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If. INTRODUCTION

That sterilization of spacecraft to avoid contamination of other heavenly
bodies with terrestrial microorganisms is an important and necessary part of
space exploration has been generally accepted. The actual attainment of
sterility in constructing and launching spacecraft, however, presents many
problems not usually associated with medical and pharmaceutical sterilizing
procedures in general use today. Because assembly of such a large,
complicated plece of apparatus as a spacecraft from sterilized components
in an absolutely sterile technique would be impractical, some compromise
between assembly by sterile technique and terminal sterilization of the final
assembly is needed. While terminal sterilization by dry heat at 125°C for
24 hours appears to offer the most straightforward and leant expensive solution
to the problem, it cannot be put into practice at present because many of the
individual components of several of the proposed spacecraft will not function
reliably if treated in such a manner,

The procedure being considered for use in sterilizing spacecraft to be
launched in the near future consists of the fabrication of sterile subassemblies,
mounting them on the spacecraft framework, and sterilizing the exposed external
surfaces of the final assembly with gaseous ethylene oxide. For such a
technique to be successful, however, the occluded surfaces between the
subassemblies and in the framework and any other surfaces which cannot
be reached by gaseous ethylene oxide riust be sterilized during the final
assembly process. The use of liquid sterilants on these surfaces would be
the ideal solution if effective procedures for using such liquids could be

developed which do not present corrosive or destructive possibilities,




This report presents the results of a study to evaluate several chemicals
which might serve as liquid sterilants. This study included evaluation of
the compatibility of the chemicals with a wide variety of materials as well

as an evaluation of their sterilizing effectivenesses,

e

}—The selection of the chemicals investigated was based on the work

of C. R. Phillips(l) with ethylene oxide and related compounds. The five
chemicals selacted were used with six common solvenis as vehicles.

The solvents were selected to represent a wide range of physical properties

of solvents. The purpose of the study was to evaluate the chemicals from
both the sterilizing and compatibility standpoints with respect to a wide
variety of materials ._",i"The experimental pian to produce the desired information
without a prohibitively large number of tests was designed in accordance with
modern statistical interpretation procedures in mind. The program was divided
into two phases.

In Phase I, the relative effectivenesses of the thirty chem;cal-vehicle
combinations in sterilizing a magnesium alloy strip with a Dow 7 surface
treatment was determined while holding all other factors fixed at arbitrary
levels. Phase I was designed to reduce to manageable proportions the total
number of combinations to be studied further. Implicit in the design of
Phase I is the assumption that the effect of all factors other than chemical
and vehicle are negligible in comparison with the effects of these factors. ‘
The evaluat&bn o?{e effects of te perature of aﬁpplicatioy, of ratio vpf amount
of chemical to v hicle, and of duration of exposure has been beyond the scope

of the present work, The results reported here apply only to one microorganism,

B, subtilis, var. niger, and then only to one particular strain of this organism.
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Because of the high volatility of most of the vehicles studied and the
low volatility of most of the chemicals, the relative concentrations cf these
materials in the liquid phase changes continuously during evaporation.

This change may be so important in either or both the achievement of sterility
or the attainment of reliable performance that rate and extent of evaporation
will have to be carefully controlled when such liquid sterilants are used in
manufacturing operations.

In Phase 11, the effectiveness and compatibility of four candidate

sterilants

5% v/v beta-propiclactone in distilled water
5% v/v beta-propiclactone in Solvent M.-17 (J. B. Moore Co. product)
5% v/v ethylene imine in trichloroethylene

5% w/v formaldehyde in methanol

were evaluated with respect to a number of objects representing a varisty of
surfaces, materlals, and configurations. The sterility tests were directed

toward measuring the extent to which known populations of B. subtilis, var, niger

spores were reduced in size, rather than to demonstrating total absence of
viable microorganisms. From the results of these tests, absolute sterility
tests can be designed with considarably more confidence than could be done
without such information.

The results of this study confirm the feasibility of developing a
satisfactory and reliable process, using a liquid sterilant compriced of
one of the chemicals studied in one of the vehicles studied, for sterilizing

a specified surface. They are, however, insufficient to demonstrate that
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any particular application of such a liquid sterilant to any unspecified surface
will make that surface sterile or will not damage the material or component
under that surface, It is certainly true, however, that any reasonable process
designed soley from the information presented in this report will reduce the
viable microorganisin population on any surface substanti_ally. On most
thoroughly cleaned surfaces, handled aseptically, application ¢f such a
process will sterilize the surface. If one is interested in identifying
specifically those surfaces which will not be éterilized, and certainly some
of them will not be by application of such a process, the presently avallable
information is insufficient to identify those surfaces.

Studies of toxicity, explosion hazards, and handling problems of the
liquid sterilants were beyond the scope of this study. It should be emphasized
that such studies should precede the adoption of thesu liquid sterilants for

routine use,

e




II. PHASE I

The purpose of Phase I of this evaluation was to reduce the number
of candidate sterilants from thirty to four in order that these four could be
evaluated more thoroughly in Phase II, The relative effectivenesses of the
thirty chemical=-vehicle combinations, chosen initially as candidate sterilants,
may be inferred from the information presented in Table I and in subsequent
tables which have been derived from Table I. The chemical stability and
the volatility of these same mixtures may be inferred from Tables VIII

through XI of Phase I.

A, METHODS

Except for formaldehyde, the five chemicals, specifled below, were
dispersed in each of the six vehicles in a concentration of five milliliters
of chemical in each 100 milliliters of chemical-vehicle mixture, at room
temperature (this concentration corresponds to 5% v,/v,in accordance with
the definitions in USP XVI) 2) . Formaldehyde 37%, USP, was used in the
amount of 13.51 milliliters in each 100 milliliters of chemical-vehicle
mixture. This amount gave 5% w/v of formaldehyde in the mixture.

The results in Table I suggest that the methanol in the formaldehyde 37%,
USP, contributed to the sterilizing effect of the formaldehyde containing
liquids. Formaldehyde 37%, USP, contains about 10% methanol.

The remainder of the liquid is water.




CHEMICALS

1. Ethylene imine, Matheson Coleman & Bell, #Ex 580, Lot 7291
2. Epichlorohydrin, Matheson Crleman & Bell, #Ex 55, ST 2637
3. Epibromohydrin, Eastman #3429, No Lot Number

4, Beta-propiolactone, Eastman #6662, No Lot Number

5. Formaldehyde, 37%, U.S.P., Braun Chemical Co., Lot Number 003

VEHICLES

a. 20 grams of Tide (household detergent) per liter dissolved
in distilled water (water for injection, U.S8.P.)

b. Trichloroethylene, "Baker Analyzed" Reagent #9458, Lot
No. 23110

c. Acetone, 99.5% purity, "Baker Analyzed" Reagent #9006,
Lot No. 23574

d. Methanol, Absolute, "Baker Analyzed" Reagent #9006,
Lot No. 23270 .

e, Solvent M~17, John B. Moore Co,, furfascl, S. O.

#IA 8400 E (contains tetrahydrofuran, dichloromethane,
and trichloroethylene)

f. Solvent M-50, John B, Moore Co., 1, 1, l-trichloroethane,
S. O. #LA 8400 E (contains 1, 1, l-trichloroethane and R
trichloroethylene)
The chemical-vehicle combinations were usad to cover inoculums of
one million viable spores of Bacillus subtilis, var. niger residing on one
surface of a magnesium alloy strip. The spores were suspended in distilled

water and while so suspended they were deposited, as a single drop on the

strip. The volume of the inoculum was 0.01 milliliters and was metered by «

.




a tuberculin syringe, While at room temperature, the water was permitted
to evaporate from the spores and the strip into the surrounding air.
During this drying operation, the inoculated strips were lying in a clean,
covered, sterile, glass Potrt dish with the inoculated side up. The Petri
dish also contained the replicate strip and a bacteriostasis contrel strip,
which was not inoculated.

The magnesium alloy strips were 1-1/4 inches wide by 3 inches long
by 0.016 inches thick. They were prepared of alloy AZ31B and have a
machined surface finish, 125 microinches rms or better, and a Dow 7
surface treatment. They were identical with the specimens of subject a )
of Phase II. Before inoculation, each strip was dipped in clean acetone,
reagent, in the tank of a small ultrasonic cleaner. The strip was permitted
to dry completely in the air before being placed, with its replicate and
bacteriostasis control strip in a clean, covered, glass Petri dish, The strips
were sterilized in the Petri dishes in a dry air oven at 125°C for 24 hours.
The Petrl dishes and the three strips inside each of them for each of the
following chemical-vehicle combinations were autoclaved in saturated steam

at 120°C for one hour before being exposed to dry air at 125°C for 24 hours.

Ethyiene imine in 2% w/v Tide in water
Ethylene imine in Solvent M=-50
Epichlorohydrin in Acetone
Epichlorohyd,ix: in Trichloroethylene
Epibromohydrin in Trichloroethylene
Formaldehyde {n Solvent M~-17

Beta-propiolactone in Solvent M~17




The dry spores of B. subtilis, var. niger which were supplied by

Jet Propulsion Laboratory were originally obtained from the Microbiological
group at Ft. Detrick. They were suspended in distilled water at a con~
centration of one billion per milliliter. This suspension constitutes the

stock suspension discussed subsequently in this report. A 10to 1

dilution of the stock suspension was prepared for use in inoculating
specimens for the sterility tests of both Phases I and II. In this suspension,
+he concentration of spores which demonstrated viability when incubated

on Trypticase soy agar was measured and found to be consistent with the
designed concentration of one hundred million per milliliter. The volume

of the suspension required to deposit an inoculum of one million demonstrably
viable spores was calculated to be 0,01 milliliter, The assay of viable spore
concentrations are reported in Table V.

