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SUMMARY

Microorganisms are increesngly identified as etiologic agents in Building Related Ilinesses (BRI).
Infectious, dlergenic, toxic, and irritationd presentations by building occupants are causaly liked to
microbid infestationof the workplace. Infidd sudiesof schoolsand office buildingswhere BRI symptoms
were manifest, data support the hypothesis that illnesses result from exposure to excessive bioaerosols.
The data aso confirm that microbid prophylaxis can be achieved by &ffixing slane-modified quaternary
aminesto interior surfaces. These agents chemicaly react with numerous substrates to produce durable
antimicrobia surfaces which reduce microbia populaions and inhibit recolonization. The functiondity of
these activated surfaces enables the destruction of microorganisms which contact them, thereby reducing

aerobiological presence.

INTRODUCTION

The etiology of Building Related Iliness (BRI) is
increesngly investigated, reveding an array of
arborne dlergens, infectives, irritants, and
toxicants in the non-industrial workplace. [3].
Higoricdly, valdile organic compounds(V OCs),
combustion by-products, respirable suspended

have been reported as causdive agents in
numerous investigations of BRI [3]. Whilethese
agents have been detected in the indoor
environment, frequently they are not present in
auffident concentration to produce the variety
and levels of human response observed [16].
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Editor’s Note: Technology and product references in this article have been updated to current status. The
silane quat antimicrobial technology and productswere originally devel oped and commercialized by Dow
CorningCorporation. AEGI SEnvironments was established in 1990 to further develop and commercidize
this unique antimicrobia technology and purchased Dow Corning’s Antimicrobials Business in 1995.
Although the basic chemistry of the active ingredient remains unchanged, AEGIS’ patented and/or
proprietary advancementsin applicationengineeringand surface modification technology havesignificantly
improved the performance, durability and safety of the technology and products.




Investigators are now chalenged to ducidate
gpecific human response profiles for the myriad of
potential  contaminants in order to develop
appropriate drategies for proper sourcing,
remediation and, if possible, prophylaxis.

Inadequate ventilation has been most frequently
reported as the primary problem (52%) affecting
workers [11]. But, this convenient grouping is
generdly used to describe environmentswhere 'no
gpecific sources of environmental contamination
and generdly low concentrations of contaminants
arefound in our environmental monitoring [10].

The microbiologica contribution to BRI has often
been ignored. Yet, microbid contaminants can
initiate and/or potentiate each of the symptoms
associated with BRI, Microbes were reported as
causdtive in only 5% of BRI outbreaks[11]. This
may be an underestimation of microbid influences
that results from a narrow focus on more
spectacular BRI manifestations that  include
respiratory illnesses such as humidifier fever,
Legionnares Disease and hypersengtivity
pneumonitis.

The milder, acute discomforts more frequently
reported may result from sustained or repeated
exposure to moderate levels of microbioaerosols
or biogenic metabolites in the workplace. This
exposure may prove to be the proximate cause of
a large percentage of illnesses that are frequently
sourced to ‘poor ventilation.” A Working Group
of the World Hedth Organization recently
reported that the combined effect of dl biologica
ar contaminants in building ar is thought to
account for asubstantia proportionof absenteeism
in schools and workplaces. It was of the opinion
that through reductions in biologicd air
contaminants in the indoor environment, a
ggnificant reductionin acute infections and dlergic
episodes could be achieved [18].

In arecent report on 30 buildings, dl of the

Airborne transmissionof respiratory infections has
been demondtrated for bacteria, fungi and viruses
[8]. Inastudy of respiratory illnesses at 4 Army
traning centers, researchers concluded that
trainees housed in modern barracks were 50%
more likely to contract arespiratory infection than
those housed in older, drafty buildings [4].

