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1.0

LEGIONELLA
Legionella species are normally present in outdoor environmental reservoirs such as

lakes or streams. However, these bacteria can colonize and amplify in man-made water
reservoirs including potable water systems and cooling towers. Inhalation of water droplets
containing Legionella species dispersed from cooling towers and potable water outlets (e.g.,
showerheads) can cause lung infections (Legionnaires’ disease) which may be fatal.
Approximately 18,000 cases of Legionnaires’ disease occur annually in the USA (Squier, et al.,
2005) with a case fatality rate of about 20% for community acquired disease and up to 40% for
hospital acquired disease. This translates into an annual fatality total of about 4,000 to 5,000 in
the USA (Squier et al., 2005; Benin et al., 2002). The risk of a Legionnaires’ disease outbreak
caused by exposure to mists or drift generated outdoors from a cooling tower is usually
recognized by facility operators of modern commercial and public buildings. However, the risk
of exposure to Legionella aerosols from potable water outlets, especially in residences and
hotels, is often overlooked.
Studies during the past five years have suggested that increases in community acquired
Legionnaires’ disease may be associated with climate change (Fisman et al., 2005; Ng et al.,
2008; Neil and Berkelman, 2008; Phillips, 2008). In the eastern USA and in Europe,
Legionnaires’ disease increases have been associated with rainfall and warm and humid
weather. Wet humid weather six to 10 days before the occurrence of disease symptoms was, in
one study (Fisman et al., 2005), the best predictor of Legionnaires’ disease. The incidence of
disease, not surprisingly, was also found to be higher during warm summertime months.
Enhanced reporting of disease occurrence and better diagnostic tests for Legionnaires’ disease
did not appear to be responsible for the increased risk of Legionnaires’ disease associated with
wet-humid and warm weather.
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A possible link between severe wet humid weather patterns and increased incidence of
Legionnaires’ disease may be the dispersal of organic sediment into municipal water systems
and the resulting increased turbidity of drinking water supplies. It is well known that potable
water in pipes in buildings can be contaminated by Legionella species entering from public
water systems (States et al., 1987). If future work confirms that climate change-severe weather
events (e.g., excessive precipitation and flooding) are associated with increased Legionnaires’
disease incidence, mitigation efforts involving better filtration or appropriate chemical treatment
(e.g., chlorination) of mains water entering buildings as well as better maintenance of potable
water systems pipage in buildings may ameliorate the disease risk.
It has been estimated that 80% of Legionnaires’ disease outbreaks are associated with
potable water systems in buildings (Keane, 2009). It is also well known that Legionella species
are ubiquitous in natural waters as well as in man-made water systems. With regard to climate
change, it is important to note the growth of Legionella species is most rapid in the 85 to 110°F
range. A general recommendation for building operators with regard to control of Legionella
growth in plumbing systems is to keep the cold water supply temperature below 68°F (Keane,
2009).

The personal experience of the author, however, indicates that the cold-water

temperature in buildings in warm climates such as in Honolulu or Miami can be in the 78 to 82°F
range, thus approaching the lower optimal growing range for Legionella amplification.
The cold water for many public water systems originates from water stored in large lakes
or reservoirs. In Colorado, it has been estimated that by 2050 the outdoor air temperature could
rise by at least 2.5°F to 5.5°F (McCurry, 2009).

It would be logical to suspect that the

temperature of water stored in reservoirs will also rise. Indeed, in a presentation on “Climate
Change and Municipal Water Supplies” (Stickel, 2009), some tentative data is provided
suggesting that the water temperature in an Oregon reservoir has risen about 0.3°F during the
past decade. Additional historical (since 1965) data on raw water temperature is available from
2

the Portland Water Bureau (M. Sheets, 2010), and perhaps from other water authorities, to
determine if warming is occurring in municipal water systems. If verified, this means that the
temperature of mains water entering buildings will rise resulting in physical conditions in water
pipes wherein Legionella and other microorganisms can more readily amplify. A temperaturemonitoring program in municipal water supplies and in cold water entering buildings is needed
to determine if climate change is affecting the Legionella amplification potential in potable water
systems.

