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Cleaning and Special Environments —
Understanding the Science
Eugene C. Cole, DrPH

Introduction

S

pecial environments are those that harbor
individuals who are considered susceptible
to negative health effects associated with the
accumulation of indoor contaminants and pollutants,
and therefore present a notable challenge. They
include schools, daycare, healthcare facilities (e.g.,
hospitals, rehabilitation centers and long-term care
facilities [LTCFs]), and some home environments.
Such populations include individuals with severe
allergies and hypersensitivities, to include asthma, as
well as those who are immune suppressed or immune
de¿cient and therefore at-risN for a variety of potential
life-threatening opportunistic infections caused by
otherwise innocuous indoor contaminants such as
environmental molds.
Children and especially young children have immature immune and organ systems and are therefore at risN
during their growth and development, especially from
pollutants such as heavy metals and chemical residues
that may be present in everyday house dust. Similarly
at risN are the elderly, with their waning immune
function and susceptibility to drug-resistant bacterial
pathogens and respiratory viruses, in conjunction with
a variety of chronic illnesses that often renders them
even more vulnerable to indoor environmental contaminants.1 This article draws from the available scienti¿c
data necessary for an understanding of the complexities of special environments, in order to provide a basis
of guidance for cleaning and restoration professionals.

The Indoor Ecosystem
(ach indoor environment is an arti¿cially created
ecological system comprised of a nonliving or physical
component intertwined with a living or biological one.
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SYNOPSIS
Special environments harbor individuals who are considered
susceptible to negative health effects associated with the
accumulation of indoor contaminants and pollutants. They
include schools, daycare, healthcare facilities, long-term
care facilities (LTCF) and some home environments.
Children have immature immune and organ systems
and are at risk during their growth and development from
pollutants such as heavy metals and chemical residues. Also
at risk are the elderly, with their waning immune function
and susceptibility to bacterial pathogens and respiratory
viruses, and those convalescing from medical interventions.
Each indoor environment is a created ecosystem of a
nonliving, physical component intertwined with a living,
biological one. Within each ecosystem, if the accumulating
particulate burden is not regularly reduced through cleaning,
it becomes a source of indoor contamination.
Cleaning is a systematic, science-based process of managing
unwanted matter. Effective cleaning incorporates practices and
procedures necessary for maximum pollutant removal.
School facilities present a particular challenge due to
budget constraints, staff shortages, ill-functioning cleaning
equipment, poor cleaning products and insufﬁcient staff
training. Evidence suggests that poor indoor environmental
quality is common and adversely affects the performance
and attendance of students.
Recent studies indicate that targeted cleaning of frequentcontact points resulted in reduced illnesses tied to bacterial
contamination reservoirs, reduced sick building syndrome
symptoms, and reduced absenteeism.
Carpets in schools are usually cleaned by extraction once a
year, but the lack of effective routine maintenance with efﬁcient
vacuuming permits the carpet dust reservoir to ﬁll and become
a contamination source. Children are then exposed to respirable
carpet dusts containing a variety of pollutants.
To prevent HVAC-related pollution problems in schools,
a combination of proper design, inspection, cleaning and
maintenance is needed. The HVAC system must have easy
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access for inspection, cleaning and maintenance of all
components, including ﬁlters, cooling coils and ductwork.
Small animals in schools, while valuable to learning, are
sources of environmental pollution. The primary exposure
in classrooms harboring animals is from airborne allergens.
To minimize exposures to allergic and infectious agents,
schools should dedicate one room as an animal room, thus
taking active pollutant sources from the classrooms and
facilitating the cleaning process.
Hospitals and long-term care facilities are especially
challenged to prevent the transmission of infectiousdisease agents resulting in healthcare-associated infections
(HAI). Environmental sources can be managed through an
effective building maintenance program as well as through
cleaning and disinfection practices that inactivate and
remove infectious particles and reduce reservoirs.
Steam cleaning and disinfection has become more
common. A study conﬁrmed that steam begins to kill
vegetative bacteria on contact, and that inactivation
continues rapidly and logarithmically. Another study found
that microﬁber and steam technology was signiﬁcantly
more effective in controlling a norovirus outbreak than a
two-step process involving detergent cleaning followed by
hypochlorite solution.
Daycare centers and home healthcare environments can
present signiﬁcant infectious, allergic and toxic exposure
risks. To decrease exposures, reservoirs must be routinely
managed through effective cleaning programs with emphasis
on the physical removal of soil and pollutants. This approach
signiﬁcantly decreases microbial pathogens, and minimizes
the use of biological and chemical residual germicides.
