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Overview

Inadequate ventilation is a significant problem associated with poor indoor air quality (IAQ). Ventilation is the process of
bringing fresh clean air into the building and exhausting stale indoor air out of the building. This is often done by a heating,
ventilation, and air-conditioning system called a heating, ventilating and air-conditioning (HVAC) system. The HVAC system
controls the temperature of a building as well as the humidity levels. In addition to controlling temperature and humidity, HVAC
systems can also control odors and dilute pollutants inside the building.

Some studies estimate that approximately 60 percent of all indoor air problems are due to ventilation. Of this 60 percent, 30
percent are a result of air contamination, 20 percent from inside the building and 10% from outside.? If there is not good
ventilation, pollutants can build up inside the building and result in indoor air complaints. A
National Institute of Occupational Safety and Health (NIOSH) study blamed about half the cases of indoor air pollution on
poor ventilation.2 According to a report from the US Government Accounting Office, an estimated 20 percent of all schools in
the United States have indoor air problems and 25 percent have unsatisfactory ventilation. In addition, 36 percent of all school
officials rated their facility's heating and ventilation systems as a "less than adequate building feature.™

Having good ventilation systems can decrease the number of indoor air complaints and health problems caused by poor air
quality. A study by the Walter Reed Institute of Medical Research found that absentee rates in poorly ventilated buildings are
50 percentgreater than in well-ventilated buildings.* Several studies have shown that the number of
building-related symptoms (BRS) [also referred to as sick building syndrom] is 40 percent to 50 percent lower among office
workers six months after moving into buildings with good ventilation systems. [n a study in Quebec City, researchers showed
that this large decrease in the number of SBS complaints was maintained three years later. In this study, one of the reasons for
the fewer SBS problems was that in the new building the copying machines were in separate rooms away from workers.
Another reason was the smoking area had its own exhaust system so that contaminated air was not recirculated throughout
the building.5 Nevertheless, poor ventilation can also affect the quality of work that one does. In a recent Danish study,
researchers found that typists in offices with clean air had six percent more output than typists in other offices.®

There are many different parts to an HVAC system. These parts include fumaces or boilers, chillers, cooling towers, air
handling units, exhaust fans, ductwork, filters, steam (or heating water) piping, dampers, louvers, cooling coils, drip pans,
registers, and grills. All of these parts need to be kept clean, free of debris and mold, and in good working condition in order to
provide good quality air to the building. In addition, it is important that the location of the air intake units be considered. It is
possible for rooftop units to pull pigeon and other bird droppings into the HVAC system as part of the outside "fresh” air brought
into the building. This increases the chance of people inside the building developing lung infections such as histoplasmosis or
psittacosis. Intake units located near building exhausts, parking lots, loading docks, or busy highways increase the chance of
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bringing into the building vehicular exhaust, carbon monoxide, VOCs, and particulates. Intakes located near or downwind of
cooling towers increase the risk of Legionella bacteria entering the air supplies of buildings.

Ventilation Rates for Offices and Schools

Ventilation rates are measured in cubic feet per minute or cfm and guidelines are written in cfm per person. The guidelines that
are often used for ventilation rates are provided by an organization called the American Society of Heating, Refrigerating and
Air-Conditioning Engineers (ASHRAE). ASHRAE recommendations are voluntary standards that only become enforceable
when a state or locality adopts their standards in their building codes. In the United States, there are no federal laws requiring a
minimum amount of fresh airflow into buildings.

The Society's guidelines have changed over the years. One of the first recommendations to improve indoor air quality was in
1836 when Tregold calculated the minimum amount of outdoor air needed for miners to be 4 cfm.” In 1895 ASHRAE adopted a
recommendation of 30 cfm to reduce the spread of disease, especially tuberculosis. In the early and mid 1900's, building
ventilation standards called for about 15 cfm of outside air for each building occupant. The purpose at that time was to mainly
reduce body odors in the building.

Early ventilation recommendations for schools were first proposed in the early 1900s in Massachusetts and New York. These
states recommended 30 cfm per student. States began realizing that by bringing in fresh outdoor air, they were able to reduce
the spread of respiratory infections.

Because of the 1973 oil embargo, however, the amount of outdoor air for ventilation was reduced to 5 cfm per occupant. This
was considered necessary to save energy as long as there were no major sources of pollutants. Another action that was taken
to conserve energy around that time was that buildings were "tightened up" to prevent leaks and new buildings were built with
windows that did not open. This tightening of the building along with reduced ventilation rates began causing discomfort and
health problems in building occupants. The pollutants inside had no way to get out and began to build up. This became known
as sick building syndrome, more properly referred to now as building-related symptoms.

The Society presently recommends 20 cfm of outdoor air per person for office spaces and conference rooms, and at least 15
cfm of outdoor air for other nonresidential environments such as school classrooms. However, this may not be enough. In a
study of 399 workers in 14 mechanically ventilated office buildings in Helsinki, Finland, the researchers found that outdoor air
ventilation rates below 32-53 cfm increases the risk of building-related symptoms.? In France, as compared to the United
States, buildings are required to have three times more ventilation and two times more soundproofing, while using half as much
energy.®

However, it is not enough to just increase the amount of outdoor air. In a study of 1838 buildings, the ventilation rates were
increased from 20 cfm to 50 cfm for two weeks without the occupants knowing about the increase. However, this increase in
ventilation rates did not change the workers' perceptions of the air in their offices or decrease the number of building-related
symptoms complaints received.® Another well-controlled study has shown that increasing the supply of outdoor air does not
affect workers' perceptions of their office environment or their reporting of symptoms considered typical of
building-related illness." From these studies, it would appear that increasing the ventilation rates does not make any
difference. However, there is a variety of factors that need to be considered such as the layout of the space. For example,
offices that use partitions to divide the space into individual cubicles are also creating barriers to adequate air reaching
everybody. The activities going on inside the building are also important since indoor air pollutants are increased by activities
such as photocopying, smoking or handling paper.

Problems with Ventilation Systems
Often problems with ventilation systems occur because the building is being used for a different purpose or has more people in
it than were originally thought of when it was designed. First, look at these factors to see if they might explain some of the
problems that may be happening:
s How was the building originally intended to function? For example, if the building was originally built as a factory with an
open design, there may be ventilation problems if that open space is broken up with walls and partitions. The activities

going on in the building may also be different than originally conceived.

= |s the building functioning as designed?
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s What changes in building layout and use have occurred since the original design and construction? Find out if the HVAC
system has been reevaluated to make sure it refiects the current use of the building.

When there are changes, there may be indoor air quality problems. For example, there was one building built in the early
1960s in Bonn, Germany that consisted of three naturally ventilated sections. Until the mid-1980s, the building was used by a
pharmaceutical company. Some parts of this building were used for production and storage of pharmaceutical products. When
a new company took over the building, they converted this production and storage space into offices. Later there were
complaints of indoor air problems. Upon investigation, researchers found that the people who were complaining about indoor
air problems were in the same areas that had at one time been the production and storage areas. These areas had been
converted to office space without regard to the prior use of these parts of the building."

When one study looked at HVAC problems in several buildings, they found the following problems?2;

= 70 percent had inadequate amounts of outside air

50 percent to 70 percent had inadequate air distribution to the parts of the buildings where people worked

60 percent had inadequate filtration to remove outdoor pollutants

60 percent had standing water in the system which had the potential for microbial growth

40 percent with visible mold and fungus growing on the insulation

20 percent with malfunctioning humidifiers
m 75 percent had inadequate maintenance programs

Mechanical ventilation systems in large buildings are designed and operated not only to heat and cool the air, but also to draw
in and circulate outdoor air. If they are poorly designed, operated, or maintained, however, ventilation systems can create
indoor air problems. Ventilation problems are the biggest cause of indoor air quality problems: 75 percent do not get enough
outside air; 65 percent have problems distributing the air to all occupants (partitions and other obstacles that may block supply
and return vents), 60 percent have improper filtration; 75 percent have inadequate maintenance of the air handling system; and
45 percent have microbial contamination.’® Some of these problems are due to poor initial design, outdoor vents or dampers
closed to "save energy," inadequate maintenance of dampers and control linkages, and obstructed outdoor screens on the air
intakes. There may also be fans that have been inoperative for a number of years or filters that have not been changed on a
regular basis. Some of the other problems in the ventilation equipment itself include:

s Condensate in pans and ductwork. This can lead to microbial growth such as bacteria, slime, algae, and mold.

u Fiber glass being shed by a fiber glass interior duct lining. Fiber glass was used as a liner in buildings buiit in the late
1970s and the early 1980s in order to reduce noise from the HVAC fans and for thermal insulation. After several years,
these linings begin releasing fibers. For example, there was an office in Richmond, Virginia in which workers thought
they were suffering from insect bites for several months. When somebody was brought in to check out the problem, they
found that some filters were missing and loose fiber glass was being blown through the vents onto workers. As soon as
the filters were installed, their skin cleared up.4

a Fiber glass that is dirty and becomes wet can be a source of mold growth. Mold spores from this growth can become
airborne and distributed throughout the occupied spaces of buildings.

s Broken dampers can prevent outdoor air from being brought into the building.

= Pneumatic controls that do not work properly can determine whether a sufficient amount of outdoor air is being brought
into the building.

= Poor quality filters can reduce the efficiency of the mechanical system in distributing air. They can also allow dirt,
particles, pollen and other debris to enter the building. Filters that become clogged with dirt can become sources of
mold and bacterial growth.
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These mechanical problems can create these following indoor air concerns:

Temperature and humidity problems
Poor outside Air Quality

Chemicals

Infectious diseases

Recirculated air

Temperature and Humidity Problems

Though temperature, relative humidity and air movement have usually been considered "comfort" factors, there is increasing
evidence that these factors are important in building-related symptoms as well as sickness-related absence.'4 Not everybody is
going to be happy with the temperature in a building. Age, gender, job activity, clothing, and physiologic differences all affect
individual preferences in desired temperature. Since people differ on what temperatures they find comfortable, the
recommendations from ASHRAE are designed to satisfy 80 percent to 95 percent of the building occupants. That is not always
done. In one study, over half of the office workers surveyed said that the office temperature needed to be improved.s Because
there are often comfort problems in workplaces where there are complaints about indoor air quality, thermal control of the
indoor environment should be the first thing investigated when investigating indoor air problems.

The temperature range recommended by ASHRAE is from 68°F to 78°F, but it seems that temperatures higher than 75.2°F will
usually increase complaints about indoor air quality and may increase building-related symptoms. For example, in one study
the number of people reporting headaches increased from 10 percent to 60 percent when temperature was raised from 70°F to
76°F. Other building-related symptoms, including skin problems, showed similar effects.’® In addition to physical symptoms,
temperature differences can also affect work performance. For example, moderate heat can reduce reading speed, typewriting,
and the kind of logical thinking required for mathematics by up to 30 percent.'s However, it is not just environments that are too
warm that are a problem. Studies have also show that moderate cold can reduce manual speed, sensitivity, and dexterity by up
to 20 percent.'s

However, air temperature alone does not determine thermal comfort. Both temperature and humidity are very important
measures of IAQ since they directly influence the perceptions of the occupant as to comfort and health. For example, humidity
levels that are too low (below 20%) can result in buildup of static electricity, complaints of eye and throat irritation, dry skin, and
other problems. Static electricity can be a problem since it can result in unpieasant electric shocks if someone encounters a
metal object. In addition, sparks created by static electricity may damage computer circuits. Because of problems like these,
dryness is one of the most common complaints about indoor air.

High humidity levels can also cause problems such as equipment corrosion and microbial growth probiems. At high humidity

levels, occupants tend to describe the air quality in a room as "stale” and odors can be detected more often. For example, in a
study of 20 panelists in Finland, researchers found that humidified air was perceived as being stuffier and having more odors

than non-humidified air.’® But the big problem with high humidity levels is that it may cause condensation on walls, floor,
ceilings, and even air ducts on which mold may grow. In addition, dust mites thrive in humid environments.
Poor Outside Air Quality
Ventilation systems can bring in pollutants from outside. Examples of poliutants that may be brought in from outside include:
s Smog
s Elevated mold spore or pollen ievels during certain seasons: Naturally ventilated buildings are not always better. One
study showed that the levels of fungi and pollen were much greater in a naturally ventilated building than in an air-

conditioned building. This is because the HVAC system in the air-conditioned building prevented these contaminants

from getting inside. The HVAC system also diluted the indoor concentration of mold and pollen that were aiready inside.
17

s Vehicle exhaust from cars in underground garages or from forklift trucks on nearby loading docks
a Legionella or other bacteria

s Stale indoor air being exhausted from the HVAC system: This can happen when the exhaust vent is too close to the air
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intake vent
Many variables can influence the outside levels of pollutants. These include:
= QOutside concentration of the pollutant
s Seasonal and daily variations
= Climatic factors such as temperature, humidity, wind, rainfall and surrounding vegetation

Chemicals
There are several hazards that may be associated with HVAC systems. These include:

s Chemicals used to treat water used in the HVAC system. This is especially true of water treatment additives into the
water that is made into steam in a boiler. The chemicals in this steam get into the supply air. ASHRAE/ANSI 62-2001,
Ventilation for Acceptable Indoor Alr Quality, says that steam is the preferred method of humidifying indoor air,
therefore, steam is replacing water humidification systems in newer buildings. These systems can be sites for the growth
of mold and bacteria.

s« Chemicals in the ductwork. There may be VOCs found in the duct liner, duct sealing caulk, and/or neoprene gasket. For
example, one type of duct liner is coated with a phenol formaldehyde polymer, hexamethylene tetramine. Another kind
of duct liner is coated with a resin made of phenol-melamine-formaldehyde. These kinds of linings can emit VOCs that
can get into the air and be distributed throughout the ventilation system if they are exposed to ozone gas (like from a
photocopier). There is usually not a problem with them emitting VOCs unless they encounter ozone. This is because of
an oxidation reaction between the ozone and the chemicals. One study showed that emissions from materials in the
HVAC system were responsible for 80 percent of all the indoor emissions of VOCs in that building.1®

= Improper venting of combustion products. For example, smoking rooms should have a dedicated exhaust system so
that environmental tobacco smoke is not carried to other parts of the building. Ventilation in these rooms should be 60
cfm per smoker in the room. Of course, the best way to reduce exposure to these chemicals is to not allow smoking in
buildings at all.

w Refrigerant leakage.
s Improper use of biocides, sealants, and/or cleaning compounds.
m Leaks such as natural gas or propane leaks that accidentally get pulled into the ventilation system

w Chemicals from activities going on in the building. These depend on what type of work is being done in the building and
can include ozone, pesticides, lead, and VOCs.

Infectious Diseases

People are more likely to catch infectious diseases in buildings without enough ventilation. When someone coughs or
sneezes, they spew a fine mist of droplets that contain an aerosolized virus. If there is not enough ventilation to blow away and
disperse the infectious organism, the virus can stick to desks or to doorknobs and live for several hours. Therefore, if someone
sneezes close to you and the air is not moving, you have a good chance of becoming infected.

Bacteria and Fungi

There should not be any problems with HVAC systems that are well designed, well maintained, and properly installed. For
example, even a properly designed condensate drain system will malfunction and hold water if the pan is not correctly pitched
when installed. If they are well maintained, these systems can even improve the quality of indoor air by filtering out mold and
pollen that may be present in high concentrations outside and by maintaining proper humidity levels so that mold and fungi do
not thrive inside. In one study, even though there was more fungus (mold) collected in the dust of buildings that were
mechanically ventilated compared to those that were naturally ventilated, there was less fungus (mold) in the air of
mechanically ventilated buildings compared to naturally ventilated ones."?
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However, if HVAC systems are not properly cleaned and maintained, over time a lot of dirt can accumulate in the ducts and
form an ideal breeding ground for fungi and bacteria. Then these microbes may get into the air supply and be blown
throughout the building, possibly causing health problems. For example, at two office buildings in Rochester in 1984, a fungus
got in the ventilation system. About 1,000 people were exposed to the fungus, which caused an outbreak of
hypersensitivity pneumonitis. Of those exposed, 115 got sick. Though the company spent millions trying to get rid of the

fungus, they ended up having to replace the entire ventilation system.* Bacteria and fungi found in HVAC systems can also
trigger allergies, cause infections, and be the source of outbreaks of building-related ilinesses such as
Legionnaires' disease.

High levels of microbial poliutants have been found on many parts of HVAC systems including:
m Cooling coils
u Filters
u Drip pans
= Humidification systems
u Cooling towers

= Ductwork: Ducts can be a particular concern if they are lined with a fiber glass lining since these types of linings can
retain moisture. Fiber glass sheets were commonly used for lining the interiors of air supply ducts and air handler
compartments of buildings from the early 1960s through the late 1980s. Fiber glass sheeting is an excellent moisture
retainer. In laboratory experiments, fiber glass liner has retained moisture for up to 16 days.?® As dust gathers in the
ducts, mold will begin growing in it. Some inspectors have found mushrooms several inches tall growing inside
ventilation systems!

Recirculated Air

In an effort to save energy, there has been as much as a 50 percent decrease in the amount of fresh air brought into some
buildings. Some of the HVAC systems in some buildings were not even designed to let in as much fresh air as they should.
Recirculating stale air can lead to problems. For example, in a study of 1144 workers in three different office buildings in Paris,
the workers in the buildings with HVAC systems that were supplied by 30 percent fresh air had slightly higher building-related
symptoms complaints than workers in buildings that were naturally ventilated.

Recirculating too much stale air can raise contaminants (i.e. dust, human bioeffluents, and VOCs) to unhealthy levels. In a
study of soldiers during the 1982-1986 period there were 2700 more hospitalization rates for acute respiratory disease
hospitalizations among occupants of modern barracks that used mostly recirculated air (95 percent was recirculated) as
opposed to old barracks with windows and ceiling exhaust fans (50 percent was recirculated).?* Recirculation can also happen
if special vents do not exhaust to the outside like in bathrooms or smoking rooms.

Inspection of Ventilation Systems

Some of these problems can be found by having the HVAC system inspected. Some of the things that an inspector may do
are:

= Examine the system, possibly using a fiber-optic borescope. This tool can help visualize and videotape the inside of
ducts.

= Take ventilation measurements to make sure that enough airflow is going through the system.
= Sample for things such as microbial contamination, dust or fiber glass

If you are going to investigate your ventilation system, make sure to follow these suggestions:

» Look to see if each room has an air supply. If windows cannot be opened, there should be two vents: a supply vent that
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blows fresh air into the room and an exhaust vent that moves stale air out. Supply vents may be found near windowsills
and exhaust vents may be in ceilings.

s Look to see if the vents are dirty. If so, a more efficient filter on the HVAC system may be needed, but the system would
need to be checked first to make sure that it is powerful enough to blow air through a filter like a HEPA.

w See if the air is actually moving in the room. Put a strip of paper at the opening of each vent. The paper should flutter out
for supply vents and be drawn into exhaust vents.

s Look to see if any of the vents are blocked. Often things like partitions, file cabinets, desks, and many other things may
block a vent and interfere with airflow.

w See if the supply and exhaust vents are too close together. If they are just a few feet apart, the incoming air may
immediately get sucked into the exhaust and leave the room with stale air.

= Check to see if printing and copying machines have adequate exhaust. It is preferable to have these types of
machines in their own room with good exhaust and away from people.

s If you choose to have an investigator come in to do an evaluation, only hire someone who specializes in 1AQ
investigations.

w Be sure to check the person's references. Anyone claiming to be a professional should be able to provide references of
similar projects they have successfully completed. They must know what to look for in evaluating an HVAC system.

Since most IAQ problems involve the HVAC system, make sure that the person actually looks inside it.

» Knowledge of environmental microbiology. Many IAQ problems involve microbial contamination so they should be
familiar with how to evaluate these kinds of problems.

= The inspector should put more emphasis on their inspections than on their tests. Somebody who crawls around parts of
the system and talks to people about problems is more valuable than somebody who just takes measurements with
fancy equipment.
Correcting Ventilation Problems

Simply increasing the ventilation rate may not resolve IAQ problems. There are several reasons for this:?

= Research findings show that IAQ complaints and building-related symptoms are caused by many things not related to
the air like personal, occupational, and psychological factors.

= For example, some people are more sensitive or susceptible to the problems that cause indoor air problems.

» There may be enough airflow, but it may not be reaching its target due to problems like blocked vents. Do not put up
things that might restrict air movement such as putting furniture over air vents.

The best ways to control indoor air pollutants from being distributed throughout the ventilation system include:
u Control pollutants at the source: This is the most effective strategy for maintaining clean indoor air.
a [finstalling an HVAC system, make sure that:
e The HVAC system is properly designed for the needs of the building. This includes making sure there is enough
ventilation for the number of people expected in the building and that ventilation rates are high enough given the
activities that are going to be conducted in the building.

e Air supply vents are not too close to building exhaust vents.

e Supply vents are placed away from outdoor sources of pollution such as:
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e Conduct proper and regular HVAC inspection, cleaning, and maintenance. Click here for a detailed checklist
recommended by NIOSH, including the following:

o]

o

o

= Maintain building temperatures and humidity levels within the recommended range

= Ventilate the building with at feast 20 c¢fm unless occupant activities are such that higher ventilation rates are needed.
ASHRAE/ANSI Standard 62-2001 says that mixed air (fresh and recirculated) should be distributed uniformly throughout
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Loading docks

Parking and heavy traffic areas
Chimneys

Furnace, kitchen, or bathroom exhausts

Trash dumpsters

Make sure that vents are open, fans are on, and filters are cleaned on a regular maintenance schedule.
Change air filters regularly. In many schools, air filter efficiency ranges from 10 percent to 40 percent.
These are not good enough to minimize dust levels and they do a poor job of removing pollen from the
air. Filters should be upgraded to 85 percent filters, but an HVAC engineer should be consuited first to
make sure that the equipment can handle this kind of filter.

Use air cleaners that are part of the HVAC system. However, this should only be in addition to controliing
pollutants at the source and properly maintaining the HVAC system. These air cleaners should include
high efficiency filters that can remove some of the particles in the air. However, these filters will not be able
to remove any of the gases or vapors unless the filters are specially treated with something like activated
charcoal. In addition, the blower on the HVAC system must be designed to be powerful enough to blow air
through a high-efficiency filter. Many HVAC systems have low efficiency filters that are only designed to
prevent dust from damaging the blower fans.

Make sure that air intake vents are open, clean, and far from air pollution sources such as kitchen exhaust
vents, truck-unloading areas, and smoke stacks and clear of other sources of contamination such as
pigeon droppings.

Check the exhaust system to make sure that air can adequately be exhausted from the building.