After washing, all spore handling equipment was sterilized in saturated
steam at 120°C for one hour before use or re-use.

When first received, the five chemicals and.the s8ix vehicles were
subjected to identity tests such as cdor and infrared spectra. The com-
binations were prepared as one uniform batch which was used throughout
the testing in Phase I.

In turn, ~ach of the thirty chemical-vehicle combinations was sprayed
on the inocuiated surfuces of three magnesium alloy strips in each Petri dish
while these stri.;s were lying horizontally. The spray was applied with a

polyethylene atomizer* on the inoculated sides of the strips only and on just

*Royal, #24-410 Modifled Cylinder Rounds in linear polyethylene; Royal,
#5~1950 White Polyethylene side-spray hinge caps; Royal, Natural
Polyethylene spray tubing.




the top side of the bacteriostasis control strip. A different atomizer was
used with each chemical-vehicle combination. The chemical-vehicle
combinations were stored in the polyethylene atomizers. This operation

produced two specimens of each of thirty chemical-vehicle combinations
applied to an inoculated ma.gnesium alloy strip, and one specimen of each
on an uninoculated strip. Two additional inoculated alloy strips, called
"Control 2", were set aside without being exposed in any way to any
possibly sterilizing environment.

After being sprayed, each strip remained continuously for 90 minutes
inside lts Petri dis.h in a horizontal position. The gas in the Petri dish
was saturated with the chemical-vehicle combination though most of the
liquids evaporated long before the 90 minutes had expired.

At the end of 90 minutes, each magnesium alloy strip in its turn,
including Control 2 strips, was transfer‘red, aseptically, to a sterile
glass jar, containing 20 milliliters of sterile distilled water and closed
with a sterile closure. During the transfer, this strip was handled by
sterile forceps only. The tightly closed jar containing the strip and water
was immersed for 1 minute in water subjected to ultrasonics at 40 kc and
50 watts,

Within a few minutes after being removed from the ultrasonic fisld,
1.4 milliliters of the liquid in the jars containing the inoculated strips
wnre withdrawn into a clean sterile 5cc glass syringe. A 0.2 rnill{liter
aliquot was expelled from the syringe onto the surface of a sterile
Trypticase soy agar plate. A second 0.2 milliliter aliquot was expelled
from the syringe onto the surface of a second sterile Trypticase soy agar

-




plate and the remaining one milliliter aliquot was expelled into nine
milliliters of sterile distilled water inside a sealed vial which had been
sterilized with the water in it,

Both the jars containing the 20 milliliters of distilled water and the
vials containing the 9 milliliters of distilled water were prepared by

Horton and Converse, Los Angeles, in order to obtain maximum assurance

of sterility and purity of the water.

Five milliliters of the contents of the vial were withdrawn into the
syringe and then returned to the vial, Four additional withdrawals and
returns were made, While the dilution factor is not precisely 10 when
this technique is used, the results are reproducible and the chances for
mistakes are few., One and four tenths milliliters of the contents of the
vial were then drawn into the syringe, A 0.2 milliliter aliquot was expelled
onto the surface of a third sterile trypticase soy agar plate., A second
0.2 milliliter aliquot was expelled onto the surface of a fourth sterile
Trypticase soy agar plate and the remaining one milliliter aligquot was
expelled into nire milliliters of sterile distilled water inside & second
closed sterile vial. The procesgs of mixing, withdrawing 1.4 milliliters,
expelling onto the sterile Trypticase soy agar plates and into nine milliliters
of sterile distilled water in a third vial was repeated in a manner identical
to that done with the first vial,

The same steps were repeated for the third vial with the exception
that only 0.4 milliliters were withdrawn becausc only the two sterile
Trypticase soy agar plates, nuinbers 7 and 8, were to receive 0.2 milliliter
of liquid each. By nutation, the liquid on the surfaces of all the Trypticase

soy agar plates was distributed as uniformly as possible,
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Each specimen was processed In this identical manner to produce

eight test plates, except for the bacterlostasis controls where plates 1, 2,
3, and 4, were not prepared because bacterivstasls can be expected here
in several cases. To those vials prepared using strips which had never
been inoculated, the bacteriostasis controls, 0.01 milliliters of the spore
suspension containing one hundred million spores per milliliter were added.
The contents of the inoculated vials were then plated, 0.2 milliliter to each
of two plates for each dilution. The expected number of colonies on each
plate was 104.

The Trypticase soy agar plates for Control 1 were prepared by
adding the standard inoculum, as applied to each of the magnesium alloy
strips, directly to a jar containing twenty milliliters of sterile distilled
water without having ever been exposed to elther the magnesium alloy strip
or a chemical-vehicle combination. The jar was then tightly closed and
shaken vigorougly. The liquid in the jar was then "plated" as though
a magnesium strip had been placed in the jar, The numbers of colonies
which developed on the plates are reported in Table V. Two different jars
were inoculated and plated at the start of Phase 1. Additional assays were
made during Phase II. .

The jar which received the inoculum was called "1", After one

milliliter of its contents was transferred to a vial for serial dilution
(call these vials "set 1") this jar was placed {n water in an ultrasonic

field for one minute and then a second set of serial dilution vials and

plates were prepared from its contents. The numbers of colonies which
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developed on the plates are reported in Table VI opposite the entry
‘ultrasonics." Comparison of the Control 1 entries with those opposite
ultrasonics indicates that exposure to ulirasonics had no substantial
effects on the viability of the spores.

The vials of "set 1" were exposed to 69°C for 10 minutes and then
plates were prepared from them. The numbers of colonies which developed
on the plates are reported in Table VI opposite the entry "heat shock."

The plates were incubated at 37 + 2°C for from three to seven days.
The number of colonies which developed on each of the plates were
counted and recorded in Table I. The colonies were verified to be
B. subtilis, var, niger by colony and cell morphology and Gram=-staining
as was appropriate.

The colonies of B, subtilis, var, niger were counted on the day

following the preparation of the plates. Counting on the third day did
not cnange the recorded results. The colonies are at the most convenient
size to count 24 hours after the plate is prepared. Aiter three days,
colonies grow together to a large extent. Of course, plates with no or few
colonies must be verified to contain no colonies again after seven days .
incubation before confidence may be placed in these zero results.
Comparlison of the colony count of Control 1 plates with those
representing exposgure to ultrasonics indicates that the exposure to
ultrasonics had no substantial effect on the viability of the spore inoculum.,
Comparison of Control 1 and Control 2 colony counts discloses no sterilizing

effect of the magnesium alloy or its surface treatment independently of .

-12-
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exposure to the "sterilizing treatment" and demonstrates the effectiveness
of the rinsing method, using ultrasonics and twenty milliliters of distilled
water, for removing viable spores from the surface of the magnesium alloy

strip.

B. STERILITY TEST RESULTS AND DISCUSSION
1, ANALYSIS OF VARIANCE

The inevitable presence of variation lLas been long recognized
as a characteristic difference between the bioclogical and the physical
sclences, In bilological sciences, the comparison of the variation in
effect produced by controlled variables (factors) with the varlation
produced by randem uncontrolled factors represents the principal
component in quantitative measurements. Analysis of variance(s)
{8 a formal, and logical, procedure for making this comparison,
In an analysis of variance, the sum of the squares of the deviations
of the measurements from the mean of all the measurements is Jdivided
into several independent estimates of the varlance (a precise mathe~
matical concept as used here) which may be assigned to the measurements
if the controlled variables had no effects on the measured quantity,
Each of these independent estimates of the variance is assigned to
a controlled variable (factor) by a formal procedura. These estimates
of the varlance are then compared with the residual estimate (the total
variance estimate less the sum of the individual variance estimates assigned

to controlled factors) by application of the F-test. If the variance

-13~




assignable to one of the factors is significantly larger than the
residual estimate of the variance, then the factor is said to be
significant because the variation in the measurements assignable
to the factor was larger than could be reasonably accounted for
by the effects of random uncontrolled factors.

In the Analysis of Variance tables presented in this report,
one takes the ratio of the mean squares {MS) as the ratio F.

From the relative magnitudes of the mean squares, the relative
importances of the several factors in the total variation among
the data may be inferred.

The data obtained in Phase I was subjected to an analysis of
variance. This analysis permits an inference to be made about the
significance of the results. The analysis of variance indicates that
the differences in sterilizing effectiveness among the several
conditions were highly significant for change from one chemical
to another, but were not significant with respect to change from
one vehicle to another, The variation which was due to differences
in the numbers of viable spores recovered* from replicate strips was
as large as the variation arising from change from one vehicle to
another, While it may be that the vehicles do have different effects,
the precision of the measuring technique was not sufficient to detect
them. The interactions between chemicals and vehicles have a greater

[ ]
offect on the sterility test results than do the vehicles themselves.