The indoor environment is a complex ecosystem. Absent
an effective and frequent reduction and removal process,
contaminant reservoirs can become pollutant sources. To
maintain an ecological balance and promote healthfulness,
effective cleaning practices must be identiﬁed, evaluated and
implemented.
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7KHSK\VLFDOHQYLURQPHQWLQFOXGHVVWUXFWXUDO¿QLVKLQJ
and furnishing materials, and their paints, coatings
and sealants, a variety of contents, and a climate
as measured by temperature, relative humidity and
DLUÀRZ 7KH OLYLQJ RU ELRORJLFDO LQGRRU HQYLURQPHQW
typically includes microorganisms, insects, plants,
rodents, pets and humans.
This indoor ecosystem is comprised of an interrelated
complex of smaller microenvironments or habitats,
each of which has its own mix of physical and biological factors, and can serve as reservoirs for a variety
of pollutants that can potentially affect the quality of
the air in occupied spaces. Some microenvironments
are structural components such as interior and exterior wall cavities, ceiling spaces, air-handling systems,
and crawlspaces. Others serve as reservoirs that readily
FROOHFWSDUWLFXODWHVDVGXVWV¿EHUVVRLODQGGHEULVWKDW
can harbor a variety of chemical and biological pollutants, such as pesticide and lead residues, along with
microbial, insect and animal allergens. Examples of
VXFKPLFURHQYLURQPHQWVLQFOXGHWH[WLOHÀRRUFRYHULQJV
upholstered and hard surface furnishings, bathroom
surfaces, and food preparation and pet areas.
If the accumulating particulate burden of these reservoirs is not regularly reduced through a removal process
known as cleaning, they may quickly become sources
of indoor contamination through airborne dissemination
UHVXOWLQJIURPRFFXSDQWDFWLYLW\DQGPHFKDQLFDODLUÀRZ
Such dissemination can seed previously uncontaminated
areas as well as degrade air quality, leading to occupant
exposures and adverse health effects in susceptible individuals. The latter, in particular, are considered at-risk
in the aforementioned special environments that present
VLJQL¿FDQWFOHDQLQJFKDOOHQJHV
The general population often incurs health risks in
KLJK RFFXSDQF\ LQGRRU HQYLURQPHQWV VXFK DV RI¿FH
buildings, hotels, and cruise ships. The focus of this
discussion will be on special environments. However,
the home, where everyone typically has their highest
occupancy time, presents the greatest risk because
reservoir reduction through cleaning is often the least
well managed. Many of the principles covered here
also apply to home cleaning.

Cleaning
Cleaning is a systematic, science-based process of
managing unwanted matter, so human activities can
take place in a healthy environment.2 Effective cleaning
requires an understanding of the science of particulate
deposition and retention on various surfaces. Effective
cleaning also chooses those practices and procedures
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necessary for maximizing pollutant removal while
containing the process and minimizing cross-contamination. In all cases, cleaning needs to maintain and
preserve the integrity of the surface or material being
treated. It is heavily dependent on frequency of implePHQWDWLRQ DQG WKH HI¿FLHQF\ RI WKH HTXLSPHQW DQG
cleaning products being used.