2.0

GEOGRAPHICALLY EMERGING PATHOGENS OTHER THAN LEGIONELLA
THAT HAVE THE POTENTIAL TO AFFECT THE INDOOR ENVIRONMENT
The IOM (2008) Global Climate Change report provides background information on the

potential dispersal of pathogenic microbial agents into new geographic areas. El Niño type
weather changes have affected the dispersion of both vector and non-vector disease agents
such as those causing malaria, cholera, and hantavirus pulmonary syndrome (IOM, 2008,
pg. 16). Some disease causing agents that were once geographically restricted such as the
fungus Batrachochytrium dendrobatidis, which infects amphibians, are now worldwide in
distribution. It should be recognized that dispersal of disease causing pathogens may also be
caused by human activity (e.g., dispersal of spores on vehicle tires) as well as by natural
weather events (e.g., dispersal by wind).
Climate change and extreme weather events already appear to be involved in the
establishment of microbial pathogens in new geographic niches.

The emergence of

Cryptococcus gattii on Vancouver Island (British Columbia) and its expansion into the Pacific
northwest mainland provide an example of a serious and emerging indoor and outdoor
environmental risk (Kidd et al., 2007; Byrnes et al., 2009).
Cryptococcus gattii can cause life-threatening infection in humans and animals (Datta et
al., 2009; Byrnes et al., 2009). Prior to 1999, Cryptococcus gattii infections were unknown in
British Columbia, as the distribution of this pathogen was restricted to tropical and subtropical
3

areas. Since 1999, likely associated with El Niño/Southern Oscillation warming, this pathogen
established itself on Vancouver Island.

Subsequently, Cryptococcus gattii and its genetic

variants expanded their range to include mainland British Columbia as well as Washington and
Oregon in the USA.
Cryptococcus gattii is found in the top 15 centimeters of soil (Kidd et all, 2005), on trees,
in wood chips, in mulch, and in other natural reservoirs. Like Aspergillus fumigatus, its spores
are readily aerosolized by soil disturbance (Kidd et al., 2007). It is well know that construction
activities involving soil excavation are risk factors in the development of nosocomial Aspergillus
fumigatus infections (Streifel, 1988). The infection risk from newly emerging pathogens like
Cryptococcus gattii and perhaps other microorganisms such as Histoplasma capsulatum should
be considered by public health authorities as a potential consequence of climate change.
The risk of Cryptococcus gattii exposure in and around buildings includes new “green”
landscaping such as installation of roof gardens (ASHRAE, 2009A, Strategy 2.6) and indoor
atrium plantings where extensive use of mulch and organic soils (possible reservoirs of newly
emerging pathogens) occurs. Dust suppression during construction and renovation are the
primary environmental tools for control of nosocomial Aspergillus fumigatus infection. For newly
emerging pathogens like Cryptococcus gattii, public health authorities should consider similar
dust control actions to lower infection risk in both indoor and outdoor environments.

3.0

AIR-CONDITIONING AND CLIMATE CHANGE
Air-conditioning enables people to decouple their indoor environment from the outdoor

atmosphere.

Comfortable temperature and moisture (humidity) levels in indoor air can be

provided by a well-designed, operated, and maintained air-conditioning system. In buildings
located in geographical areas with hot or warm humid climates or seasons, provision of a
comfortable indoor air environment is almost totally dependent on air-conditioning.
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Global warming and climate change could have severe impacts on air-conditioning in
buildings. These impacts include the abandonment of air-conditioning systems because they
are too expensive to operate and secondly, the under-maintenance of air-conditioning systems
leading to increased moisture and mold growth indoors. In buildings without central forced air
systems especially in residences, a greater use of portable air-conditioning units will occur.
These portable units are also likely to be under maintained.
It has been estimated that the operation of buildings worldwide consumes about 50% of
all energy generation (Roaf et al., 2009, pg. 213). In the USA, the majority of building energy
consumption is used to operate air-conditioning systems. If air-conditioning was abandoned in
buildings because of energy cost or availability, the indoor climate in many modern buildings
would become unlivable or unacceptable for comfortable occupancy especially in geographical
areas with hot or warm humid climates or seasons. Most modern buildings have no or little
provision for natural ventilation or other means of providing for a comfortable indoor
environment in the absence of air-conditioning. In the USA, it is unlikely that air-conditioning in
the current building stock will be abandoned. Rather, under conditions of energy scarcity and
high cost associated with climate change, it is likely that in order to save on cost, airconditioning systems will be poorly designed and operated and severely under maintained.
For the past 20 years, it has been known that building related symptoms (sick building
syndrome complaints) are more frequent in air-conditioned as compared to naturally ventilated
buildings (Burge et al., 1987; Zweers et al., 1992). Air-conditioning involves dehumidification of
the ventilation air stream, which results in wet surfaces such as on or in drain pans and on
cooling coils. In addition, air-conditioning results in moist surfaces in air supply ducts and in
some building components thermal gradients, which can facilitate condensation and microbial
growth.

