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SANDIA LABORATORIES QUARTERLY REPORT
PLANETARY QUARANTINE PROGRAM

Summary of Activities

Planetary Quarantine Analyses. In view of recent guidance from the

Space Science Board (NAS) recommending less conservatism in planetary
quarantine parameter value choices, and in view of the recent dis-
covery of extremely heat resistant spores, studies have been undertaken
which indicate that a revision of the philosophy guiding D-value
choices is now appropriate. Accordingly, we have recommended that
sterilization cycles be based on the estimated actual distribution of
resistance among organisms on a spacecraft rather than upon the
assumption that all organisms possess maximum known resistance. All
available evidence indicates this approach is feasible. Additionally,
the approach has the advantage of complete generality and:

(1) 1t requires the least possible sterilization time (for a

fixed sterilant) while assuring that planetary quarantine
requirements are met,

(2) the effects of environmental control, personnel control and
cleaning can be assessed, and

(3) combinations of sterilants may be chosen in an optimal
fashion to correspond to the variations in hardiness among
organisms on a spacecraft.

This proposal for modifying the philosophy of D-value selection,

as it was presented to PQAP, is outlined here.



Thermoradiation Experimentation. Activities this past quarter have

centered on the investigation of the resistance of naturally occurring
spores found in vacuum cleaner dust obtained from the AOQ Building Clean
Room at Cape Kennedy. Knowing that very resistant spores exist in the
soil near this building, it is obviously important to know whether these
will be found in environmentally controlled spacecraft assembly areas
also. From the results presented here, it appears that highly heat
resistant spores will be found in such areas, but in a lower con-

centration than in completely open areas.

Thermoradiation Modeling. The previously developed model for thermo-

radiation inactivation of spores was used to analyze the inactivation

of highly resistant soil spores. Tentative conclusions are:

(1) The thermal resistance of these organisms derives from their
high thermal stability (very low entropy of activation) rather
than from a change in chemical reaction energy.

(2) The nucleic acid molecular weight for highly radiation resistant
soil spores is an order of magnitude or more less than that of
B. subtilis var. niger.

(3) Free radical inactivation of highly resistant spores would
appear to depend upon different species of free radicals

than does the inactivation of B. subtilis var. niger.

Fine Particle Physics. Activities this past quarter were divided

into two areas.



- The effects of relative humidity on particle adhesion to
surfaces, and
- removal of organisms from dust particles.

The studies reported on here demonstrate that relative humidity has
a striking effect upon dust particie adhesion to surfaces. As rg?ative
humidity increases, the forces of particle adhesion to surfaces increase
dramatically - to a point, indeed, where standard spacecraft cleaning
techniques become ineffective. This occurs even when the timé period
in which a particle on a surface is exposed to high relative humidity
is short. As a general gufde]ine, prior to sterilization, a spacecraft
should not be exposed to relative humidities in excess of about 50%.

A study has been initiated to investigate means for separating
naturally occurring organisms from dust particles. Currently, moderate
success has been gained through floatation separation using Freon TF as
the disassociation medium. It appears that Freon TF has no effect

upon the viability of these spores.

Studies on Bacterial Spore Inactivation. In studying spore inactivation

mechanisms, it was observed that formalin (aqueous formaldehyde) exhibited
sporostatic properties very similar in character to those shown by
alcohols in previous work. A description is given of a short study that
was undertaken which demonstrated this sporostatic property of formalin,

and a hypothesis as to the reasons is put forth.

Statistical Amalysis of Experimental Data. As our experimental programs

have increased, it has become desirab%e to have available a computer

program for statistically analyzing reasonably large amounts of data.



During the past six months, such a program has been designed, coded

and checked operationally. It is now in the process of being documented.
The computer program is written in a very general language, and can be
run on most éomputers. Decks or listings will be made available to

interested persons.

Computerized Identification System. A completed version of the computerized

bacterial identification system has been installed in the Lunar Information
System at Cape Kennedy. Two subsidiary activities associated with the
development of the identification system are reported on. The first is

the discovery, using the system, that the third most frequently observed
bacterial species found on Apollo spacecraft does not precisely correspond
to any organism given in standard keys for the family to which it
presumably belongs. The second is the development of a universally

general bacterial identification code.

Federal Standard 209a. The formation of a Working Group to consider

revision of Federal Standard 209a has begun. Preliminary contacts
have been made with the Department of Defense, U. S. Navy, and U. S.

Air Force for selecting Working Group members.



Planetary Quarantine Analyses

Description. This is a continuing activity undertaken on an as needed
basis which is devoted to identifying planetary quarantine problems and
determining ways in which such problems may be approached and resolved

with minimal effect on planetary exploration.

Progress. Because of the recent evidence of concern over "hardy” soil
spores, emphasis was placed during this past quarter in determining how
much of a problem such spores might actually be in spacecraft sterilization.
To do this it was first observed that a typical survivor curve for a
randomly chosen population of naturally occurring organisms might be
expected to look like that shown in Figure 1. Actual data of a similar

naturally occurring spore population will be found in the next section of

this quarterly report.

Figure 1 - Expected Survivors
From Naturally
Occurring Population

Expected
Survivors

Time



A curve such as that shown in Figure 1 is obtained for a population
of naturally occurring organisms because the population is heterogeneous.
This is illustrated in Figure 2, below, where it is imagined one is dealing
with the total organism population on a spacecraft surface and its survival
at 125°C. The total population, initially containing N0 {about 105)
organisms is imagined to be composed of
(M N] expected vegetative cells (comprising about 90% of the

total population) whose survival is shown as depending on

a D-value, D], of about 3 minutes.

(2) N2 expected spores (about 9% of the total population) whose

D-value 1is 02 (about 20 minutes),

(3) N3 expected spores whose D-value, D3, is approximately 1 hour, and

(4) N4 expected spores whose D-value, D4, is approximately 2 hours.
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The survivor curve that would be seen experimentally for such a
population is denoted "Observed Composite" in Figure 2, and is similar in
character to that given in Figure 1. This hypothetical example given in
Figure 2 is)compared with the actual planned sterilization cycle for a
population of 105 surface organisms on a spacecraft. The planned sur-
vivor curve is that shown with a 30 minute D-value for all 105 ofganisms
(and thus a total sterilization time of 3-1/2 hours).

In this hypothetical example, the plan is inadequate because the
actual expected number of survivors - in particular, the expected number
of survivors from the population comprised of N4 spores with a two hour

D-value - exceeds 10'2

at 3-1/2 hours. On the other hand, a modest
increase in sterilization time (to 4 hours) or a somewhat lower expected
initial population N4 would lead to an achievement of planetary quarantine
objectives.

