. 
C.  Drain the system. 
D.  Open any air-intake vents that were closed before cleaning. 
E.  Fill the system with water.  The CT/EC may be put back into service using an effective water-

treatment program. 
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5.  Maintenance Procedures Used to Decrease Survival and Multiplications 
of Legionella spp. in Potable-Water Distribution Systems 
 
Wherever allowable by state code, provide water at >124°F (>51°C) at all points in the heated water 
system, including the taps.  This requires that water in calorifiers (e.g., water heaters) be maintained at 
>140°F (>60°C).  In the United Kingdom, where maintenance of water temperatures at >122°F (>50°C) 
in hospitals has been mandated, installation of blending or mixing valves at or near taps to reduce the 
water temperature to <109.4°F (<63°C) has been recommended in certain settings to reduce the risk for 
scald injury to patients, visitors, and health care workers.726   However, Legionella spp. can multiply 
even in short segments of pipe containing water at this temperature.  Increasing the flow rate from the 
hot-water-circulation system may help lessen the likelihood of water stagnation and cooling.711, 1465   
Insulation of plumbing to ensure delivery of cold (<68°F [<20°C]) water to water heaters (and to cold-
water outlets) may diminish the opportunity for bacterial multiplication.456   Both dead legs and capped 
spurs within the plumbing system provide areas of stagnation and cooling to <122°F (<50°C) regardless 
of the circulating water temperature; these segments may need to be removed to prevent colonization.704   
Rubber fittings within plumbing systems have been associated with persistent colonization, and 
replacement of these fittings may be required for Legionella spp. eradication.1467 
 
Continuous chlorination to maintain concentrations of free residual chlorine at 1–2 mg/L (1–2 ppm) at 
the tap is an alternative option for treatment.  This requires the placement of flow-adjusted, continuous 
injectors of chlorine throughout the water distribution system.  Adverse effects of continuous 
chlorination can include accelerated corrosion of plumbing (resulting in system leaks) and production of 
potentially carcinogenic trihalomethanes.  However, when levels of free residual chlorine are below 3 
mg/L (3 ppm), trihalomethane levels are kept below the maximum safety level recommended by the 
EPA.727, 1468, 1469 
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Appendix D.  Insects and Microorganisms 
 

Table D.1.  Microorganisms isolated from arthropods in health-care settings 

Insect Microorganism category Microorganisms References 
Gram-negative bacteria Acinetobacter spp.; Citrobacter freundii; 

Enterobacter spp., E. cloacae; Escherichia 
coli; Flavobacterium spp.; Klebsiella spp.; 
Proteus spp.; Pseudomonas spp., P. 
aeruginosa, P. fluorescens, P. putida; 
Salmonella spp.; Serratia spp., S. 
marcescens; Shigella boydii 

1048, 1051, 1056, 
1058, 1059, 1062 

Gram-positive bacteria Bacillus spp.; Enterococcus faecalis; 
Micrococcus spp.; Staphylococcus aureus, 
S. epidermidis; Streptococcus spp., S. 
viridans 

1056, 1058, 1059 

Acid-fast bacteria Mycobacterium tuberculosis 1065 
Fungi Aspergillus niger; Mucor spp.; Rhizopus 

spp. 
1052, 1059 

Cockroaches 

Parasites Endolimax nana; Entamoeba coli 1059 
Gram-negative bacteria Acinetobacter spp.; Campulobacter fetus 

subsp. Jejuni; Chlamydia spp.; Citrobacter 
fruendii; Enterobacter spp.; Escherichia 
coli; Helicobacter pylori; Klebsiella spp.; 
Proteus spp.; Pseudomonas aeruginosa; 
Serratia marcescens; Shigella spp. 

1047, 1048, 1050, 
1053–1055, 1060 

Gram-positive bacteria Bacillus spp.; Enterococcus faecalis; 
Micrococcus spp.; Staphylococcus spp. 
(coagulase-negative), S. aureus; 
Streptococcus spp., S. viridans 

1048, 1060 

Fungi / yeasts Candida spp.; Geotrichum spp. 1060 
Parasites Endolimax nana; Entamoeba coli 1060 

Houseflies 

Viruses Rotaviruses 1049 
Gram-negative bacteria Acinetobacter spp.; Escherichia coli; 

Klebsiella spp.; Neisseria sicca; Proteus 
spp.; Providencia spp.; Pseudomonas 
aeruginosa, P. fluorescens 

1057 

Ants Gram-positive bacteria Bacillus spp., B. cereus, B. pumilis; 
Clostridium cochlearium, C. welchii; 
Enterococcus faecalis; Staphylococcus spp. 
(coagulase-negative), S. aureus; 
Streptococcus pyrogenes 

1057 

Gram-negative bacteria Acinetobacter spp.; Citrobacter freundii; 
Enterobacteraerogenes; Morganella 
morganii 

1048 

Spiders 
Gram-positive bacteria Staphylococcus spp. (coagulase-negative) 1048 
Bram-negative bacteria Acinetobacter spp.; Burkholderia cepacia; 

Enterbacter agglomerans, E. aerogenes; 
Hafnia alvei; Pseudomonas aeruginosa 

1048 

Mites, midges 
Gram-positive bacteria Staphylococcus spp. (coagulase-negative) 1048 
Gram-negative bacteria Acinetobacter calcoaceticus; Enteobacter 

cloacae 
1048 

Mosquitoes Gram-positive bacteria Enterococcus spp.; Staphylococcus spp. 
(coagulase-negative) 

1048 
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Appendix E.  Information Resources 
 
 
The following sources of information may be helpful to the reader.  Some of these are available at no 
charge, while others are available for purchase from the publisher. 
 