*Differences may be due to variation in effective exposure as well as

to thoroughness of the process of rinsing the spores ofl the strips,
° *

-14-
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The measure of sterilizing effectlveness was assumed to be
the sum of the numbers of colonies developed on the plates for the

l, 1:102, and 1:103 dilutions. Table II presents the numerical

1:10
values of these sums. This measure is not unique and may not even
be the best, It is useful, however, in that it ranks the various
combinations of chemicals and vehicles in inverse order of their
sterilizing effectivenesses. The analyses of variance presented

in Tables III and IV permit one to compare the variation of results
arising from variation in the centrolled factors, with the variation

in the results arising from the experimental techniques,

In Table 1, there is a footnote pointing out that the colony
counts for the second replicate for 5% v/v epichlorohydrin in
Solvent M-50 are, possibly, unreasonably low, Table III has been
calculated on the basis that the information presented in Table I
does represent reality and Table 1V is calculated on the basis the:t
the data for the second replicate are identical with those of the
first replicate. This adjustment of the data has a pronounced effect
on the distribution of the variance between the plates and the strips
and results in a possibly more accurate picture of the experimental
technique. This adjustment of data, however, does not affect the
general conclusions to be drawn from the analysis of the variance,
which is, that for purposes of sterilizing B, subtilig, var. niger
spores, the differences among the effocts of the chemicals are
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much greater than are the differences among the effects of the
vehicles or the interactions of the chemicals with the vehicles.
The autoclaving of certain of the magnesium alloy strips prior to

inoculation did not appear to affect the results of the sterility

tests.

2. SPORE SUSPENSION ASSAYS

A 10 to 1 dilution of the stock suspension was prepared for
use in inoculating specimens for the sterility tests in Phase I,
In Table V, the results of the assays un this 10 to 1 dilution are
reported as the 6-8 and 6~9 assays. These assays, which are
also called "Control 1" in the subsequent discussion, are
consistent with the presumption that the stock suspension contains
109 spores of B, subtilis, var, niger per milliliter, The volume of
the 10 to 1 dilution of the stock suspension required to deposit an
inoculum of one million demonstrably viable spores 18 then 0.01
milliliters, Other assays of the viable spore content of the stock
suspension are reported in Table V. The spores appear to maintain
their viability while suspended in distilled water for a period of

two months under storage at 7°¢.

-16-




3. VIABLE SPORE RECOVERY CONTROL

The number of viable spores recovered from the magnesium
alloy strips not exposed to candidate sterilants are shown in
Table V and in Table I of Phase II as the entries for Contrel 2 of
subject a and in Table VIII of Phase II. (In Phase II, the magnesium
alloy strip is designated as subject a.) The rinsing operation
recovered from the rnét:;nesium alloy strips nesarly all of the inoculum
in the Phase I tests. In the Phase II tests, however, the recovery

was between 8 and 10% of the viable spore inoculum,

4, BACTERIOSTASIS CONTROL

In Table I, the bacteriostasis control plates in every instance
indicated that insufficient amountg of the chemiral remained in the

higher dilutions to prevent proliferation of large inoculums of spores

known to be viable,

5. HEAT SHOCK AND ULTRASONICS

In an effort to obtain maximum recovery of viable spores from
magnesium alloy strips, the inoculum was scrubbed and rinsed into
sterile distilled water by ultrasonic scrubbing of the strip. Table VI
compares the Cont:rol 1 assay, same as reported in Table V, with

similar assays of the same spore suspension after it had been immersed

-17-




in an ultrasonic bath, for one minute, in a manner identical with that
used in scrubbing the magnesium alloy strips. The ultrasonic irradiation
at 40 kc and 50 watts, of itself, does not appear to affect the viability
of the spores., A separate portion of the spore suspension used in the
Control 1 assays and the ultrasonic assays was heat shocked in an
effort to improve, if possible, the proportion of the spores which

would germinate when placed on nutrient agar and incubated. The data
in Table VI failéd to indicate that any incr2ase in the proportion

germinating was attained by heat shock.

6. RESISTANCE OF SPORES

The particular strain of B, subtilis, var, niger used in this
work was selected because of the existence of a large amount of
experimental information obtained on its resistance to exposure to
ethylene oxide by the Microbiological group at Ft. Detrick,

This strain represents, therefore, a resistant microcrganism of
known characterist‘ics. One of the authors has had considerable
exparisnce with the behavior of o Giffsicnd strala, 084 f Amcicun
Type Culture Collection No, 9372, in gas sterilization experiments.
Table VII presents the results obtained when identical inoculums of

these two organisms were exposed to the eth:lens oxide process,

used in Phase II, for three hours., The BS4 strain may possibly bs

18- .
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more resistant to ethylene oxide, on the basis of the information
shown in Table VII, and thereby more resistant to the several
candidate sterilants considered in the present work., Because the
two spore inoculums were handled identically, differences in the

state of hydration probably were not significant.

C. CHEMICAL STABILITY, RESULTS AND DISCUSSION

Because the chemicals used in this evaluation are known to be highly
reactive and the vehicles are known to be generally volatile, measurements
of the extent of chemical reaction of the chemicals with the vehicles and
the physical behavior of the mixtures will affect their effectivenesses as
sterilants. The chemical stability was studied by several qualitative

techniques,

1. INFRARED ANALYSIS

Infrared spectra were obtalned for sach of the five chemicals
and each of the six vehicles as well as of all thirty of their binary
mixtures. These spectra were measured within 24 hours after mixing.
In cases where appreciable time elapsed between mixing and measuring,
the specimens were stored with dry ice in an insulated box.

Allquots of each of the mixtures were placed in linear
polyethylene bottles* and were exposed for 19 hours to 58°C in an

oven. The spectira of these hected mixtures were algo obtained.
[ ]

©
*Royal, $#24-410 Modified Cylinder Rounds in Linear Polyethvlene; Royal,
#5-1950 White Polyethylene side-spray hinge caps; Royal, Natural
Polyethylene spray tubing.
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In some few cases, spectra were obtained by compensation; that is,
pure vehicle was used in the compensation cell in a double beam
instrument. In most cases, however, adequate results were obtained
by using a cell of sufficient thickness (0.1 milliliter) to insure appre-~
ciable absorbance by the chemicals.

Table VIII shows the results of comparing the spectra of tne
individual chemicals and vehicles with those of the mixtures,

It is interesting to note that ethvlene imine appears tc react most
strongly with the vehicles though this effect is not confirmed by
subsequent spectra of heated samples, It ls possible that reactions
between ethylene imine and the vehicles reach equilibrium quite
rapidly.

In order to determine wt.ather the changes observed at room
temperature were true chemical reaction by the chemicals and vehicles
rather than possibly effects of an impurity introduced in the mixing
operations, Infrared spectra obtained after heat treatment were
compared with those of the original mixtures. Any reaction between
the chemicals and vehicles would not generally be expected to cccur
rapidly at room temperziure. In the case of slow chemical reactions,
an amplification v~ chaiye in the spectrum would be expected for
the heated specimens. Table VIII shows the results of {these comparisons,
Only the specimens involv.ing e¢thylene Imine and formaldehyde in the
mixed solvents appear to involve chemical reaction. The qualitative

nature of these tests preclude estimating the extents of chemical reaction,
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Z. INDEXES OF REFRACTION

"Because the infrared spectrometer was unable to accommodate
specimens containing appreciable amounts of water or methanol, the
comparisons of the freshly mixed and heated samples containing these
vehicles were made through the indexes of refraction. Essentially no
changes were observed in the methanol mixtures, One might therefore
surmise that the extent of chemical reaction was relatively small,

In the water solutions, however, ail of the chemicals, with the
exception of formaldehyde, showed a change in the index of refraction
in the heated sample from the original mixture of 0.0018 units.

These four chemicals may he pre‘sumed to react with the water to

some extent.

3. OBSERVATIONS CN STORAGE OF CHEMICAL-VEHICLE MIXTURES

In Table IX, are shown the features of the linear polyethylene
bottles and their contents when they were returned from the infrared
spectrascopist, That reaction must have occurred in several instances
elther between the chemical and the vehicle or the combination with
the container is apparent., Becauce the chemi.. -vehicle combinations
used in sterility tests were stored only for brief periods of time,
and then under refrigeration, while in the polyethylene containers,
the effect of this reaction on the sterilizing effectiveness of the
mixture was not likely great. The comments about pure chemicals and

pure vehicles are presented in the O column and row of the table.
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4. FORMATION OF EMULSION

The following mixtures did not form stable emulsions when
passed through a laboratory homogenizer but separated into two

distinct phases in the container upon standing for an hour or so.

Epibromohydrin in 2% w/v Tide in distilled water
Formaldehyde in Solvent M=-17
Pormaldehvde in Solvent M~-50

Formaldehyde in Trichloroethylene

With formaldehyde, the nonagqueous phase was used as the
liquid sterilant being tested in Phase I but the aquecus phase was

used with the epibromohydrin. The following mixtures formed stable

emulsions when homogenized.

Epichlorohydrin in 2% w/v Tide in distilled water

Beta-propiolactone in 2% w/v Tide in distilled water

A purer grade of beta-propiolactone, called Betaprone (a product
of Testagar & Co., Detroit, Michigan), is soluble in water in con-

centrations much larger than 5%, but was not available when work started.