Properly maintain and clean humidification and dehumidification systems to prevent the growth of harmful
bacteria and fungi. This includes things like making sure there is no water in the drain pan. Failure to
properly treat the water in cooling towers to prevent growth of organisms, such as Legionella, may
introduce such organisms into the HVAC supply ducts and cause serious health problems.

Frequently inspect and clean the heating and cooling coils, cooling tower, and drip pan to prevent microbial
contamination. Wall-mounted fan coil units are often found in educational facilities. These units are
frequently not well maintained. This often results in dirty coils, dirty condensate pans, and dirty or missing

filters.

Ensure that air dampers are clear of obstruction and operating properly. In educational facilities, supply
grilles are often blocked by books or papers.

Inspect and clean as needed the inside of air handling units
Inspect fan motors and belts
Regularly inspect and clean air humidification equipment and controls

Inspect and clean as needed air distribution pathways and variable air volume (VAV) boxes.
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the area where occupants work and that it should reach their breathing zones.

u Install local exhaust ventilation to remove poliutants from areas where they may build-up such as rest rooms, copy
rooms, and printing facilities.

» If the ducts have fiber glass liners that have gotten wet, the North American Insulation Manufacturers Association
(NAIMA) recommends that they be removed and thrown out as soon as possible to prevent mold and fungi from
growing on them. This is because it is so hard to properly clean these ducts. In one study, they were able to clean the
ducts, but the same level of microbial contamination returned in just six weeks.?* Clean air handlers yearly and ducts
every 5 to 10 years or as needed. Use the best possible filtration that your system can handle.

s Have individually controlled ventilation systems for each worker. When workers in one study had control of their
ventilation system, there were a lot fewer complaints about indoor air problems. When workstations that had individual
climate contro! systems were examined, researchers found a wide range of temperatures and airflows.?* More than 60%
of the occupants in one study said they had no control over their thermal environment of their workstation. Only 1% said
they had "complete control." Self-reports of health symptoms seemed to decrease with an increased amount of control
over thermal environment.? In offices where people could individually control the temperature, there was a 34
percent reduction in sickness due to building-related symptoms. People who had windows in their offices that could be
opened were 25 percent more likely to lose workdays due to building-related symptoms than those who did not have
windows that opened.

s Investigate all indoor air complaints right away. A NIOSH form to assist with this may be found at
www.cdc.gov/niosh/pdfs/complain.pdf.

Cleaning of Air Ducts

There is currently no hard data that shows that cleaning air ducts improves indoor air quality. The EPA/NIOSH publication,
Building Air Quality Guide,? places its emphasis on prevention. Any HVAC system that is clean and dry should work well and
provide enough quality air for good indoor air quality. All parts of the HVAC system, including the ducts, should be kept in
proper working condition. Poorly maintained, poorly operated, "dirty" air handling units, and dirty air ducts create poor indoor air
quality and increase operating costs by using more energy.

If duct cleaning is needed, the following recommendations should be followed:

= Any duct cleaning should be done when people are not in the building in order to prevent exposure to chemicals and
excess dust.

s Avoid application of biocides, sealants or other chemical treatments.

s Choose consultants and air duct cleaning specialists with experience and training in cleaning office building HVAC
systems.

= Make sure proper methods are used. In one study, Florida International University researched which of three
commercial HYAC duct-cleaning processes was most effective in reducing the level of airborne particulate matter. They
found the most effective method to be the “air sweep" in which compressed air blows out dirt and debris, which is
collected by a vacuum system.?”

NIOSH/EPA recommend that this type of cleaning also include gentle, well-controlled brushing of duct surfaces or other
methods to dislodge dust and other particles. Duct cleaning that relies only on a high velocity airflow through the ducts
may not get good results since there may be caked on dirt on the edges that gets missed. This type of power brushing
should use HEPA (high-efficiency particle arrestor) filtered vacuum cleaners since dust may go through the filters of
regular vacuum cleaners or shop-vacs. The only downside is that this method cannot be used on inaccessible ducts.

Methods that are not recommended are:
o Using sealants/encapsulants?these may cause more problems in the end. None of these techniques has been

proven to stop microbiological growth nor have many of these materials been evaluated for their potential health
effects on occupants. In addition, the use of sealants may void the fire safety rating of the ductwork.
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e Truck-mounted vacuum or portable high power vacuum?this also does not work. No matter how powerful the
vacuum is, the airflow at the edges of the duct is minimal. If the vacuum is too powerful, it can cause the duct to
collapse or develop a leak.

e The use of biocides?this can expose all the building occupants to these chemicals. There is some question about
whether any of these techniques use enough biocide to actually kifl the bacteria, germs, or mold that may be
present. Deodorizers may provide a fresh smell, but they are not meant to provide any real control of the
underlying problem. They add chemicals.

Careful cleaning and sanitizing of part of the HVAC system, such as coils and drip pans, can reduce
microbiological growths. Before using sanitizers or any cleansing agents, carefully read the directions on the
product label. Once cleaned, these components should be thoroughly rinsed and dried to prevent exposure of
building occupants to the cleaning chemicals.

s Where possible, vacuum equipment or fans should be used during cleaning and sanitizing to make sure that vapors and
dust are exhausted to the outside and do not enter parts of the building where people may be.

= Any water-damaged or contaminated materials in the ductwork, such as fiber glass, should be removed and replaced.

Even when such materials are completely dried, there is no way to guarantee that all microbial growth has been
eliminated.

After the duct system has been cleaned and restored to use, a preventive maintenance program will prevent the recurrence of

problems. Such a program should include particular attention to the use and maintenance of adequate filters, control of

moisture in the HVAC system, and periodic inspection and cleaning of HVAC system components.
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Abstract

Background:

Although the environment serves as a reservoir for a variety of microorganisms, it is rarely implicated in
disease transmission except in the immunocompromised population. Inadvertent exposures to
environmental opportunistic pathogens (e.g., Aspergillus spp. and Legionella spp.) or airborne
pathogens (e.g., Mycobacterium tuberculosis and varicella-zoster virus) may result in infections with
significant morbidity and/or mortality. Lack of adherence to established standards and guidance (e.g.,
water quality in dialysis, proper ventilation for specialized care areas such as operating rooms, and
proper use of disinfectants) can result in adverse patient outcomes in health-care facilities.

Objective:

The objective is to develop an environmental infection-control guideline that reviews and reaffirms
strategies for the prevention of environmentally-mediated infections, particularly among health-care
workers and immunocompromised patients. The recommendations are evidence-based whenever
possible.

Search Strategies:
The contributors to this guideline reviewed predominantly English-language articles identified from
MEDLINE literature searches, bibliographies from published articles, and infection-control textbooks.

Criteria for Selecting Citations and Studies for This Review:

Articles dealing with outbreaks of infection due to environmental opportunistic microorganisms and
epidemiological- or laboratory experimental studies were reviewed. Current editions of guidelines and
standards from organizations (i.e., American Institute of Architects [AIA], Association for the
Advancement of Medical Instrumentation [AAMI], and American Society of Heating, Refrigeration,
and Air-Conditioning Engineers [ASHRAEY]) were consulted. Relevant regulations from federal
agencies (i.e., U.S. Food and Drug Administration [FDA]; U.S. Department of Labor, Occupational
Safety and Health Administration [OSHA]; U.S. Environmental Protection Agency [EPA]; and U.S.
Department of Justice) were reviewed. Some topics did not have well-designed, prospective studies nor
reports of outbreak investigations. Expert opinions and experience were consulted in these instances.

Types of Studies:
Reports of outbreak investigations, epidemiological assessment of outbreak investigations with control
strategies, and in vitro environmental studies were assessed. Many of the recommendations are derived



ii

from empiric engineering concepts and reflect industry standards. A few of the infection-control
measures proposed cannot be rigorously studied for ethical or logistical reasons.

Outcome Measures:

Infections caused by the microorganisms described in this guideline are rare events, and the effect of
these recommendations on infection rates in a facility may not be readily measurable. Therefore, the
following steps to measure performance are suggested to evaluate these recommendations:

1. Document whether infection-control personnel are actively involved in all phases of a health-
care facility’s demolition, construction, and renovation. Activities should include performing a
risk assessment of the necessary types of construction barriers, and daily monitoring and
documenting of the presence of negative airflow within the construction zone or renovation
area.

2. Monitor and document daily the negative airflow in airborne infection isolation rooms (All) and
positive airflow in protective environment rooms (PE), especially when patients are in these
rooms.

3. Perform assays at least once a month by using standard quantitative methods for endotoxin in
water used to reprocess hemodialyzers, and for heterotrophic, mesophilic bacteria in water used
to prepare dialysate and for hemodialyzer reprocessing.

4. Evaluate possible environmental sources (e.g., water, laboratory solutions, or reagents) of
specimen contamination when nontuberculous mycobacteria (NTM) of unlikely clinical
importance are isolated from clinical cultures. If environmental contamination is found,
eliminate the probable mechanisms.

5. Document policies to identify and respond to water damage. Such policies should result in
either repair and drying of wet structural materials within 72 hours, or removal of the wet
material if drying is unlikely within 72 hours.

Main Results:

Infection-control strategies and engineering controls, when consistently implemented, are effective in
preventing opportunistic, environmentally-related infections in immunocompromised populations.
Adherence to proper use of disinfectants, proper maintenance of medical equipment that uses water
(e.g., automated endoscope reprocessors and hydrotherapy equipment), water-quality standards for
hemodialysis, and proper ventilation standards for specialized care environments (i.e., airborne infection
isolation [AII], protective environment [PE], and operating rooms [ORs]), and prompt management of
water intrusion into facility structural elements will minimize health-care—associated infection risks and
reduce the frequency of pseudo-outbreaks. Routine environmental sampling is not advised except in the
few situations where sampling is directed by epidemiologic principles and results can be applied
directly to infection control decisions, and for water quality determinations in hemodialysis.

Reviewers’ Conclusions:

Continued compliance with existing environmental infection control measures will decrease the risk of
health-care-associated infections among patients, especially the immunocompromised, and health-care
workers.
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Executive Summary

The Guidelines for Environmental Infection Control in Health-Care Facilities is a compilation of
recommendations for the prevention and control of infectious diseases that are associated with health-
care environments. This document a) revises multiple sections from previous editions of the Centers for
Disease Control and Prevention [CDC] document titled Guideline for Handwashing and Hospital
Environmental Control;"* b) incorporates discussions of air and water environmental concerns from
CDC’s Guideline for the Prevention of Nosocomial Pneumonia;’ c) consolidates relevant environmental
infection-control measures from other CDC guidelines;*® and d) includes two topics not addressed in
previous CDC guidelines — infection-control concerns related to animals in health-care facilities and
water quality in hemodialysis settings.

Part [ of this report, Background Information: Environmental Infection Control in Health-Care
Facilities, provides a comprehensive review of the scientific literature. Attention is given to
engineering and infection-control concerns during construction, demolition, renovation, and repairs of
health-care facilities. Use of an infection-control risk assessment is strongly supported before the start of
these or any other activities expected to generate dust or water aerosols. Also reviewed in Part [ are
infection-control measures used to recover from catastrophic events (e.g., flooding, sewage spills, loss
of electricity and ventilation, and disruption of the water supply) and the limited effects of
environmental surfaces, laundry, plants, animals, medical wastes, cloth furnishings, and carpeting on
disease transmission in healthcare facilities.

Part 11 of this guideline, Recommendations for Environmental Infection Control in Health-Care
Facilities, outlines environmental infection control in health-care facilities, describing measures for
preventing infections associated with air, water, and other elements of the environment. These
recommendations represent the views of different divisions within CDC’s National Center for Infectious
Diseases (NCID) (e.g., the Division of Healthcare Quality Promotion [DHQP] and the Division of
Bacterial and Mycotic Diseases [DBMDY]) and the consensus of the Healthcare Infection Control
Practices Advisory Committee (HICPAC), a 12-member group that advises CDC on concerns related to
the surveillance, prevention, and control of health-care—associated infections, primarily in U.S. health-
care facilities.'"” In 1999, HICPAC’s infection-control focus was expanded from acute-care hospitals to
all venues where health care is provided (e.g., outpatient surgical centers, urgent care centers, clinics,
outpatient dialysis centers, physicians’ offices, and skilled nursing facilities). The topics addressed in
this guideline are applicable to the majority of health-care venues in the United States. This document
is intended for use primarily by infection-control professionals (ICPs), epidemiologists, employee health
and safety personnel, information system specialists, administrators, engineers, facility managers,
environmental service professionals, and architects for health-care facilities.

Key recommendations include a) infection-control impact of ventilation system and water system
performance; b) establishment of a multidisciplinary team to conduct infection-control risk assessment;
¢) use of dust-control procedures and barriers during construction, repair, renovation, or demolition; d)
environmental infection-control measures for special care areas with patients at high risk; e) use of
airborne particle sampling to monitor the effectiveness of air filtration and dust-control measures; f)
procedures to prevent airborne contamination in operating rooms when infectious tuberculosis [TB]
patients require surgery; g) guidance regarding appropriate indications for routine culturing of water as
part of a comprehensive control program for legionellae; h) guidance for recovering from water system
disruptions, water leaks, and natural disasters [e.g., flooding]; i) infection-control concepts for
equipment that uses water from main lines [e.g., water systems for hemodialysis, ice machines,
hydrotherapy equipment, dental unit water lines, and automated endoscope reprocessors]); j)
environmental surface cleaning and disinfection strategies with respect to antibiotic-resistant



microorganisms; k) infection-control procedures for health-care laundry; 1) use of animals in health care
for activities and therapy; m) managing the presence of service animals in health-care facilities; n)
infection-control strategies for when animals receive treatment in human health-care facilities; and o) a
call to reinstate the practice of inactivating amplified cultures and stocks of microorganisms on-site
during medical waste treatment.

Whenever possible, the recommendations in Part Il are based on data from well-designed scientific
studies. However, certain of these studies were conducted by using narrowly defined patient
populations or for specific health-care settings (e.g., hospitals versus long-term care facilities), making
generalization of findings potentially problematic. Construction standards for hospitals or other health-
care facilities may not apply to residential home-care units. Similarly, infection-control measures
indicated for immunosuppressed patient care are usually not necessary in those facilities where such
patients are not present. Other recommendations were derived from knowledge gained during infectious
disease investigations in health-care facilities, where successful termination of the outbreak was often
the result of multiple interventions, the majority of which cannot be independently and rigorously
evaluated. This is especially true for construction situations involving air or water.

Other recommendations are derived from empiric engineering concepts and may reflect an industry
standard rather than an evidence-based conclusion. Where recommendations refer to guidance from the
American Institute of Architects (AIA), the statements reflect standards intended for new construction
or renovation. Existing structures and engineered systems are expected to be in continued compliance
with the standards in effect at the time of construction or renovation. Also, in the absence of scientific
confirmation, certain infection-control recommendations that cannot be rigorously evaluated are based
on a strong theoretical rationale and suggestive evidence. Finally, certain recommendations are derived
from existing federal regulations. The references and the appendices comprise Parts [II and IV of this
document, respectively.

Infections caused by the microorganisms described in these guidelines are rare events, and the effect of

these recommendations on infection rates in a facility may not be readily measurable. Therefore, the
following steps to measure performance are suggested to evaluate these recommendations (Box 1):

Box 1. Environmental infection control: performance measures

1. Document whether infection-control personnel are actively involved in all phases of a health-care
facility’s demolition, construction, and renovation. Activities should include performing a risk
assessment of the necessary types of construction barriers, and daily monitoring and documenting
of the presence of negative airflow within the construction zone or renovation area.

2. Monitor and document daily the negative airflow in airborne infection isolation (AIl) rooms and
positive airflow in protective environment (PE) rooms, especially when patients are in these rooms.

3. Perform assays at least once a month by using standard quantitative methods for endotoxin in
water used to reprocess hemodialyzers, and for heterotrophic and mesophilic bacteria in water
used to prepare dialysate and for hemodialyzer reprocessing.

4, Evaluate possible environmental sources (e.g., water, laboratory solutions, or reagents) of specimen
contamination when nontuberculous mycobacteria (NTM) of unlikely clinical importance are
isolated from clinical cultures. If environmental contamination is found, eliminate the probable
mechanisms.

5. Document policies to identify and respond to water damage. Such policies should result in either
repair and drying of wet structural or porous materials within 72 hours, or removal of the wet
material if drying is unlikely with 72 hours.




Topics outside the scope of this document include a) noninfectious adverse events (e.g., sick building
syndrome); b) environmental concerns in the home; c) home health care; d) bioterrorism; and €) health-
care-associated foodborne illness. This document includes only limited discussion of a)
handwashing/hand hygiene; b) standard precautions; and c) infection-control measures used to prevent
instrument or equipment contamination during patient care (e.g., preventing waterborne contamination
of nebulizers or ventilator humidifiers). These topics are mentioned only if they are important in
minimizing the transfer of pathogens to and from persons or equipment and the environment. Although
the document discusses principles of cleaning and disinfection as they are applied to maintenance of
environmental surfaces, the full discussion of sterilization and disinfection of medical instruments and
direct patient-care devices is deferred for inclusion in the Guideline for Disinfection and Sterilization in
Health-Care Facilities, a document currently under development. Similarly, the full discussion of hand
hygiene is available as the Guideline for Hand Hygiene in Health-Care Settings: Recommendations of
the Healthcare Infection Control Practices Advisory Committee and the HICPAC/SHEA/APIC/IDSA
Hand Hygiene Task Force. Where applicable, the Guidelines for Environmental Infection Control in
Health-Care Facilities are consistent in content to the drafts available as of October 2002 of both the
revised Guideline for Prevention of Health-Care-Associated Pneumonia and Guidelines for Preventing
the Transmission of Mycobacterium tuberculosis in Health-Care Facilities.

This guideline was prepared by CDC staff members from NCID and the National Center for Chronic
Disease Prevention and Health Promotion (NCCDPHP) and the designated HICPAC advisor.
Contributors to this document reviewed predominantly English-language manuscripts identified from
reference searches using the National Library of Medicine’s MEDLINE, bibliographies of published
articles, and infection-control textbooks. Working drafts of the guideline were reviewed by CDC
scientists, HICPAC committee members, and experts in infection control, engineering, internal
medicine, infectious diseases, epidemiology, and microbiology. All recommendations in this guideline
may not reflect the opinions of all reviewers.

Part I. Background Information: Environmental
Infection Control in Health-Care Facilities

A. Introduction

The health-care environment contains a diverse population of microorganisms, but only a few are
significant pathogens for susceptible humans. Microorganisms are present in great numbers in moist,
organic environments, but some also can persist under dry conditions. Although pathogenic
microorganisms can be detected in air and water and on fomites, assessing their role in causing infection
and disease is difficult.'' Only a few reports clearly delineate a “cause and effect” with respect to the
environment and in particular, housekeeping surfaces.

Eight criteria are used to evaluate the strength of evidence for an environmental source or means of
transmission of infectious agents (Box 2).'"'? Applying these criteria to disease investigations allows
scientists to assess the contribution of the environment to disease transmission. An example of this
application is the identification of a pathogen (e.g., vancomycin-resistant enterococci [VRE]) on an
environmental surface during an outbreak. The presence of the pathogen does not establish its causal
role; its transmission from source to host could be through indirect means (e.g., via hand transferral)."
The surface, therefore, would be considered one of a number of potential reservoirs for the pathogen,
but not the “de facto” source of exposure. An understanding of how infection occurs after exposure,



based on the principles of the “chain of infection,” is also important in evaluating the contribution of the
environment to health-care—associated disease.” All of the components of the “chain” must be
operational for infection to occur (Box 3).

Box 2. Eight criteria for evaluating the strength of evidence for environmental sources of
infection* +

The organism can survive after inoculation onto the fomite.

The organism can be cultured from in-use fomites.

The organism can proliferate in or on the fomite.

Some measure of acquisition of infection cannot be explained by other recognized modes of

transmission.

5. Retrospective case-control studies show an association between exposure to the fomite and
infection.

6. Prospective case-control studies may be possible when more than one similar type of fomite is in
use.

7. Prospective studies allocating exposure to the fomite to a subset of patients show an assication
between exposure and infection.

8. Decontamination of the fomite results in the elimination of infection transmission.
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* These criteria are listed in order of strength of evidence.
+ Adapted from references 11 and 12.

Box 3. Chain of infection components*

Adequate number of pathogenic organisms (dose)

Pathogenic organisms of sufficient virulence

A susceptible host

An appropriate mode of transmission or transferal of the organism in sufficient number from
source to host

5. The correct portal of entry into the host

bl ol A

* Adapted from reference 13.

The presence of the susceptible host is one of these components that underscores the importance of the
health-care environment and opportunistic pathogens on fomites and in air and water. As a result of
advances in medical technology and therapies (e.g., cytotoxic chemotherapy and transplantation
medicine), more patients are becoming immunocompromised in the course of treatment and are
therefore at increased risk for acquiring health-care—associated opportunistic infections. Trends in
health-care delivery (e.g., early discharge of patients from acute care facilities) also are changing the
distribution of patient populations and increasing the number of immunocompromised persons in non-
acute-care hospitals. According to the American Hospital Association (AHA), in 1998, the number of
hospitals in the United States totaled 6,021; these hospitals had a total of 1,013,000 beds," representing
a 5.5% decrease in the number of acute-care facilities and a 10.2% decrease in the number of beds over
the 5-year period 1994-1998." In addition, the total average daily number of patients receiving care in
U.S. acute-care hospitals in 1998 was 662,000 (65.4%) — 36.5% less than the 1978 average of
1,042,000."* As the number of acute-care hospitals declines, the length of stay in these facilities is
concurrently decreasing, particularly for immunocompetent patients. Those patients remaining in acute-
care facilities are likely to be those requiring extensive medical interventions who therefore at high risk
for opportunistic infection.



The growing population of severely immunocompromised patients is at odds with demands on the
health-care industry to remain viable in the marketplace; to incorporate modern equipment, new
diagnostic procedures, and new treatments; and to construct new facilities. Increasing numbers of
health-care facilities are likely to be faced with construction in the near future as hospitals consolidate to
reduce costs, defer care to ambulatory centers and satellite clinics, and try to create more “home-like”
acute-care settings. In 1998, approximately 75% of health-care-associated construction projects
focused on renovation of existing outpatient facilities or the building of such facilities;"> the number of
projects associated with outpatient health care rose by 17% from 1998 through 1999.'®  An aging
population is also creating increasing demand for assisted-living facilities and skilled nursing centers.
Construction of assisted-living facilities in 1998 increased 49% from the previous year, with 138
projects completed at a cost of $§703 million."® Overall, from 1998 to 1999, health-care-associated
construction costs increased by 28.5%, from $11.56 billion to $14.86 billion.'®

Environmental disturbances associated with construction activities near health-care facilities pose
airborne and waterborne disease threats risks for the substantial number of patients who are at risk for
health-care-associated opportunistic infections. The increasing age of hospitals and other health-care
facilities is also generating ongoing need for repair and remediation work (e.g., installing wiring for new
information systems, removing old sinks, and repairing elevator shafts) that can introduce or increase
contamination of the air and water in patient-care environments. Aging equipment, deferred
maintenance, and natural disasters provide additional mechanisms for the entry of environmental
pathogens into high-risk patient-care areas.