Schools
Public school facilities present a particular challenge
in regard to cleaning and overall environmental
management due to budget constraints and resultant
shortages of facilities maintenance and janitorial staff,
outdated and ill-functioning cleaning equipment, and
poor cleaning products and staff training. Additionally,
many schools are poorly designed and constructed, and
ageing, making adequate inspection and appropriate
VXEVHTXHQW FOHDQLQJ D VLJQL¿FDQW FKDOOHQJH 7KXV
not surprisingly, available evidence suggests that
poor indoor environmental quality (IEQ) in schools
LV FRPPRQ DQG DGYHUVHO\ LQÀXHQFHV WKH SHUIRUPDQFH
and attendance of students, primarily through health
effects resulting from exposure to indoor contaminants
and pollutants.3 Lack of proper cleaning permits dustcollecting reservoirs to become sources of insect,
animal, and microbial antigens that can trigger
asthma and respiratory allergies, and possibly induce
UHVSLUDWRU\ LQÀDPPDWLRQ ZKLFK PD\ SUHGLVSRVH
students to infectious respiratory illness, especially
GXULQJWKHFROGDQGÀXVHDVRQ4, 5, 6, 7
Major dust reservoirs/sources in schools that typically
lack effective cleaning and maintenance include carpet,
animal cages, and HVAC systems. Additionally,
inattention to moisture intrusion or accumulation
throughout a facility may lead to microbial growth and
DPSOL¿FDWLRQ ZKLFK FDQ IXUWKHU FRQWULEXWH WR SRRU DLU
quality and greater student exposures to respiratory
health risks. On the positive side, the value of effective
cleaning has been demonstrated, as increased effort at
LPSURYHG FOHDQLQJ RI ÀRRUV DQG GHVNV LQ VFKRROV KDV
actually been demonstrated to reduce upper respiratory
symptoms.8
Cleaning for Health. Recent studies have collectively indicated that enhanced hygiene in schools, and
targeted cleaning of biological residual contamination
related to frequent-contact points, resulted in reduced
illnesses tied to bacterial contamination reservoirs
(MRSA, shigella outbreaks), reduced sick building
syndrome symptoms, and reduced absenteeism due to
infectious illnesses.9, 10, 11, 12
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And while school hygiene programs such as
handwashing promotion are admirable and wellintentioned, they typically neglect the rapid
recontamination of hands via high contact touch points
that are usually poorly cleaned. Thus, student illness
and absenteeism rates fail to change.13, 14
While classrooms and hallways remain major dust
reservoirs in school buildings, other subcompartments
of the ecosystem (e.g. food preparation areas, restrooms,
locker rooms, gyms) require similar attention to
cleaning, with an additional targeted focus on reducing
the infectious disease potential. School kitchens and
related areas, as obligated by public health code, must
be cleaned and sanitized to prevent environmental
contamination and transmission of bacterial pathogens
such as E. coli, Listeria, and Salmonella.
Similarly, restrooms must be effectively cleaned and
monitored for effectiveness to prevent exposure and
resultant student illnesses from a variety of pathogens,
both enteric (e.g. noroviruses, E. coli) and respiratory
HJFROGÀXYLUXVHV 7KLVLVHPSKDVL]HGE\UHVXOWVRI
a study in two daycare centers where 19% of surfaces
tested were positive for rotavirus.15 Rotavirus contamination was found on drinking fountains, water play
tables, toilet handles, and telephone receivers. There
can also be other consequences associated with poor
cleaning of school restrooms, with students describing
them as “unpleasant,” “dirty,” “smelly,” and “frightening,” and refusing to use them while at school, thus
suffering consequences such as constipation, urinary
tract infections, and incontinence.16, 17
Likewise, school locker rooms and gymnasium
surfaces and materials, if improperly cleaned and sanitized, can increase transmission of infectious agents
such as athlete’s foot fungi, Staphylococcus aureus, and
Herpes viruses. Absent effective cleaning, there is the
potential for widespread outbreaks among students, as
occurred with methicillin-resistant S. aureus (MRSA)
in a college football team.18 A recent extensive review
RI WKH VLJQL¿FDQFH RI IRPLWHV LQDQLPDWH VXUIDFHV  LQ
the spread of respiratory and enteric viral disease, stated
that “the rapid spread of viral disease in crowded indoor
establishments, including schools, day care facilities,
QXUVLQJKRPHVEXVLQHVVRI¿FHVDQGKRVSLWDOVFRQVLVtently facilitates disease morbidity and mortality.”
Further, it concluded that “level of cleanliness” is one
of a number of factors involved.19
Carpet. Although carpets in schools are usually
cleaned by an extraction process once each year, the
ODFNRIHIIHFWLYHPDLQWHQDQFHZLWKHI¿FLHQWYDFXXPLQJ
throughout the year permits the carpet dust reservoir
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RU³VLQN´WR¿OODQGEHFRPHDVRXUFH&DUSHWHGFODVVrooms are typically crowded with student desks and
other furniture, and manpower is usually lacking to
rearrange it to effectively vacuum the carpet even
once per week. Additionally, some vacuum cleaners
DUH LQHI¿FLHQW DW GXVW FDSWXUH DQG ODFN DSSURSULDWH
H[KDXVW ¿OWUDWLRQ 7KXV WKH\ VHUYH DV DHURVRO JHQHUDtors, collecting carpet dust and its pollutants, and aerosolizing them back into the environment.