Hypersengtivity resuting from exposure to
arrborne fungi is well documented [1]. Although
frequently perceived to be outdoor, seasonally-
mediated events, elevated levels of airborne mold
spores, hyphd fragmentsand mold metabolitesare
known to be indoor, perennid phenomena in
buildings with contaminated carpeting or HVAC
gystems. Thesymptomatic presentation of persons
occupying these buildings appears related moreto
indoor rather than outdoor influences and subside
when subjects are away from the office
environmen.

It has been reported that rooms with carpeting
have sgnificantly higher levels of dust than rooms
with bare floors, that microfunga counts were
found to be sgnificantly higher indust fromcarpets
thanfrom bare floors, and that the leve of organic
macromolecular components was found to be
higher in dust from carpets than in dust from bare
floors[7].

Such work provides sufficent data to suspect
microbia contaminants in a mgority of BRI
outbreaks. Confirmationa data, however, has
been dusve due to its ubiquitous nature and the
lack of avaldbility of remediation dtrategies.
Previoudy, it has been impossible to subgtantidly
ater the microbiologica profile of a building unless
sources of gross microbid contaminationcould be
identified and removed. Consequently, much of
the previous datareflect on microbia contribution
from humidifie's and HVAC components.
Ambient



microbioaerosols contaminants sourced to
carpeting and other textiles are rarely studied or
linked to illness unless mald hypersengtivity
among occupantsisknownor suspected or studies
are directed a nosocomid infections.

Although antimicrobia agents were available to
reduce microbid reservoirs, they were incapable
of producing substantive and sustained
aeromicrobiologica control.  Also, toxic or
irritational response to these agents can obscure
observationof symptomatic variancesconcomitant
with fluctuations of microbioaerosol presenceand
dengty.

Selectionof an appropriate materid was critical to
the execution of the experimental design of this
work.  Antimicrobid agents vary gregly in
chemicd type, mode of action, durability and a
variety of other properties. The propertiesof one
of the classes of immohilized slane quaternary
amines, 3-trimethoxysilylpropyldimethyloctadecyl
ammonium chloride, AEGIS Antimicrobid, led us
to chooseit. Thisagent hasbeen used successfully
to provide durable, long-lasting, broad-spectrum
antimicrobial activity [6, 9, 15]. It was EPA
registered for our intended use and known to
produce antimicrobial surfaces on key building
subgtrates. Its chemical resctivity to surfaces and
to itsdf reduces the ability for this materid to
partition into the environment. Unlike most other
antimicrobids, this property greatly reduces the
risks of the materid becoming involved as a
reactant with people [13]. As a membrane
interrupter [14], risks of adaptation by inductiveor
mutationd mechaniams are diminated.  This
provides investigators an opportunity to study
dinicd effects of ambient micro flora on building
occupants.  When microbid reservoirs are
destroyed to reduce biologica contribution to the
ar and antimicrobid activation of the surfaces

continuoudy decreases airborne microbial
densities, we should be able to observe variations
in clinical response profiles of persons reporting
BRIs secondary to reduced exposure to airborne
microbes.

During the past 3 years, we have investigated BRI
complaints in more than 30 buildings throughout
the US. During our firgt investigation & a school
where more than 200 students and dtaff
complained of illness, we observed a substantial
reduction of microbioaerosol presence resulting
fromapplicationof a surface-bonded antimicrobia
agent to the school’ scarpeting. Within 2 weeks of
the trestment, complaints ceased [2].

In the present investigetion, we report on the first
attempts to determine whether ambient
microbioaerosols within buildings can be regul ated
by the application of slane-modified quaternary
amines to carpeting. We further attempt to
observe whether or not dinicd complaint profiles
can be linked to and pogtively influenced by
reduced exposure to microbid pollutants in the
workplace.

MATERIALSAND METHODS

Antimicrobial Treatment of Carpeting

An aqueous solution of 3-
trimethoxyslyl propyl dimethyloctadecyl ammonium
chloride was applied to dry carpeting in
accordance with the manufacturer’'s
specifications[5] Carpeting was not cleaned prior
to antimicrobid gpplications.