Architects, engineers, construction contractors, environmental health scientists, and industrial hygienists
historically have directed the design and function of hospitals’ physical plants. Increasingly, however,
because of the growth in the number of susceptible patients and the increase in construction projects, the
involvement of hospital epidemiologists and infection-control professionals is required. These experts
help make plans for building, maintaining, and renovating health-care facilities to ensure that the
adverse impact of the environment on the incidence of health-care-associated infections is minimal.
The following are examples of adverse outcomes that could have been prevented had such experts been
involved in the planning process: a) transmission of infections caused by Mycobacterium tuberculosis,
varicella-zoster virus (VZV), and measles (i.e., rubeola) facilitated by inappropriate air-handling
systems in health-care facilities;® b) disease outbreaks caused by Aspergillus spp.," " Mucoraceae,”
and Penicillium spp. associated with the absence of environmental controls during periods of health-care
facility-associated construction;”' c) infections and/or colonizations of patients and staff with
vancomycin-resistant Enterococcus faecium [VRE) and Clostridium difficile acquired indirectly from
contact with organisms present on environmental surfaces in health-care facilities;”*™ and d) outbreaks
and pseudoepidemics of legionellae,”?” Pseudomonas aeruginosa,® ™ and the nontuberculous
mycobacteria (NTM)*"** linked to water and aqueous solutions used in health-care facilities. The
purpose of this guideline is to provide useful information for both health-care professionals and
engineers in efforts to provide a safe environment in which quality health care may be provided to
patients. The recommendations herein provide guidance to minimize the risk for and prevent
transmission of pathogens in the indoor environment.

B. Key Terms Used in this Guideline

Although Appendix A provides definitions for terms discussed in Part [, several terms that pertain to
specific patient-care areas and patients who are at risk for health-care-associated opportunistic
infections are presented here. Specific engineering parameters for these care areas are discussed more



fully in the text. Airborne Infection Isolation (AII) refers to the isolation of patients infected with
organisms spread via airborne droplet nuclei <5 pm in diameter. This isolation area receives numerous
air changes per hour (ACH) (>12 ACH for new construction as of 2001; >6 ACH for construction
before 2001), and is under negative pressure, such that the direction of the airflow is from the outside
adjacent space (e.g., corridor) into the room. The air in an All room is preferably exhausted to the
outside, but may be recirculated provided that the return air is filtered through a high efficiency
particulate air (HEPA) filter. The use of personal respiratory protection is also indicated for persons
entering these rooms.

Protective Environment (PE) is a specialized patient-care area, usually in a hospital, with a positive
airflow relative to the corridor (i.e., air flows from the room to the outside adjacent space). The
combination of HEPA filtration, high numbers of air changes per hour (>12 ACH), and minimal leakage
of air into the room creates an environment that can safely accommodate patients who have undergone
allogeneic hematopoietic stem cell transplant (HSCT).

Immunocompromised patients are those patients whose immune mechanisms are deficient because of
immunologic disorders (e.g., human immunodeficiency virus [HIV] infection, congenital immune
deficiency syndrome, chronic diseases [such as diabetes, cancer, emphysema, and cardiac failure]) or
immunosuppressive therapy (e.g., radiation, cytotoxic chemotherapy, anti-rejection medication, and
steroids). Immunocompromised patients who are identified as high-risk patients have the greatest risk
of infection caused by airborne or waterborne microorganisms. Patients in this subset include those who
are severely neutropenic for prolonged periods of time (i.e., an absolute neutrophil count [ANC] of <500
cells/mL), allogeneic HSCT patients, and those who have received intensive chemotherapy (e.g.,
childhood acute myelogenous leukemia patients).

C. Air

1. Modes of Transmission of Airborne Diseases

A variety of airborne infections in susceptible hosts can result from exposures to clinically significant
microorganisms released into the air when environmental reservoirs (i.e., soil, water, dust, and decaying
organic matter) are disturbed. Once these materials are brought indoors into a health-care facility by
any of a number of vehicles (e.g., people, air currents, water, construction materials, and equipment),
the attendant microorganisms can proliferate in various indoor ecological niches and, if subsequently
disbursed into the air, serve as a source for airborne health-care—-associated infections.

Respiratory infections can be acquired from exposure to pathogens contained either in droplets or
droplet nuclei. Exposure to microorganisms in droplets (e.g., through aerosolized oral and nasal
secretions from infected patients™) constitutes a form of direct contact transmission. When droplets are
produced during a sneeze or cough, a cloud of infectious particles >5 pm in 51zc is expelled, resulting in
the potential exposure of susceptible persons within 3 feet of the source person Examples of
pathogens spread in this manner are influenza virus, rhinoviruses, adenoviruses, and respiratory
syncytial virus (RSV). Because these agents primarily are transmitted directly and because the droplets
tend to fall out of the air quickly, measures to control air flow in a health-care facility (e.g., use of
negative pressure rooms) generally are not indicated for preventing the spread of diseases caused by
these agents. Strategies to control the spread of these diseases are outlined in another guideline.?

The spread of airborne infectious diseases via droplet nuclei is a form of indirect transmission.™
Droplet nuclei are the residuals of droplets that, when suspended in air, subsequently dry and produce



particles ranging in size from 1-5 um. These particles can a) contain potentially viable microorganisms,
b) be protected by a coat of dry secretions, ¢) remain suspended indefinitely in air, and d) be transported
over long distances. The microorganisms in droplet nuclei persist in favorable conditions (e.g., adry,
cool atmosphere with little or no direct exposure to sunlight or other sources of radiation). Pathogenic
microorganisms that can be spread via droplet nuclei include Mycobacterium tuberculosis, VZV,
measles virus (i.e., rubeola), and smallpox virus (i.e., variola major).? Several environmental pathogens
have life-cycle forms that are similar in size to droplet nuclei and may exhibit similar behavior in the
air. The spores of Aspergillus fumigatus have a diameter of 2-3.5 um, with a settling velocity estimated
at 0.03 cm/second (or about 1 meter/hour) in still air. With this enhanced buoyancy, the spores, which
resist desiccation, can remain airborne indefinitely in air currents and travel far from their source.”

2. Airborne Infectious Diseases in Health-Care Facilities

a. Aspergillosis and Other Fungal Diseases

Aspergillosis is caused by molds belonging to the genus Aspergillus. Aspergillus spp. are prototype
health-care-acquired pathogens associated with dusty or moist environmental conditions. Clinical and
epidemiologic aspects of aspergillosis (Table 1) are discussed extensively in another guideline.’

Table 1. Clinical and epidemiologic characteristics of aspergillosis

References

Aspergillus fumigatus (90%-95% of Aspergillus infections among
Causative agents hematopoietic stem cell transplant (HSCT) patients; 4. flavus, 4. niger, A. 3643
terreus, A. nidulans

Airborne transmission of fungal spores; direct inhalation; direct inoculation

Modes of transmission .
from environmental sources (rare)

37

Activities associated with | Construction, renovation, remodeling, repairs, building demolition; rare

infection episodes associated with fomites He51

Acute invasive: pneumonia; ulcerative tracheobronchitis; osteomyelitis;
abscesses (aspergillomas) of the lungs, brain, liver, spleen, and kidneys;
thrombosis of deep blood vessels; necrotizing skin ulcers; endophthalmitis;
and sinusitis 44,45, 52-58
Chronic invasive: chronic pneumonitis

Hypersensity: allergic bronchopulmonary aspergillosis
Cutaneous: primary skin and burn-wound infections

Clinical syndromes and
diseases

Hematopoietic stem cell transplant patients (HSCT):
immunocompromised patients (i.e., those with underlying disease), patients
Patient populations at undergoing chemotherapy, argan transplant recipients, preterm neonates,

greatest risk hemodialysis patients, patients with identifiable immune system deficiencies
who receive care in general intensive care units (ICUs), and cystic fibrosis
patients (may be colonized, occasionally become infected)

36,59-18

Factors affecting severity | The immune status of the patient and the duration of severe neutropenia

and outcomes 79, 80

Rare and sporadic, but increasing as proportion of immunocompromised
Occurrence patients increases; 5% of HSCT patients infected, <5% of solid organ 36, 37,81-88
transplant recipients infected

Rate can be as high as 100% if severe neutropenia persists; 13%-80%

Mortality rate moriality among leukemia patients

58, 83, 89,90

Aspergillus spp. are ubiquitous, aerobic fungi that occur in soil, water, and decaying vegetation; the
organism also survives well in air, dust, and moisture present in health-care facilities.”"™ The presence
of aspergilli in the health-care facility environment is a substantial extrinsic risk factor for opportunistic
invasive aspergillosis (invasive aspergillosis being the most serious form of the disease).®*** Site
renovation and construction can disturb Aspergillus-contaminated dust and produce bursts of airborne




fungal spores. Increased levels of atmospheric dust and fungal spores have been associated with
clusters of health-care—acquired infections in immunocompromised patients. 17,20,44, 47,49, 30, 95-98
Absorbent building materials (e.g., wallboard) serve as an ideal substrate for the proliferation of this
organism if they become and remain wet, thereby increasing the numbers of fungal spores in the area.
Patient-care items, devices, and equipment can become contaminated with Aspergillus spp. spores and
serve as sources of infection if stored in such areas.”’

Most cases of aspergillosis are caused by Aspergillus fumigatus, a thermotolerant/thermophilic fungus
capable of growing over a temperature range from 53.6°F—127.4°F (12°C-53°C); optimal growth occurs
at approximately 104°F (40°C), a temperature inhibitory to most other saprophytic fungi.” % It can use
cellulose or sugars as carbon sources; because its respiratory process requires an ample supply of
carbon, decomposing organic matter is an ideal substrate.

Other opportunistic fungi that have been occasionally linked with health-care-associated infections are
members of the order Mucorales (e.g., Rhizopus spp.) and miscellaneous moniliaceous molds (e.g.,
Fusarium spp. and Penicillium spp.) (Table 2). Many of these fungi can proliferate in moist
environments (e.g., water-damaged wood and building materials). Some fungi (e.g., Fusarium spp. and
Pseudoallescheria spp.) also can be airborne pathogens.'” As with aspergillosis, a major risk factor for
disease caused by any of these pathogens is the host’s severe immunosuppression from either
underlying disease or immunosuppressive therapy.'®" '

Table 2. Environmental fungal pathogens: entry into and contamination of the health-
care facility

Scedosporium spp.

Construction

Implicated environmental vehicle References
Aspergillus spp.

[mproperly functioning ventilation systems 20, 46, 47, 97, 98, 103, 104

Air filters " 17, 18, 105-107

Air filter frames 17,18

Window air conditioners 96

Backflow of contaminated air 107

Air exhaust contamination® 104

False ceilings 48, 57,97, 108

Fibrous insulation and perforated metal ceilings 66

Acoustic ceiling tiles, plasterboard 18, 109

Fireproofing material 48,49

Damp wood building materials 49

Opening doors to construction site 110

Construction 69

Open windows 20, 108, 111

Disposal conduit door 68

Hospital vacuum cleaner 68

Elevator 112

Arm boards 57

Walls 113

Unit kitchen 114

Food 21

Ormamental plants 21
Mucorales / Rhizopus spp.

Air filter 20,115

False ceilings 97

Heliport 115

116



(Table 2. continued)

Implicated environmental vehicles References

Penicillium spp.

Rotting cabinet wood, pipe leak 21

Ventilation duct fiberglass insulation 112

Air filters 105

Topical anesthetic 117
Acremonium spp.

Air filters 105
Cladosporium spp.

Air filters 105
Sporothrix

Construction (pseudoepidemic) 118

*. Pigeons, their droppings and roosts are associated with spread of Aspergillus, Cryptococcus, and Histoplasma spp. There have been at
least three outbreaks linked to contamination of the filtering systems from bird droppings™ '“*'* Pigcon mites may gain access into a
health-care facility through the ventilation system.'"®

+. The American Institute of Architects (ATA) standards stipulate that for new or renovated construction a) exhaust outlets are to be placed
>25 feet from air intake systems, b) the bottom of outdoor air intakes for HVAC systems should be 6 feet above ground or 3 feet above
roof level, and c) exhaust outlets from contaminated areas are situated above the roof level and arranged to minimize the recirculation of
exhausted air back into the building.'?

Infections due Cryptococcus neoformans, Histoplasma capsulatum, or Coccidioides immitis can occur
in health-care settings if nearby ground is disturbed and a malfunction of the facility’s air-intake
components allows these pathogens to enter the ventilation system. C. neoformans is a yeast usually 4-
8 pm in size. However, viable particles of <2 pm diameter (and thus permissive to alveolar deposition)
have been found in soil contaminated with bird droppings, particularly from pigeons.”® '3 104 121 fy
capsulatum, with the infectious microconidia ranging in size from 2—5 pm, is endemic in the soil of the
central river valleys of the United States. Substantial numbers of these infectious particles have been
associated with chicken coops and the roosts of blackbirds.’® '® "% 12 geveral outbreaks of
histoplasmosis have been associated with disruption of the environment; construction activities in an
endemic area may be a potential risk factor for health-care—acquired airborne infection.'”'* C
immitis, with arthrospores of 3—-5 pm diameter, has similar potential, especially in the endemic
southwestern United States and during seasons of drought followed by heavy rainfall. After the 1994
earthquake centered near Northridge, California, the incidence of coccidioidomycosis in the surrounding
area exceeded the historical norm.'?’

Emerging evidence suggests that Pneumocystis carinii, now classified as a fungus, may be spread via
airborne, person-to-person transmission.'”® Controlled studies in animals first demonstrated that P.
carinii could be spread through the air.'"” More recent studies in health-care settings have detected
nucleic acids of P. carinii in air samples from areas frequented or occupied by P. carinii-infected
patients but not in control areas that are not occupied by these patients.'”® ' Clusters of cases have
been identified among immunocompromised patients who had contact with a source patient and with
each other. Recent studies have examined the presence of P. carinii DNA in oropharyngeal washings
and the nares of infected patients, their direct contacts, and persons with no direct contact.*® '*!
Molecular analysis of the DNA by polymerase chain reaction (PCR) provides evidence for airborne
transmission of P. carinii from infected patients to direct contacts, but immunocompetent contacts tend
to become transiently colonized rather than infected.”®' The role of colonized persons in the spread of
P. carinii pneumonia (PCP) remains to be determined. At present, specific modifications to ventilation
systems to control spread of PCP in a health-care facility are not indicated. Current recommendations
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outline isolation procedures to minimize or eliminate contact of immunocompromised patients not on
PCP prophylaxis with PCP-infected patients.® '**

b. Tuberculosis and Other Bacterial Diseases

The bacterium most commonly associated with airborne transmission is Mycobacterium tuberculosis. A
comprehensive review of the microbiology and epidemiology of M. tuberculosis and guidelines for
tuberculosis (TB) infection control have been published.* 133. 134 A summary of the clinical and
epidemiologic information from these materials is provided in this guideline (Table 3).

Table 3. Clinical and epidemiologic characteristics of tuberculosis (TB)*

Causative agents Mpycobacterium tuberculosis, M. bovis, M. africanum

Mode of transmission Airborne transmission via droplet nuclei 1-5 pm in diameter

« Disease of the lungs, airways, or larynx; presence of cough or other forceful
expiratory measures

Presence of acid-fast bacilli (AFB) in the sputum

Failure of the patient to cover the mouth and nose when coughing or sneezing

Presence of cavitation on chest radiograph

Inappropriate or shortened duration of chemotherapy

Patient factors associated with
infectivity and transmission

Exposures in relatively small, enclosed spaces

Inadequate ventilation resulting in insufficient removal of droplet nuclei

Cough-producing procedures done in areas without proper environmental controls

Recirculation of air containing infectious droplet nuclei

Failure to use respiratory protection when managing open lesions for patients with
suspected extrapulmonary TB'*

Activities associated with
infections

Pulmonary TB; extrapulmonary TB can affect any organ system or tissue; laryngeal

Clinical syndromes and disease TB is highly contagious

« Immunocompromised persons (e.g., HIV-infected persons)

» Medically underserved persons, urban poor, homeless persons, elderly persons,
migrant farm workers, close contacts of known patients

= Substance abusers, present and former prison inmates

« Foreign-bomn persons from areas with high prevalence of TB

» Health-care workers

Populations at greatest risk

=« Concentration of droplet nuclei in air, duration of exposure
Factors affecting severity and « Age at infection

outcomes « Immunosuppression due to therapy or disease, underlying chronic medical
conditions, history of malignancies or lesions or the lungs
QOccurrence Worldwide; incidence in the United States is 5.6 cases/100,000 population (2001)"°
Mortality 930 deaths in the United States (1999)"°

Treatment of latent infection includes isoniazid (INH) or rifampin (RIF)." w07 1
Directly observed therapy (DOT) for active cases as indicated: INH, RIF,
Chemoprophylaxis / treatment | pyrazinamide (PZA), ethambutol (EMB), streptomycin (SM) in various combinations
determined by prevalent levels of specific resistance.® ** *"'**  Consult therapy
guidelines for specific treatment indications.'

* Material in this table is compiled from references 4, 133-141

M. tuberculosis is carried by droplet nuclei generated when persons (primarily adults and adolescents)
who have pulmonary or laryngeal TB sneeze, cough, speak, or sing;"*® normal air currents can keep
these particles airborne for prolonged periods and spread them throughout a room or building.'*?
However, transmission of TB has occurred from mycobacteria aerosolized during provision of care
(e.g., wound/lesion care or during handling of infectious peritoneal dialysis fluid) for extrapulmonary
TB patients.* *°

Gram-positive cocci (i.e., Staphylococcus aureus, group A beta-hemolytic streptococci), also important
health-care—associated pathogens, are resistant to inactivation by drying and can persist in the
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environment and on environmental surfaces for extended periods. These organisms can be shed from
heavily colonized persons and discharged into the air. Airborne dispersal of S. aureus is directly
associated with the concentration of the bacterium in the anterior nares.'*> Approximately 10% of
healthy carriers will disseminate S. aureus into the air, and some persons become more effective
disseminators of S. aureus than others.'**"'*® The dispersal of S. aureus into air can be exacerbated by
concurrent viral upper respiratory infection, thereby turning a carrier into a “cloud shedder.”'*?
Outbreaks of surgical site infections (SSIs) caused by group A beta-hemolytic streptococci have been
traced to airborne transmission from colonized operating-room personnel to patients."**'*® In these
situations, the strain causing the outbreak was recovered from the air in the operating room'* ¥ 1% or
on settle plates in a room in which the carrier exercised.””'™*? S aureus and group A streptococci have
not been linked to airborne transmission outside of operating rooms, burn units, and neonatal
nurseries.'”> '*® Transmission of these agents occurs primarily via contact and droplets.

Other gram-positive bacteria linked to airborne transmission include Bacillus spp. which are capable of
sporulation as environmental conditions become less favorable to support their growth. Outbreaks and
pseudo-outbreaks have been attributed to Bacillus cereus in maternity, pediatric, intensive care, and
bronchoscopy units; many of these episodes were secondary to environmental contamination."*’'®"

Gram-negative bacteria rarely are associated with episodes of airborne transmission because they
generally require moist environments for persistence and growth. The main exception is Acinetobacter
spp., which can withstand the inactivating effects of drying. In one epidemiologic investigation of
bloodstream infections among pediatric patients, identical Acinetobacter spp. were cultured from the
patients, air, and room air conditioners in a nursery.'!

Aerosols generated from showers and faucets may potentially contain legionellae and other gram-
negative waterborne bacteria (e.g., Pseudomonas aeruginosa). Exposure to these organisms is through
direct inhalation. However, because water is the source of the organisms and exposure occurs in the
vicinity of the aerosol, the discussion of the diseases associated with such aerosols and the prevention
measures used to curtail their spread is discussed in another section of the Guideline (see Part I: Water).

c. Airborne Viral Diseases

Some human viruses are transmitted from person to person via droplet acrosols, but very few viruses are
consistently airborne in transmission (i.e., are routinely suspended in an infective state in air and capable
of spreading great distances), and health-care-associated outbreaks of airborne viral disease are limited
to a few agents. Consequently, infection-control measures used to prevent spread of these viral diseases
in health-care facilities primarily involve patient isolation, vaccination of susceptible persons, and
antiviral therapy as appropriate rather than measures to control air flow or quality.® Infections caused
by VZV frequently are described in health-care facilities. Health-care-associated airborne outbreaks of
VZV infections from patients with primary infection and disseminated zoster have been documented;
patients with localized zoster have, on rare occasions, also served as source patients for outbreaks in
health-care facilities.'>'% VZV infection can be prevented by vaccination, although patients who
develop a rash within 6 weeks of receiving varicella vaccine or who develop breakthrough varicella
following exposure should be considered contagious.'”’