Thus, if one knew the actual distribution of hardiness of organisms
on a spacecraft, that is, of N0 organisms, N1 have a D-value D], Nz a
D-value Dz, N3 a D-value D3, and so forth, it would be possible to assess
the adequacy of current sterilization plans and determine the magnitude
of changes needed if the plans proved to be inadequate.

To base new plans on an estimate of the distribution of the hardiness
of organisms on a spacecraft, however, deviates from past planetary
quarantine philosophy in which the established existence of organisms
with a 2 hour D-value on a surface would imply the assumption of a 2 hour
D-value for the total surface population - in other words, all organisms

have, in the past, been assumed to possess the maximum known D-value.

In the above example, this conservative approach would lead to a sterilization

1
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time of 14 hours, or four times that currently planned. This also com-
pares unfavorably with the theoretically adequate 4 hours just derived

in Figure 2 for this example. The assumption of a maximum D-value for

the total population is clearly an extremely conservative one.

In view of recent guidance from the Space Science Board urging less
conservatism in parameter value choices, and in view of the recent dis-.
covery of extremely hardy spores, this seems an opportune time to
consider revision of the philosophy guiding D-value choices. Rather
than assume that a spacecraft population has a D-value compatible with
the maximum D-value known at any given time, it seems appropriate to
consider the possibility of estimating the variations in hardiness within
the population and basing sterilization cycles on this estimate. To
actually attain the required probability of spacecraft sterilization,

one can do no better than this; in the sense that planetary quarantine

requirements will be met in the least possible sterilization time.

Before adopting such an approach, one must, of course, question the
practicality of attempting to estimate variations in hardiness in the
microbial population on a spacecraft. Currently, this appears feasible.
For example, rgcent]y published data indicate roughly that, when including
vegetative cells, the frequency of occurrence of organisms isolated
from an actual spacecraft decreases as the hardiness increases. This
situation is illustrated in Figure 3. Here, between 85 and 90% of the
organisms are assumed to be vegetative cells.

Shown also in Figure 3 is the probability P(D) that a random organism
chosen from a given population will have a D-value of D (more precisely

a probability of death given by 1o‘t/D). The graph of P(D) corresponds
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essentially to the fraction of times such organisms occur. Such a
function, P(D), specifying the Tikelihood of encountering the D-value,
D, is a measure of the variation in hardiness within a population. The
question of practicality of estimating variations in hardiness can be
translated into: Can P(D) is estimated?

Perhaps surprisingly, a fair amount of qualitative information and
some quantitative information exists already - enough to feel hopeful
about the feasibility of estimating P(D).

First, there exist data of the type already mentioned - frequency
plots of varying hardiness of spacecraft isolates. The actual frequencies
of different D-value ranges provide quantitative information. Qualita-
tively, these data indicate that, at least to a first approximation,

P(D) is a monotonically decreasing function of D - that is, as D increases

13
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P(D) goes down, so that one is less apt to encounter highly resistant
organisms than to encounter easily killed ones.

Furthermore, there are data available that indicate that the
function P(D) depends upon environment. Figure 4 illustrates this environ-

mental dependency.

' Figure 4 - Illustration of the
P(D) \ Dependence of P(D)
Arbi {s Upon Environment
(Arbitrary W

Scale)

Example: (D ~ 20 hours)

Open Area: P(D)=1/1000
White Room: P(D) =<1/100,000
Laminar Flow (Class 100):

17108 < p(D) = 1/10°
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In a "dirty" work area there is typically a higher proportion of spores
to vegetative cells than in environmentally controiled areas. This pro-
portion decreases as higher environmental control is exercised. In
Figure 4, we have indicated one place (at D about 20 hours) where some
reasonable Quantitative information is available. Here we imagine per-
haps 10 to 25% of the organisms in an open work area to be spores with
1/4 to 1% of those having a D-value of 20 hours based on reasonably con-
servative data currently available. Thus, in a dirty environment perhaps
one in one-thousand organisms has a "D-value" of 20 hours. Based on
Apollo sampling and our own spore heat studies of vacuum cleaner dust
from assembly areas at the Cape (found next in this report) one anticipates
perhaps 5% spores and perhaps only 1/5000 of these with a 20 hour D-value.
Thus the estimate of one such hardy organism per 100,000 organisms in
an area of moderate control (white rooms). In a highly controlled laminar
flow area, soil spores (and therefore highly resistant ones) are even
less likely - particularly if_reasonab]e control procedures are used.

Exact figures here are not known, but the range one hardy spore

6 to 108 seems very reasonable and perhaps con-

(D ~ 20 hours) per 10
servative.

In further studies now under way, preliminary results indicate
that such estimates of bacterial hardiness can be made reliably. Indeed
there are several promising approaches to this problem of estimating
variations in hardiness in microbial populations, and we feel that the
feasibility of doing so can be established.

Finally, there is the question: If P(D) can be estimated, what

effect might using the estimate to define sterilization cycles have upon

15
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planetary exploration? In other words, what cycles might be anticipated?
At this point in time a precise answer to this question is not known.
In a rough qualitative way, it is our view that under certain conditions,
current cycles could vary from marginal to somewhat inadequate. The
20 hour cross-section of Figure 4 is used to illustrate this in
Figure 5.

In Figure 5, vegetative cells, spores with a nominal resistance of

D = 20 minutes and very hardy soil spores at either 1 in 106 or 1 in 107

levels are assumed present. At a frequency of 1 in 106

» the sterilization
plan is inadequate. At 1 in 107, it is adequate. No account has been
taken of spores with intermediate hardiness between 1/3 and 20 hours.

In Figure 5, the marginal nature of current plans is visible. If spores
with D-values of say 20 hours at 125°C can be expected 1 time in 106
organisms, then at least one log of these must be eliminated (based on
an expected number of 10'1 in 105 organisms), and this requires 20 hours
at 125°C. Should something like this actually occur, one might wish to
consider the use of thermoradiation to attain this required single log
decrease in the very hardy spores. Total adequate sterilization could
then be accomplished, in this example, by actually using less than the
planned sterilization time of 3.5 hours with the addition of at most

35 krads total dose of y-radiation.

In the more general case (including the complete distribution of
hardiness) we would anticipate that this same approach is entirely
feasible.

The four major advantages that appear to accrue from using estimates

of the actual distribution of hardiness of organisms on a spacecraft are:
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(1) Acknowledging that variations in hardiness exist, this approach

requires the least possible sterilization time (for fixed

sterilant) while guaranteeing that planetary quarantine
requirements are met.

(2) The effects of environmental control, personnel control,
and cleaning can be assessed, and as more control and cleaning
are used, the less likely is one to encounter problems from
very hardy organisms.