Building occupantsin 6 of the buildings were not
aware of any remediation activities. Although
samples were performed during norma work
hours, application of the treatment was performed
at night or on weekends without their knowledge,



Aerobiological Sampling Methods

This study was designed to determine gross
variances of bioaerosol presence within large test
areas. Gravitationd sampling was utilized to
provide broad aeromicrobiological profiles of test
zones, thereby endbling a quantification of
retrievals prior to the following trestment.

Although the recovery of airborne agents, oftenin
patterns that roughly pardld dinicad events, has
fostered widespread confidence in the vdidity of
fdlout techniques[12], this retrieval method cannot
be used to quantify changes in aerobiological
dengties. However, the repeated demonstration
of datidicdly ggnificat variances from a
auffidently high number of sampling locations
provides confidence in identifying an event as
causal and alowsfor gross comparisons at specific
sample stes.

Two week prior to trestment, standard plastic
petri dishes containing Sabauroud Dextrose Agar
(SDA: BBL) wereplaced at floor level in random
arrays (40-90 stes per building) throughout test
zones. Plate locations, time, activity and ambient
conditions within zones were recorded.

Two weeksfollowing treatment, petri dishes were
placed at floor leve in the same locations. Post-
trestment sampleswere designed to replicate pre-
treatment conditions as closaly as possible.

All plateswere exposed for 1 h, sedled and sent to
the laboratory for incubation and enumeration.

Culturing and Enumeration

Plates were incubated at 30°C and counted after
48 h and again after 72 h. Final counts were
reported as those observed at the 72 h

Table 1

count with confirmetory readings after 7 days.
Care was takento avoid secondary seeding of the

plates by primary isolates of dry-spored types.

Colony counts were performed on al retrieva
plates and differentisted into two groups:
filamentous fung and al others. Identification of
the isolates was not performed.

RESULTS

Dataand observations of 10 buildingsarereported
in this paper. These are representative of all
buildngs we have invedtigated, both in
quantificationof variancesand dinica observations
of occupant response.

The pre and post treatment retrieval averages are
reported in Table 1.

These averages are derived by dividing the tota
number of colonies retrieved by the number of
plate Stes.

The variances between pre-treatment and post-
trestment retrieval averagesrange between 71 and
98%. Within this group of buildings, 2 (20%)
showed greater than90% change, 9 (90%) greater
than 80% change, and 10 (100%) greater than
70% change.

The actud retrieva countsat 33 Steswithin atest
building are representative of patterns observed in
the 10 buildings in this sudy. The pre-trestment
variances range from 2 CFU/plate to 156
CFU/plate whereas the podt-trestment retrieva
counts range only from O CFU/plate to 4
CFU/plate. This stabilization of the
aeromicrobiologica retrievas is noteworthy aong
withthe congstently effective reductionin numbers
retrieved.



FungaJ Retrievalsin 10 Buildi ngs Pre-and Post-AEGIS Antimicrobial Treatment
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Building 10

Pre-Tr., CFU/Plate
Post-Tr., CFU/Plate
Variance

No. of Sites

134

87%
50

28.0
1.7
71%
29

54.0
8.0
98%
33

40.2 32.0

1.0
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45

14
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20.3
4.8
83%
47

36.0
35
89%
14

26.0
4.1
85%
30

27.4
4.0
88%
20

17.0

33 29
83%

15



Following are descriptive accounts of the
observations made at each of the test buildingsites:

Retrieval Data

Pre: 13.4 CFU/Plate
Post: 1.7 CFU/Plate
Reduction: 87.3%
Sample Sites: 50

Fidd Sudy 1: February 1986
Facility: Campbell County

Location: Alexandria, KY

This two-story building, constructed in 1979,
houses approximatdly 4,560 studentsand 45 staff
members. Within 1 year of the school opening, a
smdl number of teachers and students complained
of dlergiesand respiratory problems they linked to
the school.