Dust and dirt which accumulate over time on HVAC airstream surfaces contain

nutrients for microbial growth and provide a hydrophilic niche (dust and dirt absorb moisture) for
this growth (West and Hanson, 1989; Morey et al., 2009).
5

It has been hypothesized that wet-moist surfaces in air conditioning equipment results in
uncharacterized microbial exposures leading to building related symptoms (Mendell et al.,
2008). Under-maintenance of air conditioning systems in buildings as a result of increasing
HVAC operational costs and energy constraints could exacerbate microbial IAQ problems.
Some examples of HVAC air conditioning problems that could be exacerbated by global
warming-climate change follow.
Figures 1 and 2 show an exterior view and an interior view of a fan coil unit (FCU) which
provides conditioned air to an apartment located in a building in the middle Atlantic states.
Room air enters the FCU through the return air grille located near the bottom of the enclosure
shown in Figure 1. Conditioned (ventilation) air enters the room through the grille at the top of
the FCU enclosure in Figure 1.

Figure 2 shows an interior view in this severely under

maintained FCU. Metal surfaces are wet and heavily corroded. Mold growth is visible on most
airstream surfaces. It should be noted that ventilation air passes directly over the wet, corroded,
and moldy interior surfaces as air travels through the FCU to be delivered to the breathing zone
of room occupants.
Figures 3 and 4 show interior views of the cooling coil section serving a guest room in a
hotel located in the Western States area. Considerable dust and debris including skin scales
have accumulated over years in this severely under-maintained FCU. Ventilation air passes
over these wet and dirty airstream surfaces to be delivered to the breathing zone of the
unsuspecting guest room occupant.
The consequences of poor design and under-maintenance of HVAC systems providing
air conditioning to some buildings in the Southeast States are shown in Figures 5 to 7. Mold
growth occurs on the metal surface (molds grow on fine dust and oil film) of a fan motor in an
air-handling unit where access for purposes of cleaning is difficult or impossible (Figure 5). The
dirty visually moldy airstream surface of a supply air duct with a porous liner is shown in Figure
6. Because of poor filtration, dirt and dust readily accumulated on the moist (the air-conditioned
6

air is humid), fibrous surface and then mold growth readily occurs. In the view in Figure 6,
visible mold on the airstream surface is white or gray while the few areas without mold are
yellow which was the original color of the duct liner surface. Figure 7 shows a photomicrograph
of mold (mostly Cladosporium species) growing on the dirt present on the airstream duct
surface. Because operation and maintenance of air conditioning systems are often “out of sight
and out of mind” it is likely that the kinds of conditions shown in Figures 1-7 will become more
severe as climate change and higher energy costs make it more difficult to efficiently operate air
conditioning systems.
Because of potential climate change and increasing energy costs, air conditioning
systems in new and existing buildings must be designed, operated, and maintained so that
HVAC components can be kept clean and can be operated efficiently so as to provide people
with a comfortable living/working environment. A new and practical IAQ Guide is available to
help achieve the above objectives including “Control of Moisture and Dirt in Air-Handling
Systems” (ASHRAE 2009B), “Facilitate Access to HVAC Systems for Inspection, Cleaning and
Maintenance” (ASHRAE 2009C), and “Provide Particle Filtration and Gas-Phase Air Cleaning
Consistent With Project IAQ Objectives” (ASHRAE 2009D).