(3) Sterilization means can be tailored to the distribution -
as illustrated by the introduction of a modest thermoradiation
treatment in the above example to effectively sterilize only
a small portion of the total population.

(4) This approach is completely general. Although the parameter
values (that is those defining P(D)) may change as circumstances
change, the approach, itself, need never be altered. Thus,
with the adoption of this approach, all new information
related to bacterial resistance may be incorporated without
requiring any change in philosophy guiding the planning of
spacecraft sterilization cycles.

During this past quarter, this approach for determining sterilization
cycles was recommended by us to the Planetary Quarantine Advisory Panel
and the Planetary Quarantine Officer, NASA. A document giving details

of this recommended approach is being prepared.



Thermoradiation Experimentation

Description. The objective of this activity is to thorodgh1y investigate
the sterilizing effects of combinations of heat and ionizing radiation

and to assess the practicality of this process for spacecraft sterilization.
Thermoradiation may offer the possibility of sterilization at temperatures
less than 100°C at low dose rates of approximately 10 krad/hour. This

is possible because of a synergistic effect in bacterial inactivation
which has been observed when combinations of heat and gamma radiétion

are applied simultaneously. Should any spacecraft components prove to

be heat sensitive at high temperatures, thermoradiation offers a potential
means of overcoming.re1iability prob]ems. In addition, it provides

a very effective means of inactivating highly resistant naturally

occurring spores.

Progress. In an effort to further understand the effect of inactivation
mechanisms on naturally occurring spores, several experiments were con-
ducted using dry heat and thermoradiation as the inactivating agents.
The primary difference between these and former experiments with nat-
urally occurring organisms, described in QR-20, was the source and state
of the dust. The dust for these tests was collected with a vacuum
cleaner in the A0 Building Clean Room at Cape Kennedy by the Spacecraft
Bioassay Unit, PHS, and was maintained in a dry condition through
exposure to dry heat and thermoradiation.

Matherials and Methods. After the debris was removed, the dust

was sieved to a size of less than 147 microns. Each sample was pre-
pared by weighing 0.1 I oo gram of soil on an analytical balance
and placing the soil in a dish-shaped disc of aluminum foil 1.25-inch

in diameter and 0.060-inch deep in the indented portion. A flat foil

19



disc was used as a cover. Four samples were then placed between two
aluminum strips, 1.5-inches wide by 0.020 thick. The completed assembly
was held together with wire clamps. The assembled sample strips were
then placed in a desiccator over Drierite for 15 hours prior to exposure
to the inactfvating environments.

For dry heat exposure, the sample strips were placed in a recir-
culating air oven at 125°C and an ambient RH of approximately 30% at
22°C. The same arrangement was used for thermoradiation exposure,
except that the oven was placed inside the Gamma Irradiation Facility
(GIF) cell an appropriate distance from the cobalt-60 source. The
thermoradiation environment consisted of a temperature of 125°C and
a gamma radiation dose rate of 77 krads/hr. Silver phosphate
dosimeters were placed on selected sample strips to verify the com-
pqted dose rate.

After exposure, the strips were dissembled and each soil sample,
including the two foil discs, was placed in a separate 50 ml beaker
containing 10 m1 of sterile, 0.1 percent Tween 80 water. The samples
were then insonated for 2 minutes to remove any organisms from the
foil discs and to disassociate the organisms from the dust particles.
Each sample strip containing four replicate samples represents a
single data point. Additional ten-fold serial dilutions were made as
required. Dilutions were plated out in dupiicate in Trypticase Soy
Agar with 0.1% soluble starch and 0.2% yeast extract added as
described in the 26th Quarterly Report of the Public Health Service
Laboratory, Phoenix. The plates were both underlayed and overlayed
with the same type of media. The plates were incubated at 32°C

and counted after 6 days incubation.



Results. D-values were derived from a least squares fit of the
resistant subpopulations (see Statistical Analysis of Experimental
Data, a later section in this report). The dry heat curve, shown in
Figure 6, indicates a 0125 value of 8 hours. While this varies
significantly from the 29.45 hour 0125 value for the PHS, Phoenix
stock, the thermoradiation D-value of 57 minutes is comparable with
that of 1.04 hours for the PHS, Phoenix stock that was reported last
quarter (QR-20). The thermoradiation data is shown in Figure 7.

In any event, these organisms have much higher D-values than

Bacillus subtilis var. niger. The significant conclusion to be drawn

from these experiments is that highly heat and thermoradiation resistant
organisms were found in the dust from the conventional clean room
spacecraft assembly areas of Hangar A0, although their frequency is

Tower in this area where some environmental control is exercised.

21
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A.

Thermoradiation Modeling

Description. The basic model utilized is that described in previous
quarterly reports, QR-~19 and QR-20.
Briefly, this model expresses expected survivors at time t,

E(N(t)), as
E(N(t)) = N(0) e Kt
where k has the form

k = kT + k, + k

R TR

The parameter k may be considered a reaction rate constant with

kT’ kR and kTR rate constants for inactivating chemical reactions

promulgated by temperature, radiation and thermoradiation respectively.

These rates are given by
kg = Cry with ¢ = 2.398 x 1075 (4)0-481 (1)

where » is the organism nucleic acid molecular weight (Daltons) and

rq is radiation dose rate (see QR-20);

kp = KL exp (-aF"/RT), (2)

with

o = -1 a

25
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obtained from absolute reaction rate theory as described in previous
reports; and

k

o = % r.dB/T e-y/RT ) (3)

Progress. The parameters a, B, v, AHf, AS# and C have been determined
for the naturally occurring spores, PHS, Phoenix stock. Table 1 shows

the parameters for this stock compared with B. subtilis parameter

values.
Parameter B. subtilis PHS Spores
c 0.02336 0.011234
o 16.27 28.6
B 159.1 360.9
y 12944 25179
oM 33.5 k cal/mole |  23.5 k cal/mole
as? 12.63 e u -20.6 e u

With these base line parameters it is possible to determine expected
D-values for the PHS stock as a function of temperature and dose rate.
This is indicated in Figure 8.
Some tentative observations which can be made concerning the PHS
Phoenix stock include:
a. The very low entropy of activation value, AS#, for the
PHS spores indicates an extremely héat stable molecule;

the implicatian being that the high thermal resistance of



of these spores derives from some mechanism conferring stability
to vital spore constituents (as opposed to some gross change

in reaction taking place).

. On the other hand, from the values of o and y it begins to

appear that for free radical mediated processes the entropies

of activation for the B. subtilis and PHS spores are about the
same, and the greater resistance of the PHS spores to thermo-
radiation (kTR térm) is attributable to a change in reaction.
From (1), the apparent molecular weight of the PHS spore nucleic

acid, using radiation alone, is 4.3 x 107

Daltons. For B.

subtilis the comparable value is 1.96 x 108 Daltons. It is
interesting to observe that, from these preliminary data, the apparen
molecular weight of the nucleic acid for the PHS stock is

approximately the same as the value for Tl phage.