Viruses whose major mode of transmission is via droplet contact rarely have caused clusters of
infections in group settings through airborne routes. The factors facilitating airborne distribution of
these viruses in an infective state are unknown, but a presumed requirement is a source patient in the
early stage of infection who is shedding large numbers of viral particles into the air. Airborne
transmission of measles has been documented in health-care facilities.!®®'"! In addition, institutional
outbreaks of influenza virus infections have occurred predominantly in nursing homes,'>'™ and less
frequently in medical and neonatal intensive care units, chronic-care areas, HSCT units, and pediatric
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wards.'”'®  Some evidence supports airborne transmission of influenza viruses by droplet nuclei, " ¥

and case clusters in pediatric wards suggest that droplet nuclei may play a role in transmitting certain
respiratory pathogens (e.g., adenoviruses and respiratory syncytial virus [RSV]).!77 18 18 Some
evidence also supports airborne transmission of enteric viruses. An outbreak of a Norwalk-like virus
infection involving more than 600 staff personnel over a 3-week period was investigated in a Toronto,
Ontario hospital in 1985; common sources (e.g., food and water) were ruled out during the
investigation, leaving airborne spread as the most likely mode of transmission.'®

Smallpox virus, a potential agent of bioterrorism, is spread predominantly via direct contact with
infectious droplets, but it also can be associated with airborne transmission.'® '*” A German hospital
study from 1970 documented the ability of this virus to spread over considerable distances and cause
infection at low doses in a well-vaccinated population; factors potentially facilitating transmission in
this situation included a patient with cough and an extensive rash, indoor air with low relative humidity,
and faulty ventilation patterns resulting from hospital design (e.g., open windows).'®  Smallpox
patients with extensive rash are more likely to have lesions present on mucous membranes and therefore
have greater potential to disseminate virus into the air.'*® In addition to the smallpox transmission in
Germany, two cases of laboratory-acquired smallpox virus infection in the United Kingdom in 1978
also were thought to be caused by airborne transmission.'®

Airborne transmission may play a role in the natural spread of hantaviruses and certain hemorrhagic
fever viruses (e.g., Ebola, Marburg, and Lassa), but evidence for airborne spread of these agents in
health-care facilities is inconclusive.' Although hantaviruses can be transmitted when aerosolized
from rodent excreta,'®" '®* person-to-person spread of hantavirus infection from source patients has not
occurred in health-care facilities.'"” ' Nevertheless, health-care workers are advised to contain
potentially infectious aerosols and wear National Institute of Occupational Safety and Health (NIOSH)
approved respiratory protection when working with this agent in laboratories or autopsy suites.'*®

Lassa virus transmission via aerosols has been demonstrated in the laboratory and incriminated in
health-care—associated infections in Africa,'”'*® but airborne spread of this agent in hospitals in
developed nations likely is inefficient.*>**" Yellow fever is considered to be a viral hemorrhagic fever
agent with high aerosol infectivity potential, but health-care—associated transmission of this virus has
not been described.?®® Viral hemorrhagic fever diseases primarily occur after direct exposure to
infected blood and body fluids, and the use of standard and droplet precautions prevents transmission
early in the course of these illnesses.”®?** However, whether these viruses can persist in droplet nuclei
that might remain after droplet production from coughs or vomiting in the latter stages of illness is
unknown.”®®  Although the use of a negative-pressure room is not required during the early stages of
illness, its use might be prudent at the time of hospitalization to avoid the need for subsequent patient
transfer. Current CDC guidelines recommend negative-pressure rooms with anterooms for patients with
hemorrhagic fever and use of HEPA respirators by persons entering these rooms when the patient has
prominent cough, vomiting, diarrhea, or hemorrhage.®*® Face shields or goggles will help to prevent
mucous-membrane exposure to potentially-aerosolized infectious material in these situations. If an
anteroom is not available, portable, industrial-grade high efficiency particulate air (HEPA) filter units
can be used to provide the equivalent of additional air changes per hour (ACH).
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Table 4. Microorganisms associated with airborne transmission*

Fungi Bacteria Viruses
Numerous reports Aspergillus spp.+ Mycobacterium Measles (rubeola) vim{sjaa‘:w
in health-care Mucorales (Rhizopus spp.)°’™'"* | tuberculosis+ Varicella-zoster virus' @'
facilities
Atypical, Acremonium spg.“’" 0% Acinetobacter s&)pb'f‘ Smallpox virus (\;ariglva)§l :
occasional reports Fusarium spp.'” Bacillus spp.§'*? Influenza viruses™ ' "™~
Pseudoallescheria boydii'® Brucella spp.*+****"! Respiratory syncytial virus'®
Scedosporium spp.''® Staphylococcus aureus'*™ 156 | Adenoviruses
Sporothrix cyanescensy''® Group A Streptococcus'® Norwalk-like virus'*
Airborne in nature; | Coccidioides immitis'® Coxiella burnetii (Q fever)™'* Hantaviruses' > >
airborne Cryptococcus spp.'”' Lassa virus™®
. . 2
transmission in Histoplasma capsulatum'® Marburg virus®®
. Ebola virus™”
health care settings Crimean-Congo virus™
not described 8
Under investigation | Preumocystis carinii™' e —

* This list excludes microorganisms transmitted from aerosols derived from water

+ Refer to the text for references for these disease agents

§ Airbome transmission of smallpox is infrequent. Potential for airborne transmission increases with patients who are effective disseminators
present in facilities with low relative humidity in the air and faulty ventilation

§ Documentation of pseudoepidemic during construction

** Airborne transmission documented in the laboratory but not in patient-care areas

3. Heating, Ventilation, and Air Conditioning Systems in Health-Care
Facilities

a. Basic Components and Operations

Heating, ventilation, and air conditioning (HVAC) systems in health-care facilities are designed to a)
maintain the indoor air temperature and humidity at comfortable levels for staff, patients, and visitors;
b) control odors; ¢) remove contaminated air; d) facilitate air-handling requirements to protect
susceptible staff and patients from airborne health-care-associated pathogens; and e) minimize the risk
for transmission of airborne pathogens from infected patients.** '*  An HVAC system includes an
outside air inlet or intake; filters; humidity modification mechanisms (i.e., humidity control in summer,
humidification in winter); heating and cooling equipment; fans; ductwork; air exhaust or out-takes; and
registers, diffusers, or grilles for proper distribution of the air (Figure 1).2*2* Decreased performance
of healthcare facility HVAC systems, filter inefficiencies, improper installation, and poor maintenance
can contribute to the spread of health-care-associated airborne infections.

The American Institute of Architects (AIA) has published guidelines for the design and construction of
new health-care facilities and for renovation of existing facilities. These AIA guidelines address indoor
air-quality standards (e.g., ventilation rates, temperature levels, humidity levels, pressure relationships,
and minimum air changes per hour [ACH])) specific to each zone or area in health-care facilities (e.g.,
operating rooms, laboratories, diagnostic areas, patient-care areas, and support departments)."”® These
guidelines represent a consensus document among authorities having jurisdiction (AHJ), governmental
regulatory agencies (i.e., Department of Health and Human Services [DHHS]; Department of Labor,
Occupational Safety and Health Administration [OSHA]), health-care professionals, professional
organizations (e.g., American Society of Heating, Refrigeration, and Air-Conditioning Engineers
[ASHRAE], American Society for Healthcare Engineering [ASHE}), and accrediting organizations (i.e.,
Joint Commission on Accreditation of Healthcare Organizations [JCAHO]). More than 40 state
agencies that license health-care facilities have either incorporated or adopted by reference these
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guidelines into their state standards. JCAHO, through its surveys, ensures that facilities are in
compliance with the ventifation guidelines of this standard for new construction and renovation.

Figure 1. Diagram of a ventilation system*
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Outdoor air and recirculated air pass through air cleaners (e.g., filter banks) designed to reduce the concentration of airborne
contaminants. Air is conditioned for temperature and humidity before it enters the occupied space as supply air. Infiltration is
air leakage inward through cracks and interstitial spaces of walls, floors, and ceilings. Exfiltration is air leakage outward
through these same cracks and spaces. Return air is largely exhausted from the system, but a portion is recirculated with fresh,
incoming air.

* Used with permission of the publisher of reference 214 (ASHRAE)

Engineering controls to contain or prevent the spread of airborne contaminants center on a) local
exhaust ventilation [i.e., source control], b) general ventilation, and c) air cleaning. General ventilation
encompasses a) dilution and removal of contaminants via well-mixed air distribution of filtered air, b)
directing contaminants toward exhaust registers and grilles via uniform, non-mixed airflow patterns, c)
pressurization of individual spaces relative to all other spaces, and d) pressurization of buildings relative
to the outdoors and other attached buildings.

A centralized HVAC system operates as follows. Outdoor air enters the system, where low-efficiency
or “roughing” filters remove large particulate matter and many microorganisms. The air enters the
distribution system for conditioning to appropriate temperature and humidity levels, passes through an
additional bank of filters for further cleaning, and is delivered to each zone of the building. After the
conditioned air is distributed to the designated space, it is withdrawn through a return duct system and
delivered back to the HVAC unit. A portion of this “return air” is exhausted to the outside while the
remainder is mixed with outdoor air for dilution and filtered for removal of contaminants.””® Air from
toilet rooms or other soiled areas is usually exhausted directly to the atmosphere through a separate duct
exhaust system. Air from rooms housing tuberculosis patients is exhausted to the outside if possible, or
passed through a HEPA filter before recirculation. Ultraviolet germicidal irradiation (UVGI) can be
used as an adjunct air-cleaning measure, but it cannot replace HEPA filtration.
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b. Filtration

i. Filter Types and Methods of Filtration
Filtration, the physical removal of particulates from air, is the first step in achieving acceptable indoor
air quality. Filtration is the primary means of cleaning the air. Five methods of filtration can be used
(Table 5). During filtration, outdoor air passes through two filter beds or banks (with efficiencies of
20%—40% and >90%, respectively) for effective removal of particles 1-5 um in diameter.”> '** The
low-to-medium efficiency filters in the first bank have low resistance to airflow, but this feature allows
some small particulates to pass onto heating and air conditioning coils and into the indoor
environment.*”® Incoming air is mixed with recirculated air and reconditioned for temperature and
humidity before being filtered by the second bank of filters. The performance of filters with <90%

efficiency is measured using either the dust-spot test or the weight-arrestance test, 3% 216

Table 5. Filtration methods*

Basic method Principle of performance Filtering efficiency
Straining Particles in the air. are.larger than the openings bet\\fecn the Low
filter fibers, resulting in gross removal of large particles.
Impingement Particlcs_ collide with filter ﬂbgrs and rgmain attached to the Low
filter. Fibers may be coated with adhesive.
Interception Particlcs enter into the filter and become entrapped and Medium
attached to the filter fibers.
Diffusion Small particles,.moving in erratic motion, collide with filter High
fibers and remain attached.
. Particles bearing negative electrostatic charge are attracted to .
Electrostatic the filter with pisi(i%ely charged fibers. ’ High

* Material in this table was compiled from information in reference 217.

The second filter bank usually consists of high-efficiency filters. This filtration system is adequate for
most patient-care areas in ambulatory-care facilities and hospitals, including the operating room
environment and areas providing central services.'”® Nursing facilities use 90% dust-spot efficient
filters as the second bank of filters,'® whereas a HEPA filter bank may be indicated for special-care
areas of hospitals. HEPA filters are at least 99.97% efficient for removing particles >0.3 um in
diameter. (As a reference, Aspergillus spores are 2.5-3.0 um in diameter.) Examples of care areas
where HEPA filters are used include PE rooms and those operating rooms designated for orthopedic
implant procedures.””

Maintenance costs associated with HEPA filters are high compared with other types of filters, but use of
in-line disposable prefilters can increase the life of a HEPA filter by approximately 25%. Alternatively,
if a disposable prefilter is followed by a filter that is 90% efficient, the life of the HEPA filter can be
extended ninefold. This concept, called progressive filtration, allows HEPA filters in special care areas
to be used for 10 years.?”> Although progressive filtering will extend the mechanical ability of the
HEPA filter, these filters may absorb chemicals in the environment and later desorb those chemicals,
thereby necessitating a more frequent replacement program. HEPA filter efficiency is monitored with
the dioctylphthalate (DOP) particle test using particles that are 0.3 pum in diameter.?'®

HEPA filters are usually framed with metal, although some older versions have wood frames. A metal
frame has no advantage over a properly fitted wood frame with respect to performance, but wood can
compromise the air quality if it becomes and remains wet, allowing the growth of fungi and bacteria.
Hospitals are therefore advised to phase out water-damaged or spent wood-framed filter units and
replace them with metal-framed HEPA filters.
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HEPA filters are usually fixed into the HVAC system; however, portable, industrial grade HEPA units
are available that can filter air at the rate of 300-800 ft’/min. Portable HEPA filters are used to a)
temporarily recirculate air in rooms with no general ventilation, b) augment systems that cannot provide
adequate airflow, and c) provide increased effectiveness in airflow.' Portable HEPA units are useful
engineering controls that help clean the air when the central HVAC system is undergoing repairs,”'® but
these units do not satisfy fresh-air requirements.”"* The effectiveness of the portable unit for particle
removal is dependent on a) the configuration of the room, b) the furniture and persons in the room, ¢)
the placement of the units relative to the contents and layout of the room, and d) the location of the
supply and exhaust registers or grilles. If portable, industrial-grade units are used, they should be
capable of recirculating all or nearly all of the room air through the HEPA filter, and the unit should be
designed to achieve the equivalent of >12 ACH.* (An average room has approximately 1,600 ft’ of
airspace.) The hospital engineering department should be contacted to provide ACH information in the
event that a portable HEPA filter unit is necessary to augment the existing fixed HVAC system for air
cleaning.

ii. Filter Maintenance
Efficiency of the filtration system is dependent on the density of the filters, which can create a drop in
pressure unless compensated by stronger and more efficient fans, thus maintaining air flow. For optimal
performance, filters require monitoring and replacement in accordance with the manufacturer’s
recommendations and standard preventive maintenance practices.””* Upon removal, spent filters can be
bagged and discarded with the routine solid waste, regardless of their patient-care area location.”*!
Excess accumulation of dust and particulates increases filter efficiency, requiring more pressure to push
the air through. The pressure differential across filters is measured by use of manometers or other
gauges. A pressure reading that exceeds specifications indicates the need to change the filter. Filters
also require regular inspection for other potential causes of decreased performance. Gaps in and around
filter banks and heavy soil and debris upstream of poorly maintained filters have been implicated in
health-care—associated outbreaks of aspergillosis, especially when accompanied by construction
activities at the facility.'” '® 1% 22

c¢. Ultraviolet Germicidal Irradiation (UVGI)

As a supplemental air-cleaning measure, UVGI is effective in reducing the transmission of airborne
bacterial and viral infections in hospitals, military housing, and classrooms, but it has only a minimal
inactivating effect on fungal spores.”?**® UVGI is also used in air handling units to prevent or limit
the growth of vegetative bacteria and fungi. Most commercially available UV lamps used for
germicidal purposes are low-pressure mercury vapor lamps that emit radiant energy predominantly at a
wave-length of 253.7 nm.?****° Two systems of UVGI have been used in health-care settings — duct
irradiation and upper-room air irradiation. In duct irradiation systems, UV lamps are placed inside ducts
that remove air from rooms to disinfect the air before it is recirculated. When properly designed,
installed, and maintained, high levels of UVGI can be attained in the ducts with little or no exposure of
persons in the rooms.”?" 2 In upper-room air irradiation, UV lamps are either suspended from the
ceiling or mounted on the wall.* Upper air UVGI units have two basic designs: a) a “pan” fixture with
UVGI unshielded above the unit to direct the irradiation upward and b) a fixture with a series of parallel
plates to columnize the irradiation outward while preventing the light from getting to the eyes of the
room’s occupants. The germicidal effect is dependent on air mixing via convection between the room’s
irradiated upper zone and the lower patient-care zones. 2

Bacterial inactivation studies using BCG mycobacteria and Serratia marcescens have estimated the
effect of UVGI as equivalent to 10 ACH-39 ACH.2*%*¢  Another study, however, suggests that UVGI
may result in fewer equivalent ACH in the patient-care zone, especially if the mixing of air between
zones is insufficient.™ The use of fans or HVAC systems to generate air movement may increase the
effectiveness of UVGI if airborne microorganisms are exposed to the light energy for a sufficient length
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of time. 2% 27 2% The optimal relationship between ventilation and UVGI is not known.

Because the clinical effectiveness of UV systems may vary, UVGI is not recommended for air
management prior to air recirculation from airborne isolation rooms. It is also not recommended as a
substitute for HEPA filtration, local exhaust of air to the outside, or negative pressure.* The use of UV
lamps and HEPA filtration in a single unit offers only minimal infection-control benefits over those
provided by the use of a HEPA filter alone.”®® Duct systems with UVGI are not recommended as a
substitute for HEPA filters if the air from isolation rooms must be recirculated to other areas of the
facility.! Regular maintenance of UVGI systems is crucial and usually consists of keeping the bulbs
free of dust and replacing old bulbs as necessary. Safety issues associated with the use of UVGI
systems are described in other guidelines.*

d. Conditioned Air in Occupied Spaces

Temperature and humidity are two essential components of conditioned air. After outside air passes
through a low- or medium-efficiency filter, the air undergoes conditioning for temperature and humidity
control before it passes through high-efficiency or HEPA filtration.

i. Temperature
HVAC systems in health-care facilities are often single-duct or dual-duct systems. A single-duct
system distributes cooled air (55°F [12.8°C]) throughout the building and uses thermostatically
controlled reheat boxes located in the terminal ductwork to warm the air for individual or multiple
rooms. The dual-duct system consists of parallel ducts, one with a cold air stream and the other with a
hot air stream. A mixing box in each room or group of rooms mixes the two air streams to achieve the
desired temperature. Temperature standards are given as either a single temperature or a range,
depending on the specific health-care zone. Cool temperature standards (68°F-73°F [20°C-23°C])
usually are associated with operating rooms, clean workrooms, and endoscopy suites.'”® A warmer
temperature (75°F [24°C]) is needed in areas requiring greater degrees of patient comfort. Most other
zones use a temperature range of 70°F—75°F (21°C-24°C)."* Temperatures outside of these ranges
may be needed occasionally in limited areas depending on individual circumstances during patient care
(e.g., cooler temperatures in operating rooms during specialized operations).

35,241

ii. Humidity
Four measures of humidity are used to quantify different physical properties of the mixture of water
vapor and air. The most common of these is relative humidity, which is the ratio of the amount of water
vapor in the air to the amount of water vapor air can hold at that temperature.** The other measures of
humidity are specific humidity, dew point, and vapor pressure.**?

Relative humidity measures the percentage of saturation. At 100% relative humidity, the air is
saturated. For most areas within health-care facilities, the designated comfort range is 30%—60%
relative humidity."””*2"* Relative humidity levels >60%, in addition to being perceived as
uncomfortable, promote fungal growth.”® Humidity levels can be manipulated by either of two
mechanisms.”**  In a water-wash unit, water is sprayed and drops are taken up by the filtered air;
additional heating or cooling of this air sets the humidity levels. The second mechanism is by means of
water vapor created from steam and added to filtered air in humidifying boxes. Reservoir-type
humidifiers are not allowed in health-care facilities as per AIA guidelines and many state codes.'®
Cool-mist humidifiers should be avoided, because they can disseminate aerosols containing allergens
and microorganisms.?** Additionally, the small, personal-use versions of this equipment can be
difficult to clean.
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iii. Ventilation
The control of air pollutants (e.g., microorganisms, dust, chemicals, and smoke) at the source is the most
effective way to maintain clean air. The second most effective means of controlling indoor air pollution
is through ventilation. Ventilation rates are voluntary unless a state or local government specifies a
standard in health-care licensing or health department requirements. These standards typically apply to
only the design of a facility, rather than its operation.”***¢ Health-care facilities without specific
ventilation standards should follow the AIA guideline specific to the year in which the building was
built or the ANSI/ASHRAE Standard 62, Ventilation for Acceptable Indoor Air Quality.'™ > !

Ventilation guidelines are defined in terms of air volume per minute per occupant and are based on the
assumption that occupants and their activities are responsible for most of the contaminants in the
conditioned space.?'” Most ventilation rates for health-care facilities are expressed as room ACH. Peak
efficiency for particle removal in the air space occurs between 12 ACH-15 ACH.>* 22 vyentilation
rates vary among the different patient-care areas of a health-care facility (Appendix B).'*"

Health-care facilities generally use recirculated air.?> 12%241-249.20 pang create sufficient positive
pressure to force air through the building duct work and adequate negative pressure to evacuate air from
the conditioned space into the return duct work and/or exhaust, thereby completing the circuit in a
sealed system (Figure 1). However, because gaseous contaminants tend to accumulate as the air
recirculates, a percentage of the recirculated air is exhausted to the outside and replaced by fresh
outdoor air. In hospitals, the delivery of filtered air to an occupied space is an engineered system design
issue, the full discussion of which is beyond the scope of this document.

Hospitals with areas not served by central HVAC systems often use through-the-wall or fan coil air
conditioning units as the sole source of room ventilation. AIA guidelines for newly installed systems
stipulate that through-the-wall fan-coil units be equipped with permanent (i.e., cleanable) or replaceable
filters with 2 minimum efficiency of 68% weight arrestance.'”® These units may be used only as
recirculating units; all outdoor air requirements must be met by a separate central air handling system
with proper filtration, with a minimum of two outside air changes in general patient rooms (D. Erickson,
ASHE, 2000).' If a patient room is equipped with an individual through-the-wall fan coil unit, the
room should not be used as either All or as PE.'® These requirements, although directed to new
HVAC installations also are appropriate for existing settings. Non-central air-handling systems are
prone to problems associated with excess condensation accumulating in drip pans and improper filter
maintenance; health-care facilities should clean or replace the filters in these units on a regular basis
while the patient is out of the room.

Laminar airflow ventilation systems are designed to move air in a single pass, usually through a bank of
HEPA filters either along a wall or in the ceiling, in a one-way direction through a clean zone with
parallel streamlines. Laminar airflow can be directed vertically or horizontally; the unidirectional
system optimizes airflow and minimizes air turbulence.®*' Delivery of air at a rate of 0.5 meters per
second (90 + 20 fi/min) helps to minimize opportunities for microorganism proliferation. 2" 2
Laminar airflow systems have been used in PE to help reduce the risk for health-care—associated
airborne infections (e.g., aspergillosis) in high-risk patients.®***%*2** However, data that demonstrate
a survival benefit for patients in PE with laminar airflow are lacking. Given the high cost of installation
and apparent lack of benefit, the value of laminar airflow in this setting is questionable.”?” Few data
support the use of laminar airflow systems elsewhere in a hospital. >

iv. Pressurization
Positive and negative pressures refer to a pressure differential between two adjacent air spaces (e.g.,
rooms and hallways). Air flows away from areas or rooms with positive pressure (pressurized), while
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air flows into areas with negative pressure (depressurized). AIl rooms are set at negative pressure to
prevent airborne microorganisms in the room from entering hallways and corridors. PE rooms housing
severely neutropenic patients are set at positive pressure to keep airborne pathogens in adjacent spaces
or corridors from coming into and contaminating the airspace occupied by such high-risk patients. Self-
closing doors are mandatory for both of these areas to help maintain the correct pressure differential.*
120 Older health-care facilities may have variable pressure rooms (i.e., rooms in which the ventilation
can be manually switched between positive and negative pressure). These rooms are no longer
permitted in the construction of new facilities or in renovated areas of the facility,'® and their use in
existing facilities has been discouraged because of difficulties in assuring the proper pressure
differential, especially for the negative pressure setting, and because of the potential for error associated
with switching the pressure differentials for the room. Continued use of existing variable pressure
rooms depends on a partnership between engineering and infection control. Both positive- and

negative-pressure rooms should be maintained according to specific engineering specifications (Table
6).