5. BETA-PROPIOLACTONE

The extent of solubllity of beta~proplolactons in water was
studied. To a clean 100 milliliter volumetric flagk, one milliliter
of beta-propiolactone/Eastman was added. Distilled water was

added one milliliter at a time. In the first milliliter of water,

L) -22'
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the beta-propiolactone was dispersed readily to f&rm a cloudy liguid.
Holding the flask under a running hot-water tap produced a clear
solution. When the liquid cooled, it again became cloudy. The same
procedures were used in subsequent additions of one milliliter aliquots
of distilled water and the same phenomena occurred sven after the
addition of twenty milliliters of distilled water. In the preparation

of 5% v/v beta-propiolactone in water, used in Phase II, the beta-
propiolactone dispersed readily into the water in very small droplets
as the water was added to the bsta-propiolactone in a glass flask.
These droplets seemed to coalesce into larger droplets, some of
which wet the walls of the flask preferentially to the water phase.

The entire contents of the flask were passed through a homogenizer
before the liquid was used to treat specimens.,

In Table X, information pertaining to the effect of aging and
of Tide on the sterilizing effectiveness of 5% v/v beta-propiolactone
in vehicle is presented, This information confirms the known fact
that beta-propiolactone in water is unstable, particularly so at room
temperature and above, The stock of beta~propiolactone was stored
ot 7-8°C for six weeks and then in the freezer after that. The solutions
of bata~propiolactone were stored at 7-8°C.,

The information for subject p in Table I of Phase II further
illustrates the effect of this instability on the sterillizing effectiveness
of solutions of btsta—propiola.ctone. Subjects p and p' were nearly
identical, The beta-propiolactone used to treat subject p had been

mixed with water about 26 hours pricr to use and had been stored at

L
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7—8°C during this 24-hour period. A freshly prepared solution was
used to treat subject 15' .

On one occasion, the laboratory homogenizer was insufficiently
cleaned after having been used to homogenize beta-propioclactone in
water, In two days time, the inside mechanism became coated with
a sticky green substance which was insoluble in acetone or trichloro-
ethylene but was readily soluble in water.

6. ‘WATER CONTENT

Water content of the 5% v/v ethylene imine in trichlorcethylene
and of the 5% v/v beta-propiolactone in Soivent M-17 chemical-vehicle
combinations (used also in Phase II) were found to be 0.78% w/w
and 0,.68% w/w, respectively, The water was determined by the
Karl Fischer mathod.

7. RELATIVE VOLATILITY OF SEVERAL CHEMICAL-VEHICLE
COMBEINATIONS

I = ¥ . o -~ —~f PR I R N 1 1
inran rc chown the numbzrof o
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after spraying each of the chemical=-vehicle combinations on the
magnesium alloy strips before the liquid had completely evap ‘rated
into the ambhient still air. The mixed solvents were particularly
volatile and were difficult to maintain in contact with the inoculum

for the prescribed exposure times, ©Only by thoroughly saturating

~24~




the insides of the Petri dish with the liquid was the surface of the

. magnesium alloy strip maintained wet for most of the 90 minutes,

The gas phase in the Petri dish was nearly saturated during the

entire 90 minutes.
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111, PHASE 1II

METHOD
1, STERILITY TESTS, PHASE IT'

Each of the fifteen subjects, a, e, £, g, h, 1, J, k, k', 1,
m, n, 0, o', and p, (see list of subjects following) were in-
oculated with from one to five million viable spores of Bacillug
subtilie , var niger. The spores ‘were suspended in distilled
water and, while so suspended, were deposited as single drops
on the surfaces to be inoculated. The volume of the inoculum .
was metered using a tuberculin syringe.

The inoculum on subjects a, e, £, g, h, i, and §, was placed
on the surface of the specimen as a single drop. The inoculum was
¢ontained in 0.01 ml, of spore sus;)ension. The location of the
gseveral inoculums placed on subjects k, k', 1, m, n, o, o', and p,
are shown in Figures 1 through 8, On subject o, the inoculums were
pla.ced in pin holes, 36, 19, 2; at the base of pins 19, 20 or 20,21
{the inoculum would bridge between the pins); and on the reverse
side in the region 19,23,

LN sunyeor 0O°

, tne inozutiims were placed dn pln hieles DD, HER,
BB; at the base of pin DD, EE or DD, CC (the inoculum would bridge
between two pins) and at the reverse end of pin HH.

While at room temperature, the water was permitted to evaporate
from the spores and the subject into the surrounding still air. During

this drying operation, the inoculated subjects were lying on a clean,

though not necessarily sterile, surface with the inoculated side up
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in a clean, though not necessarlly sterile,environment, reasonably
free from air currents.

Because. these subjects were sprayed on all exterior surfaces
with the candidate sterilants

a, 5% v/v beta-propiolactone in distilled water

b. 5% v/v beta-proplolactone in Solvent M~17

c. 5% v/v ethylene imine in trichlorcethylene

d. 5% w/v formaldehyde in methannl(with about 5%

v/v water from the formalin solution)
the specimens were not sterilized nor contained in closed contain-
ers before or during inoculation,

Before inoculation, subjects k, k', 1, m, n, o, o', and p,
were disassembled, The inoculum of one million spores was
applied to each of the surfaces which mate (shown in Figures 1-8
inciusive) and thereby became occcluded when the subject was *
assembled., After inoculation, the disassembled subject was dried
in the manner discussed above and remain;d disassembled until
after exposed to the candidate sterilants. The inoculum ¢on the
electrical connectors subjects o and o', was dried partially under
vacuum to insure that spores had an opportunity to reach the
bottoms ¢f the pin holes and the surfaces between the pins and
the insulation,

In no case were more than five surfaces on any one s‘pebimen
inoculated,

The spores, which had been supplied by }PL, had been sus~
pended in distilled water at & concentration of 10° cells/masliliter

in Phase I. In this suspension, the concentration of spores, which
[ ]




demonstrate viability when incubated on Trypticase soy agar,
was measured, The volume of the 10 to 1 dilution of the stock
suspension required to deposit an inoculum of one million de~
monstrably viabie spores was 0,01 milliliters,

After washing, all spore handling equipment was sterilized
in saturated steam at 120°C for 1 hour before use or re-use.

When the inoculums were sufficiently dried, each of the
four candidate sterilants were applied to a fresh inoculated
specimen. The specimens were prepared in triplicate. For
subjects a, e, f, 1, and J, each set of triplicates and the
bacteriostasis control were placed inside a sterile petri dish
immediately after the sterilant had been sprayed on the specimen.
During spraying, the specimen was suspended vertically while
it was held by forceps. The spraying took place in a quiet zone
in a hood and the petri diash remained in the same quiet zone until
after it received the specimen., The specimens remained horizon~
tal during the subsequent 24 hour storage period in the petri
dishes.

Subject h was placed on the bottom of a 10-ml, beaker and
was sterilized by exposure to 125°C for 24 hours, while in a baby
food jar with the cap in place. The inoculum was placed on the
top surface of the grease and was permitted to dry with the lid
sitting loogely on the jar. The candidate sterilant was applied

tv the inoculum by spraying., The caps were tightened on the jars

to make hermetic seals.
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Subjects g, k, k>, 1, m, n, o, o', and p were dipped in
the candidate sterilant., In addition, all holes such as screw
holes, connector socket holes, etc., which were inoculated were
flushed by means of a syringe and needle. The dip was quick and
the subject was assembled immediately. Then the exterior surfaces
were sprayed with the sterilant. The assembling and the spraying
operations took place in a hocod. Within five minutes after being
sprayed, and actually as soon ag possible, the apecimens were
moved to the inside of a sterile enclosure, Figure 9, where they
were placed inside individual,sterile, plastic bags. The tools,
gloves, aad hands used for assembling theses objects were not
sterilized. The plastic bags and their contents were sterilized
however. The gloves and tools used in assemhly were clean
in order to avold cross mixing of candidate sterilants.

The sterile enciosure was illuminated with a Westinghouse
Sterilamp #782L-30. The ultraviolet light did not reach the
occluded surfaces on the specimens where the lnoculum was placed.
The light did, however, serve as an air sterllant and reduced the
number of bacteria residing on the outside of the plastic bags.

The effectiveness of this technique for eliminating the introd-
uction of airborne bacteria into the bags was measured. After

the specimen was placed in its own individual, sterile plastic bag,
the bag was closed by folding and crimping with a rubber band.
The bags were placed in a clean, thcugh not necessarily sterile,

environment at room temperature for 24 hours.
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These plastic bags had double walls consisting of two
separate 0,001-inch thick polyethylene films and Were. 12 inches
wide by 20 inches long. These double-walled polyethylene bags
contained ethylene oxide for 48 hours prior to receiving the
specimens. Into exch bag were placed the tools for disassembl-
ing, the jJar of sterile water, and a jar containing 2.30 ml, of a
mixture of 0,10 milliliters of distilled water and 2.22 ml, of
liquid ethylene oxide. The amount of water was designed to in-
sure that the water would exceed that required to produce 30%
relative humidity,

The ethylens oxide and water were mixed in a chest packed
with dry ice. Unleas the mixture was warmed occasionally, a
solid phase would form, indicating the formation, possibly, of an
hydrate. The same thing has happened with this same mixture
when it was immersed in a water~ice bath. The mixture never got
much below 0° C, before the solid formed. This solid hydrate might
provide a convenient method of handling ethylene oxide for steril-
ization purposes.