27
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Fine Particle Physics

Description. This is a study of small particle behavior retated to
microbial burden of spacecraft surfaces prior to final sterilization.
Particles that have highly resistant microorganisms attached to

them are of prime interest to this study. Since such particles are
very few in number compared to total particle contamination, they are
very difficult to identify for study. For this reason, total particle
contamination is being studied relative to particie accumulation and
retention on surfaces. Only a small number of particles bearing very
hardy microroganisms would be expected to accumulate on a spacecraft
during assembly in a very clean area; however, one to ten percent of
the type of microorganism reported by Favero in USPHS Report No. 32
dated January 1971, could survive a 24-hour heat cycle at 125°C. In
order to identify factors whose control would lead to a lower particulate
burden {(and hence lower bioburden) we believe that a rigorous analysis

of spacecraft surface particle loading is necessary.

Progress.

The Effects of Relative Humidity on Particle Adhesion to Surfaces.

During this quarter a series of experiments was conducted to determine
the effects of relative humidity on particle contamination adhesion to
surfaces. Almost all naturally occurring particles are affected in some
manner by water vapor in the surrounding air, particularly as the water
content of air increases. Of special interest are those particles

that pick up moisture from the air which partially or totally dissolve and
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then form a very strong bond with the surface on which the particles
are located. At elevated humidities this occurs quickly - in a very
few minutes. These particles cannot be effectively removed by dry
wipes, vacuum cleantng or other cleaning methods that are permitted on
many spacecfaft surfaces. Thus, the final microbial burden of a
spacecraft can be affected by the relative humidity of the air in which
it was assembled.

These experiments were set up to study relative humidity effects
from 33 percent to one hundred percent. Glass dessicators containing

the following saturated salt solutions were used for conditioning

chambers.

H20 Water 100%
NH4H2P04 Ammonium Phosphate 93%
KBr Potassium Bromide 849
NaCl Sodium Chloride 76%
NaNO2 Sodium Nitrite 66%
NaZCR207 . 2H20 Sodium Dichromate 52%
MgC]2 . 6H20 Magnesium Chloride 33%

Test particles were used that simulated as nearly as possible the type
particles expected in a clean room environment. Test particles were
obtained by sieving building vaccum cleaner dust to exclude particles
larger than 140 microns. After sieving, the test particles were
stored in dry air over a dessicant bed until use.

Test surfaces were 1" x 1" highly polished metal foils cemented

to 1 x 3 inch glass microscope slides. Test surfaces were etched to



permit photographing the exact same area before and after "blowoff"
(a simulated environmental removal of particles to test retention
ability).

A 3.3 cu. ft. particle loading chamber was used to load the test
surfaces prior to conditioning at the various relative humidity levels.
An agitator fan was located near the bottom of the chamber and a glass
tube was used to feed test particles into the fan inlet during loading.
A horizontal rack was positioned in the upper half of the loading
chamber to hold test slides during loading.

A blowoff fixture was used to retain test slides during "blowoff."
The fixture consisted of a 1/8" diameter jet located 1/2" above the
‘test strip. Dry nitrogen was used as the blowoff gas which was con-
trolled by a solenoid valve and timer. Nitrogen pressure was regulated
to 20 psi during blowoff.

The microscope-camera system is a Leitz Ortholux equipped with
Leitz Ultra-Pak vertical illumination equipment. This combination
with the highly polished foils provides an excellent high contrast
dark field illumination system. The system will resolve particles
less one micron size. A 4" x 5" Polaroid camera back is used for
photographing test slides. A magnification of 90x is used for
photographs to be counted and higher magnifications for individual

particle analysis.

Experimental Procedure. The following sequence of steps was followed

during the experiment.

(1) 12 clean slides were placed on the loading chamber rack.

31



(2) The timer was set for 60 seconds to start blower.

(3) 2 m1 (approximately 1.2 gm) test particles were released into
the Toading tube during first 30 seconds of the loading cycle.

(8) After the load cycle, the 12 test slides were carefully removed
and placed in the humidity control chamber. Every effort was
made to avoid air currents, drafts, vibration and rapid movement
of the test slides during handling. One slide was removed from the
humidity control chamber after each of the following conditioning
periods: 84%, 93%, and 100% - 5, 10, 15, 30 minutes; 1, 2, 4, 8,
24, 48, 72 hours. 33%, 52%, 66%, 76% - 30 minutes; 1, 2, 4, 8, 24,
72, 200, 720 hours.

(5) After removal from the humidity control chamber, each slide was
immediately photographed. Then it was exposed to a "blowoff"
treatment for 10 seconds at 20 psi. (Following "blowoff" it was
immediately rephotographed. Two separate defined areas were
photographed before and after "blowoff").

(6) Particles, as recorded on the photographs, were sized and counted
in ranges of (a) less than 10 microns, (b) 10 microns and larger,
and (c) 50 microns and larger. The lower limit of particle size
count was approximately 1 micron. The area photographed from
each slide was approximately 1.6 mm2. Approximately 120 particles
were counted per 1.6 mm2 before blowoff (initial load).

(7) Four test slides were loaded, photographed, then subjected to
"blowoff" procedure, rephotographed, and counted for reference

or control.



Results. Particle count data was converted to "Percent Particles Re-
maining After Blowoff," designated as "Retention %" and defined as

Count after blowoff x 100

Retention % = iunt before blowofT

Data are presented in graph form in Figures 9 through 15 for individual
relative humidity levels. Results are plotted as "Retention %" versus
the time (in hours) of conditioning at the various humidity levels.
At relative humidity levels of 76%, 84%, 93% and 100%, "Retention %"
is plotted for the particle size categories "total particles", "10
microns and larger,"” and "50 microns and larger," marked as curves A,
B and C. The "50 microns and larger" is not shown for relative humidity
levels below 76% since there was very little retention of large particles
at these humidities. Figure 16 shows a comparison plot of total particles
for all relative humidity levels.

This series of experiments indicates that the major effect of
relative humidity on particle retention occurs within one hour at any
of the relative humidity levels investigated. At higher humidity
levels, particles become firmly attached to the surface in a few
minutes. Disassociation of the particles occurred at all humidity Tevels;
(occurring much more rapidly at the higher humidity levels). The dis-
association or "breakup" of particles left large numbers of small
particles adhering to the test surface that were much harder to remove
than the original, or parent, particles.