4.0

OUTDOOR AIR VENTILATION AND CLIMATE CHANGE
For centuries, it has been recognized that indoor air in occupied buildings is almost

always more contaminated by human-sourced pollutants than the outdoor atmosphere around
the building. In order to prevent the degradation of indoor air from people and their activities
early builders realized that a continuous source of outdoor air ventilation was required.
Inventors of both roof vents for exhaust of fire smoke and operable windows for intake of
outdoor air were familiar with the concept of outdoor air ventilation to reduce indoor air pollutant
levels.
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Over two centuries ago, Benjamin Franklin recognized that outdoor air ventilation in
buildings was important in the prevention of infectious disease as well as providing for occupant
comfort (Morey et al., 2010). He wrote that outdoor and “cool air does good to persons in the
smallpox and other fevers. It is hoped that in another century or two we may find that it is not
bad for people in health” (Morey and Woods, 1987). Subsequently, it was realized in the mid19th century that Mycobacterium tuberculosis and other infectious bioaerosols were most
prevalent in crowded indoor environments where the amount of outdoor air ventilation was
limited. Thus, by the end of the 19th century building codes recommended large amounts of
outdoor air ventilation to minimize disease risk from airborne contagion. Current ventilation
standards (ASHRAE 62.1-2010) recommend provision of at least a minimum level of outdoor air
ventilation to dilute pollutants both from human sources (e.g., body odors) and from building
materials (e.g., VOCs).
It is well-known that respiratory infections ranging from rhinovirus that causes the
common cold (Dick et al., 1987) to agents which caused the severe acute respiratory syndrome
(SARS) epidemic in 2003 ( Li et al., 2007) can be transmitted by the aerosol route. Providing
outdoor air to indoor environments to reduce the risk of contagion by dilution has been
recognized in ventilation codes for more than 100 years.

A likely consequence of climate

change/global warming will be a tendency of building operators to reduce outdoor air ventilation
because of increasing energy costs needed to condition (e.g., heat, cool, dehumidify) the
outdoor air entering the HVAC system. Thus, reduction in outdoor air ventilation in modern
crowded buildings could result in elevated levels of bacterial and viral agents that cause
infectious disease (IOM, 2008, pg. 162).
A subtle effect of decreased outdoor air ventilation in buildings is the likely increase in
levels of indoor allergens (especially from pets) and dusts containing endotoxins (Dales et al,
2008). A substantial increase in dust removal by cleaning will become important to lower levels
of dusts containing allergens in poorly ventilated and maintained buildings.

It should be
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recognized that over the last decade, many commercial building operators, school districts, etc.,
have decreased their cleaning budgets and housekeeping staff. Housekeeping/cleaning efforts
will become more important as outdoor air ventilation in buildings declines.
A likely effect of climate change will be the expansion of desert areas, which is already
occurring in the Southwestern States.

One of the consequences of desertification will be

weather change involving more dust storms. In a recent paper, Chen et al. (2010) showed that
dust storms (See Section 5.0 for more on dust storms) can provide an effective transport
mechanism for bioaerosols such as the Avian Influenza Virus. In the Southwest States, it is well
known that dust storms provide a mechanism for airborne transport of molds, bacteria, and even
nematodes as well as for other contaminants such as arsenic (from past use of arsenic trioxide
as a pesticide) that may be present in the soil.
It has long been recognized in ASHRAE ventilation standards that cleaning (filtration) of
the outdoor air entering HVAC systems is often required to provide acceptable indoor air in
occupied spaces (ASHRAE 62.1 – 2010). If climate change driven desertification increases and
if the findings of Chen et al., (2010) are repeated, it will be necessary to find better methods of
cleaning the outdoor air entering HVAC systems, especially in the U.S. Southwest. ASHRAE
(2009E) has provided a general strategy for “Location of Outdoor Intakes to Minimize
Introduction of Contaminants into Ventilation Air.”
In summary, a dustier atmospheric condition associated with climate change will require
building operators to pay more attention to providing cleaner ventilation air as well as a less
dusty indoor environment.