Air andWater 

• Jensen PA, Schafer MP.  Sampling and characterization of bioaerosols.  NIOSH Manual of 
Analytical Methods; revised 6/99.   www.cdc.gov/niosh/nmam/pdfs/chapter-j.pdf 

• American Institutes of Architects.  Guidelines for Design and Construction of Hospital and 
Health Care Facilities.  Washington DC; American Institute of Architects Press; 2001.  AIA, 
1735 New York Avenue, NW, Washington DC 20006.  1-800-AIA-3837 or (202) 626-7541 

• ASHRAE.  Standard 62, and Standard 12-2000.  These documents may be purchased from:  
American Society of Heating, Refrigerating, and Air-Conditioning Engineers, Inc. 1791 Tullie 
Circle, NE, Atlanta GA 30329   1-800-527-4723 or (404) 636-8400. 

• University of Minnesota websites:   www.dehs.umn.edu         Indoor air quality site:   
www.dehs.umn.edu/resources.htm#indoor       Water infiltration and use of the wet test 
(moisture) meter:     www.dehs.umn.edu/remangi.html 

• The CDC website for bioterrorism information contains the interim intervention plan for 
smallpox.  The plan discusses infection control issues both for home-based care and hospital-
based patient management.   www.bt.cdc.gov/agent/smallpox/response-plan/index.asp  

 
Environmental Sampling 

• ISO.  Sterilization of medical devices – microbiological methods, Part 1.  ISO standard 11737-
1.  Paramus NJ; International Organization for Standardization; 1995. 

 
Animals in Health-Care Facilities 

• Service animal information with respect to the Americans with Disabilities Act.  Contact the 
U.S. Department of Justice ADA Information Line at (800) 514-0301 (voice) or (800) 514-0383 
(TDD), or visit the ADA website at:   www.usdoj.gov/crt/ada/adahom1.htm 

 
Regulated Medical Waste 

• U.S. Environmental Protection Agency.  This is the Internet address on their Internet web site 
that will link to any state for information about medical waste rules and regulations at the state 
level:   www.epa.gov/epaoswer/other/medical/stregs.htm 

 
General Resources 

• APIC Text of Infection Control and Epidemiology.  Association for Professionals in Infection 
Control and Epidemiology, Inc.  Washington DC; 2000.  (Two binder volumes, or CD-ROM) 

• Abrutyn E, Goldmann DA, Scheckler WE.  Saunders Infection Control Reference Service, 2nd 
Edition.  Philadelphia PA; WB Saunders; 2000. 

• ECRI publications are available on a variety of healthcare topics.  Contact ECRI at (610) 825-
6000.   CRI, 5200 Butler Pike, Plymouth Meeting, PA 19462-1298. 
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Appendix F.  Areas of Future Research 
 
Air 
•    Standardize the methodology and interpretation of microbiologic air sampling (e.g., determine action 

levels or minimum infectious dose for aspergillosis, and evaluate the significance of airborne 
bacteria and fungi in the surgical field and the impact on postoperative SSI). 

•    Develop new molecular typing methods to better define the epidemiology of health-care–associated 
outbreaks of aspergillosis and to associate isolates recovered from both clinical and environmental 
sources. 

•    Develop new methods for the diagnosis of aspergillosis that can lead reliably to early recognition of 
infection. 

•    Assess the value of laminar flow technology for surgeries other than for joint replacement surgery. 
•    Determine if particulate sampling can be routinely performed in lieu of microbiologic sampling for 

purposes such as determining air quality of clean environments (e.g., operating rooms, HSCT units). 
 
Water 
•    Evaluate new methods of water treatment, both in the facility and at the water utility (e.g., ozone, 

chlorine dioxide, copper/silver/monochloramine) and perform cost-benefit analyses of treatment in 
preventing health-care–associated legionellosis. 

•    Evaluate the role of biofilms in overall water quality and determine the impact of water treatments 
for the control of biofilm in distribution systems. 

•    Determine if the use of ultrapure fluids in dialysis is feasible and warranted, and determine the action 
level for the final bath. 

•    Develop quality assurance protocols and validated methods for sampling filtered rinse water used 
with AERs and determine acceptable microbiologic quality of AER rinse water. 

 
Environmental Services 
•    Evaluate the innate resistance of microorganisms to the action of chemical germicides, and 

determine what, if any, linkage there may be between antibiotic resistance and resistance to 
disinfectants. 

 
Laundry and Bedding 
•    Evaluate the microbial inactivation capabilities of new laundry detergents, bleach substitutes, other 

laundry additives, and new laundry technologies. 
 
Animals in Health-Care Facilities 
•    Conduct surveillance to monitor incidence of infections among patients in facilities that use animal 

programs, and conduct investigations to determine new infection control strategies to prevent these 
infections. 

•    Evaluate the epidemiologic impact of performing procedures on animals (e.g., surgery or imaging) in 
human health-care facilities. 

 
Regulated Medical Waste 
•    Determine the efficiency of current medical waste treatment technologies to inactivate emerging 

pathogens that may be present in medical waste (e.g., SARS-coV). 
•    Explore options to enable health-care facilities to reinstate the capacity to inactivate microbiological 

cultures and stocks on-site. 
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