These experiments show relative humidity to be a very important

factor in surface particle retention which relates directly to total
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loading factors for a spacecraft. The hygroscopic property of particles-
the ability to pick up moisture from air - appears to be a major factor
in the adhesion of particles to surfaces. Molecular, electrostatic
and other forces account for only approximately 20% of the test particles
retained on the test strips.

As a result of this study, it may be seen that particle removal
(and therefore bioburden loss) from a spacecraft surface is most easily
facilitated either by cleaning or natural environmental removal factors
when the surface has not been exposed to high humidity environments.
In particular, it would appear that spacecraft surfaces should not be
exposed to environments with relative humidity above about 50% for even
short periods of time.

Removal of Organisms from Dust Particles. A study has been initiated

to investigate the means for separating naturally occurring organisms
from dust partic]es. This was prompted by the need to ascertain the
microbial loading of spacecraft from airborne dust particles indigenous
to the areas in which actual assembly and test operations are performed.
Of particular interest are the organisms which are highly resistant

to heat.

For the purpose of this study, about one liter of dirt was obtained
by the Spacecraft Bioassay Unit, PHS (Phoenix) from several locations
outside and adjacent to the A0 Building at Cape Kennedy. After the
larger pieces of debris were removed, the dirt was sieved to a size
of less than 147 microns. This size was selected to permit study of

some of the relatively larger particles as well as the very fine dust.



The entire amount of dust was then tumbled for 11 hours to mix it
thoroughly and to provide a homogeneous sample stock.
The Tiquid selected as the disassociation medium was Freon TF.
Among the reasons for this selection were:
a. The density of Freon TF is 1.55, whereas the density
of spores. is approximately 1.2 ~ 1.3. It was believed
that this difference in physical properties would be
beneficial in floating spores to the top of any Freon/dust
solution.
b. The viscosity of Freon TF is 0.682 centipoises at 25°C.
The viscosity of other candidate liquids at the same
temperature is 0.894 for water and about 1.265 for 95%
ethanol. This factor should facilitate both separation
and filtering.
¢. The solvent properties of Freon TF would dissolve any oily
films present which would act as a binder between the
particles and organisms.
d. Freon TF is readily available commercially.
Since information was not genera]]y available on the effect of Freon TF
on organisms, a series of experiments was conducted to determine what
effects, if any, it would have on growth and survival characteristics.
One gram dust samples were weighed and deposited in bottles containing
50 m1 of Freon TF. At the end of periods 0, 5, 7, 12 and 14 days,
the sample solution was insonated and appropriate serial dilutions

were prepared and plated in Trypticase Soy Agar with 0.1% soluble
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starch and 0.2% yeast extract added. The plates were underlayed and
overlayed with the same media and incubated for five days at 32°C.
There was no discernable difference in plate counts among the samples
or between these samples and similar sample solutions containing only
sterile deionized water. Since our proposed experimentation would
demand that the dust be in the Freon TF for only short periods of timé;
it was concluded that the Freon would have no detrimental effects on
the spores.

Only a few experiments were conducted this quarter. While heat
resistant organisms were separated from dust particles, further
experimentation is needed to increase the yield of these organisms

and to refine the laboratory procedures.
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Studies on Bacterial Spore Inactivation

Description. A study demonstrating that the germination of bacterial
spores can- be inhibited by low concentrations of either aliphatic
or aromatic alcohols was described in QR-19 (also Appl. Micobiol.
20, 620-623). An interesting feature of this inhibition is that it
is completely reversible. Spore germination and subsequent spore
outgrowth proceed normally when spores are removed from a germinating
media containing alcohol, via Millipore filtration or centrifugation,
and resuspended in a germinating media free of alcohol. Thus, the
effect of alcohols on spore development appears to be sporostatic and
not sporocidal.

Speculation as to the mechanism for the inhibition of germination
by alcohols must account for two observations: (1) the low levels
of alcohol required for complete inhibition, and (2) the reversibility
of the inhibition. Such considerations strongly suggest that the
alcohols are functioning by inhibiting enzyme(s) required for germination.
If this postulate is valid it should be possible to obtain a chemically
reactive structural analog of the.alcohols which would combine

irreversibly with the broposed‘spore enzyme(s) required for spore

germination. The inactivation of the germinating enzyme(s) by a
chemically reactive alcohol analog should then result in spore
inactivation as determined by colony forming capacity. Part of this
quarter's research efforts were directed towards investigating the

effects of aqueous formaldehyde on the germination properties of

B. subtilis var. niger spores.
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B.

Progress. The process of spore germination can be followed by observing
the changes in optical density for a spore suspension as a function of
time. Figure 17 illustrates the data obtained when spores of B.

subtilis var. niger were exposed to a germinating media (4% Trypticase

Soy Broth) in the absence and presence of aqueous formaldehyde at 30°C.
Increasing the formaldehyde concentration in the germinating media caused
a decrease in the extent of spore germination. This experimental result
is equivalent to that obtained with alcohols, i.e., increasing alcohol
concentration in the germinating media caused a decrease in the extent

of spore germination. A plot of the extent of germination as a function
of formaldehyde concentration is presented in Figure 18. From such

data it was possible to obtain an extrapolated value of approximately
1.4% as the level of aqueous formaldehyde required to completely inhibit
B. subtilis var. niger spore germination.

The spore suspensions containing the various formaldehyde con-
centrations (see Figure 17) were serially diluted and plated on Trypticase
Soy Agar. The colony counts obtained from the spore suspensions exposed
to aqueous formaldehyde were nearly a 1og lower than the colony counts
obtained from the control spore suspensions not exposed to formaldehyde.
This decrease of spore viability on exposure to aqueous formaldehyde
suggests that it exhibits both sporostatic and sporocidal properties
since it can produce decreased survival levels (sporocidal property),
and inhibit spore germination which is partially reversible with serial
dilutions (suggesting a sporostatic properfy). Alcohols, on the other

hand, were observed to be solely sporostatic in action since their

effect on spore germination was totally reversible.
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Since there seemed to be parallels between the effect of alcohols
and formaldehyde on spore germination it was decided to investigate
to what extent the inhibition of spore germination produced by
formaldehyde was reversible for comparison with the known reversible
inhibition of spore germination by alcohols. Figure 19 i]]ustrgtes
the reversibility of the inhibition of spore germination by aqueous
formaldehyde. B. subtilis spores were suspended in Trypticase Soy
Broth containing (A) no added formaldehyde and (B) a 2.5% formaldehyde
solution. After one hour, spore suspension B was passed through a
membrane filter (Millipore Corporation) and resuspended in Trypticase
Soy Broth containing (C) a 2.5% formaldehyde solution and (D) no
added formaldehyde. The resuspended spores germinated in media con-
taining no formaldehyde, while the spores resuspended in media con-
taining formaldehyde did not germinate. Thus, the inhibition of
spore germination by both aqueous formaldehyde and alcohol is reversible,
so that the partial inactivation of the population by aqueous formal-
dehyde is not caused by germination inhibition.