As carpet becomes a source, children can be exposed
WR YHU\ ¿QH RU UHVSLUDEOH SDUWLFOHV  P  ZKLFK
may contain a variety of allergens from dust mites,
cockroaches, and cats (as antigens are brought to
school on clothing and shoes), as well as spores from
allergenic molds such as Cladosporium, Penicillium,
and Aspergillus. Research has shown that even dust
from well-maintained carpet can harbor in excess
of 1.5 x 105 mold spores and 1.0 x 107 bacteria per
gram of carpet dust.20 Thus, if carpet has been water
damaged from moisture intrusion or damp from inef¿FLHQW FOHDQLQJ PHWKRGV IRU PRUH WKDQ  KRXUV WKH
fungi and bacteria will grow and amplify rapidly. In
this situation, the carpet’s burden of fungal contamination, primarily as mold allergens, along with potential
WR[LFPHWDEROLWHV P\FRWR[LQV LQFUHDVHVVLJQL¿FDQWO\
as does the bacterial burden and its source of endotoxins (bacterial cell wall components that react with
lung tissue and are associated with respiratory illness).
The latter can induce fever, increase reactivity of the
airways, and induce bronchoconstriction and chest
tightness. Endotoxins also have the potential to boost
responses to inhaled antigens.21
Chemical pollutant exposures may occur as children
are exposed to respirable carpet dusts containing
residues of pollutants such as pesticides, cleaning
products, lead, and various volatile organic compounds
(VOCs) produced by microbial contamination. A
³PXVW\´ ³PROG\´ ³PLOGHZ\´ RGRU LV GH¿QLWLYH IRU
microbial contamination of carpet. Additionally,
carpet may serve as a fomite or mechanical means of
transmission of agents such as head lice or fungi that
cause skin infections, such as ringworm. These are
VLJQL¿FDQWULVNVIRUFKLOGUHQLQWKHORZHUJUDGHVZKR
might sit or lie on carpet for most of the school day.
In a study sponsored by the U.S. Environmental
Protection Agency (EPA), indoor air quality monitoring
for biological pollutants was conducted before and then
during professional carpet cleaning in 16 commercial,
public and residential environments.22 The sites
LQFOXGHG VL[ FOHULFDO RI¿FHV LQ KLJKULVH EXLOGLQJV
IRXU VHUYLFHEDVHG EXVLQHVV RI¿FHV DW JURXQG OHYHO
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¿YH VLQJOHIDPLO\ KRPHV DQG RQH HOHPHQWDU\ VFKRRO
classroom. The data showed a strong relationship
between the routine cleaning and maintenance of carpets
and resultant low levels of airborne fungi. The lowest
OHYHOV RI DLUERUQH IXQJL ZHUH LQ WKH FOHULFDO RI¿FHV
and the highest were in the homes and the school. The
FOHULFDO RI¿FHV ZHUH ULJRURXVO\ PDLQWDLQHG E\ GDLO\
vacuuming, monthly shampoo or bonnet cleaning, and
regular (every 12–18 months) hot water extraction.
7KHRI¿FHVDOVRKDGUHGXFHGWUDFNLQFRQWDPLQDWLRQE\
being above ground level, without animals or children.
Conversely, the homes and school classroom were
at ground level, had multiple pollutant sources, and
perhaps most importantly, were infrequently cleaned
and vacuumed.
Those results dramatically demonstrated the effort
required to maintain carpet in a healthy state and
prevent it from becoming a pollutant source. Extraction
cleaning should be done periodically according to the
industry standard for professional cleaning of textile
ÀRRU FRYHULQJV23 The standard calls for ensuring
that carpet is dried as quickly as possible to prevent
PLFURELDODPSOL¿FDWLRQ$IWHUFOHDQLQJFDUSHWVKRXOG
be maintained by frequent vacuuming with high
HI¿FLHQF\YDFXXPFOHDQHUVWKDWSURYLGHPD[LPXPGXVW
extraction and minimum dust resuspension to the air.
Careful attention to carpet cleaning, maintenance, and
moisture control provides the preventive care necessary
to keep the carpet sink from becoming a pollutant source.
Unfortunately, as mentioned previously, the monetary
and personnel resources needed to implement such a
program in a school environment are usually lacking.
Therefore, serious consideration must be given to the
question of whether or not to install carpeting in school
EXLOGLQJV:KLOHKDUGVXUIDFHÀRRULQJZLOOVWLOOUHTXLUH
routine cleaning and maintenance to reduce pollutants
at comparable costs, it will often reduce the potential
for an often neglected source in the classroom.
Heating, ventilating, and air-conditioning system
(HVAC). In a 15-year-old school building, 50% of the
occupants complained of a building-associated illness
characterized by eye, nose, and throat irritation, skin
rash, headache, and fatigue.24 Complaints included
a musty odor during the air-conditioning season.