Table 6. Engineered specifications for positive- and negative pressure rooms*

Positive pressure areas (e.g., Negative pressure areas (e.g.,
protective environments [PE]) airborne infection isolation [AII])

Pressure differentials > +2.5 Pa§ (0.01" water gauge) >-2.5 Pa (0.01” water gauge)
Air changes per hour (ACH) >12 >12 (for renovation or new construction)

. 0, - 0,
Fitsion teney | SMROTREODON | S i)
Room airflow direction Out to the adjacent area In to the room
Clean-to-dirty airflow in Away from the patient (high-risk patient, Towards the patient (airborne discase
room immunosuppressed patient) patient)
Ideal pressure differential >+ 8 Pa >-2.5Pa

* Material in this table was compiled from references 35 and 120. Table adapted from and used with permission of the publisher of reference
35 (Lippincott Williams and Wilkins)

§ Pais the abbreviation for Pascal, a metric unit of measurement for pressure based on air velocity; 250 Pa equals 1.0 inch water gauge.

¢ DOP is the abbreviation for dioctylphthalate particles of 0.3 pm diameter.

** [f the patient requires both PE and All, return air should be HEPA-filtered or otherwise exhausted to the outside.

+ HEPA filtration of exhaust air from AIl rooms should not be required, providing that the exhaust is properly located to prevent re-entry into
the building

Health-care professionals (e.g., infection control, hospital epidemiologists) must perform a risk
assessment to determine the appropriate number of AIl rooms (negative pressure) and/or PE rooms
(positive pressure) to serve the patient population. The AIA guidelines require a certain number of All
rooms as a minimum, and it is important to refer to the edition under which the building was built for
appropriate guidance. 120

In large health-care facilities with central HVAC systems, sealed windows help to ensure the efficient
operation of the system, especially with respect to creating and maintaining pressure differentials.
Sealing the windows in PE areas helps minimize the risk of airborne contamination from the outside.
One outbreak of aspergillosis among immunosuppressed patients in a hospital was attributed in part to
an open window in the unit during a time when both construction and a fire happened nearby; sealing
the window prevented further entry of fungal spores into the unit from the outside air.'"'  Additionally,
all emergency exits (e.g., fire escapes and emergency doors) in PE wards should be kept closed (except
during emergencies) and equipped with alarms.

e. Infection Control Impact of HVAC System Maintenance and Repair
A failure or malfunction of any component of the HVAC system may subject patients and staff to
discomfort and exposure to airborne contaminants. Only limited information is available from formal
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studies on the infection-control implications of a complete air-handling system failure or shutdown for
maintenance. Most experience has been derived from infectious disease outbreaks and adverse
outcomes among high-risk patients when HVAC systems are poorly maintained. (See Table 7 for
potential ventilation hazards, consequences, and correction measures.)

AIA guidelines prohibit U.S. hospitals and surgical centers from shutting down their HVAC systems for
purposes other than required maintenance, filter changes, and construction.'”® Airflow can be reduced;
however, sufficient supply, return, and exhaust must be provided to maintain required pressure
relationships when the space is not occupied. Maintaining these relationships can be accomplished with
special drives on the air-handling units (i.e., a variable air ventilation [VAV] system).

Microorganisms proliferate in environments wherever air, dust, and water are present, and air-handling
systems can be ideal environments for microbial growth.® Properly engineered HVAC systems require
routine maintenance and monitoring to provide acceptable indoor air quality efficiently and to minimize
conditions that favor the proliferation of health-care-associated pathogens.”*** Performance
monitoring of the system includes determining pressure differentials across filters, regular inspection of
system filters, DOP testing of HEPA filters, testing of low- or medium efficiency filters, and manometer
tests for positive- and negative-pressure areas in accordance with nationally recognized standards,
guidelines, and manufacturers’ recommendations. The use of hand-held, calibrated equipment that can
provide a numerical reading on a daily basis is preferred for engineering purposes (A.Streifel,
University of Minnesota, 2000).2*® Several methods that provide a visual, qualitative measure of
pressure differentials (i.e., airflow direction) include smoke-tube tests or placing flutter strips, ping-pong
balls, or tissue in the air stream.

Preventive filter and duct maintenance (e.g., cleaning ductwork vents, replacing filters as needed, and
properly disposing spent filters into plastic bags immediately upon removal) is important to prevent
potential exposures of patients and staff during HVAC system shut-down. The frequency of filter
inspection and the parameters of this inspection are established by each facility to meet their unique
needs. Ductwork in older health-care facilities may have insulation on the interior surfaces that can trap
contaminants. This insulation material tends to break down over time to be discharged from the HVAC
system. Additionally, a malfunction of the air-intake system can overburden the filtering system and
permit aerosolization of fungal pathogens. Keeping the intakes free from bird droppings, especially
those from pigeons, helps to minimize the concentration of fungal spores entering from the outside.”®

Accumulation of dust and moisture within HVAC systems increases the risk for spread of health-care—
associated environmental fungi and bacteria. Clusters of infections caused by Aspergillus spp., P.
aeruginosa, S. aureus, and Acinetobacter spp. have been linked to poorly maintained and/or
malfunctioning air conditioning systems.®® '*" %72 Efforts to limit excess humidity and moisture in
the infrastructure and on air-stream surfaces in the HVAC system can minimize the proliferation and
dispersion of fungal spores and waterborne bacteria throughout indoor air.**??  Within the HVAC
system, water is present in water-wash units, humidifying boxes, or cooling units. The dual-duct system
may also create conditions of high humidity and excess moisture that favor fungal growth in drain pans
as well as in fibrous insulation material that becomes damp as a result of the humid air passing over the
hot stream and condensing.

If moisture is present in the HVAC system, periods of stagnation should be avoided. Bursts of
organisms can be released upon system start-up, increasing the risk of airborne infection.® Proper
engineering of the HVAC system is critical to preventing dispersal of airborne organisms. In one
hospital, endophthalmitis caused by Acremonium kiliense infection following cataract extraction in an
ambulatory surgical center was traced to aerosols derived from the humidifier water in the ventilation
system.”® The organism proliferated because the ventilation system was turned off routinely when the
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center was not in operation; the air was filtered before humidification, but not afterwards.

Most health-care facilities have contingency plans in case of disruption of HVAC services. These plans
include back-up power generators that maintain the ventilation system in high-risk areas (e.g., operating
rooms, intensive-care units, negative- and positive-pressure rooms, transplantation units, and oncology
units). Alternative generators are required to engage within 10 seconds of a loss of main power. If the
ventilation system is out of service, rendering indoor air stagnaat, sufficient time must be allowed to
clean the air and re-establish the appropriate number of ACH once the HVAC system begins to function
again. Air filters may also need to be changed, because reactivation of the system can dislodge
substantial amounts of dust and create a transient burst of fungal spores.

Duct cleaning in health-care facilities has benefits in terms of system performance, but its usefulness for
infection control has not been conclusively determined. Duct cleaning typically involves using
specialized tools to dislodge dirt and a high-powered vacuum cleaner to clean out debris.?®® Some duct-
cleaning services also apply chemical biocides or sealants to the inside surfaces of ducts to minimize
fungal growth and prevent the release of particulate matter. The U.S. Environmental Protection Agency
(EPA), however, has concerns with the use of sanitizers and/or disinfectants to treat the surfaces of
ductwork, because the label indications for most of these products may not specifically include the use
of the product in HVAC systems.”® Further, EPA has not evaluated the potency of disinfectants in
such applications, nor has the agency examined the potential attendant health and safety risks. The EPA
recommends that companies use only those chemical biocides that are registered for use in HVAC
systems.?®  Although infrequent cleaning of the exhaust ducts in All areas has been documented as a
cause of diminishing negative pressure and a decrease in the air exchange rates,”"* no data indicate that
duct cleaning, beyond what is recommended for optimal performance, improves indoor air quality or
reduces the risk of infection. Exhaust return systems should be cleaned as part of routine system
maintenance. Duct cleaning has not been shown to prevent any health problems,®® and EPA studies
indicate that airborne particulate levels do not increase as a result of dirty air ducts, nor do they diminish
after cleaning, presumably because much of the dirt inside air ducts adheres to duct surfaces and does
not enter the conditioned space.®® Additional research is needed to determine if air-duct contamination
can significantly increase the airborne infection risk in general areas of health-care facilities.

4. Construction, Renovation, Remediation, Repair, and Demolition

a. General Information

Environmental disturbances caused by construction and/or renovation and repair activities (e.g.,
disruption of the above-ceiling area, running cables through the ceiling, and structural repairs) in and
near health-care facilities markedly increase the airborne Aspergillus spp. spore counts in the indoor air
of such facilities, thereby increasing the risk for health-care-associated aspergillosis among high-risk
patients. Although one case of health-care—associated aspergillosis is often difficult to link to a specific
environmental exposure, the occurrence of temporarily clustered cases increase the likelihood that an
environmental source within the facility may be identified and corrected.
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approaches to minimize the growth of Legionella spp. include a) periodically increasing the temperature
to at least 150°F [66°C] at the point of use [i.e., faucets] and b) adding additional chlorine and flushing
the water.5®" 7'% "' Systems should be inspected annually to ensure that thermostats are functioning

properly.

Adequate water pressure ensures sufficient water supplies for a) direct patient care; b) operation of
water-cooled instruments and equipment [e.g., lasers, computer systems, telecommunications systems,
and automated endoscope reprocessors’ ' 2]; ¢) proper function of vacuum suctioning systems; d) indoor
climate control; and e) fire-protection systems. Maintaining adequate pressure also helps to ensure the
integrity of the piping system.

¢. Infection-Control Impact of Water System Maintenance and Repair

Corrective measures for water-system failures have not been studied in well-designed experiments;
these measures are instead based on empiric engineering and infection-control principles. Health-care
facilities can occasionally sustain both intentional cut-offs by the municipal water authority to permit
new construction project tie-ins and unintentional disruptions in service when a water main breaks as a
result of aging infrastructure or a construction accident. Vacuum breakers or other similar devices can
prevent backflow of water in the facility’s distribution system during water-disruption emergencies. "'
To be prepared for such an emergency, all health-care facilities need contingency plans that identify a)
the total demand for potable water, b) the quantity of replacement water [e.g., bottled water] required for
a minimum of 24 hours when the water system is down, ¢} mechanisms for emergency water
distribution, and 4) procedures for correcting drops in water pressure that affect operation of essential
devices and equipment that are driven or cooled by a water system [Table 16].”"

Table 16. Water demand in health-care facilities during water disruption emergencies

Potable water Bottled, sterile water
Drinking water Surgical scrub
Handwashing Emergency surgical procedures
Cafeteria services Pharmaceutical preparations
Ice Patient-care equipment (e.g., ventilators)§

Manual flushing of toilets

Patient baths, hygiene

Hemodialysis

Hydrotherapy

Fire prevention (e.g., sprinkler systems)
Surgery and critical care arcas
Laboratory services

Laundry and central sterile services*
Cooling towers+

Steam generation

Water use needs

* Arrange o have a contingency provision of these services from another resource, if possible (e.g., another health-care facility or contractor).
+ Some cooling towers may use a potable water source, but most units use non-potable water.
§ This item is included in the table under the assumption that electrical power is available during the water emergency.

Detailed, up-to-date plans for hot and cold water piping systems should be readily available for
maintenance and repair purposes in case of system problems. Opening potable water systems for repair
or construction and subjecting systems to water-pressure changes can result in water discoloration and
dramatic increases in the concentrations of Legionella spp. and other gram-negative bacteria. The
maintenance of a chlorine residual at all points within the piping system also offers some protection
from entry of contamination to the pipes in the event of inadvertent cross-connection between potable
and non-potable water lines. As a minimum preventive measure, ASHRAE recommends a thorough
flushing of the system.’®' High-temperature flushing or hyperchlorination may also be appropriate
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strategies to decrease potentially high concentrations of waterborne organisms. The decision to pursue
either of these remediation strategies, however, should be made on a case-by-case basis. If only a
portion of the system is involved, high temperature flushing or chlorination can be used on only that
portion of the system. "'

When shock decontamination of hot water systems is necessary (e.g., after disruption caused by
construction and after cross-connections), the hot water temperature should be raised to 160°F~170°F
(71°C-77°C) and maintained at that level while each outlet around the system is progressively flushed.
A minimum flush time of 5 minutes has been recommended;’ the optimal flush time is not known,
however, and longer flush times may be necessary.”"* The number of outlets that can be flushed
simultaneously depends on the capacity of the water heater and the flow capability of the system.
Appropriate safety procedures to prevent scalding are essential. When possible, flushing should be
performed when the fewest building occupants are present (e.g., during nights and weekends).

When thermal shock treatment is not possible, shock chlorination may serve as an alternative method.*®'
Experience with this method of decontamination is limited, however, and high levels of free chlorine
can corrode metals. Chlorine should be added, preferably overnight, to achieve a free chlorine residual
of at least 2 mg/L (2 ppm) throughout the system.%¢' This may require chlorination of the water heater
or tank to levels of 20-50 mg/L (20-50 ppm). The pH of the water should be maintained at 7.0-8.0.%'
After completion of the decontamination, recolonization of the hot water system is likely to occur unless
proper temperatures are maintained or a procedure such as continuous supplemental chlorination is
continued.

Interruptions of the water supply and sewage spills are situations that require immediate recovery and
remediation measures to ensure the health and safety of patients and staff.”"” When delivery of potable
water through the municipal distribution system has been disrupted, the public water supplier must issue
a “boil water” advisory if microbial contamination presents an immediate public health risk to
customers. The hospital engineer should oversee the restoration of the water system in the facility and
clear it for use when appropriate. Hospitals must maintain a high level of surveillance for waterborne
disease among patients and staff after the advisory is lifted.®*

Flooding from either external (e.g., from a hurricane) or internal sources (e.g., a water system break)
usually results in property damage and a temporary loss of water and sanitation.”"*7'®* JCAHO requires
all hospitals to have plans that address facility response for recovery from both internal and external
disasters.””>7'? The plans are required to discuss a) general emergency preparedness, b) staffing, c)
regional planning among area hospitals, d) emergency supply of potable water, ) infection control and
medical services needs, f) climate control, and g) remediation. The basic principles of structural
recovery from flooding are similar to those for recovery from sewage contamination (Box 9 and 10).
Following a major event (e.g., flooding), facilities may elect to conduct microbial sampling of water
after the system is restored to verify that water quality has been returned to safe levels (<500 CFU/mL,
heterotrophic plate count). This approach may help identify point-of-use fixtures that may harbor
contamination as a result of design or engineering features.”” Medical records should be allowed to
dry and then either photocopied or placed in plastic covers before returning them to the record.

Moisture meters can be used to assess water-damaged structural materials. If porous structural materials
for walls have a moisture content of >20% after 72 hours, the affected material should be removed.?
28313 The management of water-damaged structural materials is not strictly limited to major water
catastrophes (e.g., flooding and sewage intrusions); the same principles are used to evaluate the damage
from leaking roofs, point-of-use fixtures, and equipment. Additional sources of moisture include
condensate on walls from boilers and poorly engineered humidification in HVAC systems.
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ANSI/ASHRAE/ASHE Standard 170, Ventilation of Health Care Facilities, is one of a
family of documents that offers guidance, regulation, and mandates to designers of To purchase a copy of ANSIASHRAE/ASHE
health care facilities. It is first and foremost a mandatory minimum requirement and, as ~ HERRRCREAEAEREIRUEIS LT UL
such, may not always offer the state-of-the-art best practice for health care ventilation
design. Other publications, such as the ASHRAE HVAC Design Manual for Hospitals
and Clinics, complement the standard, providing additional depth and detail for the

designer. In addition, the health care designer must refer to any design requirements i3 AL AILBCADI ke 20700
from the appropriate jurisdiction that has authority. Many jurisdictions use or refer to b :

Guidelines for Design and Construction of Health Care Facilities, published by the Ao Bl E/ASHE STANDRRD
Facility Guidelines institute (FGI). Where practical, the committee was cognizant of these ; Ventilation of

other documents in the development of this standard. Health Care Facilities

Ventilation design for heaith care spaces is a combination of tasks that leads to a set of
documents used in construction. One such task requires medical planners to develop
departmental programs of spaces. These programs include space names that suggest
the use for which the space is intended, and health care ventilation designers depend
upon these names to determine the ventilation parameters for their designs. This
standard provides these ventilation parameters.

Ventilation systems and designs for health care facilities are intended to provide a
comfortable environment for patients, health care workers, and visitors while diluting,
capturing and exhausting airborne contaminants including potentially infectious airborne =
agents such as M. tuberculosis. Without high-quality ventilation in health care facilities, A
patients, health care workers, and visitors can become exposed to contaminants through
normal respiration of particles in the air. Poorly ventilated health care facilities may
increase the concentration of airborne contaminants including fungi or mold, which may
cause allergic responses in even healthy workers and occupants. Some patients are
profoundly immunosuppressed for prolonged periods and if exposed, are highly
susceptible to infection from fungi. For such patients, fungal spores become invasive
pathogens and lead to high rates of severe morbidity and mortality. For all these
reasons, and considering the various occupancies and patient populations, great care
must be taken in the design of health care ventilation systems.

(Standard 170 -2008—including all issued addenda—is incorporated into the 2010
edition of the Guidelines for Design and Construction of Health Care Facilities with the
exception of Section 4.1 and Section 4.2.)
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Introduction by Dean Schillinger, MD

As a primary care physician in a safety net hospital, | see
patients every day who either have diabetes or are at high
risk of developing diabetes. Our patients are the uninsured
and the underinsured, the old and the young. Many are poor
and their needs are great. | see how diabetes, for many
people, can be a devastating disease that can alter their
life’s trajectory and present a challenge to family caregivers.
Over the last 15 years, | have been working with a
multidisciplinary team of clinical staff, researchers, and
publlc health experts to develop ways to improve

Welcome Guest

If you have an account please

Jog in below: communication about dlabetes and improve health outcomes. In 2008, | was able to join
the wonderful team of the California Diabetes Program to try and bridge the gap between
Email: research and practice and to find ways to scale-up and disseminate successful

interventions into population-based solutions.

Password:

Diabetes is a complex disease that is sweeping the country. Its prevalence is strongly
influenced by social circumstances and social policy and its management by health policy.
GM ' Forgot password? California has nearly three million people with diabetes, meaning that more than 1 out of
10 adult Californians has diabetes. From 1998 to 2007, the prevalence of diagnosed
diabetes rose from 5.5 to 7.6 percent, representing a 38 percent increase in one decade.
California has the greatest number of people in the US who are newly diagnosed with
diabetes. In 2007, about 7.9 million (29 percent, or nearly 1 in 3) adults in California had
prediabetes, a condition that often precedes type 2 diabetes. Prevalence of gestational
diabetes (diabetes that occurs in the context of pregnancy) has increased 60 percent in
California in just seven years, from 3.3 percent of hospital deliveries in 1998 to 5.3 percent
in 2005. In addition, small studies suggest a consistent increase in diabetes among
children and youth. California’s ethnically diverse population has a higher risk and
prevalence of type 2 diabetes. Total health care and related costs for the treatment of
diabetes in California alone is about $24.5 billion each year. As such, diabetes in
California represents a significant and growing economic drain for families, employers,
and communities, especially during these difficult economic times.

This document presents some key diabetes statistics in California counties. Its purpose is
to provide background information and facts about diabetes. In California, diabetes data
are not captured in one statewide registry. Therefore, we have used data collected from
the 2005 California Health Interview Survey (CHIS) and compiled a summary of
information for each county. CHIS is the nation’s largest state health survey. A randomdial
telephone survey conducted every two years on a wide range of health topics, CHIS data
give a detailed picture of the health and health care needs of California’s large and diverse

http://www.caldiabetes.org/content _display.cfm?contentID=1160 4/4/2013
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population. CHIS 2005 is currently the best data source in terms of county-level
information, sub-population analyses, and diabetes indicators. More than 50,000
Californians are surveyed by CHIS. Participants in the CHIS survey are chosen at random
and the sample is extensive enough to be statistically representative of California’s
diverse population. CHIS is especially known for its hard-to-find data on ethnic subgroups.

The information herein can be used by county health departments, community-based
drganizations, and those providing clinical services to make strategic decisions about their
current and future activities. Environmental planners, industry partners, the media,
restaurants, schools, parks and recreation services, and many other groups also need to
engage with these data to inform their work and modify their activities to help create the
conditions in which people can make healthy choices.

Compared to prior years, there are a number of new components to this report and some
striking findings worthy of special comment. For this report, we have added annual
cholesterol tests, annual eye exams, and annual flu shots received by people with
diabetes under the Diabetes and Related Services section; current smoking in the
Diabetes Risk Factors section; and a new section, Health Status and Access to Care,
which includes history of high blood pressure, high cholesterol, heart disease, type of
insurance (Medicare, Medi-Cal, uninsured), and no usual source of care. All data are
reported by county demographics in the general adults population and for aduits with
diabetes, when applicable. All data are reported in percentage rates. The county adult
population total and adults with diagnosed diabetes total are provided at the top of each
county table. Unlike the previous report, total numbers for each health condition/status are
not provided in this report. Readers can easily calculate the total number by simply
multiplying the rate with either the county adult population or the diagnosed diabetes
population.

Notable findings include:

+ especially high rates of diabetes in California’s Central Valley;

- high prevalence of being uninsured and having diabetes (especially
among the Hispanic/Latino population), and the tremendous county-by-
county variation in coverage of uninsured people with diabetes; and

- growing prevalence of diabetes in young adults (ages 18-44) and the
behavioral and health access risk profiles that make them particularly
vulnerable to developing complications in the prime of their lives. These
include especially high rates of con-current tobacco use (20%) and heart
disease (8%), high rates of un-insurance (30%), and low rates of receipt of
recommended services such as eye exams and influenza vaccination.

The California Diabetes Program serves as a coordinating ieader for
organizations working to prevent diabetes and its complications in California’s
diverse communities. We hope you will find these data useful and seek additional
resources on our Diabetes Information Resource Center (DIRC) at
www.caldiabetes.org.

Download Files:

Click on a link below to save the file to your hard drive.

"}'_: Diabetes in California Counties, 2009 (4.42 MB)

‘,f_’; Diabetes in California Counties, 2005 (25.2 MB)

',"'_: Diabetes in California Counties, 2001 (166 KB)

‘Z{ The Burdens of Diabetes in California Counties 2000 (606 KB)
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Californians growing heavier, more obese
and diabetic

September 1, 2010 | Joanna Lin, California Watch

= Californians are increasingly overweight, obese and diabetic, a
=1 study by UCLA researchers found. The epidemics are worsening
throughout the state and disproportionately affect ethnic minorities,

the poor and the least educated.