5.0

POSSIBLE CONSEQUENCES OF CLIMATE CHANGE/SEVERE WEATHER
EVENTS AFFECTING THE BUILT ENVIRONMENT
Because of concerns over high energy consumption during the manufacturing of some

building structural components, emphasis has recently been placed on the use of “green”
construction materials. The manufacturing process for steel, aluminum and concrete generally
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requires the consumption of more energy (more fossil fuel use; thus, more carbon dioxide
generation) than the fabrication of building materials from cellulose and wood fibers (e.g.,
glulam beams, manufactured wood siding, oriented strand board, etc.) (UNEP, 2007, pp. 17
and 20). While cellulosic/manufactured wood products are less demanding in terms of energy
consumption, they are subject to biodeterioration in damp/wet conditions.

Figure 8 shows

spray-on, cellulose-containing fireproofing that was applied wet to ceiling structural components
in a new building. Within a month after application, abundant mold growth including Aspergillus
and Stachybotrys (Figures 9 and 10) species occurred in the insulation necessitating its costly
removal (See also, Godish and Godish, 2006). The pipe on the right side of Figure 8 was
installed by the construction contractor to transport ozone to the above ceiling area in a failed
attempt to inhibit mold growth in the cellulosic insulation. In summary, the use of environmental
friendly green construction products, if not carefully considered, can result in unanticipated
biodeterioration and IAQ problems when these materials are installed in damp-wet building
niches.
In the mid-20th century, steel and masonry materials such as brick, concrete block, clay
tiles, and plaster were primarily used in the construction of exterior walls while wood studs
covered by plaster were commonly used for interior wall systems (Ellringer et al., 2000).
Materials used in the construction of modern buildings commonly contain cellulose and wood
fiber products (e.g., paper-faced wallboard and manufactured wood) for both interior and
exterior walls. Fleecy-porous products such as carpet are commonly used today as interior
finishes. Dutch researchers (Adan et al., 2005; see also Loftness et al., 2007) have proposed a
classification system (“resistant, fairly resistant, or sensitive”) for construction and finishing
materials based on susceptibility to biodeterioration. Thus, sensitive materials such as carpet
should not be used in intermittently wet locations such as bathrooms (See also, Figure 11).
Paper-faced gypsum wallboard should not be used as part of the building envelope where
moisture incursion often occurs (Adan et al., 2005). As severe weather events involving heavy
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rainfall become more common, a carefully developed product labeling scheme based on
biodeterioration resistance would be helpful to commercial and residential builders in minimizing
indoor mold problems.

Loftness et al. (2007) also point out that the use of fungicides to

increase the resistance of materials to biodeterioration often does not work in the long term
(See also, Lem et al., 1989) and may result in increasing risk of chemical exposure.
Extreme weather events involving intense precipitation (rain and snow), flooding, and
wind damage appear to be associated with climate change (IOM, 2008, pp. 89 and 117; Patz et
al., 2008). These types of weather events can be catastrophic to building systems. Figures 1214 provide one example of the catastrophic damage that can occur in a building affected by
hurricane winds and intense precipitation. Most of the windows (glass façade) were blown out
by hurricane force winds (Figure 12). Plastic sheeting (Figure 12, arrows) had been placed over
much of the remaining envelope structure to keep out subsequent rains during building
restoration. Almost all paper faced gypsum wallboard was removed because of water damage
and subsequent mold growth (Figures 12 and 13). Wood shims under a bathtub in Figure 14
(arrows) were “fairly resistant” to the catastrophic water damage. Concrete floors, ceilings, and
metal studs, sill plates and pipes were “very resistant” to water damage.
Roaf et al. (2009, pg. 80) has pointed out that modern buildings need to have better
protection from grade level water entry or flooding.

Also in geographic areas subject to

hurricanes and strong wind damage, the building envelope needs to be made more “robust” so
as to limit window blowout and subsequent water entry (Roaf et al., 2009, pp. 110 and 112).
Serious consideration needs to be given to development of standards for robust building
construction, especially in geographic areas subject to severe weather events.