Air-handling unit plenums and major air supply ducts
ZHUH OLQHG ZLWK D SRURXV LQVXODWLRQ 'XH WR GH¿FLHQFLHVLQDLU¿OWUDWLRQWKHLQVXODWLRQKDGEHFRPHSHUPHated with organic dusts after many years. Insulation
GRZQVWUHDPRIWKHFRROLQJFRLOVEHFDPHDPSOL¿FDWLRQ
sites for fungi, such as Penicillium, and bacteria such
as thermophilic actinomycetes. Both produce spores
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that can be deposited in the upper and lower airways
and result in a variety of respiratory illnesses. Airborne
concentrations of those microorganisms in classURRPV DQG RI¿FHV ZHUH XS WR  WLPHV WKRVH IRXQG
in the outdoor air. The acoustical insulation inside
air-handling units and air supply ducts functioned as
DPSOL¿FDWLRQVLWHVIRUPLFURRUJDQLVPV
The key to preventing air duct-related pollution
problems in school buildings is a combination of
proper design and dedicated inspection, cleaning
and maintenance. First and foremost, internal porous
insulation should be precluded from use in ductwork.
Even if sealed liner is used internally, it still maintains
the possibility of entrapping dust and debris, and it also
complicates the commercial duct cleaning process.
'XFWV FDQ EH LQVXODWHG H[WHUQDOO\ XVLQJ ¿EHUJODVV
wrap. If internal porous insulation is determined to
be a source of microbial contamination, it should be
removed or the ductwork replaced, as opposed to the
use of antimicrobials, biocides, sealants/encapsulants
² DOWKRXJK WKH ODWWHU PD\ EH EHQH¿FLDO LQ XQLTXH
circumstances.
Additionally, components of the HVAC system
must be designed and constructed to provide access
for easy inspection, cleaning and maintenance of all
FRPSRQHQWVWRLQFOXGH¿OWHUVFRROLQJFRLOVDQGGXFWwork. Access doors should be large and easy to open
to facilitate thorough and regular maintenance. Hinged
access doors are preferable to bolted access panels, and
condensate drain pans must be designed to completely
drain. Many pans are still designed and manufactured
with the bottom of the drain hole above the bottom of
the pan, always ensuring enough of a water reservoir to
produce a microbial soup whose contaminants can be
HQWUDLQHGLQWRWKHEXLOGLQJDLUÀRZ
$V UHVHDUFK LV VWLOO LQFRPSOHWH UHJDUGLQJ HI¿FDF\
of the variety of commercial duct cleaning practices
available to mitigate duct-related problems, emphasis
for ensuring a healthy school building should focus
instead on prevention of pollutant problems through
attention to design intervention and subsequent routine
inspection, cleaning and maintenance.
Animals in school environments. Small animals in
schools are recognized as valuable to the learning process.
They are aids to children learning principles of various
disciplines including among others, biology, ecology,
environmental science, behavior, geography and even
mathematics. They are also sources of environmental
pollution that must be addressed. Historically, teacher
classrooms in elementary and middle schools harbor a
variety of small animals such as hamsters, mice, guinea
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pigs, chinchillas, ferrets, rabbits, snakes, lizards, turtles,
chicks, ducklings and others. Children are afforded
opportunities to observe, feed, weigh, pet and otherwise
handle and care for these animals in order to have
meaningful life and educational experiences. While
teachers must assume responsibility for providing an
optimum environment for the animals, and preventing
their mistreatment, they must also realize the potential
for adverse health effects to the children in terms of
allergic and infectious diseases.
The most insidious exposure affecting children in
classrooms harboring animals, especially mammals,
is from allergens by the airborne route. Dander from
the animals as well as fungal and bacterial spores
and toxins from fecal and bedding materials may
induce or exacerbate allergic sensitivities. Asthma
in elementary school children is the leading cause of
school absences, and a major public health concern.
,QÀDPPDWLRQ DQG LUULWDWLRQ RI WKH XSSHU DLUZD\V DV D
result of allergen exposure may increase susceptibility
WRLQIHFWLRXVUHVSLUDWRU\DJHQWVVXFKDVFROGLQÀXHQ]D
and other viruses, as well as bacterial infection such as
streptococcal sore throat. Animals also have the potential
to transmit infectious agents through direct contact, such
as those causing salmonellosis and fungal infections of
the skin.