More than half of the adults in the state — 15.3 million — are
overweight or obese, and more than 2 million are diabetic,
according to the report rel d yesterday [1] by the UCLA Center
for Health Policy Research.

In 2001, 19.3 percent of California adults were obese and 6.2
ll percent were diabetic. By 2007, 22.7 percent were obese and 7.8
were diabetic, the study found.

American Indians, blacks and Latinos have the highest rates of
obesity and diabetes, but the rates have increased significantly
among whites and Asians as well.

iy AlerFricks

Obesity and Diabetes Pravalence by Race and Ethnicity, Adults Age 18 and Over,
California, 2001 and 2007

Obaesity Provalence Diabates Prevalence

Race/Ethnicity : 200% 2007 Percantage 2001 2007 Percenbiée

% % Point Change 5% % Point Change

2001 to 2007 2601 to 2007

White 17.5 20.4 +2.9* 5.5 6.7 +1,2*
Launo 5.4 30.1¢ +d4,7%¢ [ 8 b 9.2* +2.1*
Asian \ 53 67 +1a |50 b P1.40
African Amencan 31.0° 35.0¢ +4.0 105 11.5* +1.0
American Inaian 310 32.4¢ +1.4 9.6* 14.2* +4.6
All Adults 19.3 22.7 +3.4** 6.2 7.8 +1.6%

* Indicates signusicantly difierent crom Whee, p<0.0%.
*¢ Indiates sognificently difterenst from 2001, pe0.05.

Searce: 207 and 2007 Calirormia Healsh Inrerview Surveys

Lower income and less educated Californians have higher rates of obesity and diabetes, the report said. Nearly 28 percent of
adults living below the poverty line are obese, compared to about 20 percent of those with higher incomes. Aduits without high
school education were twice as likely to be obese and three times more likely to be diabetic than those with college degrees.

Obesity and diabetes were most prevalent in some of California's poorest areas. The rate of obesity is highest in Imperial County,
where 39.6 percent of adults are obese. San Francisco had the lowest obesity rate, at 11.8 percent of adults. Diabetes is most
prevalent in Tulare, affecting 12.1 percent of adults, and lowest in San Luis Obispo, with 3.1 percent of adults diagnosed as
diabetic.

Because of its large population, Los Angeles County has by far the most residents who are obese (1.7 million) and diabetic
(642,000). But the prevalence of the conditions vary greatly among the county's communities. Obesity rates range from as low as

http://californiawatch.org/print/4405 4/4/2013
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12 percent in West LA to as high as 34 percent in South LA, and diabetes rates range from 6.2 percent in West LA to 10 percent in
East LA

The risk of diabetes increases with age, a factor that researchers adjusted for in their report. Even so, the report suggests living in
the United States could increase the risk: Immigrants who live in the country 15 years or more have diabetes rates more than three
times higher than those who have lived here less than 10 years.

Teens in California are heavier and fatter too: 970,000 adolescents — 27 percent — are obese or overweight.

Obesity and diabetes are closely related conditions that significantly increase the risk for heart disease and other serious medical
problems.

California and local governments have enacted a number of policies in recent years to address the obesity epidemic, which comes
with a hefty price tag: Researchers estimate that diabetes costs the state $24 billion a year.

The state requires chain restaurants to display calorie information on menus. Nationwide, many restaurants and vending machines
{2) will soon have to post calorie counts under new federal health care laws. Sodas and sugary drinks are banned from school
campuses (3] in California.

But researchers said their findings underscore the need for more policy and environmental changes that promote physical activity
and healthy eating.

The study recommends that school facilities for physical activity be available after school and on weekends, and that communities
increase the availability of parks and improve recreational spaces. It also says neighborhoods with low-income residents and ethnic
minorities need better access to healthy food options, such as farmers markets and community gardens.

g  Recommend [} Sign Up to see what your friends recommend.

© 2013 California Watch

Original URL: http://californiawatch.org/dailyreport/californians-growing-heavier-more-obese-and-diabetic-
4405

Links:

[1] http:/iwww.healthpolicy.ucla.edu/NewsReleaseDetails.aspx?id=62

{2] http://articles.latimes.com/2010/aug/25/nation/la-na-fda-calories-20100825

{3] http://www.sfgate.com/cgi-bin/article.cgi?file=/c/a/2005/09/16/MNGLDEOOKV1.DTL
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CALIFORNIA WATCH

HEALTH & WELFARE | DAILY REPORT
Asthma hits state's poor the hardest

December 17, 2010 | Christina Jewett, California Watch

Asthma is on the rise in California, and the low-income tend to
bear the greatest burden from the condition, according to a report
by the UCLA Center for Health Policy Research.

Since 2001, the percent of Californians diagnosed with asthma has
increased from 11.3 percent to 13 percent, the study shows [PDF]
[1]. Asthma is most common in Central Valley and in Northern
California counties, and least common in wealthy and coastal San
Francisco.

The report found that asthma tends to be harder on people whose
family income fell under about $41,300 for a family of four.
Specifically:

53 + Low-income people went to the emergency room or urgent care

Arand Bolaramondresd giaigheles ret twice as often as wealthier peop[e.

+ Hospitalization rates for low-income kids and adults was five times
higher than for the more affluent.

- Second-hand smoke exposure — which can worsen asthma symptoms — is more than three times more common in low-
income homes.

Complicating matters, low-income families were also far more likely to be uninsured and to have no consistent source of medical
care.

To address these problems, the study's authors suggest an expansion of health coverage to low-income Californians.
They also suggest that asthma might be better stabilized with high-quality care that involves disease management programs or a

"medical home" model [2]. Authors also urged improvement of the housing conditions of low-income people, which can include
mold, roaches, second-hand smoke or other irritants.

The study also found (3] that Central Valley counties including Fresno, Merced and Sacramento have higher levels of asthma than
coastal counties including Ventura and Monterey.

The UCLA study, based on information from the California Health information Survey (4], builds on work that the Department of
Public Health has done around asthma.

The California Breathing (5] website includes information about asthma triggers and treatment, as well as county-level data about
incidence of the condition.

That group issued a report in 2007 about the burden of asthma in California. There was some good news in that report [PDF] e):
Asthma mortality rates have fallen markedly, from 19.3 deaths per million in 1999 to 13 per million in 2004.

- Recommend K3 Sign Up to see what your friends recommend.

© 2013 California Watch

Original URL: http://californiawatch.org/dailyreport/asthma-hits-states-poor-hardest-7539
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ASHRAE Standing Standard Project Committee 170
(SSPC 170)
Ventilation of Health Care Facilities
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This project committee is responsible for maintaining
ANSI/ASHRAE/ASHE Standard 170, Ventilation of Health Care : v
Facilities Upcoming Meetings:
ASHRAE Meeting,

FOREWORD San Antonio

June 26, 2012

ANSI/ASHRAE/ASHE Standard 170, Ventilation of Health Care Facilities, is one of a
family of documents that offers guidance, regulation, and mandates to designers of To purchase a copy of ANSI/ASHRAE/ASHE
health care facilities. It is first and foremost a mandatory minimum requirement and, as  EEUREICRENS MRS UCEET AN =CEL S
such, may not always offer the state-of-the-art best practice for health care ventilation
design. Other publications, such as the ASHRAE HVAC Design Manual for Hospitals
and Clinics, complement the standard, providing additional depth and detail for the

designer. In addition, the health care designer must refer to any design requirements B i
from the appropriate jurisdiction that has authority. Many jurisdictions use or refer to

Guidelines for Design and Construction of Health Care Facilities, published by the R
Facility Guidelines Institute (FGI). Where practical, the committee was cognizant of these {72 Ventilation of

other documents in the development of this standard. okl Health Care Facilities

Ventilation design for health care spaces is a combination of tasks that leads to a set of
documents used in construction. One such task requires medical planners to develop
departmental programs of spaces. These programs include space names that suggest
the use for which the space is intended, and health care ventilation designers depend
upon these names to determine the ventilation parameters for their designs. This
standard provides these ventilation parameters.

Ventilation systems and designs for health care facilities are intended to provide a
comfortable environment for patients, health care workers, and visitors while diluting,
capturing and exhausting airborne contaminants including potentially infectious airborne
agents such as M. tuberculosis. Without high-quality ventilation in health care facilities,
patients, health care workers, and visitors can become exposed to contaminants through
normal respiration of particles in the air. Poorly ventilated health care facilities may
increase the concentration of airborne contaminants including fungi or mold, which may
cause allergic responses in even healthy workers and occupants. Some patients are
profoundly immunosuppressed for prolonged periods and if exposed, are highly
susceptible to infection from fungi. For such patients, fungal spores become invasive
pathogens and lead to high rates of severe morbidity and mortality. For all these
reasons, and considering the various occupancies and patient populations, great care
must be taken in the design of health care ventilation systems.

(Standard 170 -2008—including all issued addenda—is incorporated into the 2010
edition of the Guidelines for Design and Construction of Health Care Facilities with the
exception of Section 4.1 and Section 4.2.)

To view the title, purpose and scope (TPS) of this standard Click Here

http://sspc170.ashraepcs.org/ 4/4/2013
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ANSI/ASHRAE/ASHE Standard 170 is under continuous maintenance by SSPC
170 for which the Standards Committee has established a documented program
for regular publication of addenda or revisions.

¢ For more information on submitting a proposed change to this or any other
ASHRAE Standard that is under continuous maintenance. Click Here

¢ To download the latest published addenda to ASHRAE Standards Click Here

Revised Date:
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| Lresponsible for, this site's content. To learn more about ASHRAE ac{}wﬁes on an international Ievel contact the'A RAE | home page atbtmm;am
mments? Contact us at Mﬁ_ﬁmﬂﬁqg@g (c)2009, ASHRAE SSPC 170 . :

http://sspc170.ashraepcs.org/ 4/4/2013







Airborne Respiratory Diseases
and Mechanical Systems for

CONTROL OF MICROBES

Airborne
respiratory
pathogens and
diseases in
health care
facilities are
numerous

and dangerous.
HVAC systems
are critical in
controlling
them.

By W. J. Kowalski, PE,
Graduate Researcher, and
William Bahnfleth, PhD, PE,
Assistant Professor,

The Pennsylvania State
University, Architectural
Engineering Dept.,
University Park, Pa.
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diseases in indoor environments re-

mains a problem of indoor air quality
(IAQ) with few engineering alternatives
and for which performance goals and de-
sign parameters are unclear. The engineer
who attempts to deal with microbial IAQ
finds that pertinent microbiological infor-
mation exists in abundance but not in eas-
ily digestible forms. This article summa-
rizes the relevant literature of medical
microbiology and aerobiology in a manner
that engineers may find useful and infor-
mative and that will facilitate the design
of HVAC systems intended to reduce the
threat. The general principles presented
here can be applied to any indoor environ-
ment, including office buildings, schools,
residences, hospitals, and isolation wards.

'l Airborne transmission of respiratory

Origin of respiratory diseases

The first indoor environments, built by
man over half a million years ago, in-
cluded caves with leather-draped interi-
ors, fur-carpeted tents, and huts covered
with animal hides. Microbial predators ex-
isted from time immemorial, but trans-
mission had always required direct con-
tact because they could not tolerate the
sunlight and temperature extremes out-
doors. Man’s cozy new habitats made it
possible for these ancient parasites to sur-
vive short airborne trips between hosts.

Animal husbandry seems to have re-
sulted in a number of pathogens jumping
species and then becoming adapted to in-
door transmission to the exclusion of
outdoor transmission. These include rhi-
noviruses, diphtheria, TB, smallpox,
measles, and influenza, which appear to
have come variously from horses, COWS,
dogs, pigs, and chickens. Most conta-
gious human pathogens have evolved to
such dependence on man’s habitats for

transmission that they lack any ability
to survive outdoors for long."

In contrast, the non-contagious
pathogens, including the fungi, environ-
mental bacteria, and some animal
pathogens, have maintained the ability
to survive in the environment. Even so,
direct sunlight is rapidly fatal to almost
anything but spores.!

Classification of pathogens

Pathogens are any disease-causing mi-
croorganism, but the term applies to any
microbial agent of respiratory irritation,
including allergens or toxigenic fungi. Res-
piratory pathogens fall into three major
taxonomic groups: viruses, bacteria, and
fungi. The fungi and some bacteria, most
notably the actinomycetes, form spores.
Since spores are characteristically larger
and more resistant to factors that will de-
stroy viruses and bacteria, the engineer
may find it more convenient to consider
spores a definitive and separate category.

The single most important physical
characteristic by which to classify airborne
pathogens is size since it directly impacts
filtration efficiency.? Fig. 1 presents a
graphic comparison of airborne respira-
tory pathogens in which the spores, bacte-
ria, and viruses can be observed to differ-
entiate well, based on size alone. The left
axis indicates the “average” or typical di-
ameter or width. The areas of the circles do
not represent the actual sizes of the mi-
crobes, but each represents the diameter
in proportion to one another. The span of
diameters is seen to be almost four orders
of magnitude. Some microbes are oval or
rod-shaped, and for these only, the smaller
dimension is indicated.

'‘Superscript numerals indicate references
listed at end of article.

This article originally was published in HPAC Engineering in July 1998. Some corrections and slight

modifications were made in collaboration with the authors during the republication process.
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Perhaps the most important classifica-
tion is that of communicable versus non-
communicable, a distinction that has both
medical and engineering relevance. The
term communicable is synonymous with
the term contagious. Communicable dis-
eases come mainly from humans, while
non-communicable diseases hail mostly
from the environment. However, many mi-
crobes that are endogenous to humans or
are environmentally common may cause
opportunistic infections in those whose
health has been compromised. These occur
primarily as nosocomial, or hospital-ac-
quired, infections. These three categories
then define all airborne pathogens:

o Communicable

e Non-communicable

® Primarily nosocomial

Table 1 lists all respiratory
pathogens under these three cat-
egories, along with major dis-
eases, common sources, and aver-
age diameters. In the column
identifying microbial group, the
term actinomycetes refers only to
. the spore-forming actinomycetes.
. Some general observations can be
' made from these charts such as
the fact that most contagious
pathogens come from humans,
: most non-contagious pathogens
- come from the environment, and
most primarily nosocomial infec-
t tions tend to be endogenous.
¢ These tables are not necessarily
. inclusive since a number of
- pathogens, such as E. coli, Bacil-
lus subtilis, and some other
strains of Legionella, can, on rare
occasions, cause respiratory dis-
ease or allergic reactions.’ The
abbreviation “spp.” denotes that
infections may be caused by more
than one species of the genera but
does not imply that all species are
¢ pathogenic.
= Table 1 lists only respiratory
pathogens, although non-respira-
¢ tory pathogens can also be air-
borne. Certain infections of the
skin or eyes, nosocomial infections
of open wounds and burns, and
contamination of medical equip-
. ment may occur by the airborne
route. Although these types of in-
- fections have not been well stud-

C ONTROLULING

M I CROIBES

by the airborne route will be subject to the
same principles and removal processes de-
scribed in this article.

Communicable diseases

Table 1 lists all the main respiratory dis-
eases that can transmit between human
hosts via the airborne route. Humans are
the natural reservoir for most contagious
pathogens but some notable exceptions
exist. Pneumonic plague and Arenavirus
epidemics originate with rodents or other
mammals.! In regards to the mysterious
origin of Influenza, humans apparently
share the function of natural reservoir
with birds and pigs, as strains of this Figure 1. Relative
virus periodically jump between species.® | gjze of airborne

continued on page 37 | ragpiratory pathogens.
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microns

Adanovirus Humans
Arenavirgs — RAodents F
Coronavings | Humans
Humans !
[Echovis —— — | Humans !
Humarns i
influanza__ —_|p Huma
Humars
[Paamyxoviys 18 ans
[Parvovius B9 [ Humans F
[Reovis —  — |y Humans ¥
[Respiratory Syncytial Vius 1 Humans
[Aninovius |8 Humans __|PWEOY02:
Togavius |8 Humans 0
Varicella-zoster Humans
Chiamydia p Humans (]
Mycobacteriu 8 Humans 8%
p SACTERIA |Eumomc plague ‘Rodents : F
Table 1: Primarily N Respiratory Pathogens
AIRBORNE PATHOGEN MICROBIAL I DISEASE SOURCE Diameter NOTES
GROUP microns
Acinetobacter runistic infections Environmental £
Adlinomyces israeli Humans
Humans
H
Humans
funistic infections Humans
opportunistic inlections Envirenmental
opporunistic Infeclions Humans
opporunistic infections Humans
Environmental
Humans
Humans ¥8
Environmental
Environmental 0]
Envionmental
Envinmental
Humans
Humans
Humans
Envircnmental
Environmenlal
E = Endogenous, common as human Hora EAA = Extrinsic Allergic Alveoiils
F = Fatalilies occur (excluding nosocomial) S = Spores
HP = Hypersansitivity Pneumonitis VOC = Volatite Organic Compounds produced
N = Nosocomial, common as {purple blocks) References: 1,3,4,5,8
Table 1: Non-C le Respiratory Pathogens
AIRBORNE PATHOGEN MICROBIAL DISEASE SOURCE Diametor NOTES
GROUP common tantial microns
Hantavirus hanlavirus HRodents? 0 F
Poxvirus - Vaccinia cowpox ricultural &1
Bacillys anthracis I BACTERIATREH anthrax iCattte; shaep™] S,F
Chlamydia psittacl SIHBACTERIA N [pslittacosis i3 rds
Conxlella bumetit £ IBACTERIA" 5 1Q faver * Cattle; sheap ¥,
Francisefla tularensis 47 BACTERIA tularemia o 3 F
lonefla pnaumophila ] A"2|LD, Postiac fever S Envifoamentalty
Mycobactarivm_intracefiulare Wi = Wl cavitary pulmonary dis. R Environmeritat b
M clardum kansasfi L "BACTERIAY cavital dis.
Microm: faenl ACTNOMYCETES | Fanmor's . HP ‘Agriciilucalt¥ S
M faenl ACTROMYCETES 1 | Farmer's . HP.
Nocardla asteroides 2 ETES. ! |nocardlosis
Nocardia brasiliensis I ACTINOMYCETES 7 | pulmonary mycstoma
Nocardia caviae MY nocardiosis
Themoadtinom saccharl TACTINOMYCETES | -/ HP L Aqricultaral 3|
Thermoactinom asis S ACTHOMYCETES - T | Farmer's HP vAgricuttiml £ S
Thermom @ viridis 7 ACTNOMYCETES =4t | Farmer's HP icOitural S
Absidia lera K omycosis GEn¥ ghtal E]
Acremonium spp. § EAA UEm Biital S
Alternaria_sllemata ] mycotoxicosis HEnViTohmental 8
iflus spp. AR as, osts, VOC T Envirbmental
Aursobasidium puulans i s, EAA S Enviramental S
Blastomyces demmalitidls blastomycosis HEnvircamentsl )
Botrytls cinera EAA 4 i s
Chaetomium globosum X chromom: voc fEn @il
Cladosporium_spp. chromoblasfom: s MEnviramental
Cocdidioides immitis 21 AUNGI B39 ] coccidioidomycosis Envirommental
Emericella nidutans 2 RUNGE 5oiivs [ (mycotaxicosts) JEnvironmental ¥ S
E; nigrum ORUNGIL T (EAA) Environmeantal S
Eurotium spp. CRINGI T EAA ronm S
lala jeansetmei - RUNGI 2 - [ chromomycasi: ronme: s
Fusarium 5 RUNGEE T Imyeotoxicosis, VOC Environmental ! s
Geom annorum [T FUNGE S5 [EAA vironmen E]
Heaiminthosporium FUNGIEM S [EAA el S
Histoplasma ca um 15 L EPUNGIETES | histoplasmosis ]
Mucor us FSNHRUNGEH S % mycormycosis KEnvironmental y
Paecilomyces varotil U GASFUNGE P O mycotoxicosis * Environmantal ]
Paracoccidioides brasfilensis R NG P | paracoccidividomycosis ZEnvironmental
Penicilium spp. 13 FUNGH R E ] mycotoxicosis, VOG entais
Phialophora < RONG Y | chromomycosis : Environmiental S
Phoma UG AUNG #2457 Imycotoxicosis - Environmiental S
Rhizomucor pusifius LIRAUNGIN35 | 2ygomycosts _Environmantal ¥ S
Rhiz stolonifer ETRING T  ygomycosts Environmenal
Rhodotunsta spo. ST HFUNGE REEE T (EAA] Environmental S
ul 5 S PUNGLE2 e fonychomycosls “Envirenmentat’ S
Sporothrix schenckii FUNGS 2% [sporotrichosis S Enviroomentaly S
Stachybot b Lire AUNG “i|stachybotryotoxicosis J€nvitonmental
Trichoderma spp. -2 5 RUNGE 2545 mycotoxicosls, VOC 3 Environmental S
Ulodladium spp. 20T BUNGE S HE [ EAA  Environmental If S
Wallomia sebi NG U]eAA “Environmental’) S
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continued from page 35

Many contagious respiratory pathogens
also transmit by direct contact through the
exchange of infectious droplets or particles
called fomites.* The eyes and nasal pas-
sages are vulnerable to fomite transmis-
sion. The predominance of these direct
routes in comparison with the inhalation
route has not been well established but can
be very species-dependent.® Infectivity is
also lost upon drying, and therefore hand
or surface contact may require the ex-
change of moisture as well as an infectious
dose.’®

Barely 20 pathogens account for the
overwhelming number of contagious respi-
ratory infections. Table 2 lists the charac-
teristics of these infections, while the typi-
cal course of these infections is depicted in
Fig. 2. The infection rate refers to the frac-
tion of those exposed to an infectious dose
who contract the disease. This type of in-
formation can be useful to engineers at-
tempting risk assessment or procedural
control of infectious occupants or patients.
Few infectious doses have been estab-
lished, but for purposes of making rough or
conservative estimations, as few as 1-10
TB bacilli can be infectious for humans—
while a total of 200 Rhinovirus virions may
be required to cause a cold.*

Most respiratory parasites induce their
hosts to aerosolize large quantities of infec-
tious bioaerosols by nasopharyngeal irrita-
tion, which causes coughing and sneez-
ing.*® Consider the profiles of the particle
sizes shown in Fig. 3. A single sneeze can
generate a hundred thousand floating
bicaerosol particles, and many may con-
tain viable microorganisms.” A single
cough typically produces about one per-
cent of this amount, but coughs occur
about 10 times more frequently than
sneezes.” Bioaerosols produced by talking
are negligible, but extended shouting and
singing can transmit infections.