This investigation into the effect of aqueous formaldehyde on the
process of spore germination has established the similarity of action
of alcohols and formaldehyde oﬁ spore germination, i.e., both reversibly
inhibit spore germination. Structurally and chemically an aldehyde
is different from an alcohol and yet both appear to affect the spore
germination process in a similar manner. Insight as to why formaldehyde
should act as an alcohol in its effect on spore germination can be

obtained from basic chemical considerations. Formaldehyde gas
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on dissolving in water rapidly reacts with water to form a monohydrate,

methylene glycol, CHZ(OH)Z’ and a series of low molecular weight polymeric

or polyoxyethylene glycols, having g&he type formula, HO(CHZO)nH. The

reaction’of formaldehyde with water is:

OH
A |
H——C\\H +  H0 == H-(-H = polyoxymethylene glycol polymers
!
OH
formaldehyde water methylene
monomer glycol

The methylene glycol combines with other molecules of methylene glycol
to yield polymers of polymethylene glycol of varying molecular weight.
It has been determined that at 30°C a 2% formaldehyde solution contains
0.001% formaldehyde monomer and 99.999% methylene glycol and polymers

of methylene glycol. Formaldehyde in an aqueous medium is 99.999%

in the form of a di-alcohol (methylene glycol) or polymeric di-alcohols.

Therefore, formaldehyde acts like an alcohol in inhibiting spore
germination because in an aqueous solution formaldehyde exists
‘essentially as a di-alcohol. That di-alcohols per se can inhibit spore
germination was shown in a study in which ethylene glycol reversibly
inhibited the germination of B. subtilis var. niger spores.

Table 1 compares physical and sporostatic properties of aqueous
formaldehyde (methylene glycol) and ethanol. Calculations based on
the data in Table 1 reveal that nearly identical amounts of ethanol

and methylene glycol are required to inhibit a single B. subtilis var.

niger spore.
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Table 1

Germination
Inhibiting *
Additive Structure Mol. Wt. Concentration Column A
Ethanol  CH,-CH,-OH  46.07 1.49 1.46 x 10'%
Methylene 14
Glycol HO-CH,,-OH 48.03 1.4% 1.75 x 10

2

This result suggests that these additives, of comparable molecular
weight, steric volume and chemical substituents, are interacting

with the spore in the same manner to inhibit spore germination; per-
haps, by combining with spore enzyme(s) required for spore germination.
The observation that aqueous formaldehyde exhibits some sporocidal
activity and that the rate of the reversal of spore inhibition by
aqueous formaldehyde is approximately five times slower than that
observed for ethanol suggests that while both additives may be inter-
acting with the same spore component, with the same stoichiometry,

they do so in a different manner.

*Column A = the figures in Column A refer to the number of atoms of
additive required to inhibit one B. subtilis var._niger spore.
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B.

Statistical Analysis of Experimental Data

Description. In many of our experimental programs, it is often desirabie
to fit data collected on the destruction pattern of microorganisms to
the log model of bacterial inactivation. The development of a computer
program was undertaken to facilitate the processing of the hund%éds of
plate counts which are collected during the course of a series of
experiments. The properties of this program were to be:
(1) The program should handle replicate plates and more than one
dilution for each sampling time period.
(2) The best dilution at each sampling period should be chosen on the
basis of the tightness of the data. |
(3) The D-value should be computed.
(4) The initial population should be treated as only an additional
data point and no specia] significance assigned to it. Thus,

the theoretical intercept should be computed.

Progress. A computer program with the properties outlined above has
been developed. The documentation is now in the process of being
completed. When this is completed the program will be made avail-
able to other experimental groups. A flow chart for this program

is given in Figure 20. We shall briefly discuss some of the

statistical techniques used. Let
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xij(tz) = number of colonies on plate i of dilution j
at sampling period 2,
£=1, ..., M
i=1, ..., Kz

i=1, ...y sz
where
M = number of sampling periods
K2 = number of dilutions at sampling period ¢
sz = number of plates of dilution j for sampling period &
and
t, = time of sampling period & (in any units desired).

The mean of the plate counts for a particular dilution (j) and

sampling period (tz) is

J
X(t,) N.l_z] 5ty

while the variance and standard deviation are defined to be
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i=1 ( ij(tzz - xij(tz))

st(t,) =
j‘e sz
N.
Je 2
i=1 (xij(tz)> N, X5(t,)
Nj!' - ]

and
respective]yf

Another dasirable quantity for each dilution at each time period
is a confidence interval for the mean. The 95% confidence level for a

particular dilution at a particular time, tz’ is approximated by

Jt,) (t
xi(t,) - &SJ( 2, xi(t,) + kSJ( )

where k is chosen from the students t-distribution with le -1

degrees of freedom by
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C =106 )1+ (1962 + 1, [(1.96) + 3] [5(1.96)° + 1]
20Ny, - 1) 96(N, - 1)2

A good measure of the amount of spread in a particular set of data
has been found to be the relative standard deviation. This is more
commonly known as the coefficient of variation. For each sampling

period (tz) and each dilution (j) it is defined to be

s.(t)
Cj(tz) = _J 2

ij(tz)

In calculating the fit to the data of the log model, we wish to use
the dilution at each time period which has the "tightest" data.
The coefficient of variation is used as an index of this spread.

Therefore, we let

X(tz) = id(tl)

where J is chosen to minimize cj(tz) for =1, ..., K. Let the
degree of this dilution be dz'

We can now prepare to calculate the parameters in our log model
for the conditions of the experiment under consideration. For pur-

poses here, the log model is assumed to take the form

E(N(t)) = E(N(0)) 10°E/D



where N(t) is the number of organisms at time t (2 0). If we let

Y(t) = log, [E(N(t))],

then Y(t) takes the form

where, in theory, a =

Y(t) = o + Bt

10ge [E(N(0))] and

- log_ 10
- e
B=—p

The parameters that we will initially estimate will be o and B.