In order to minimize day-long exposures to allergic
and infectious agents, it is recommended that schools
dedicate one room to be an animal room, thus taking
active pollutant sources from the classrooms and
facilitating the cleaning process. The room will have
adequate cage racks, as well as mechanisms for
convenient feeding, watering and cleaning chores.
Most importantly, the room will have a dedicated
system of exhaust ventilation to carry dusts, dander,
allergens, and odors directly out of the building.
Teachers can periodically bring students to the animal
room for the required observation or experimentation,
rather than having the students exposed continually
LQ WKH FODVVURRP 5DWKHU WKDQ IDFH GLI¿FXOWLHV ODWHU
LQ DWWHPSWLQJ WR UHWUR¿W DQ DUHD DV DQ DQLPDO URRP
the concept should be addressed in the design phase
of a new building or planned renovation, when
the determination of the required heating, cooling,
YHQWLODWLRQDQGFOHDQLQJDQGPDLQWHQDQFHLVVLPSOL¿HG
Design for a healthy school building. First and foremost, the entire question of cleaning the school building,
WR LQFOXGH GHFLVLRQV RQ ÀRRU FRYHULQJV DQLPDOV DQG
access to the HVAC system, must be addressed in
the building’s design phase. Design intervention is a
useful strategy for controlling pollution indoors when
FALL 2019

it becomes necessary to match the built environment
with the activities that take place inside. Design intervention is important when designing new buildings as
well as when remodeling an old structure for new use.
Buildings and their furnishings need to be designed in
DZD\VRWKH\FDQEHFOHDQHGZLWKFOHDQLQJGH¿QHGDV
maximizing the removal of pollutants while minimizing
chemical, biological, particle and moisture residues.24,25

Healthcare Facilities
Hospitals and long-term care. A major challenge for
hospitals and long-term care facilities (LTCFs) is
prevention of transmission of infectious disease agents
resulting in healthcare-associated (or nosocomial)
infections. This requires attention to human and
environmental source control, activity management,
design and dilution intervention, and cleaning.26
Sources of infection can be managed either through
removal, such as in the case of mold-contaminated
EXLOGLQJPDWHULDOVRUPRGL¿FDWLRQVXFKDVE\SXUJLQJ
hot water systems to eliminate Legionella species.
Patients with active tuberculosis can be housed in
negative-pressure rooms, required to wear respiratory
SURWHFWLRQRUSODFHGLQODPLQDUÀRZEHGVXQWLOVKRZQ
to be non-infectious. Environmental sources can be
managed through a program of building maintenance that
ensures appropriate and routine inspection of potential
VRXUFHVVXFKDV+9$&DLULQWDNHVDQG¿OWHUEDQNVDLU
ducts, cooling towers, and hot water systems. Sources
FDQ DOVR EH PDQDJHG WKURXJK HI¿FLHQW DQG URXWLQH
cleaning and disinfection practices that inactivate and
remove potentially infectious particles and reduce
reservoirs such as carpet and other dust-contaminated
surfaces. The use of detergents in the wet cleaning of
VXUIDFHVDQGPDWHULDOVSURYLGHVIRUWKHHPXOVL¿FDWLRQ
of organic residues and thus the removal of associated
microbial pathogens. And as most detergent products
are formulations of quaternary ammonium compounds,
they typically have a disinfection or sanitization effect
resulting in the inactivation of microbial contamination
as well. Physical removal is crucial in the reduction
of bacterial-spore contamination, which may not be
eliminated merely by the application of a sporicidal
JHUPLFLGH2QHVWXG\RIKRVSLWDOÀRRUFOHDQLQJPHWKRGV
concluded that wet scrub cleaning using detergent
VROXWLRQZLWK³KDQGKRWZDWHU´ZDVWKHPRVWHI¿FLHQW
followed by spray cleaning, and then mopping and
vacuuming 27, while another study showed that wet
wiping with a detergent cleaner resulted in the physical
removal of approximately 3 log10 of Clostridium
GLI¿FLOHspores from environmental surfaces.28
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Also, the use of steam as a cleaning and disinfection
method has become more popularized with the
availability of a number of commercial equipment
SURGXFWV $ PRVW GH¿QLWLYH VWXG\ RI WKH FDSDELOLW\
of steam to inactivate a broad spectrum of human
pathogenic bacterial challenges dried on a hard surface
showed complete kill by exposure to steam vapor