Some limited data from Duguid” is
available in generation rates stating that
A TB infective can produce 1-249 bacilli
per hr,® while a person in the infectious
stage of a cold may produce 6200 droplet
nuclei per hr containing viable viruses
that remain airborne longer than 10 min.
In one measles epidemic, 5480 virions
were generated per hr.®

The dose received from an airborne con-
centration of microbes could be considered
a factor under engineering control since it
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TABLE 2: Communicable Respiratory Infection Characteristics
PATHOGEN Common Annual Average Infectious Maximum fnfection
fncubation Duration

1A ek Lo W
i |Bordetelia pertussis . |whpg cough .
u i Chlamydia pneumonlae . |ghar_‘tngms Ve e T e T e o] e 7=-218E 28 0.5
Corynebacteria g_lplherla - . |diptheria 3 2-10 10 varies
B Haemophilus infl, " Imeninqitis 3 il 34 . (14} 0.2-0.5
Mycobacterium luberculasls‘ = 1B 28 varles - 0.33
Neilsseria_meningitidis' "’ meningltis 45008500 3N SRS 4 TR {21) “high
Streptococcus pneumonlae prneumonia 500000 2 ) (2-10} 21 0.1-0.3
f.. Yersinia pestis F st o |pn.plague = [T 14 Lo Ra 2.3 3 _varies
¥ Relerences 3 4,5,8,13
& *( Common respiratory infections are often not reported. }
depends on the local air change rate and ® Susceptibility of the individual
Figure 2. Generic | degree of mixing as well as the generation ~ (immunity).
curve for duration of | rate. The successful transmission of an in- ® Duration of exposure.
'symptoms of respira- | fection, however, depends on all of the fol- ® Concentration of infectious agent.
tory infections | lowing factors: ® Virulence of infectious agent.
T ® Breathing rate.
i) ® Route of infection (inhalation, eyes,
-NOTE: Symp(oml mcluda i\‘tdkml ! _ h tc )
‘m.chanhmdnullmhwc, i R nasop aI} n'xi etc. ). . A
anesthng, e R None of these factors is necessarily an

absolute determinant. Health and degree
of immunity can be as important as the
dose received from prolonged exposure.
Computations of infectious airborne
doses can be fraught with uncertainty.
Epidemiological studies on colds avoid
: e ; these problems by computing actual risks.
..... : : S = -l Fig. 4 shows how duration and proximity
: : S to an infectious person can increase the
likelihood of infection, based on data from
Lidwell’s studies of the common cold.®
These data suggest that there may be a
threshold distance beyond which risk de-
creases sharply. This risk may result from
local airborne concentrations but may also
include the risk of contact with fomites.

Non-communicable diseases

The list of non-communicable pathogens
in Table 1 includes all known that cause
respiratory infections, allergic reactions,
and toxic reactions. Included among the

diseases are EAA and HP (see notes),
continued on page 40

Figure 3. Profile of particle sizes
produced by an infectious person.
Based on data from Duguid et al 1945.
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Figure 4. Risk of

cold infection from
proximity. Risk at zero
represents intimate
(husband-wife)
contact. Estimated per data

continued from page 38

which are sometimes associated with sick
building syndrome (SBS). Non-communi-
cable infections are almost entirely due to
fungal or actinomycete spores and envi-

MICROMBE S

in agricultural facilities, although most
tend to occur inside barns and work-
sheds.'**

Indoor air spore levels can differ from
outdoor air in both concentration and com-
position of spores. In normal, dry build-
ings, spore levels tend to be anywhere from
10 to 100 percent of outdoor spore levels!*
and are mostly less than 200 colony form-
ing units (CFU) per cu meter. Problem-
free, multi-story office buildings typically
have levels that are 10 to 31 percent of the
outdoor air''levels. The composition of
fungal species indoors tends to reflect that
of the outdoors.'® Some fungal species,
most notably Aspergillus and Penicillium,
are often found to account for 80 percent of
indoor spores.™®

Spores will germinate and grow in the
presence of moisture and nutrients™ in lo-
cations such as basements, drain pans,
and on refrigerator coils. As a result of

from Ligwer.? | Tonmental or agricultural bacteria. such growth, spores can be generated in-
Spores form the most important groupof ternally in problem buildings, wet build-
non-communicable diseases. Outdoor ings, and certain agricultural facilities at a
spore levels vary with season and climate high enough rate to cause indoor spore lev-
and can reach very high levels when dry, els to exceed outdoor levels. If spore con-
windy conditions result in disturbance of centrations indoors consistently exceed
the soil where fungi grow.
Surprisingly, few cases of res-
piratory infection have ever
been attributed to inhalation
of outdoor air,*® probably be-
cause most people, especially
Americans and Europeans,
spend over 90 percent of their
time indoors.'® A small pro-
portion of actinomycete infec-
tions have occurred outdoors
Figure 5. Indoor spore levels by
ventilation system type. From the
~ California Healthy Buildings Study. "
Table 3: Microbial Levels in Indoor and Outdoor Air
( Suggested Guidelines, Upper Limits, Average or Representative Levels )
Microbe Lower Limit Average Range Upper Qualification IO Ralio Reference
. CFU/cu.m. Low Low | High
FngaliSporest /08t =] s0 | FREESET0 15| 0.33 [14, 12(ACGIH), 10(08)
WAE ke U e | T Dl Sy | 10(CG)
: - - |11(CHBS), 10
Actinomycete ‘Spores 0 0 150 240 | nommal homes | - - _ [12(Nevalainen), 10
Outt?oor Actln_o. Spores 0 4 - - farmhouses - - | 12(Heineman)
Bacteria, non-pathogenic. (i ... 50 L0 36 0 0BG BE5 090 | SRl A, 110128 S 1110, 12, 10{ACGIH]
Outdoor iBacteria i oo i v - 179 1083 - "— - - M(Brickus), 12
PathogenlciBacleH rissnbhinly 1000 o0 ] ERORBISRSERTe [ |5ae 14(AFA)
Virage: 0 - - 0 T4(AIHA)

CG: Canadian Guidelines

*‘(when species mix reflects outdoor air)

ACGIH: American Conference of Govemment Industrial Hygienists
AlHA: American Industrial Hygiene Assaciation

CHBS: Califomia Healthy Buildings Study
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% outdoor levels, the building can be inferred
" to contain an indoor amplifier.**

In the California Healthy Buildings
- Study,'’ naturally ventilated, mechani-
cally ventilated, and air conditioned build-
ings all had lower indoor spore levels than
the outdoors (Fig. 5).

trients, procedural cleaning and mainte-
nance, and the use of biocidal equipment.
Table 4 identifies fungal pathogens that
have been found to grow indoors on vari-
ous surfaces or in HVAC equipment.
Unidentified multiple species (spp.) may

- However, Fig. 5 may

Table 4: Fungl That May Grow Indoors

concentrations above
the outdoors'® and may reach unhealthy
levels.'® Legionnaire’s Disease provides a
A% sentinel example of pathogenic microbial
3 amplification by an engineered system.
Amplifying factors can be controlled
i3 through various means, including preven-
H tive design through humidity and mois-
3 ture control. Some other first and second
line defensive measures include filtration,
the removal of materials that provide nu-

¢ Airborne Pathog 2 i Tindoor Growth: o7 ¢ HVAC Equipment Growth
reﬂef:t- favox:able local Locatlon Referenca t 1 Reference
conditions since many |Acramonium spp. humidiier water Heineman (12]
i HVAC fiberglass insulation 24)
StudleS h.ave measured Alternaria spp. cooling systems )
much hlgher levels refrigerator_coils
3 ¥ ~ filters Shata {11}, (17)
than thesg in non-prob fiee e (0]
lem buildings. - dust in_ductwork Valbjom (1)
Table 3 lists the re- Aspergillus spp. evaparative air cooler (23
g : HVAC fibemlass insulation (24)
sults of various stud- lrﬁ""dustu"i" w,hi:?“ Hoekstra (23} _|cooli ams, coils (2)
ies that include mea- fans, fiters Beneman (12).(17)
dust in ductwork Sugawara (10)
" surements of outdoqr Auraobasldlum pullulans o] mokHbUiding matarials (.. | Pasanen (23) _[filters Shata (11)
- spore levels and typi- | o0& o (eteRp Rt sudaces - F 1 (26) i
Chastomium spp. HVAC fibsrglass insufation (24)
' cal, average, or repre- fitars s Heieman (12

- sentative indoor lev- dust in ductwork Valbom (11)

els. These levels do 1
. __._'9__.~_.__

- not necessarily pose a [titers’ - _ [sheta (1]

' health threat. Mea- JHVAC métal eurtaces (19)

L t d id tans, filters Helneman (12)
surements and guide- ductwork dust Sugawara (10)
lines vary almost as g,“’f;rfn“_ TR T T ==

. picace: B ok k) At i iberglass ation

' widely as outdoor lev-  [guotium herbariorum

" els vary seasonal]y Exop ”alé‘?i“.‘-ﬁr R h’;;;ud‘rer water | Heineman (12)

’ . Fusarium spp. filfers™ " . |Neumeister (10)

; and geOgr aphlca]:ly 5 HHoekstra (23) Ihamidifier water. ||Heinerman (12)

Microor ganisms Helminthosporidm S751 0 U 00N Kemp (186

] J Mucor spp. iKemp (16| fans, filters ..~ - e Heneman (12), (17)

: will take advqntage of i (bl

. any opportunity to es- |paecilomyces.spp. u. AEAliRN humidifie_water ' .. | Heineman (12)
tablish themselves [Penicillium spp. CmiTann 22)

A 3 : a{ncooler" b Al
and multiply in a new 7 E
environment.* Niches filters T 10T - T Pasanen (12), (17)
£ d bial th fans, humiditier wa(er Heineman (12)

or microbia grow Phialophoralsgp. 2 dr L7 ROmidi er,waler f Heineman (12)
may be created inad- |Phoma spp. > (26) im_t;_" : 555 Neumester (10)
. Hoekstra (23) [humhidifier wate! 12)
vertently by engi- [z pUs PR Hoekstra (23 R 12)
neered systems that |75 filters Neumeister(10
. S s dust In ductwar ‘Va_h_;igm{ﬂ}

generate m.01.sture Rhodoturula spp. twlls 21
such as humidifiers, Kemp (16

: 3 N Scopularfopsis spp: Wi T Hoekstra (23) [filters: | Hel (12)
evapora.t A a.l N coo,l Stachybotris spp. Scott (16, fans, humidifier water - | Hefneman (12)
ers, cooling coil drain Pasanen (23)

. pans and condensa- Trl oddﬁna""’spp‘ T “?‘-_?37'{' A it (7) fans Heineman (12)
t ’ ductwork i ; MmO ST 3| Pasanen (23)  lfilters Neumeister (10}
100 0N GUCIWOrK msu- G il {ductwork dust (10
lation. Amphficatlon Ulocladium spp ficoridus Hoekstra (23) _[filters i - :wnwistcrgO}

: : humidifier water eineman (12)
may result in airborne  |GmmE eI T | TR [Hoskstra_(23) _|fitters - [steta 1)

not necessarily be pathogenic. Many fac-
tors may dictate which pathogens will
grow indoors such as climate, indoor mate-
rials, degree of human occupancy, hygiene,
and moisture levels."®

Table 5 identifies some pathogenic en-
vironmental bacteria that have been
found growing indoors or on HVAC
equipment. Occasionally, some conta-
gious bacteria disemminated from hu-
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mans can be found in water, equipment,
or in dust, but these are transient occu-
pants and unlikely to grow or survive
long outside of human hosts.»

Nosocomial infections

All respiratory pathogens are poten-
tially nosocomial, but those that occur al-
most exclusively as nonsocomial infections
are listed in Table 1 such as primarily
nosocomial respiratory pathogens.

Table 5: Bacteria That May Grow Indoors
Airborne Pathogen Location of Growth Reference
Acinetobacter. 1 potableiwater | Highsmith (8)
Klebslella pneumoniae pofable Twater. 2] Highsmith (8)
Legionella pneumoghiia. = |potablefwater. - (4
hilsa g ““Jcooling towers (8)
Micropolyspora faeni horme humidifiers 21)
_’-’.ﬁ?,‘.@?{!!. asaeruginosa’ - lindoors TS -] Strom (1)
e S FlT TRdOOrAduSt i Tt (1)
3t ik Otableiwater = < | Highsmith (8]
Dy ~|evaporative air cooler (23)
s A R i 5 humnidifiers (2s)
Pseudomonas spp. filters Martilainen (11)
SerratiziMarcescens - CEERSE S potable¥Water s 5 i ] Highsmith (8)
Thermoactinomycetes vulgaris air_conditioners (25)
humidifier water Heineran (12)

The other common nosocomial infections
are identified with a purple boxed N in the
notes column.

In intensive-care units, almost a third of
nosocomial infections are respiratory, but
not all of these are airborne since some are
transmitted by contact or by intrusive
medical equipment.'® Nosocomial infec-
tions can also be airborne but non-respira-
tory such as when common microbes like
Staphylococcus settle on open wounds,
burns, or medical equipment.

Patients who succumb to nosocomial in-
fections are often those whose natural de-
fenses have been compromised either as a
result of disease, medication, injury, or by-
passed by intrusive procedures. In cases of
immune system deficiency, even a pa-
tient’s own endogenous flora could cause
infection, while normally benign environ-
mental microbes can become pathogenic.

The protection of patients from poten-
tial pathogens requires the reduction of
microbial contaminants below normal or
ambient levels. This is usually accom-
plished through the use of isolation
rooms, HEPA filters, UVGI, and strict hy-
giene procedures.'® In the health care en-
vironment, particular attention must be
paid to the possibility of microbial growth
indoors and in the air handling units,
even if levels are not a threat to healthy
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people. Low-level indoor microbial ampli-
fication in health care settings may cause
building-related illness (BRI) without ac-
tually representing SBS.

Technically, nosocomial infections re-
late to those who are hospitalized, but
health care professionals themselves may
be at risk. The Center for Disease Con-
trol(CDC) publishes guidelines for control
of infections'® among hospital employees,
but appropriate engineering design and
maintenance can play a significant role in
reducing the risks for medical profession-
als as well as for patients.

Natural microbial decay

Various environmental factors destroy
airborne microbes.! Direct sunlight con-
tains lethal levels of ultraviolet radiation.
Dehydration renders most microbes inac-
tive, although many spores may survive
indefinitely. High temperatures will inac-
tivate all pathogens, some more rapidly
than others. Freezing will destroy most
pathogens; except that some, especially
spores, may be preserved. Oxygen slowly
kills most airborne microorganisms
through oxidation. Pollution levels that we
tolerate our entire lives can be fatal to mi-
croorganisms. Plate-out, or adsorption, oc-
curs on all interior building surfaces, but
this removal rate tends to be negligible.

Each of these environmental processes
reduces pathogen populations according to
the following general equation:*®

N bl Noe-kt (1)
where

N = population at time ¢

N, = population at time ¢ =0

k = rate constant for process

e=2.718

The resulting exponential decay curve is
known as a survival curve, or death curve.
Often, a very small fraction of the micro-
bial population, usually about 0.01 per-
cent, resists chemical or physical inactiva-
tion for extended periods of exposure.’*®

This relation applies additively to all re-
duction processes—except that humidity
levels will influence the effects of other fac-
tors such as ultraviolet germicidal irradia-
tion (UVGI) and heat on a species-depen-
dent basis. In the outdoors, sunlight,
temperature extremes, and wind ensure
that non-spore microbial populations de-
cay and disperse rapidly, generally within
minutes."* In the indoors, these factors

continued on page 44
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Figure 6.
Disappearance of
airborne sneeze
a5 droplets from room
I& air by size. Based on
: fitted, normalized data
from Duguid.7

continued from page 42

are controlled for human comfort, result-
ing in airborne microbes surviving longer,
sometimes even days."*

After expulsion by sneezing or coughing,
most large droplets will settle out of the air
within a matter of minutes. Fig. 6 illus-
trates this process and is based on fitted
data. Many of the micron-sized droplets
will rapidly evaporate to droplet nuclei
that approach the size of the individual mi-
crobe. Micron-sized particles can remain
suspended for hours and spread by diffu-
sion or air currents.?

Airborne microbes lose viability over
time. In the absence of sunlight, the decay
rates for each microbial group, based on
rates measured in a variety of studies,'®

ok 7 e mnaea et
M =—0.5-] microns

| ® —1-2 microns

¢ —2-4microns
|a —4-6 microns.

-| > =——6-8 microns

otlmicron |

Viability of airborne
microbes indoors in
absence of sunlight.
Based on averages for each

microbial group. .16

Figure 7.

are shown in Fig. 7. Curiously, bacteria de-
cay faster in air than viruses apparently
because they depend more on moisture for
their survival than do viruses.

Pathways and dissemination
Fig. 8 illustrates some distinctions be-
tween airborne pathogens in relation to a
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typical air handling unit (AHU). Conta-
gious viruses and bacteria come almost ex-
clusively from humans, and they will ap-
pear only in the return air. Spores and
environmental bacteria may enter from
the outdoors, but once growth (amplifica-
tion) occurs indoors, they may appear in
the return air at higher levels than in the
outdoor air. Environmental bacteria are
rarely pathogenic for healthy people
(Table 1), but they may provide a nutrient
source for pathogenic fungi.

Spores can initially enter a building by
various routes, including inlet air or infil-
tration, or they may be brought in with
building materials, carpets, clothes, food,
pets, or potting soil. In a normal, dry build-
ing, the return air will have lower levels of
spores than the outdoor air,'""*? except
when snow covers the ground and outdoor
spore levels approach zero. When indoor
amplifiers are present, the return air could
be expected to contain higher levels of
spores than the outdoor air, except during
dry, windy, summer conditions when out-
door levels of spores can become very high.

Once spores germinate and growth oc-
curs in an AHU or anywhere inside the
building, new spores may be generated
and appear in the return air. Filters may
intercept spores, but moisture may cause
them to “grow through” the filter media.
Cooling coils can have a pronounced filter-
ing effect on spores,'"*? but the presence of
condensation may also cause microbial
growth and amplification'® downstream of
the coils, negating the effect.

Boosting outside air flow may be an op-
tion only if the ventilation system is not
the source of microbial contamination; in
which case, increasing air flow may exac-
erbate the problem.'' A fungus problem
that is not caused by the ventilation sys-
tem, such as a leaky roof or wall, requires
separate remedial action such as removing
the damaged material.”

Engineered alternatives

Natural decay mechanisms operate too
slowly inside most buildings to prevent
secondary infections.'® Available engineer-
ing alternatives include purging with out-
side air, filtration, UVGI, and isolation
through pressurization control. Each of
these technologies has advantages and
limitations, but optimization for any appli-
cation is always possible if the microbial
IAQ goals are clearly specified.



Pressurization control is com-
monly used in biochazard facilities
and isolation rooms to prevent mi-
gration of microbes from one area
to another, but inherent costs and
operational instability at normal
air flow rates limit feasibility for
other applications.

Full outside air systems are often
used in health care facilities and TB
isolation rooms, subject to CDC
guidelines.’® Fig. 9 shows the effect

Qutside air i
may include @ |4
spores and i
environmental i
bacteria

Spores may be intercepted, .

Return air may include t es may be Ir
germinate in moisture, and

viruses, bacteria, and

of full purge air flow on the reduc-
tion of pathogens in a room with an initial
concentration of 100 microbe CFU per cu
meter. Comparing this with Fig. 10 shows
the results of HEPA filtration at the same
recirculation flow rates. The results are
practically identical.

The use of HEPA recirculation, of
course, carries a lower total energy pen-
alty® in hot or cold climates. But in mild or
dry climates, high percentages of outside
air can prove economical, especially in ap-
plications involving evaporative coolers.
Hospitals often have commitments to spe-
cific guidelines, but other facilities may se-
lect and size systems to suit their goals and
budgets.

HEPA filters, for example, are not the
only choice for controlling microbial IAQ.
High or medium efficiency filters are capa-
ble of removing airborne pathogens, espe-
cially spores, without high operation or re-
placement costs.>*® Overall, particle
removal efficiency might be improved by
locating medium efficiency filters in the re-
circulation loop vs. the outside air in-
takes'® or even downstream of the cooling
coils. But, this choice will depend on each
individual system’s operating parameters.

Combining purge air with HEPA fil-
tration results in performance that is es-
sentially additive, and cost optimization
becomes straightforward. Energy con-
sumption, replacement costs, and micro-
bial JAQ goals will dictate the economic
choice for any particular installation.'®
The performance of medium efficiency
filters in combination with purge air
flow is not directly additive but depends
on the filter efficiency vs. particle size
curves, the sizes of the pathogens of con-
cern, and the system operating parame-
ters.

UVGI can be an efficient method to use
in the right applications such as control-
ling microbial growth in cooling coils.™®

internally generated spores produce new spores Supply air
The continuous exposure appears toin- | Figure 8.
hibit fungal growth and may kill the | Sources and
spores as well. In applications involving | pathways of
the disinfection of air streams, the effec- microbial

contamination
in a typical air
handling unit.

tiveness of UVGI depends on factors that
include air velocity, local air flow pat-
terns, degree of maintenance, character-
istic resistance of the microbes, and hu-
midity.*® A single pass through a UVGI
system may have a limited effect, but re-
circulation, either through stand-alone
units or ventilation systems, will result in
multiple exposures or chronic dosing.

Figure 9.
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Figure 11.
. Effects of 25
percent outside
. air (1 ach)on
ndoor contaml-
" nant levels.
.0utdoor spore
. level = 100 cfu
i1 per cu meter.

Figure 12.
o Effect of
i~ ASHRAE filter,
80 to 85 percent
efficiency
on indoor
contaminant
levels.'®
Recirculation
with 25 percent
outside air.

o Figure 13.
£ Effect of UVGI

; on indoor
contaminant
levels.'® Re-
circulation
. with 25 percent

mW (W=watt)
per sqcm
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alistic but provides dramatic differ-
entiation of the effectiveness of
pathogen removal.

Fig. 12 shows the effect of an
ASHRAE medium efficiency filter

(80 to 85 percent dust spot) to the
supply air of the model building

#——Viruses .

W———Bacteria

while maintaining 1 ach of outside
air. The filter model describes filter
efficiency vs. diameters in accor-
dance with typical vendor perfor-
mance curves.'® Spore levels indoors
are clearly reduced below outdoor
ambient levels. Some reduction of
bacteria and viruses can also be
noted, but their removal is still dom-
inated by the purging effect of the
outside air. The filter used in this
analysis provides a baseline for com-

parison. High efficiency filters, such
as the 90 to 95 percent filters used in

Chronic dosing with UVGI can have a

major impact on airborne viruses and
bacteria.®

A graphic comparison of the relative ef-
fectiveness of the three main alterna-
tives—outside air purge, filtration, and
UVGI—is provided in Fig. 11 through 13.
Fig. 11 shows the effect of 1 air changer per
hr (ach) of outside air on reduction of room
air contaminant concentrations from an
initial value. Perfect mixing is assumed,
along with 500 CFU per cu meter contami-
nation of each microbial group initially,
100 CFU per cu meter of spores in the out-
side air, and no internal generation. Natu-
ral decay rates from Fig. 7 are incorpo-
rated in the model. The scenario of an
initially contaminated room may not be re-
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hospitals,? would result in even
higher removal rates.