The effect of the residual"'ethylene oxide on spore viability
was measured and found to be negiigible. The effectivenegs of
the bag and tool sterilization procedures was measured.

At the end of 24 hours, the specimens of subjects a, e, f,
i, and j were lifted out of the petri dishes and into individual
sterile baby food jars containing 50 milliliters of sterile distilled
water. The specimens were handled with sterile forceps only.
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The jars containing the specimens in the water were immersed .
for one minute in an ultrasonic field. Subject h in its beaker
was also transferred to a container of 50 milliliters of sterile
distilled water. All these transfer operations took place in the
sterile enqlosure, Figure 9, in the presence of filtered air, but
without UV irradiation.

At the end of the 24 hours, components k, k', 1, m, n, o,
o' and p were disassembled while still enclosed in the bag. The
components were all dropped into the water in the jar and the jar
was closed tightly. Then, and only then, was the bag opcned
and the jar removed. The tightly closed jar containing the sub-
ject in the water was immersed for one minute in water in an
ultrasonic field.

Within a few minutes after being removed from the ultra-
sonic field, 1.4 milliliters of the liquid in the jar wag withdrawn
into a clean sterile 5ml. glass syringe. A 0.2-milliliter aliquot
was expelled from the syringe onto the surface of a sterile Tryp-
ticase soy agar plate., A second 0.2= milliliter aliquot was ex~
pelled from the syringe onto the surface of a second sterile Tryp~-
ticase soy agar plate and the remaining one-milliliter aliquot was
expelled into nine milliliters of sterile distilled water inside a
sealed vial which had been sterilized with the water in it. The
sterlle Trypticase soy agar plates used in all assays described
in this proposal, were obtained from Hyland Laboratories, and

the sterile water {ars and vinla ée~— 77 ston and Converse.
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Five milliliters of the contents of this vial were withdrawn
into the syringe and then returned to the vial. Four additional
withdrawals and returns were made. One and four-tenths milli-
liters of the contents of the vial were then drawn into the syringe.
A 0.2-milliliter aliquot was expelled onto the surface of a third
sterile Tryptica. e soy agar plate. A second 0.Z-milliliter ali-
quot was expelled onto the surface of a fourth sterile Trypticase
80y agar plate and the remaining one milliliter aliquot was ex~
pelled into nine milliliters of sterlle distilled water inside a
second closed sterile vial. The process of mixing, withdrawing
an aliquot and expelling onto the sterlle Trypticase soy agar
plates was repeated in & manner identical with that of the first
vial.

Prom the second vial only 0.4 milliliters were withdrawn
because only the two sterile Trypticase soy agar plates, numbers
5 and 6,received one milliliter of liquid each, By nutation, the
liquid on the surfaces of all the Trypticase soy agar plates was
distributed as uniformly as possible.

Each subject was processed in this identical manner to
produce six test plates except for the bacteriostasis controls
where plates 5 and 6 were not prepared. For those plates ore-
pared using subjects which had never heen inoculated, the bac-
teriostasis controls,an aliquot of the spore suspension sufficient
to produce approximately 100 colonies on each plate,was added

to the contents of the corresponding jar or vial. The plates were




incubated at 37 + 2°C for seven days. The number of colonies

which developed on each of the plates was counted and recorded

in Table I of Phase IJ.

2. COMPATIBILITY TESTS, PHASE II"

The subjects used in Phase II" were prepared for treatment
with the candidate sterilants in the same manner as they had been
prepared for the Phase II' studies. To the extent possible, the
analogous operations in Phases II' and II" were performed concurrently.
The method used to apply the sterilant to each of the speci-
mens {8 indicated in the ‘ollowing list of subjects., Subjects k, 1,
m, n, and p had considerable amounts of cutting oil and metal
powder on them resulting from machining operations. They were
rinsed in Solvent M-50 and dried before use in the measurements
described here for Phases II' and II". All other subjects were

used in the as received or as prepared state:

Subject a  Strip of sheet magnesium alloy AZ 31 B approx-~
imately 1~1/4 inches x 3 inches x 0,016 inches
with a machined surface finish 125 microinches
rms or batter, and a Dow 7 surface treatment.

Each specimen was sprayed with the candidate
sterilant and placed in a closed petri dish and
left there for 24 hours. While being sprayed,
the specimen was held vertically by forceps.

Subject b  Temperature control surface, white silicone paint,

on one side, uncured, on magnesium, in three
shapes 6" x 6", 2" x 2", and 15/16" diameter.




Sterilant was applied by spraying while the
specimen was held in an aluminum rack. The
rack and the specimens were placed inside a
polystyrene box for at least 24 hours,

Subject ¢ Temperature control surface, black silicone
paint, on one side, uncured, on magnesium, in
three shares - 6" x 6", 2" x 2", and 15/16
diameter,

Sterllant was applied by tne same technique as
was used for subject b,

Subject d Temperature control surface, gold plated, in
three shapes 6" x 6", 2" x 2", and 15/16 diameter.

Sterilant was applled by the same technique as
was used for gsubject b.

Subject e Teflon strip, approximately 1-1/4 inches x 3 inches
x 0.010 inches cut from a sheet of teflon film,

Sterilant was applied by dipping the specimen into
sterilant and storing it in a petri dish as was done
for subject a,

Subject f  Stycast 2340M strips approximately 1/4 inches x
1/4 inches x 2 inches cut from a sheet cast on
teflon film In accordance with manufacturer's
directions.

Sterilant was applied by same technique as was
used for subject e.

Subject ¢ Epoxy=-fiberglass terminal board - Specification
MIL=-P~18177-GEE approximately 1 - 1/4 inches
x 1/2 inch % 3 inches.

The specimens were flushed with sterilant. A
syringe and needle used to apply sterilant to all
surfaces. The specimen was sprayed and then

laced in a polyethylene bag where it remained
or 24 hours.

Subject h  Silicone grease, General Electric Co,, Versilube
G~-300(Chlorophenyl methyl silicone fluid with a

lithium soap and antioxidant,) Ona gram of grease
was spread over the bottom of a clean ten-milliliter
beaker. The beaker and its contents were exposed
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Subject 1

Subject i

Subject k

Subject k'

Subject 1

Subject m

Subject n

Subject ¢

to dry air at 125° C for 24 hours. When again
cool, five milliliters of sterilant were poured
gently down the inside of the beaker, The beaker
was swirled gently for three minutes and the ster~
ilant then decanted from the grease.

Silicone rubber strip, Specification AMS~3302B,
Kirkhill Rubber Company, approximately 1/4 inch x
1/4 inch x 1 1/4 inches.

Sterilant was applied by the same techniques as were
used for subject e.

Butyl rubber strip, Stillman Rubber Co., SR 613-75,
approximately 1 1/4 inches x 3 inches x 0.12 inches.

Sterilant was applled by the same techniques as were
used for subject a.

Screw into lock nut and conducting flange, Figure 1.

Sterilant from a syringe needle flushed out interior
surfaces before disassembled components were dippred
in the sterilant. After treatment, the specimens were

placed in a polyethylene bag where theyremained for
24 hours.

Screw into lock nut and conducting flange, Figure 2,
Sterilant was applied to specimen in the same manner
as was used for subject k.

Screw into insert, Figure 3.

Sterilant was applied to specimens in the same manner
ag was used for subject k,

Dowsel pin press fit and screw into tapped hole, Figure 4

de

Sterilant was applied to specimens in the same manner
as was used for subject k,

Cable clamp, Figure 5.

Sterilant was applied to specimens in the same manner
as was used for subject k.

Cannon electrical connectors, DOM 508 NM 1 with DOM
S0P NM 1, Figure 6.
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Sterilant from a syringe flushed out those pin holeas
which were used in the electrical resistance measure—
ments. The disassembled specimen was dipped In the
sterilant and then assembled and placed in a poly-
ethylene bag where it remained for 24 hours.,

Subject o' Bendix pygmy connectors, PT 00A 22 5§58 with PT 06A
22 55P, Figure 7.

The sterlilant was applied tc the specimens in the same
manner as was used for subject o.

Subject p Shaft fit with O-ring, Figure 8,

Sterilant was applied in the same manner as was used
for subject k.

Subject ¢ 6061 aluminum sheet, with standard mill finish, tc which
strip coat TEC~734-P /Tec Chemical had been applied.

Sterilant from a syringe needle flushed the specimens

on all surfaces. The specimens were stored in petri
dishes for 24 hours after exposure to the sterilants.

All subjects which were to be disassembled before treatment
with the candidate sterilants were disassembled and treated with the
candidate sterilant. Special additional raplicates of all specimens of

subjects b, ¢, and d, were prepared by JPL, All subjects were treated

with the candidate sterilants.