within 5.0 seconds.33 In the study, the use of bacterial
challenges (4 log10-8 log10) of MRSA, vancomycinresistant Enterococcus faecalis, Salmonella enterica,
Pseudomonas aeruginosa, Escherichia coli, and
6KLJHOOD ÀH[QHUL exposed to a steam device with its
head covered with a cotton-terry material, showed
initial kill beginning at 0.5 seconds and continuing
through 1.0 and 2.0 seconds, with complete kill of all
challenges by 5.0 seconds.29 6XFK UHVXOWV FRQ¿UPHG
the fact that steam begins to kill vegetative bacteria
on contact, and that inactivation continues rapidly and
ORJDULWKPLFDOO\$QGLQXVHHIIHFWLYHQHVVRIPLFUR¿EHU
DQGVWHDPWHFKQRORJ\ZDVFRQ¿UPHGWREHVLJQL¿FDQWO\
more effective in controlling a norovirus gastroenteritis
outbreak than a two-step process involving detergent
cleaning followed by hypochlorite solution (1,000
ppm) with a 10 minute contact time.30
Activity management is the process of ensuring
that the building is used for the activities that it was
designed to accommodate. Sometimes when indoor
air pollutants are encountered, it is the result of the
building or section of the building being used for some
other purpose than that for which it was originally
designed. Examples include laboratories in structures
WKDWZHUHGHVLJQHGWREHRI¿FHVRUOLYLQJTXDUWHUVRU
RI¿FHV LQ DUHDV WKDW ZHUH IRUPHUO\ ODERUDWRULHV 8VH
of a building in the way that was originally intended
also facilitates and promotes a routine program
of inspection, maintenance and cleaning. Such a
program can become an afterthought when a hospital
is continually renovating the existing structure,
constructing additions, or otherwise modifying the
built environment.
As with schools, design intervention can be crucial
to healthcare facilities, and may include special
H[KDXVWYHQWLODWLRQRURWKHUDLUÀRZUHTXLUHPHQWVRUWKH
removal and exclusion of certain building or furnishing
materials that are particularly susceptible to microbial
contamination, such as ceiling tile and carpet. Design
intervention might make use of the dilution process to
lower airborne concentrations of pollutants through the
introduction of more clean air. Very small infectious
airborne particles, typically referred to as droplet
QXFOHLFDQEHPRYHGE\DLUDQGFDSWXUHGE\DLU¿OWHUV
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For example, a study was conducted to investigate the
HIIHFWLYHQHVV RI LQURRP DLU ¿OWUDWLRQ ZLWK GLOXWLRQ
ventilation for control of TB infection.31 Results showed
WKDW YHQWLODWLRQ SOXV UHFLUFXODWLQJ DLU ¿OWUDWLRQ FRXOG
reduce average room particle concentrations by 30%
to 90%. This, in combination with source-management
approaches such as treatment booths and respiratory
SURWHFWLRQ FRXOG VLJQL¿FDQWO\ ORZHU WUDQVPLVVLRQ
potential in high-risk settings. Similarly, in controlling
nosocomial aspergillosis, high air-exchange rates are
the most effective, particularly in combination with
SRLQWRIXVH¿OWUDWLRQ32

Daycare and Home Healthcare Environments.
As with schools and LTCF facilities, daycare centers
and home healthcare environments can present
VLJQL¿FDQWLQIHFWLRXVDOOHUJLFDQGWR[LFH[SRVXUHULVNV
to susceptible occupants. Therefore, requiring routine
attention to environmental management through
effective cleaning practices is essential.
Pre-school children are not just small adults. They
have higher respiratory and heart rates than adults,
plus unique oral behaviors, immature livers, kidneys,
and immune functions that render them at high risk
for adverse health effects from indoor exposures.
And as mentioned previously, the elderly suffer from
naturally waning immune function, as well as that
which is treatment-induced, often in conjunction with
the effects of a variety of chronic diseases. Similarly,
individuals convalescing at home from chemotherapy,
transplantation, AIDS, or other conditions, are rendered
especially susceptible to infectious and toxic effects
from accumulating indoor pollutants.
Thus, to decrease exposures in all of these special
environments, their indoor environmental reservoirs
must be routinely managed through effective cleaning
programs. In this regard, emphasis should be placed on
the physical removal of soil and associated pollutants
through the use of effective cleaning practices, such
as the use of detergent products on hard surfaces.