Robust

construction standards for building materials should include a biodeterioration concept similar to
that proposed by Adan et al. (2005) as well as attention to quickly drying-out wetted building
infrastructure (IICRC, 2006).

The U.S. EPA Indoor airPLUS Construction Specifications
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Section 1, Moisture Control, provide a starting point on how recommendations on robust and
biodeterioration-resistant construction practices might be formulated (EPA 2009).
Moisture damage and subsequent mold growth, especially in residences, may also be
caused by heavy snowfall like that which occurred in the Middle Atlantic States in February,
2010. Melting snow and frozen gutters can result in ice dams and entry of water into the
building envelope. Practical and simple actions to minimize entry of snow moisture into the
building envelope could be added to the EPA Indoor airPLUS (2009) document. These actions
could include recommendations such as the removal of snow from the building foundation area
as well as use of “snowrakes” with long handles to remove snow from roof areas near gutters.
Severe weather events involving increased precipitation (e.g., El Niño rains; hurricanes)
and floods can affect microbial IAQ in buildings. Growth of Peziza in a wet building has been
associated with a case of hypersensitivity pneumonitis or “El Niño lung” (Wright et al., 1999). In
portions of a California dormitory chronically wetted by El Niño rains in 1997-1998, the dominant
mold in indoor air changed from Cladosporium cladosporioides to Penicillium chrysogenium
(Morey et al., 2003) presumably because of growth of Penicillium species on water-damaged
cellulosic materials in the building envelope. Studies in New Orleans homes after hurricane
Katrina showed that Penicillium/Aspergillus dominated the mold spores found in both the indoor
and outdoor air (MMWR, 2006).

Other studies (Solomon et al., 2006) showed that

Penicillium/Aspergillus and Cladosporium spores were dominant in the outdoor air at flooded
home sites. These New Orleans studies collectively suggested that mold taxa in the outdoor air
around flooded homes were heavily influenced by spore emissions from mold growth on
furnishings and construction materials in the water-damaged homes.
Lloyd’s London has prepared a report on insurance loss risk associated with climate
change (Lloyd’s 360 Risk Project, 2007).

In a section of the Lloyd’s report on “Increased

Frequency and Intensity of Floods” it is noted that by 2070, today’s “100-year-flood” may begin
to recur every 10 to 50 years. As Roaf et.al. (2009, pg. 80) point out, modern buildings need to
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be better protected from flooding. An appropriate governmental response to repeated severe
flooding events would be the enactment and enforcement of zoning codes that prevent
construction of buildings within 100-year flood plains.
If severe weather events involving increased precipitation and flooding/water damage to
the built environment continue (latest example – Nashville, TN floods in May 2010) an
appropriate public health response would be increased involvement of NIOSH/CDC in
documenting possible disease outcomes and in providing practical guidance on restoration
activities. Airborne mold characterization in the Katrina NIOSH/CDC (MMWR, 2006; Solomon
et al., 2006) studies primarily involved spore trap sampling where species identification is not
possible. Changes in bioaerosol exposure in and around flood damaged homes may be subtle,
involving replacement of a normal phylloplane species such as Cladosporium cladosporioides
by Cladosporium sphaerospermum or Cladosporium halotolerans (See AIHA, 2008, Chapter 4).
This kind of species change which may be important in exposure assessment is not detectable
by spore trap sampling. Thus, future studies to elucidate possible health effects associated with
bioaerosol exposures in geographical areas with severely water-damaged buildings should
include culture based sampling for fungal species as well as sampling for glucans and
endotoxin.
One of the less obvious consequences of climate change in some geographic areas is
the potential for severe drought, expanded desertification, and associated changes in microbial
air quality in the atmosphere (See also Section 4.0). Lehner et al. (2006) point out that in
Europe, while an increase in the frequency of 100 year floods may occur in northern
geographical areas, other regions, primarily in Mediterranean countries may experience severe
drought conditions.
Griffin et al. (2007) estimate that two billion metric tons of dust including PM10, PM2.5,
and soil microbes enter the Earth’s atmosphere each year. Limited studies have been made on
the microbiology of the atmosphere as affected by dust storms from the Gobi (Chen et al., 2010;
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Chen and Yang, 2005), Saharan (Griffin et al., 2007; Schlesinger et al., 2006), and USA
Southwest (Proctor, 1935).