By 1985, problems affected more than hdf of the
student and gaff population. NIOSH, OSHA,, the
Kentucky Labor Cabinet, and private consultants
were brought in to investigate. They found
excessve levds of CO, and fung which they
bdieved resulted from improperly functioning
HVAC units that permitted excessve levels to
accumulate in the air, producing an dlegic
response.
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Figure 1. Funga Retrievas Per Site Pre-and Post-Treatment with
AEGIS Antimicrobia Treatment at 33 Sites in One Building.

They recommended extensve sructurd repairs
and modifications of the HVAC systems.

A microaerobiologic survey of the school on
February 4, 1986, produced an average of 13.4
fungad CFUs per plate, even though HVAC units
had been modified to permit greater air exchange
and carpets had been cleaned and disinfected 8
times witha conventiond biocide. The complaints
persisted. The school was treated with AEGIS
Antimicrobid on February 15. Pogt-treatment
andyssrevealed that fungd leves had dropped to
1.7 CFUs per plate, areductionof 87.3%. Within
7 days of the treatment, complaints had ceased.
There have been no reports of additiona
complaintsto date.

Fied Sudy 2: October 1986

Facility: Withheld a Owner's
Request

Location: St. Petersburg, FL

Retrieval Data

Pre: 28.0 CFU/Plate
Post: 8.0 CFU/Plate
Reduction: 71.4%
Sample Sites: 29

This 9-year-old building contains offices and a
large printing shop area.  Numerous employees
within both sections complained of respiratory
alments dizzinessand flu-like symptoms. Organic
volatiles were suspected, but vapor anadysis
showed leves to be wdl below threshold limit
vaues.



An aeromicrobiologica survey was conducted in
October, producing an average of 28 CFUs per
plate. AEGIS Antimicrobid was applied to
carpeting and wdls in January, 1987. Post-
treesiment andlyss in February produced an
average of 8.0 CFUs per plate, a71.5% reduction
in fungd aerosols.

All workers who had previoudy complained of
respiratory allments reported feding much better
after the treetment. No complaints have been
reported by any workers to date.

Field Study 3 March 1987
Facility:1 City Center Building
Location: Rochester,

New York, NY

Retrieval Data

Pre: 54.0 CFU/Plate
Post: 1.0 CFU/Plate
Reduction: 98.2%
Sample Sites: 33

Severad areas within this 5-story structure were
subjected to serious water damage from a
ruptured standpipe. A sgnificant amount of
carpeting was replaced. Shortly after ingdlation,
workers complained of odors and hyper-
responsve alments that included headaches,
burning eyes and upper respiratory infections.
Thesesymptomsdisappeared whenaway fromthe
work environment.

An aeromicrobiologica survey was conducted in
February, 1987 and reveded excessve fungd
levels. An average of 54.0 CFUs per plate were
retrieved, athough no visible growth wasfound in
the building or itsHVAC sysgem. InMarch 1987,
AEGIS Antimicrobid was applied to 3 of the 5
floors.  Aeromicrobiologicd andyss in May
showed the microbioaerosol level had dropped to
an average of 1 CFU per plate at the 33 sample
gtes. Although some odor complaints have been
reported, no office-related hedth complaints have
been received from personsin treated aress.

Field Sudy 4: April 1987

Facility: Withheld at
Owner’s Request

Location: Keystone, CO

Retrieval Data

Pre: 40.2 CFU/Plate

Post: 1.4 CFU/Plate
Reduction: 96.5%
Sample Sites: 45

Guests occupying 4 of the condominiums within
this resort complexfrequently complained of musty
odorsand mald dlergiesduring their stay. InApril
1987, the condominiums were sampled prior to
goplication of AEGIS Antimicrobial. Pre-
trestment sampling produced an average of 40.2
CFUs per plate within the 4 units.

Aeromicrobiologicad sampling performed 4 h after
trestment showed a 61% reduction, producing an
average of 15.7 CFUs per plate. Sampling
performed in December 1987, produced an
average of 1.4 CFUs per plate, a reduction of
96.5% of the origind levd. No odor or allergic
complaints have beenreported sincethe unitswere
treated.