7KLV FOHDQLQJ DSSURDFK FDQ VLJQL¿FDQWO\ GHFUHDVH
pollutants, to include microbial pathogens, and thus
minimize the use of germicides, which may leave both
biological and chemical residuals as contaminants. In
WKLV UHJDUG RQH VWXG\ FRQ¿UPHG WKH HIIHFWLYHQHVV RI
vacuuming plus wet washing with detergent on various
hard surfaces for the removal of lead-contaminated
dust in home environments.33 And a study looking
to control mold and mildew in home environments
showed the effectiveness of an approach combining
moisture control, cleaning, and the targeted use of
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disinfectant in reducing potentially allergenic and
opportunistic molds.34
&OHDQLQJUHPDLQVWKH¿QDOGHIHQVHLQPDQDJLQJLQGRRU
environmental contamination. Even if source management, activity management, design intervention, and dilution ventilation have all been optimally used to control
infectious aerosols, cleaning is still necessary, although it
should become easier as each strategy is improved.
The importance of cleaning was demonstrated
in a year-long study of cleaning effectiveness in a
non-complaint multiuse building with laboratories,
RI¿FHV PHGLFDO H[DPLQDWLRQ URRPV DQG D GD\FDUH
unit with 62 children.35, 36, 20 The routine use of highHI¿FLHQF\ YDFXXP FOHDQHUV GDPS GXVWLQJ DQG WKH
XVH RI HI¿FLHQW DQG OHVV SROOXWLQJ FOHDQLQJ SURGXFWV
RQ KDUG VXUIDFHV SDUWLFXODUO\ LQ KLJKWUDI¿F DUHDV
along with installation of entryway mats to reduce
track-in, and rapid attention to events such as leaks and
spills, resulted in meaningful decreases in particulate
and microbial contamination on surfaces and in air,
as well as overall reduction of total volatile organic
compounds (TVOCs). After seven months of improved
cleaning practices and environmental monitoring, the
data showed meaningful decreases in airborne dust
mass (50%), airborne fungi (61%), airborne bacteria
(40%), carpet dust fungi (40%), and carpet dust bacteria
  DQG HQGRWR[LQ   RYHU WKH SUHYLRXV ¿YH
months before attention to cleaning was implemented.
Perhaps most importantly, the data revealed intricate
information about the indoor ecosystem and how
source management and cleaning together can stabilize
microenvironments and help prevent pollutant buildups
that can compromise human health and valuable
materials. For example, quantitative measurements of
airborne dust mass and carpet dust mass showed an
inverse relationship between the two, i.e. as carpet dust
is disturbed and resuspended, dust levels in the carpet
decrease and airborne dust levels increase. Conversely,
as airborne dust settles onto carpet, total airborne dust
mass decreases and carpet dust mass increases.36 And
airborne biopollutant monitoring showed occasional
spikes of Penicillium, Aspergillus, and gram-negative
and actinomycete bacteria, thus demonstrating that
the indoor environment is indeed an ecosystem with
QRUPDO ÀXFWXDWLRQV \HW ZLWK DWWHQWLRQ WR VRXUFH
management through routine cleaning and immediate
DWWHQWLRQWRXQH[SHFWHGRFFXUUHQFHVWKRVHÀXFWXDWLRQV
can be controlled.20
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Public Transport Environments
Current threats of pandemic respiratory disease and
bioterror incidents bring a focus of concern to the need
for effective cleaning and decontamination protocols
addressing public transport vehicles (e.g. airplanes,
trains, buses, subways, cruise ships, etc.). In those
situations, the decontamination approach must again
SODFHDQHPSKDVLV¿UVWRQWKHSK\VLFDOUHPRYDORIWKH
pollutants, which in itself is a sanitization process. This
can involve the use of HEPA vacuuming in combination
with a practical wet cleaning/sanitizing method that
effectively reduces the pathogen burden to a level below
an infective threshold, while minimizing the introduction
of chemical pollutants into the environment being
addressed. This type of approach presents a practical
and feasible alternative to the massive use of chemical
germicide sprays and gases which can present a major
hazard to remediators and occupants, as well as valuable
¿QLVKLQJDQGIXUQLVKLQJPDWHULDOV37

Conclusion
The indoor environment is recognized as a delicate yet
complex ecosystem wherein contaminant reservoirs can
easily become pollutant sources through the lack of an
effective and frequent reduction and removal process
called cleaning. In order to maintain an ecological
balance and promote the health of the indoor environment
and its occupants, effective cleaning practices for both
the prevention and remediation of biological, chemical,
and particulate pollution in special indoor environments
PXVWEHLGHQWL¿HGDQGHYDOXDWHGDQGWKHQLPSOHPHQWHG
on a routine basis. And the only successful approach
toward the accomplishment of this goal is through a
dedicated and sustainable cooperative industry effort in
the area of cleaning science research.
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