Not surprisingly, all studies showed that the concentration of

microorganisms in the atmosphere on “dust storm days” was elevated when compared to “clear”
days. One of the most interesting microbial-dust storm studies occurred on a May 11, 1934
flight over Boston in a Curtis-Robin plane. During this flight, the pilot collected air samples using
a filtration sampler with a sterilized oily-lens paper collection medium. The results of sampling
on May 11, 1934 showed that elevated concentrations of molds identified as Aspergillus and
Penicillium occurred in the “upper atmosphere” which on that day was thought to be associated
with a dust storm likely from the USA Midwest or Southwest. In the Eastern Mediterranean,
Schlesinger et al. (2006) found that the Aspergillus fumigatus level in the atmosphere was about
7 colony forming units per cubic meter (CFU/m3) on “dust days” (dust from Saharan Desert)
compared to non-detectable on “clear days”. Penicillium chrysogenum concentrations on dust
days were about 38 CFU/m3 as compared to 1.5 CFU/m3 on clear days.
It should be realized that the upper layer of soil which is affected by dust storms is a
natural reservoir for pathogenic fungi such as Aspergillus fumigatus, Histoplasma capsulatum,
Coccidioides immitis, and most recently in the Pacific Northwest for Cryptococcus gattii. A
subtle effect with public health consequences in geographical areas undergoing desertification
will be increased exposure of people to fungal pathogens on dust storm days. As noted in
Section 4.0, protection of people in indoor environments during dust storm periods will depend
on enhanced HVAC filtration and more efficient removal of settled dusts from interior surfaces.
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FIGURES

Figure 2

Figure 1
Figures 1 and 2: Exterior (Figure 1) and Interior (Figure 2) views of fan coil unit (FCU) which provides
conditioned (ventilation) air to the indoor environment. Conspicuous dirt, corrosion, and mold growth are
present on the wet surfaces within this under maintained FCU.
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Figure 3

Figure 4

Figure 3 and 4: Conspicuous dust and dirt (nutria

Figure 3 and 4: Conspicuous dust and dirt (nutrients for mold growth) occur on
the wet internal surfaces of this hotel FCU.
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Figure 5
Figure 5: The fine dust and oily film on the metal surface of the fan motor in
this undermaintained air-handling unit provide nutrients for the growth of mold
which is visible on the fan housing.
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Figure 6

Figure 7
Figures 6-7: Visible mold growth occurs on the dirt and dust that accumulates
on the moist airstream surface of the porous duct liner in this air-conditioning
supply duct. Figure 7 shows a photomicrograph of some of the mold growing
on the dust and dirt in the air-conditioning duct
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Figure 8
Aspergillus, Stachybotrys, and other molds grew on the wet-applied cellulosic
fireproofing that had been sprayed on the ceiling surfaces. Careful
consideration must be given to the biodegradation potential of construction
materials used in wet/damp niches in buildings.
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Figure 9

Figure 10
Figures 9-10. Abundant Stachybotrys spores and conidiophores are present
in the wet-applied cellulosic fireproofing sprayed on ceilings and beams in a
new building. The moldy fireproofing was removed and replaced with a
fireproofing containing a minimal amount of biodegradable components.
Photos courtesy of Tom Rand, Saint Mary’s University, Halifax, Nova Scotia,
Canada.
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Figure 11
This plant is growing in a well-lighted room along a envelope wall. Moisture
infiltrating through the wall and nutrients in the baseboard and carpet provide
favorable conditions for plant and microbial growth.
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Figure 12

Figure 13
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Figure 14
Figures 12-14: Because of moisture and mold damage, most of the biodegradable finishes
(eg., paper-faced gypsum board, carpet, manufactured wood, etc.) have been removed
from this hurricane damaged building. The wood shims (arrows) beneath the bathtub in
Figure 14 were “fairly resistant” to biodeterioration.
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