Fiedd Sudy 5 July 1987

Facility: Withheld a Owner’s
Request

Location: Clearwater, FL

Retrieval Data

Pre: 32.0 CFU/Plate
Post: 4.8 CFU/Plate
Reduction: 85.2%
Sample Sites: 20

Owners of this 2-year-old building had received
numerous hedth complaints from 12 workers
located within 2 officeareas. High humidity levds
and moigture incursion were linked to high funga
concentrations within the ar. Mgor design
modifications of the HVAC sysem were
proposed.

In June 1987, aeromicrobiologica surveys
reveded fungd levds averaging 32.0 CFUs per
plate. Carpeting was trested with AEGIS
Antimicrobid in July. Post-treatment sampling
produced an average of 4.75 CFUs per plate, a
reductionof 85.2% in airborne fungi. All workers
showed improvement within 5 days of



treetment, and no BRI symptoms have been
reported.

Fidd Sudy 6: August 1987
Facility: US Homes Building
Location: Clearwater, FL

Retrieval Data

Pre: 20.3 CFU/Plate
Post: 3.5 CFU/Plate
Reduction: 82.7%
Sample Sites: 47

Numerous employees on the 2 and 4" floors

of this building presented with BRI complaints.
Although modifications were made to the HVAC
gystem to ensure dfident performance and
increased make-up air, the complaints continued.

In January 1987, aeromicrobiologica sampling
was peformed to determine the level of
microorganiams.  Test Sites (47) reveded an
average catch of 20.28 CFUs per plate, with a
highcount of 107. Fatingindudedthear handlers
on each floor. However, counts on plates
exposed to exhaugt ar fromHVAC plenumswere
much lower than anticipated.

Application of the AEGIS Antimicrobid was
completed in Jly. Pog-trestment sampling
produced an average of 3.5 CFUs per plate, an
82.7% reduction in arborne microorganisms.
Management has not received complaints from
workers on treated floors since July.

Fidd Study 7: August 1987
Facility: Withheld
Location: Clearwater, FL

Retrieval Data

Pre: 36.0 CFU/Plate
Post: 4.1 CFU/Plate
Reduction: 88.6%
Sample Sites: 14

Three workers who experienced moderate to
severe symptoms only while a work occupy
offices located within this complex. These
symptoms developed within 2-3 months after
moving into the building. They complained of Snus
congedtion, itchy eyes and ocular infections,
blurred vison and headaches. Absentesism was
high.

Pre-treatment andysis of the ar reveded an
average of 36.0 fungd CFUs per plate. AEGIS
Antimicrobid was applied in August. Post-
treatment sampling produced 4.1 fungd CFUs per
plate, areduction of 88.6%. Although 2 of the 3
workers reported feding improved during the
week following the trestment, no medical or
complaint data are available after that time.

Retrieval Data

Pre: 26.0 CFU/Plate
Post: 4.0 CFU/Plate
Reduction: 84.6%
Sample Sites: 30

Field Sudy 8 October 1987
Facility: Withheld at

Owner's Request
Location: Miami, FL

Numerous workers within 5 isolated areas within
the building complained of mildew odors, burning
eyes, tight chest and abnormadly high infection
rates. Workers in other sections of the building
were not affected.

Aeromicrobiologicd analyss of these areas was
conducted in September 1987, producing an
average of 26.0 CFUs per plate. AEGIS
Antimicrobid was applied to carpeting in these
areas during October. Pod-treatment analysis
produced an average of 4.0 CFUs per plate, a
reduction of 84.6%. All but 2 workers reported
dleviation of symptoms within 10 days of
treatment. No additional complaints have been
received.

Retrieval Data

Pre: 27.4 CFU/Plate
Post: 3.3 CFU/Plate
Reduction: 87.9%
Sample Sites: 20

Field Sudy 9: November 1987
Facility: Withheld at

Owner's Request
Location: Tampa, FL

Discussions with employees reved ed widespread
complaints of stale, musty odors and respiratory
alments. Anayssof theHVAC system reveded
operational status exceeded ASHRAE standards.