From these, et (o) ity give an estimate of E(N(0)), and an

estimation of D will be

To this end, we let

-loge 10
est (8)

d +1
Y(t,) = log [X(tl) x 10 * ] ’

M
2t
= 2=1
M
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and

M
2. Y(t,)
7 = 2=1
M

Then we shall approximate « and g by a and b, where

M M
>, (e~ E)(Y(t)) - V) 3 (t,-F) ¥(t,)

b = 21 = =1
L 2 M, 2
Z (tg-t) Z (tz"t)
=1 2=1
and
a=Y-bt

respectively. We know from the Gauss-Markoff theorem that the expected

values of a and b satisfy E(a) = o and E(b) = g. Therefore the line
Z=a+tbt
provides a "fit" as described above to the selected means Y(tz) at the

sampling periods tg. Having a and b permits estimation of

E(N(0)) by e® and of




It is desirable in many applications to have a measure of how nearly
the variation among the Y(tz) may be explained solely on the basis of
time. The correlation coefficient between Y(tz)'s and time, denoted

by r, pefforms this duty. This is defined by

M M
. JLZ=3] (t,-t)(¥(t,) - V) ] 2_:1 t,(Y(t,))
M M M
> (t,-D2 X (v(t,) - N > ot Y wt)?
2=1 2=1 S I T

We observe that -1< r < 1. If r is near +1 or -1 then the one
variable, time, is capable of "exp]aining“ the variation between the
Y(tz) whereas, if r is near 0, neither variable explains the variation
in the other.

There are several errors about which it is often convenient to have
some information. The standard error in the estimated slope (b) is

given by

Syt

Sb =

” -\2
2 (t,-%)
2=1

and the standard error of estimate of Y from t, SYt’ is estimated by

M

) - Y(t,)?
Syt V M- 2
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The standard error in the estimated l1og intercept (a) is given by

1/2
-2
- 1 t
Sa =Syt | Wt W 5
2 (t-t)
=1

Another feature which it is sometimes desirable to have available
which occurs in the progfam is the confidence band about the calculated

line. To compute this, let

t -t

X

SZ(tl) = Syt

M=

=2
(t,-t)
g=1 .

Then, the upper 95% confidence level is given by

Zu(tz) =a+bt +k SZ(tz)

and the lower by

7 (tz) =a+bt, -k sz(tl)

where k is defined from the students t-distribution with M-2
degrees of freedom.

An example of the output from this program is given in Figure 21.
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Computerized Identification System

Description. The objective of this activity has been the development
of a computerized version of the PHS microbiological identification
system in use at the Cape, so that such a program could be incorporated
in the Lunar Information System. This would relieve the PHS of the
actual identification of the colonies sampled during the outbound

contamination inventory of Apollo spaCecraft.

Progress.
BUGID. Feasibility of modeling the identification system has been

previously reported in QR-15 and QR-17. A completed version of the
program, called BUGID, has been installed in the Lunar Information
System in use at the Cape. It is incorporated in the program QUAL
and has been used to process and identify Apollo 14 data. For this
first actual use (Apollo 14), PHS personnel at the Cape made an
identification and compared results with that othhe program. They
were satisfied and will use the computerized version in the future.
Thus, except for a few additional results gained during this quarter,
reported below, this activity is complete.

Unspecified Microorganisms. During the process of simulating and

checking the identification system in use, a curiosity in the data

was observed. An exceedingly ideal identification system using good
reliable tests for discriminating would identify an unknown with all
test results agreeing with that specified for the appropriate organism

every time. However, at present, biological variation and the state
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of identification systems result in less precise results; sometimes because
of variation in laboratory test results and also because the identification
schemes themselves have expected test results listed as variable or weak or
unknown . - It will be recalled that the PHS established some guidelines,
as rules, to cope with this variation. These were that an identification
could be made if there were not more than two tests on an unknown which
disagreed with those results specified by the identification system and
then, when there were two, only a single organism category was to be
involved. In the case where one test result for an unknown was not as
indicated for an organism category in the scheme an identification could
be made if not more than three organism categories were indicated, i.e.,
a choice must be made between three or fewer organism categories when
one test result (possibly different for each of the three of fewer
categories) was different from that specified by the scheme. Of course,
an identification can clearly be made when exact agreement is obtained
between test results for an unknown and the results specified in the
scheme for a single organism category. These rules were incorporated
into the program along with a simulation of the choice among multiple
possible categories made by the PHS in the past.

During the checkout of the program with the existing Apollo 10,
11, 12 and 13 data, an interesting phenomenon was observed. In
Scheme A--(Baird-Parker) for catalase posifive, gram positive cocci
(containing some 70% of all Apollo samples) most of the identifications
were made on the basis of an exact agreement between the data observed
and the test outcomes prescribed by the scheme. As the number of

categories among which a choice had to be made or the number of observed



test results differing from those specified by the scheme increased,
the frequency with which that event occurred decreased. This could
be regarded as a measure of the effectiveness of the scheme indicating
that it was quite good. There were, however, some exceptions to the
pattern. One in particular stood out in category number 7 (Micrococcus,
subgroup 1) where the most common mode of identification was asia
choice among three categories, each of which had one prescribed test
‘result which did not agree with the observed data. Upon examination
it developed that, in every case, the three categories were Nos. 7, 13
‘and 14, which are Baird-Parker's Micrococcus (Cohn) subgroups 1, 7 and
8. An analysis of Baird-Parker's key 1ndiqated that there was only
one set of test results which would disagree with the key at these
categories in one test result (SC-RR-70-779) so it was not too great
a surprise to learn that the same test results had been recorded for
these samples.

Thus, one of the organisms more commonly observed on Apollo

spacecraft is a gram positive, catalase positive cocci which does not

.. fit any of the Baird-Parker subgroups or classifications. It is the

.. third most commonly seen species and represents 5% of the total Apollo

samples. A check of the current edition of Bergey's Manual reveal
that this frequently occurring unknown is not listed there either.
The observed test sequence for this unknown differs from those 16 species

~1isted in the genus Micrococcus by pigmentation, acid from glucose

. . (aerobic), acid from lactose or acid from maltose.

Thus, it would appear that some 5% of the microorganisms recovered

from Apollo spacecraft by the PHS have not been previously precisely
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specified either in Bergey's or by the Baird-Parker scheme presently
in use. This is curious, in view of their apparent prevalance in a
natural environment. A joint paper with the PHS describing this finding

is being prepared.

GENID. Because of continual improvement as the result of increased

knowledge and experience, identification schemes are frequently modified
or even changed entirely. As a result, the program BUGID for simulation
of the PHS identification scheme was written so that almost all of the
identification scheme was input to the program. Thus PHS personnel

can easily modify the system as changes are desired. This abstract
approach used in the development of BUGID was extended so that a very
general program for bacterial identification, GENID, was written. For
GENID, the entire identification system is input. This includes the
schemes, the number of schemes, the tests used and any rules that might
be used to resolve ambiguous cases.