After applying sterllant, subjecta k, k', 1, m, n, o, o', and p,
were agsembled promptly (within 5 minutes) and recelived by spraying
a second application of sterilant which covered all expoged surfaces.
All subjects were then stored at room temperature in double-walled
polyethylene bags for at least 24 hours. Duplicates of each subject
treated with each candidate sterilant were prepared and two specimens
of each subject, which had not been expoused to any of the sterilants,

were set aside. A total of eight specimens of each subject, except b,

36~




)

¢, and d were treated with candidate sterilants for the purposes
of Phase II",

A total of 8 specimen of each shape for subjects b, ¢, and d,
plug an additional 8 specimens of the 2 inch by 2 inch square shape
were treated with the candidate sterilants in order to supply specimens
to JPL for reflectance measurements.,

After 24 hours, each of the ten specimens of each subject was
inspected and the significant features of its appearance, particularly

differences attributable to exposure to the sterilants were noted.

a.  Chanqge in Weight

After preparation, subjects b, c, e, f, g, i, and g
were weighed on an analytical balance to the nearest
0.1%. After exposure to the sterilants and storing for
24 hours they were weighed agaln so that a change in

weight could be detected.

b.  Chapge in Dimension

The thicknesses of subjects e, 1, and j were
measgured using a micrometer caliper both before and

after exposure to the candidate sterilant,
C. Tackinegs

A dry swab of absorbant cotton wrapped around a

woaden stick, was placed firmly against each specimen
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of subjects b, ¢, e, £, g, 1, and j. Whether or not ary
cotton adhered to the specimen, whether any of the specimen
adhered to the cotton, and whether any visible indentation

was left in the specimen was noted.
ds Optical Properties

‘When the paper tissue, in which they had been wrapped
before exposure to the sterilants, was removed from the
white surfaces, it seemed to adhere to every specimen and
a pattern of the paper was left in the white paint, Sterilants
B and C evaporated extremely rapidly making it difficult to
maintain the entire surfaces of subjects b, ¢, and d, wet
when the specimen was finally at rest inside the bag.
Sierllant A falled to wet any of the temperature control
subjects and was therefcre deposited as a fog on the
surface. In some instances, the fog droplets coalesced
into large droplets which remained in place on the specimen
while it was in the bag. Sterilant D wetted the black and
gold surfaces but did not wet the white surfaces.

The JPL replicates of temperature control surfaces,
subjects b, ¢, and d, were packaged in polystyrene hoxes
and returned to JPL without a'pplying any tests (appearance,
weight, or tackiness) so that they would be suitable for

smeasuring changes in reflectance.
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 ‘.vyire (resistance
0.00668 ohms)

e. Electrical Measurements

i. Contact Resistance (Subjects k, o, and o'and k')
Using a Leeds and Northrup Kelvin Bridge, Model
No. 4286, the contact resistance of subjects k, k', o,
and o' was measured both before and after exposure to
the sterilants. The current leads were separate from the
potential leads in accordance with the specifications in
the contract. The wiring diagram for the measuring circuit

is shown in the following sketch:

| ™ o
IERssiig

The manufacturer reports the accuracy of the Kelvin Bridge
as + 2%
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The wiring details for each of the four subjects are shown

in the following sketches.

Subjects k and k' conducting flanges
.-1/4"-28NF Allen head

| r \YQ

| I /

. O - machine screws tightened
! [/{ to 32 in-1b of torque

. -

' \The contact area between
‘ . H : ! I L ! l the flanges 13 approxi-

{ mately 3 gquare inches.
#10-32 bolt O

"and nut
Lockwasher terminal lug
3" leads, 24-gauge

Subject o, Cannon electrical connector, DOM-505-NM-1
with DOM~-50P~NM=-1

Contact resistance was measured for pin numbers 2, 3,

19, 35, and 36. The grouping of these pins is indicated in

the sketch below:

) ) ] X SR R
22 21 20(1) 19(4) 18
o o [ L (o]
Y

° 56 & 38 A N

O DOM~50P~-NM~-1
Rear View

In the tabular information p-esented elsewhere in this report,

the pins have been designated by the numbers {n parenthesis.
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Two three-inch leads of 24-gauge wire (resistance:
0.00668 ohms) were soldered to each of the designated pins
on the plugs "and on the sockets. These wires constituted the
separate current and potential leads. Spade terminals were
used on the current leads and pin terminals were used on the

potential leads.

Subject o', Bendix pygmy cannector, Pr-00A-22-558 with
PT-06A-22~55P

Contact resistance was measured for pins identified

on the connector as BB, FF, HH, CC, and DD. The grouping

of these pins is {ndicated in the sketch below:

020
“3 “(.:‘ a.l T-06A~22=55P
Oop ® ¢ O Rear View
(TX ]
0 o 0
o

In the tabular information presented elsewhere in this report,

the pins have been designated by the following numbers:

1. (EE), 2. (CC), 3. (DD}, 4. (KH), 5. {BB), and 6. (FF).
Two three-inch ieads of 24-gauge wires (resistance:

0.00668 ohms) were soldered to each of the pins 1, 2, 3,

4, 5 and 6 on the plugs and on the sockets., These wires
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constituted the separate current and potential leads.
Spade terminals were used on the current leads and pin

terminals were used on the potential leads.

i, Insulation Resistance (Subjects o and o')
The insulation resistance between pin No. 1 and
five other pins for each of these subjects was measured

using the following circuit:

Leeds & Northrup
Galvanometer — e . Gt e v M et oo
No. 2500f —/

Leeds & Northrup Ayrton
O Shunt - #2664

Polarit
Switch
L & N #3294

Z 1 megohm 1L_¥
unknown

resistance

N
1.0 0.01 0.0901 0 1
0.1 0.901 0.00001

-




For subject o the insulation resistance was measured
between pin number 20 and pins numbered 2, 3, 19, 35,
X and 36. The grouping of these plus is indicated in.the .
sketch of subject o in the discussion of contact resistance
i measurement.
| For subject o' the insulation resistance was measured
between pin EE and pins BB, FF, HH, CC, and DD, The
) grouping of these pins is indicated in the sketch of gubject o'
| in the discussion of contact resistance measurement,

, The powential source was two Burgess #493 300-volt

dry cells in series. The standard resistor was one megohm

with an accuracy of 1%. The manufacturer reports the accuracy

, of the Ayrton Shunt to be + 0,1% and the sensitivity of the
galvanometer to be 0.0001 microampere per millimeter of

| deflection at a distance of one meter,

Because the resistance of the unknown 1s related to

galvanometer deflection by

R = 108 8791

dy
the voltage of the batteries does not affect the resistance
measurement directly. It does affect the sensitivity of the

circuit to measure large resistances, however.

%*in the above equation, R is the resistance of the unknown,
d 18 the deflection of the galvanometer for a direct short
across the unknown resistor and d] is the deflection of the
galvanometer for the unknowa resistance.
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f. Strippable Coatings

The strip coat was applied to subject q by four
successive immersions of the aluminum strip in the
liquid coating bath, After all other teats on the subject
q specimens were completed, the strip coat was part-
lally pzeled away to observe how cleanly it separated
from the aluminum strip. Except for one spot about one
millimeter square on one of the Sterilant A replicates,

all coata peeled away cleanly,
de olubility of 8ilico rease

In all tests of specimens of subjeoct h, one gram of
grease was spread over the bottom of a ten-milliliter beaker,
Fiva milliliters of the candidate sterilant were poured
gently down the side of the beaker. The beaker was swirled
gently for throe minutes and the sterilant then decanted onto
a filter paper in a Buchner funnel to which suction had been

already applied. The filter and the suction were so chosen

"that five milliliters of candidate sterilant, not expoaed to

grease, would pass through it in ten seconds. The filtrate
was collected in a previously weighed flask and was evap-
orated to dryness at a temperature not over 40° C, The flask
containing the residue was weighed and th. weight of the

residue raecorded to the nearest milligram. Even after drying ¢

"44- L]
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for days and desgication over Drierite a liquid remained
with the Sterilant A residue. This liquid was apparently

beta-propiolactone or one of its products.
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B.

RESULTS AND DISCUSSIONS

l. STERILITY TESTS, PHASE II'

in Table I of Phase II are presented the numbers of colonies of

B. subtilis, var. niger which developed on the Trypticase soy agar

plates described in the Phase II' Methods section of this report.

Table I also presents the number of colonies observed on the bacterio~
stasis control plates and on the Control 2 plates. The Control 2 plates
indicalz the effectiveness of the viable spore recovery procedures.

