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Abstract

lssues associated with deactivating clumped spores of a biological pathogen are discussed within the
context of decontaminating a civil facility using reactive gases. It is argued that gases will Prove necessary
to fully complete a decontamination and restoration operation following contamination with a bioiogical
pathogen. This is simply due to the fact that pathogenic agents may have found their way into hidden and
otherwise inaccessible spaces, such as air ducts and cracks, where liquid-based reagents may prove
impractical to employ. Results are given for ozone de-activating both clumped and dirty spores of the
pathogen surrogate B. globigii. Re-hydration of dry spores is found to greatly enhance the effectiveness of
ozone. The re-hydration process is found to require hours if moist air is employed as the source of water
At hugh relauve humidity, capillary condensation of water within spore clumps is found to adversely effect
the global deactivation rate in clumped spores. The cleanliness of the spores did not significantly affect the
global kinetics, Using selected electronic materials, estimates of collateral damage induced by the reactive

gas are also reported.
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Introduction

A terrorist antack involving chemical and/or
biological warfare agents is seen by some analysts as
a growing possibility. In response, tools and
strategies are being developed for such incidents.
These include early detection sensors, crisis
management planning, forensics, and
decontamination strategies. This paper focuses on
decontamination and restoration issues. Clearly, the
optimum is a single decontamination method,
effective against all threats under all environmental
conditions, and which i1s non-toxic and non-
corrosive,  However, this simply may not be
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possible and it may prove necessary to employ a
suite of decontamination systems.  Different
scenarios also suggest different responses. For
example, attacks in non-essential facilities may
warrant an aggressive decontamination followed by
systematic destruction and disposal of the entire
facility. However, one should also prepare for
decontamination of high value facilities, such as
financial centers, defense establishments, and unique
cultural sites. Collateral damage and residual
chemical hazards associated  with  the
decontamination reagents will be important
considerations in such cases. Decontamination
reagents should have a short lifetime and decompose
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without endangenng civilians or preventing re-
oceupation, Procedures must ultimately be
defensible to regulatory agencies and to the public.
Time constraints placed on decontamination in
civilian facihities also differ than those placed on
traditional military operations.  Militarily, it is
crincal to first protect the soldier and then 1o
decontaminate 1o an acceptable level. This must be
accomplished in the shortest time possible so the
mission can continue. In domesnce scenanos, time 1s
of less consequence but collateral damage, public
perception, and re-certification may assume a much
greater role.

Operationally, decontamination will likely consist
of: (1) cleanup of gross quantities of agent, such as
puddies and/or clumps; (2) spot decontamination of
surfaces and equipment; and (3) cleanup of “hidden™
contamination 1n ductwork or naccessible areas.
The focus of this work 1s on (3), that s,
decontamination of small quantities of agent in hard-
lo-rcach arcas. For such cases; one might consider
the use of liquid-phase reagents dispersed as a spray,
foam, or gel. However, surface tension of liquid
formulations will ultimately limut permeation of
reagent into small diameter pores, cracks, and cul-
de-sacs. Certain spaces (e.g. air ducts) may simply
not be readily accessible 1o reagent. Reactive gases
may be the only practical means to neutrahze agent
in hidden and hard-to-reach spaces. Of course, gases
can be used n conjunction with, or following,
appheation of liquid phase reagents. The primary
objective of this study 15 to denufy and explore
1ssucs associated with the use of reactive gases n
deactivating biological pathogens in the form likely
to be employed by terronsts, This mcludes spore
clumps derived from clean dry spore aerosols and
trom un-washed, or dirty, spore solutions. Another
objective 15 to dentify environmental factors which
impact the effectiveness of paseous neutralizers.
This includes temperature, relative humidity, agent
purity, and capillary condensation. The final
objective 15 1o conduct an assessment of the
collateral damage induced in sensitive equipment.

The current study basehines ozone, with exploration
of other candidate gases to follow, Free radical
producing specics such as ozone are very effective
hocades (1) and may also be effective as oxidizers
against residual amounts of chemical warfare
agents. Thus. we have chosen 10 employ free radical

generating ozone (O,) first, despite some concern
over a slow reaction rate with certain nerve agents,
There are several reasons for this choice. First, there
is a current need to prepare for 2 release of
biclogical agents. Ozone is a good general biocide
in the presence of water (e.g. it is the method of
choice for water purification in manv locations).
Second, while ozone 15 somewhat corrosive, the data
suggest that short term acute ozone exposures should
not cause excessive collateral damage (2). Ozone
also leaves no residue.  Another reason for
employving ozone is that large-scale generating
systems (up to 4000 pounds per day) are
commercially available and could be fielded on shon
notice. However, no claim 15 made at this time that
it 15 necessarily the “optimal™ biocidal gas to use n
decontaminating civil facilities.

Early use of ozone as a gaseous mooide was
motivated by a perceived need to sterilize operating
theaters while surgery was underway (3.4). Ozone
levels were maintained below the human threshold
limit (! ppm inair). It was found that ozone gas was
not particularly effective at those concentrations, At
higher concentrations however, it proved effective
against aerosolized biological organisms, agains
biological aerosels which have settled-out on
various surfaces, and against airborne microbes (3).
More recent work using ozone gas has focused on
disinfecuing clean rooms devoid of people using
concentrations in the range of 1500 ppm in air (4,5).
Defense establishments have also developed and
tested neutralizers. However, military neutrahzers
such as D52 and formaldehyde, and gases such as
HCl and ethylene oxide, may simply not be
appropriate for use in high value civil facilivies.
First, they may leave o hazardous and persistent
residue.  Further decomtamination may then be
necessary to meet regulatory requirements in civil
facilities. Second, collateral damage induced during
decontamination may be severe. Candidate gases for
use in domestic facilines, such as ozone, chlorine
dioxide, and vaporous hydrogen peroxide, have also
been examined for military field applications, These
gases can be effective, but typically require an
amount of time unacceptably long for many military
applicanons. However, for civil facihines the time
required for deactivation 15 not nearly as crucial
The performance of these neutralizers has not been
fully examined m hght of the unique constramnts
associated with a domestic decontamination, For
example, the relative rates of agent detwxification
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