GENID is a very simple program which essentially compares test
results with those prescribed by the appropriate scheme (which is read
as input). GENID proper consists of only 27 cards (including comment
card) and four subroutines. These subroutines perform the functions
indicated by their names: INPUT, SETUP, MATCH and RULES. SETUP and
MATCH for GENID are very like the similarly named subroutines of
BUGID. INPUT reads the identification system to be used and allocates
the appropriate computer space for the system. RULES is the subroutine
that applies the decision rules specified in the input to GENID to be

applied to multiple identification situations.



Because of the extreme simplicity of GENID it is very fast in addition
to being so flexible. Virtually any identification system caﬁ be simulated
by the program. It is necessary\thcoévert keys to mat?ix form if they
are given in tree form.{ Sin;é fhis can always be‘done there is no loss of
generality through the uée‘of matriges. As it is‘presentl; written, GENID
prints the identification system dt‘fhe beginhingwbklthe output for every
run. This is tantamount to listing the input cards which contain the
'system. For example, that part of the present PHS system that is used

for an immediate identification is as follows:
IDENTIFICATION MATRIX MOLDS ETC.

9 91 88 89 -2
17 1 99 99 99 99
17 99 1 99 99 99
17 99 99 1 99 99
17 99 99 99 1 99

Columns 90, 91, 88, and 89 designate molds, yeasts, actinomyces,
streptomyces. The last column is used to indicate the next step - here,
proceed to the second (-2) identification matrix. The rules in the

PHS system being used are listed as follows:

NUMBER OF TYPES OF DISAGREEMENTS = 3
NUMBER OF EACH TYPE ALLOWED =1 3 1

Finally, in the program output, the data input card is listed, followed

by the number of disagreements and the identification(s). Sample
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Output is shown as Figure 22.

GENID is a very general program which may be used with almost any
identification system without modification. It is not now planned to
replace BUGID wfth GENID in the Lunar Information System, but GENID

it available should any need arise. A report is being prepared.
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A.

Federal Standard 209a

Description. Sandia Laboratories, through the AEC, has the delegated
responsibi]ity from the General Services Administration (GSA) to
maintain Federal Standard 209a, "Clean Room and Work Station

Requirements, Controlled Environment."

Progress. The proposed meeting of government representatives to
review Federal Standard 209a and to determine whether a formal
revision is needed (QR-20) will not be convened. Instead, we will
proceed with plans for a revision and will attempt to carry out
communications with members of the Working Group by mail. It may
be necessary to call a meeting later if controversial issues emerge

during the revision.

Preliminary contacts have been made with the following representatives

of the DOD. and USAF for selecting members of the Working Group and
discussing revision pians:

T. R. Casberg, Office of the Assistant Secretary

of Defense, DOD, Washington, D. C.

E. C. Carter and H. E. Miner, Headquarters, AFLC,
USAF, Dayton, Ohio.
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1.

Publications

R. T Dillon (1741), Diane Holdridge (5162) and R. Puleo

and G. Oxborrow, PHS, Cape Kennedy, Florida, "A Computerized
Bacterial Identification System as Applied to Planetary
Quarantine," Space Life Sciences, Vol. 3, No. 1, April 1971.

M. C. Reynolds, "Investigations of the Synergistic Effects of
Thermoradiation on B. subtilis var. niger Spores," presented

at the Annual Seminar of the American Society for Microbiology
was requested for publication in the Clinical Laboratory Forum,
New York, New York.

H. D. Sivinski and M. C. Reynolds, "Synergistic Characteristics of
Thermoradiation Sterilization," SC-DC-714065, presented at the
COSPAR Meeting will be published in COSPAR Proceedings.
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Presentations and Briefings

H. D. Sivinski spoke to a joint meeting of the local chapter
and the. visiting Dayton, Ohio chapter of the AIAA on April 13

on "Planetary Quarantine." The meeting was held at the Kirtland
Officers Club.

R. E. Trujillo (1742) and V. L. Dugan (1733) were judges at the
High School State Science Fair in Las Cruces, New Mexico on
April 17.

A. L. Roark spoke to a class in the Geography Department, University
of New Mexico, on April 20. His topic was, "Mathematical Modeling
and Analysis of Environmental Systems."

H. D. Sivinski, R. T. Dillon, M. C. Reynolds, R. E. Trujillo and
V. L. Dugan attended the Annual Meeting of the American Society
for Microbiology in Minneapolis, Minnesota on May 2-7. The
following presentations were made:

M. C. Reynolds, "Investigations of the Synergistic Effects of
Thermoradiation on B. subtilis var. niger Spores.”

R. E. Trujillo, "Synergistic Effects of Thermoradiation on
Microbial Cell Components."

V. L. Dugan, "A Biomathematical Description of Thermoradiation
Inactivation of Bacterial Cells."

H. D. Sivinski acted as Moderator of the two day‘Symposium on
Clean Room Technology in Surgery Suites held at the John F.

Kennedy Space Center, Florida on May 21 and 22, sponsored by



NASA and Midwest Research Institute. W. J. Whitfield presented a
briefing entitled, "Principles of Laminar Airflow Systems,"”

at the same symposium.

H. D. vainski, W. J. Whitfield and D. M. Garst attended the

Tenth Annual Meeting of the American Association for Contamination
Control‘held in Washington, D. C. on May 26. W. J. Whitfield
presented a briefing entitled, "The Effect of Relative Humidity

on Adhesion of Small Particles to’Surfaces."

H. D. Sivinski, W. J. Whitfield, R. E. Trujillo and C. A. Trauth, Jr.
attended the Seﬁi-Annua] NASA Spacecraft'Sterilization Technology
Sehinar in Seattle, Washingtdn on Jhne 18 and 19. The following
presentations were given: “ ) B

H. D. Sivinski, "Thermoradiation Experimentation."

W. J. Whitfield, "Fine Particle Physics."

R. E. Trujillo, "Synergistic Inactivation of Biological Systems

by Thermoradiation."

H. D. Sivinski attended the PQAP meeting in Seattle,

Washington on June 20. Mr. Sivinski presented a briefing

entitled, "Thermoradiation Experimentation With Hardy Soil Spores."
H. D. Sivinski presented an invited paper, "Synergistic Characteristics
of Thermoradiation Sterilization," on June 21 to the Committee on
Space Research, International Council of Scientific Unions (COSPAR)

in Seattle, Washington.
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Additional Activities

D. M. Garst, Chairman of the Technical Information Center Committee
of the American Association for Contamination Control presided

at committee meetings in Washington, D. C. on May 24-25, 1971.

D. M. Garst was installed as National Secretary of the American
Association for Contamination Control at the Association's Tenth
Annual Technical Meeting in Washington, D. C. on May 26, 1971.

J. P. Brannen has been invited to become a national lecturer in

the Visiting Scientists Lectureship Program for the academic year
1971-72. This pﬁogram is sponsored by the Society for Industrial
and Applied Mathematics (SIAM).
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