As in the case of Table I of Phase I, the numbers of colonies of
contaminating microorganisms which developed on the plates are
shown in parentheses, The tests reported in Table I were performed
in such a manner that they could be divided into four batches which
were equally representative of a total set of conditions, Subject k'
and p', however, were tested last and consequently have no batch
numbers,

Subject p' represents a repeat test in which subject p was
exposed to a freshly prepared emulsion of beta-propiolactone in
distilled water, Subject a specimens weure expoused to beta-propiolactone
in water within 2 hours after it had been mixed. Subject ] was exposed
to the same mix of sterilant within 4 hours after mixing and subject p
approximately 26 hours after mixing. The datgy presented for subject p
{llustrate the effect of instability of aqueous solutions of beta-

propiolactone on sterilization efficiency.
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Subject h was exposed to heta-propiolactone in water
approximately four hours afte;r being mixed., In all other cases,
the beta-propioiactone in water was used within two hours after
being prepared,

Table II presents the total number of colonies of B, subtilis,
var, niger observed on the plates for all dilutions, plates, and
specimens and indicates the corresponding sterilant, batch number,
and subject letter for each total number. In Table III, an analysis
of variance of the data of Table II is presented. This analysis of
variance indicates that both the subjects and the sterilants Lave
an effect on the number of colonies which develop greater than that
which can be assigned to batch differences or to random uncontrolled
factors. The significance of these effects of subject and of sterilant
is not great with respect to the effect of the random uncontrelled factors,

Table 1V presents the total number of colonias of contaminating
microorganisms which developed on the agar plates for all dilutions,
replicate plates, and replicate specimens, and has designated a
corresponding subject, batch, and sterilant for each, In Table V,
an analysis of variance in the number of colonies of contaminants,
from Table IV, is presented. This analysis indicates that the number
of colonies of contaminants varied quite significantly from day to day

in the sterility test procedures but was not related to the subject or

to the sterilant.
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Table VI presents the number of colonies of B. subtilis,
var. niger appearing on bacteriostasis control plates, so that the
effect of possible bacteriostasis might be made more apparent.
Bacteriostasis appeared to occur in the cases of subject e exposed
to beta--propiolactone in water and to formaldehyde in methanol in
the case of subject 1 exposed to formaldehyde in methanol, and in
the case of subject } exposed to ethylene imine in trichloroethylrne,
In Table VII. the number of colonies on the bacteriostasis control
plate is subjected to an analysis of variance. The analysis indicates
that the differences in bacteriostasis were due far more to differences
in technique between batches than to any of the other factors,

From looking at column T, in Table VII, it is apparent that the
measurements performed in Batch IV had an exceptionally low
frequency of colonies appearing on the bacteriostasis control plates,
spore suspension for use in the bacteriostasis control which was
substantially lower in spore concentration than that which was
desired., The reason for the low counts in Batch IV is, frankly,
unexplained. The counts were, however, uniformly low for all
subjocts and sterilants in Batch 1V.

In Table VIII, the subjects are ranked by the percent of the
viable spores recovered from inoculated specimens which had not
been exposed to the sterilants. The recovery of spores from subject a
was substantially smaller in the Phase II' work than it had been in the

Phase I measurements. The surface of k' was similar to that of a hut
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the spore recovery rate was higher. Table VIII indicates the
difficulty of demonsirating absolute sterility by any procedure
which involves rinsing possibly contaminated objects and
preparing plates from the rinse liquid. It also indicates that
even with ultrasonic scrubbing the variability in the fraction

of the spores recovered is quite large.

2. COMPATIBILITY TESTS, PHASE II"

a. Change in Appearance

Many of the subjects changed appearance after
exposure to the candidate sterilants. A verbal description
of this change in appearance {8 difficult but has nevertheless
been attempted in Table IV. Formaldehyde in methanol frequently
left a hard white deposit of paraformaldehyde. Otherwise, this
candidate sterilant seemed to effect the appearance somewhat
less than did the other sterilants. None of the candidate

sterilants was without effect on a&ll subjects,

b. hange | aight

Table X presents the welghts of several of the subjects
both before and after exposure to sterflants, While the suscepti~
bility of the subjects to change in weight was by no means uniform

an analysis of variance of the relative change in weight has been
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calculated and presented in Table XI. The potting compound,
subject £, appears to absorb substantial amounts of most of

the sterilants, while the stripcoat appears to lose material into the
sterilant which subsequently evaporates. The effect of the nature
of the subject on relative change in weight is highly significant

when compared with the effect of random uncontrolléd factors.

c. Change in Dimension

Change in weight of a subject is not necessarily indicative
of the extent of volume dilation. In Table XII are recorded
measurements 6f the thicknesses of three of the subjects both
before and after exposure to the sterilant. An analysis of
variance of the percent change in dimension of these subjects
is presented in Table XIII. This analysis shows that the
subject e was affected much less by exporure to sterilants
than were rubber subjects i and § and that formaldehyde in
methanol was somewhat leas conducive to changing dimerisions

than were the other sterilants,

d. Tackiness of Subjects

Excluding subject h, none of the subjects were tacky with
respect tc the cottcn swab test either before or after treatment.
By exercising one's imagination, temperature control surfaces

b and ¢ might have hac o slight tackiness by this test.




Tackiness, however, was observed in other wayvs. Subject q
stuck to the glass plat.e after it had been exposed to sterilant B.
Subjects o and o' felt sticky on all surfaces after exposure to
sterilant B, There was an oily deposit on subject o' after
exposure to sterilant C. Subject g was tacky to touch after

exposure to sterilant D and subject m had a gummy deposit

after exposure to sterilant B.

e. Contact Resistance

In Table XIV, the contact resistances of subjects k, k',
¢, and o', have been recorded. The "after treatment" heading
does not apply to the Control 1 and Control 2 specimens,

The observations recorded for these specimens under this
heading really represent replicates of the measurements
recorded in the Ybefore treatment” columns, Here "Control 1"
and "Control 2" have meanings different from those used in
discussing sterility tests, Here these terms refer to untreated
specimens. The contract specified that the after-treatment
measurements would he made within 3°C of the temperature

at which the measurements before treatment were made,

The relative humidity of the air in which the subjects were
measured did not change more than 10 percent between the
before and after treatment measurements. The contact resistances

were measured promptly after being removed from the bag after
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24 hours storagé. It would not be reasonable to presume that

the specimens were all in eguilibrium with the air with which
they were in contact during measurement. They were not far

irom equilibrium, however, because the air in the room was not
greatly different in either temperature or relative humidity frem
that which was in the bags. In Table XV are recorded the relative
changes in contact resistance for subjects k and k', From these
relative changes in resistance an analysis of variance in the
relative change in contact resistance of these subjects was
calculated and recorded in Table XVI. This analysis of variance
indicates that the difference hetween subjects k and k' were
highly significant when compared with the effects of all other
factors either controlled or uncontrolled. The different sterilants
did not manifest a significant difference on the contact resistance
of these subjects. The difference between replicates may ba
attributed in part to the fact that the lock nuts exerted con=
siderable friction against the screws, Consequently, the

uniform tightening torque did not produce a uniform contact
pressure in the contacting plane, In Table XVII are recorded

the contact resistances for subjects o and o' and the analysis

of variance in these contact resistances is recorded in Table XVIII.
The analysis of variance indicates that the differences in contact
resistances of subjects o and o' was substantially greater than

the differences produced by treatment with the sterllants.
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Exposurz to the sterilants did have a substantial effect on
the contact resistances of these subjez:ts. The diffsrences
among the effects of the sterilants were not, however,
particularly large,
In Table XIX is recorded information about the reproducibility

f the contact resistance measurements.

£, Resistance of Insulation

Table XX reports the Easic data obtained in measuring the
electrical rasistance of the insulation of subjects o and o',
From this information the logarithm of the electrical resistance
of the insulation was calculated and recorded in Table XXI.

The measurements before and after exposure to the sterilants
were made within 3°C and 10 percent relative humidity of
each other, Exposure to sterilant A, beta-propiolactcne in
water, reduced the logarithm of electrical resistance by

fifty percent. This loss in resistance may be due to the
formation of a conducting film of ionic beta-hydracrylic acid
in water from the hydration of beta-propiolactone., In the case
of subject o' this effect was large where {t did not appear {n
the case of subject o, Table XXII presents an analysis of
variance table for the data in Table X){I. Nearly all of the
variation is accounted for by the effects of differences between

sukjocts, the effects of treatment, and the effects of differences
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among the sterilants. All three of these factors produce
significant effects on the electrical resistances of the

insulators.

g Solubility of Lubricant

In Table XXIII are reported the basic observations
about the solubility of Versilube G-300, silicone grease,
in the four candidate sterilants. Table XXIV presents the
corresponding analysis of varlance, The effect of sterilant
on the solubility was highly significant. In the sterilants
actually exposed to subject h, the beta-propioclactone was
present in an amount of 0,25 milliliter, This substance
apparently extracted much material from the grease or reacted
with components of the grease in some way to make them
water soluble, Solvent M~-17 and trichloroethylene dissolved
some of the grease, as might be expected. The residue from.
the formaldehyde sterilant extraction appears to be simply

paraformaldehyde.

h. Suiface Weiting by Candidate Sterilants

In Table XXV has been recorded information about the
ability of the sterilants to wet each of the subjects. This
property of the sterilant can be expected to have a significant

effect on a sterilizing efficacy.
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OTHER TESTS
a. Effects of Concentration, . Alcohol ,and Exposure Time

on Sterilizing Effectiveness of Formaldehyde Sterilants
and Fthviene Imine Sterilants

The information in Table XXVI was developed for the purpose
of exploring the effects of concentration of formaldehyde and the
molecular weight of the vehicle on the sterilizing efficacy of
formaldehyde in alcohol sterilants. In these tests the inoculum
was placed on magnesium alloy strips which had been used at
least once before and which had been autoclaved at least once.
The baby food jars containing the water for rinsing the inoculum
off the specimens were prepared in our laboratory and thus did
not have the degree of control which is attained by a mass
producer of such items.