Fig. 13 shows the impact of a
UVGI system with 25 uW (W=watt)
per sq cm placed in the recirculation
loop. The outside air is maintained
at 1 ach, but no filters are included.
Spores are relatively unaffected by
the UVGI, but the viruses are
markedly reduced. This model in-
corporates chronic dosing effects
from recirculation with an exposure
of 0.2 sec for each pass. The decay
rate Equation 1 is applied with
known rate constants®® for a wide
cross-section of the microbial spe-
cies listed in Table 1.

The unusual performance charac-
teristics of each technology have

been highlighted in these examples In-

clusion of these characteristics in any
evaluation, along with the IAQ design
goals, ambient conditions, and internal
generation rates, will dictate the choices
for any given application—subject only
to economic limitations.

Other alternatives
Various current or experimental tech-
nologies have the potential for reducing
airborne disease transmission or indoor
amplification. Biocidal filters can limit
or prevent fungal growth on the filter
media. Electrostatic filters (i.e., electrets
or electrically stimulated filters) are
available but have not seen widespread
continued on page 48
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continued from page 46

use. Carbon adsorbers have pore sizes
too small to remove viruses, but they are
effective at removing VOCs produced by
some fungi and bacteria.

Other technologies currently under re-
search include low-level ozonation, nega-
tive air ionization, and photocatalytic ox-
idation—a technology that may one day
result in a type of light-powered, self-
cleaning, microbial filter.

Conclusions

Perfect solutions to the problem of air-
borne disease transmission do not yet ex-
ist, but the available technologies—out-
side purge air, filtration, and UVGI—can
be successfully implemented when their
characteristic effects are understood and
the goals clearly defined. Whether the
application involves improvement of mi-
crobial IAQ in an office building or mini-
mizing the risk of infection in an operat-
ing room, these technologies can be
optimized individually or in combination
from a cost or performance standpoint.

Finally, since microbes will never ignore
opportunities provided to them, appropri-
ate design, regular surveillance, and main-
tenance of these technologies in particular,
and HVAC systems in general, should al-
ways be proactive. HPAC
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3.1 COMMON ELEMENTS FOR QUTPATIENT FACILITIES

(1) Ducr linings exposed to air movement shall not
be used in ducts serving operating rooms, delivery
rooms, LDR rooms, nurseries, protective environ-
ment rooms, and critical care units. This require-
ment shall not apply to mixing boxes and sound
artenuarors that have special coverings over such
lining.

(2) Duct lining shall not be installed within 15 feet
(4.57 meters) downstream of humidifiers.

(3) Renovarion. If existing lined ducrwork is reworked
in a renovatien project, the liner seams and punc-
tures shall be resealed.

3.1-8.2.4 HVAC Alr Distribution

3.1-8.2.4.1 Return alr systems. For patient care areas,
return air shall be via ducted systems.

3.1-8.2.4.2 HVAC ductwork

(1) General. When smoke partitions are required,
heating, ventilating, and air conditioning zones
shall be coordinated with compartmentation
insofar as practical to minimize the need to
penetrate fire and smoke partitions.

*(2) Duct humidifiers

() If duct humidifiers are located upstream of
the final hicers, they shall be at least twice the
rated distance for full moisture absorption
upstream of the final filters.

(b) Ductwork with duct-mounted humidifiers
shall have a means of water removal.

{c) Humidifers shall be connected to airflow
proving switches that prevent humidification
unless the required volume of airflow is pres-
ent or high-limit humidistats are provided.

(d) All duct takeoffs shall be sufficiently down-
stream of the humidifier to ensure complete
moisture absorption.

APPENDIX

3.1-8.2.4.2 (2) One way to achieve baslc humidification may be by a
steam-jacketed manifold-type humidifier with a condensate separator
that delivers high-quality steam. Additional booster humidification (if
required) should be provided by steam-jacketed humidifiers for each
individually controlled area. Steam to be used for humidification may be
generated in a separate steam generator. The steam generator feedwa-

(e) Steam humidifiers shall be used. Reservoir-
type water spray or evaporative pan

humidifiers shall not be used.
(3) Fire and smoke dampers

{a) Fire and smoke dampers shall be constructed,
located, and installed in accordance with the
requirements of NFPA 101, 90A, and the
specific damper’s listing requirements.

(b) Fans, dampers, and detecrors shall be
interconnected so that damper activarion will
not damage ducts.

(c) Maintenance access shall be provided atall
dampers.

(d) All damper locations shall be shown on design
drawings.

(€) Dampers shall be acrivated in accordance
with NFPA 90A. Installation of switching
systems for restarting fans shall be permitted
for fire department use in venting smoke after
a fire has been controlled. Provisions to avoid
possible damage to the system due ro closed
dampers shall be permicted.

(4) Construction requirements. Ducts that penetrate
construction intended to protect against x-ray,
magnetic, RF], or other radiation shall not impair
the effectiveness of the protection.

3.1-8.2.4.3 Exhaust systems
(1) General

() To enhance the efficiency of recovery devices
required for energy conservation, combined
exhaust systems shall be permitted.

{b) Local exhaust systems shall be used whenever
possible in place of dilution ventilation to
reduce exposure to hazardous gases, vapors,
fumes, or mists.

(c) Fans serving exhaust systems shall be located
ar the discharge end and shall be readily
serviceable.

ter may be supplied either from soft or reverse osmosis water. Provisions
should be made for periodic deaning.

3.1-8.2.4.3 (2) See Industrial Ventilation: A Manual of Recommended
Practice, published by the Amerian Conference of Governmental Indus-
trial Hygienists {www.acgih.org), for additional information.
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[) A History of Plenum Cable Fire _at_fetxfi::_‘_uﬁes_

THE EVOLUTION OF PLENUM CABLE FIRE STANDARDS
AND THE IMPACT OF THOSE
STANDARDS ON MATERIAL SPECIFICATION

By Gary Stamtis and Fred Dohmann, Ausimont USA, Inc.

The evolution of building practices during the second half of the 20th century included many general trends. i
One was the proliferation of very tall "High-Rise" buildings in metropolitan areas. In addition, changes in
construction materials, furnishings, and interior decorative finishes have made fire loadings and fire load E

distributions within buildings change with time. There has been a dramatic evolution of voice and data 4
communications systems and an increase in the routing of voice/data cable air handling plenums. Air #
handling plenums (the space above the ceiling used for air management) have become more common with g
the advent of integrated heating ventilation and air-conditioning.

To understand the impact that these changes have had on fire safety, the City of New York can be viewed
as a representative population of modern high-rise office buildings. For the first half of the 20th century,
even into the late 1960s, lives lost in New York City high-rise fires were few. This changed in 1968 and
1969 with three well-publicized fires, the Time and Life building, the Chemical Bank building, and an
architect's office. The architect office fire, which was in a building only five-stories tall, killed ten occupants.
In 1970 there was a fire at One New York Plaza and 919 Third Avenue that killed five people. As a response
New York City established "Local Law 5", which established a number of requirements for high-rise office
buildings for greater fire protection.

In 1975 there was a large fire at One World Trade Center that luckily occurred in the middle of the night
when the building was unoccupied. The One World Trade Center fire was analyzed in great detail and a
report was issued by The New York Board of Fire Underwriters Bureau of Fire Prevention and Public
Relations. The information gathered in this investigation was used to further develop New York City Local
Law 5. The following are some of the observations/ conclusions of the report.

“The [exposed] polyethyiene (PE) and polyvinyl chloride (PVC) cable insulation and plastic back panel blocks
burned readily so that virtually all combustibles including the fire retardant wood paneling on the telephone
closet walls of the 10th and 12th floors were destroyed".

"High temperatures in the plenum radiated enough heat into the offices to the north of the fire to melt
plastic phones and char papers on desk tops, but ignition did not take place".

"Cables passing from one closet to another closet on the same floor pass through the plenum above the
hung ceiling. The exposed cable [1975 PE and PVC compounds] is combustible and constitutes a hazard
because fire will be drawn into the plenum and the insulation will intensify the fire at this point".

"The central air conditioning system of itself is not a fire hazard. It is of importance because of its ability to
spread smoke throughout a building, to carry the fire from one section to another, and to intensify the fire.
Smoke can carry through a system even when it is shut down and create intolerable conditions on other

than the fire floor. It is because of this that no combustibles should be allowed in the plenum to create /
additional heat and additional problems".

“It should be noted, that the mass of cables to supply communications equipment in many office
occupancies is sufficient to sustain a substantial fire. While an individual cable is extremely difficult to A
ignite, a group of cables lying parailel will burn intensely, similar to the situation that exists with a group of *
logs in a fire".

The quotes listed here, and the One World Trade Center Fire report clearly reinforce the following two
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conclusions:

1. Plenum fire safety must be strongly emphasized because the plenum is an excellent path for bath
flame and smoke transport throughout a building structure.

2. Even in 1975 it was clear that cables placed in plenums were potentially a serious fire risk and
selection and installation practices must be developed to manage that risk properly.

How to address these concerns, both in 1975 and today? Through the evolution of plenum cable fire safety
practices.

The Evolution of Plenum Cable Fire Safety Practices

Prior to 1975, the National Electric Code (established by the National Fire Protection, NFPA, no. 70) required
that all cables installed in building plenums be either encased in metal raceway or conduit, or have metal
sheaths. Three types of metal sheaths were accepted - mineral-insulated metal, metal clad, and armored.

° Although the mandate to place all cables inside of metal protection made fire safety professionals
feel comfortable, was it the overall best solution?

o Construction practices must be monitored closely to ensure compliance to the installation standard.

. with the dramatic proliferation of voice and data cables, a huge cost and installation time penalty
was required.

. Inability to easily re configure installed voice and data cabling.

® And perhaps the most important issue - placing flammable cables inside conduit does not necessarily
prevent their contribution to the fuel load. Most plastics break down into flammabie gaseous by
products at high temperatures, which can easily vent from joints and fittings in the conduit or
sheath.

In 1975 The Nationa! Electric Code added the follo'wing wording to the cabling standard: "Exceptions to the
conduit requirement are provided for communications, power-limited, and fire alarm cables that are listed
as having "adequate” fire resistant and low smoke producing characteristics".

Unlike the previous code that identified specific construction details, the added wording specifies a
performance requirement. But how does one test for "adequate fire resistance and low smoke producing
characteristics" of cables?

To answer this question, in 1979/1980 Underwriters Laboratories, Bell Laboratories, and E.I. du Pont de
Nemours cooperated in developing a suitable test method. The apparatus chosen was The Steiner Tunnel; a
well recognized large-scale burn apparatus routinely used to evaluate construction material fire safety
(ASTM E84). Conditions of the test were established to accommodate cables and their unique flame spread
and fire characteristics. Carefu! attention was paid to establishing a smoke scale that was directly related to
human visibility. Work published by R.G. Silversides "measurement and Control of Smoke in Building Fires"
and Gross, Loftus and Robertson's "Method for Measuring Smoke from Burning Materials" was used to
ensure that smoke obscuration measured in the test related to real room fires.

A variety of cables insulated with PE (polyethylene) and PVC (palyvinyl chloride) compounds were tested
both within metal conduit or sheathing to reflect the code practices required at that time. Cables with
fiuoropolymer primary and jacket insutation were tested without conduit or metal sheathing. The
fluoropolymer cables were chosen because fluoropolymers are known to have excellent fire performance
(difficult to ignite, low smoke generation, low heat of combustion).

The results of the work had the following conclusions:

° A reproducible test was developed that can be used to quantify and to differentiate the fire and
smoke performance of cables.

. The highest smoke-generation and flame spread was generated by PE/PVC cables within metal
conduit of metal sheathing, confirming that conduit does not always effectively eliminate the
contribution to smoke and flame of the enclosed cable.

° FEP (fluoropolymer) cables not in conduit showed flame spread and smoke generation characteristics
comparable to, or fess than, conventionai PVC and PE cable in conduit, and have been classified by
UL as to their fire resistance and smoke producing characteristics per the National Electrical Code.

Thus, from the Underwriters Laboratories/Bell Laboratories/DuPont cooperation came two significant
achievements, an accepted test method to qualify cables for plenum service without metal protection, UL
910, and the first plenum rated cables.

THE ACCEPTANCE And EVOLUTION Of UL 910

In the early 1980s the National Fire Protection Agency (NFPA) recognized that the UL 910 test was
appropriate and incorporated it into the 90A standard (Standard for the Installation of Air Conditioning and
Ventilation Systems).

It is the 90A standard that identifies the fire and smoke properties required for materials to be used I

e PO — D
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plenums. During the 1980s the NFPA chose to establish its own test standard identified as NFPA 262. NFPA
262 was written directly from UL 910 with the intent of copying it exactly. By writing a general standard,
NFPA opened the door to laboratories other than UL to characterize cables for plenum use. During the
1980s fluoropolymer insulated voice, data, and fire alarm cables became the standard in the industry due to
their cost effective Installation and rerouting with no compromise of flame spread and smoke generation
compared to PVC and PE cables in conduit.

When NFPA 262 was first drafted, exact equivalence to UL 910 was not established. The differences
between the documents were not intentional. This issue became apparent in the codes and standards arena
in 1997 as companies pushed for cheaper, highly compounded PVCs and polyolefins (polyethylene and
polypropylene), to be used in plenums. Because even heavily compounded PVCs and polyolefins (POs) have
more marginal flame spread and smoke generation performance than fluoropolymers, there was pressure
on the codes groups to weaken plenum standards. Fortunately, rational thought prevailed and the NFPA 262
and UL 910 standards were redrafted to be identical in 1998, and now match the protocol first established
in 1979/1980 to characterize plenum cables.

During the effort to harmonize the UL 910/NFPA 262 protocols, and based on other events occurring in the
industry, it became apparent that proper installation, maintenance, and operation of the equipment is
crucial to achieve high reliability in the UL 910/NFPA 262 test. To assure proper results, a research program
was established by the Fire Protection Research Foundation (FPRF) in 1998 to harmonize laboratories
performing UL 910/ NFPA 262.

The project, entitled "Internationa! UL 910/ NFPA 262 Fire test Harmonization Project”, is harmonizing five
laboratories globally:

British Research Engineering, United Kingdom
Loss Prevention council, United Kingdom
Underwriters Laboratories, United States

Intertek Testing Services, United States

Japan Electric Cable technology Center, Inc., Japan

Additionally, FPRF started a Technical Advisory Council for tunnel operators to ensure continued consistency
laboratory to laboratory by meeting regularly and providing a forum to discuss maintenance, calibration,
and operational issues.

As recently as the mid-1990s, the validity of the UL 910/NFPA 262 protocol was further demonstrated. The
Fluoropolymers Division of the Society of the Plastics Industry (SPI) sponsored a research program at
British Research Engineering (BRE) in the UK. The objective was to compare the flame and smoke
performance of a variety of cable constructions. Tests were performed both in the UL 910/NFPA 262 test,
and also in a full room fire test constructed at BRE. At the completion of the program, DuPont carried out
additional work in the same apparatus, and eventually the British Government sponsored a research project
that is still ongoing. SPI was expected to publish a paper by the end of 1999. Dupont published resuits from
this work that clearly demonstrate the following:

] "All [UL 910/NFPA 262] results are comparable to the full-scale [full room] results."”

. "The fire performance of the exposed CMP [plenum rated] cable was comparable to CMX [non-
plenum rated] cable in metal trunking in the BRE fuli-scale [full room] and Steiner tunnel [UL
910/NFPA 262] tests."

Establishing that even for newer cable designs with new compounds used for insulation, the UL 910/NFPA
262 test still has excellent correlation with a full room fire scenario.

Not All Plenum Rated Cables Are The Same

Despite the excellent fire history and cost effectiveness (compared with metal conduit) of fluoropolymer
insulated cables, there has been an unfortunate evolution to lower quality PVC (polyvinylchloride) and PO
(polyolefin) compounds for use as primary and jacket insulation on plenum cables. The motivation to use
PVC and PO compounds is purely to reduce the cost of cable. No positive benefits ensue. In fact, there are
many compromises, such as reduced physical properties, higher smoke generation, higher fuel load
contribution, greater moisture permeation, and deterioration with age, that have led to several problems in
the industry.

New York City Local Law 5, as mentioned earlier, is written to establish practices to ensure fire safety in
commercial high-rise buildings in NYC. Part of this law requires fire monitoring and alarms. Although
originally the cables used for fire monitoring required only plenum rating (as determined by UL 910/NFPA
262), a serious problem was encountered. Cables were being produced with highly compounded PVC that
were able to pass the fire and smoke test. However, the physical properties of the PVC were so reduced due
to large amounts of additives, that during installation the jacket and insulation was being torn, significantly
deteriorating the performance of the cable.

To overcome this problem with PVC cables, in the mid 1990s, NYC Local Law 5 was re-written to require
cables to have 150 C temperature rating as well as pass UL 910/NFPA 262. Only fluoropolymers are capable
of meeting these requirements. Because fluoropolymers are not highly filled, the mechanical properties of

Page 3 of 5
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the insulation are much higher and eliminate the installation problems. This strategy has successfully
eliminated the problem and remains in effect today.

When PVC compounds are analyzed, it is not hard to see why this problem occurs. PVC, as a material,
cannot pass the UL 910/NFPA 262 due to the evolution of thick black smoke. A large quantity of additives
must be added to the PVC. In 1996 three commercial PVC cable compounds were analyzed at Ausimont.
- = Results are shown in Table 1. In each case less than 50%by weight of the compound is plastic. The rest is
o T inorganic fillers, fire retardants, plasticizers, and stabilizers. This composition is the explanation for the poor
mechanical properties.

Quantified evidence of the poor properties of PVC is given in Underwriters Laboratories UL 444 standard
(“Standard for Communications Cable"). UL 444 identifies the physical requirements of plastic materials
used in communications cables. PVC compounds are identified as requiring only 2000 psi tensile strength,
while a typical fluoropolymer jacket material, ECTFE, has 5000 psi minimum tensile strength. An even more
dramatic detail is that the PVC can lose 50% of its properties after only 7 days aging at 136 C. The ECTFE
will retain 75% or more of its tensile properties even when aged at 180 C. Therefore, the concern with
regard to installation damage is supported by information contained in UL 444, Implied in this same data is
the conclusion that damage during re configuration is even greater with compounded PVCs given the fact
that they exhibit a significant loss of mechanical properties with age.

-0y o A more dramatic consequence of increased use of PVC and PO compounds is the potential of greater flame
e £ 2 spread and smoke developed values of cables where these compounds are used. Additionally, although not
specifically tested for in UL 910/NFPA 262, PVC and PO have 3 to 6 times the heat of combustion (fire load)
as do fluoropolymers. Underwriters Laboratories realized the consequence of gradual transition to more PVC
and PO in late 1996. The normal procedure for UL to list a plenum cable is to perform approval testing, and
then continue to re-sample and test production samples of the cable on a regular basis to ensure continued
compliance. This second activity is called the Follow Up Service (FUS).

Analysis showed that for the 9 years starting in 1988 and ending in 1996, the percentage of cables failing
the UL 910/NFPA 262 FUS test increased from 10% to over 50%. Although some failure rate can be
expected because of testing variation and cable manufacturing variation, a FUS failure rate of 50% is clearly
an indication of a chronic problem. Certainly it is not coincidental that this deterioration in flame and smoke
performance occurred during a period when more PVCs and PO compounds were being designed into cable
solely for economic reasons. UL responded to the FUS failure problem by convening an industry advisory
panel referred to as TAPCOM (Technical Advisory Panel for Communications Cable). Some critical
observations/ conclusions from the meetings have been:

(] 1t was found that the UL 910 test apparatus (Steiner Tunnel) had a small leak due to corrosion in
the exhaust duct. It is not known how long the leak was present, but certainly for some years. The
impact of the leak was to reduce the smoke developed value. Again, it's most likely not a
coincidence that the leak was occurring during a time when more PVC and Pos were being used. UL
has fixed the leak and the test performance has returned to the more severe screening criteria that
it was originally designed to be in 1979/1980.

. UL has hired a statistical process control consultant to help establish and maintain the reproducibility
of the test. Conclusions by the consultant are that the test itself does not have an unusually high
degree of variation. Never the less, UL has continued to make improvements to further increase
reproducibility.

. It was discovered that in some cases cables jacketed with PVC compounds produced more variable
smoke developed results depending on humidity (humid cables tended to generate more smoke).
This was not true of the fluoropolymer-jacketed cables. Because of this, conditioning requirements
have now been specified for cables prior to testing. Unfortunately, cable in a plenum cannot be
conditioned before a real fire.

° Cables made with complex compounds are much more sensitive to the conditions by which they are
made. Processing of the polymer compounds can cause variation in the chemical reaction that is
required to keep PVC and PO from generating dark smoke. Variations in flame spread and smoke
generation results from changes in manufacturing speed, location, and tooling. Again, this is not the
case when fluoropolymers are used.

° Cables that are made with PVC and PO compounds may pass the requirements of the UL 910/NFPA
test, but are typically closer to the failure point than "all” fluoropolymer cables. Because of this UL
will be introducing a more severe FUS procedure for cables that perform marginally in smaoke and
flame. http://www.ausiusa.com/ |
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"TABLE1- Compos_ii)'on Analysis of Commercial PVC

Plenum Compounds Performed in 1996 ‘ ¥
_“-'_—_ __V\?eig_ﬁi%“ - Sample 5C | Sam[._)le 7A | Sample1A | §
Molybdenum Oxide (MoO3) . 28 32 . - ‘ |
Antimony Oxide (Sb203) ] 0.2 : 03 | -
Zinc Oxide (ZnO) - R 21 5.2 - |
Lead Oxide (PbO) | 2.0 i 1.3 !' 23 l
Iron Oxide (Fe203) B _ 0.3 ! 0.2 i - i
Magnesium Oxide (MgO) B 1 3.7 - |24 | i
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Aluminum Oxide (AI203)
Plasticizers (aliphatic esters)

Halogen Flame Retardant
(Tetrabromo benzene derivative)

Low-Smoke Plasticizer
(Alkyl-aryl-phosphate)

Unknowns
Polymer (either PVC or PVC/EVA)
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