An aeromicrobiologica survey of the building
demondrated high fungal prevaence, showing

anaverage of 27.4 CFUs per plate. InNovember
1987, AEGIS Antimicrobia was applied
throughout the building. Podt-treatment analysis
produced 3.3 fungal CFUs per plate, areduction
of 87.9%. Although most employees reported
sgnificant improvements, persons withinone office
continued to report discomforts. This office was
re-treated in January 1988. We havereceived no
complaints of office-rdated illness since that time.

Field Sudy 10: April 1988

Facility: Withheld at
Owner's Request

Location: Cincinnnati, OH

Retrieval Data
Pre: 17.0 CFU/Plate
Post: 2.9 CFU/Plate

Reduction:82.9%
Sample Sites: 15

In 1987, new offices were constructed to house
the Accounting Department workers.  Within 3
months of completion, workers complained of
heavy odors and symptoms including headaches
and burning eyes. The receptionist for thisarealis
mold-sengtive and most affected. Workers from
other parts of the buildng adso complained
whenever they entered these offices. OSHA
conducted vapor analyses of the area but found
only trace levels consstent with the rest of the
building.

An aeromicrobiologica survey produced an
average of 17 CFUs per plate. Application of
AEGIS Antimicrobid sgnificantly reduced odor
and complaints in all but the reception area.
Further examindion revealed heavy fungd
infestation on carpeting benesth the chair mat of
the receptionist. Re-treatment of this small area
diminated the odors and dlergic discomforts.
Pogt-treatment sampling produced an average of
2.9 CFUs per plate, areductionof 82.9%. There
have been no reports of odors or office-related
illnesses since the trestment.

DISCUSSION

The data and observation reflect upon the red-
world enwironment of building occupants,
demondrating the ability to effectively reduce
aeromicrobiologica pollutants in the workplace
and to relieve discomforts and morbidity that can
be associated withmicroorganisms. Whenwefirst
began to study BRI, our perceptions were
conditioned by traditiona bdliefs that persisttoday;
microorganisms play only a minor role in the
development of symptoms caused by poor indoor
ar qudity. Organic vapors, physicd irritants and
“dde ar’ were consdered primary causative
factors in as high as 90% of worker headlth
complaints.

The samdl percentage of problems that werelinked
to microbia pollutants was believed to result only
fromgrossfungd infestation of HVAC systems or
carpets that were contaminated from flooding.

Asour researchcontinued, real-world experiences
forced us to re-evaluate conventiond theory. The
data consigtently showed that air in buildings with
highworker complaint profilescontained excessve
levels of microbid pollutants.

In the 10 invedtigations in this report of SBSBRI
within a large diversity of building designs and
geogrephies, symptomatic improvement was
uniformly reported by workers, and reduction of
microbiocaerosols levds were observed after
trestment of the carpeting withthe slane-modified
quaternary amine. While these data are not
conclusive, it forces us to didodge traditiona
perceptions and expand our research efforts to
better understand the short and long term health
effectsthat result fromexposure to microbiologica
pollutants in the workplace.






This study provides data which support previous
dams that carpeting contributes substantively to
aeromicrobiologica presence within buildings. It
is the firg attempt to determine whether or not
microbioaerosol presence canbe regulated by the
gpplicationof slane-modified quaternary aminesto
carpeting and bereflected in agar place retrievas
and in human response.

Thus, our investigations present strong evidence of
microbid involvement in the acquistion of
SBSBRI and reved an effective remediation tool
in the form of the slane-modified quaternary
amines. The reaults, while anecdotd from a
datistical sense, present strong evidence of a
causa linkage between environmenta surfaces,
such as carpeting, as microbia reservoirs and
human response.  We bdieve this presents
sgnificant indght intothe complexissuesrdaingto
the role of microorganismsinindoor ar qudity and
offers a new base for experimenta desgn and

hypothesis.
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