The glassware had been used in the measurements in
Phage I, There ig a2 distinct ity that an error in ie@chnique
in the case of the second replicate of methanol containing
5% w/v formaldehyde, The results for isopropanol solutions
appear somewhat erratic but suggest that isopropanol may not
be as satisfactory a vehicle as methanol, a result somewhat
at varlance with the recorded experience of othex; 1nvest1gators(4) '
and that its use delays the germination of the spores on Trypticase
soy agar. The strip which was exposed to isopropanol was still

wet wi.on it went into the rinse jar and posaibly contributed to

the bacteriostasis, Table XXVII shows the effect of changing the
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molecular weight of the vehicle in ethylene imine and alcohol
mixtures on the sterilizing effectiveness of these mixtures
and of exposure time on the sterilizing effectiveness of
ethylene imine in methanol, Exposure times as short as

5 minutes appear to be substantially less effective as those
of 90 minutes.

Because the liquid evaporates so rapidly from some of
the subjects there is always the possibility of a significantly
different exposure to sterilant for two different objects in the
same Petri dish. Formaldehyde at room temperature and in
those concentrations designated in Table XXV1 cannot be
expected to sterilize the indicated inoculums when it is

present only in the gas phase,

h. Absuvluie Viabiliiy Tests

When the specimen of subject 1, exposed & formaldehyde
in methanol, was transferred aseptically from the rinse jar to a
bottle of sterile Trypticase soy broth/Hyland and then incubatea
at 37°C under aerobic conditions, the broth became turbid with
B, subtilis, var, niger cells, This difference between earller
measurements on the sterility of subject 1 and thsase results is
not surprising when the low spore recovery rate for subject 1 is
considered. In Table XXVIII are reported the results of further
studies of absolute viability of four of the subjects to the candidate

sterllants, These results indicate the insufficiency of the information
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in the earlier tables to demonstrate that any of these sterilants
will produce an absolutely sterile surface. Each of the subjects
was treated with the candidate sterilants in the usual manner
and was held for 24 hours in a sterilie Petri dish. It waa then
transferred aseptically to a bottle of sterile Trypticase soy broth
and incubated aerobically for seven days at 37°C. The bottles
which contained microorganisms were turbid on the seventh day.
The identity of the microorganism was established by its
production of an intense orange plgment and by its Gram-staining
characteristics, In evaluation of the data in Table XXVIII, it is
useful to remember that not all potentially viable spores will
germinate in Trypticase sny broth and if they would, not all
would germinate in seven days. Germination delay of eighteen

montha has been reported in the sterilization literature(4) .

c. Effect of the Yolume of Sterilant and Size of Inoculum
on Sterilizing ®Bfficacy

Table XXIX illustrates the effect of the volume of steriiant
and the size of the inoculum on sterilizing efficacy using several
candidate sterilants., The data on formaldehyde and methanol is
highly erratic or else implies that there exists an optimum
concentration of formaldehyde in methanol, in the gases vver
the spores toc be sterilized, for achleving sterility. In one of

the authors' experience with gas sterilization the concentration
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of formaldehyde in gas phase required to sterilize polystyrene
is supstantially differ=nt from that required to sterilize poly-
vinyl chloride. The difference between the results in this
table and those reported sarlier require more explanation than
is available in the information at hand. The physical and
chemical behaviors of formaldehyde solutions are complicated.

The great effectivenesses of both beta-proplolactone in
distilled water and in 2% w/v Tide in distilled water preclude
deciding whizh is to be preferred in sterilizing teflon.

Teflon was selected for this test because of the great difficulty
in finding materials which will wet its surface. Tlde was
considered in Phase I because of its surface active properties,
Tide, however, leaves a deposit on the surface on which its
solution has been applied.

The tests whose results are presented in Table XXIX were
designed to compare two types of beta-propiolactone in two
vehicles, The differences among these sterilants were not
perceptable among the results.

In most tests pertaining to Table XXIX the inoculum was
placed vn a teflon strip.. In the earlier tests using formaldehyde,

the inoculum had beer on a magnesium alloy strip with a Dow 7

surface treatment.
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Table XXIX clouds the understanding of the sterilizing
mechanism for formaldehyde. The sterilant was placed directly
on the inoculum. The inoculum was on a strip in a Petri dish.
The sterllant was 5% formaldehyde in methanol. The bacterio~
stasls control was prepared by adding to the rinse water for
the strip, after removing an aliquot for plating, the indicated
number of spores. The expected plate count for the 104
bacteriostasis inoculum was 100 and for the 106 specimen

inoculum i 04.

d. Ethylene Oxide Sterilization of Polyethvlene Bags

Table XX presents data to suppert the use of an ethylene
oxide process in sterilizing the double~wall polyethylene bags
and their contents, In the table the first strip was a filter paper
strip bearing one million spores of B, subtilis, var, niger.

After exposure to ethylene oxide it was transferred to sterile
water and rinsed in the usual manner. The bacteriostasis
control was prepared by inoculating the water in the rinse jar,
after the aliquot for plating had been removed, with enough
spores to produce plate counts of approximately 100, The second
strip of filter paper bearing one million spores was placed in the
bag as the first strip was removed, 48 hours after the strip and

ethylene oxide had been placed in the bag. The results for the

second strip provide infoimation about the ethylens oxide remaining
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in the bag. The number of colonies reported represents the
1:102 dilution of the rinse water. The {irst strip represents
the 1:100 dilution of the rinse water, This information supports
the assumption that only negligible amounts of sthylene oxide
remain in the bags at the end of 48 hours,

In each of three different double~walled polyethylene
bags, a Taylor dial relative humidity gauge was placed.
The bag sterilization process was applied to each bag.
The relative humidities indicated on the gauge are shown in
Table XX3I. Because the gauge was caiibrated for water vapor

in air, these readings are in error by a small undetermined

amount. The Table does confirm, however, that the relative

humidity in the bags was high enough for sterilization to
take place,

The information presented in Table XXXII was developed
from early dry runs on the bag technique used in Phase ]I.
Because ethylene oxide was not then immediately available,
Cryoxclde was used, Comparative tests of ethylene imine
vapor in the same concentrations and under the same conditions
were run because it was convenient to make such tesis at
this time. Our interest in ethylene imine a8 a gas sterilant
arose from the need for a demonstrably effective method for
sterilizing the {nside of the hags before the start of Phase II

measurements. We chosge to run the experiments in parallel,
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even though some may have been redundant, in order to
reduce the need to make experiments in series. The results
of the ethylene imine tests are presented in Table XXXIII.

In each of the bags used, in the aforementioned tests,
a small filter paper digk, bearing 0,015 milliliters of distilled
water, was placed in the bag with the liquid sterilant,
ethylene imine or Cryoxcide, to raise the relative humidity
to about 30%. The average molecular weight of the Cryoxcide
was assumed to be 112.4, The temperature was 25°C and
the amount of Cryoxcide and of ethylene imine used was
10 grams in a previously empty polyethylene bag, 12 inches
by 20 inches, 'Table XXXII and XXXIII show the effect of

Cryoxcide and of ethylene imine on B, subtiliz, var. niger

spores residing on several types of objects, In one case,
the cap on the baby food jar did not appear to be on tightly
enough to prevent leakage of the steriiizing gas into the inside

of the baby food jar,

e. Use of Ultraviolet in Maintaining a Sterile Field

Table XXXIV is submitted to support the use of the
ultraviolet light (see Figure 9} in controlling the contamination

introduced into the bags during insertion of the treated specimens.
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The 106 spores of B, subtilis, var, niger were dried on

specimens of subject g and on a piece of expanded polystyrene
from a disposable plastic cup.

The inoculum was placed against
the Vycor envelop of the ultraviolet lamp during the exposure.

The spores were recovered and plated in the manner described
previcusly for use in Phase II'.

While ultraviolet is slow in killing spores, it does
kill them,

The effectiveness of the ultraviolet lamp in main-

taining air sterile depends upon the effectiveness of the
filtration of the incoming air supply.

Table XXXV presents the

number of colonies observed on fallout plates which were in

the ultraviolet chamber during the indicated operations with the
plastic bags.
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ERRATA

"Stranis" should be "strains"

Extend dividing line between "Plate"and 110%
to separate "Replicate" and "Inoculum”

Delete "O" following "f" in column headings
Under both columns headed "Change, percent"
the seventh and eighth entries should read
"0.0" Under the second column headed "Before
Treatment" delete all asterisks,*

In the footnotes change 2/ to "TZ/N“
First entry under column "1" should read "86"
In the footnotes change np?/n" to "TZ/N"
Delete the "l:" portion of each of the column
headings

Delete: the "l:" portion of each of the column

headings

Change "Gags" to Bags"
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TABLE IX

PHASE II

Appearance of Subject After Treatmerit

Sﬁbjéc:t “. Replicate

Sterilant

5% v/v B-Propiolactone
in Distilled Water

5% v/v B-Propiolactone in
Solvent M-17

-~

Discolorations on surface,
Glosgy spots,

Normal
Normal

}Still wet (browned) after 4 days. When
blotted paint came off at wet spots.

Small brown spots,
Normal

Normal
Normal

Normal
Normal

zResidue wag olly {luid, It was dried
over Drierite for 48 hours.

Normal
Normal

§Smal.l deposit. Shiny
surface slightly dull.

Corroded
Corroded

Discolored, Deposlig lnoking like dried
raw egyg yolk, Brown liquid in bag.

‘f Corroded outside and on flat mating
surface. Threads clean.

Subject wet.
Brown spots.

Glossy spots on surface
2 Rubber and tube wet.

Normal
Normal

g Housing spotted. Yellow
deposits wet insulation.

g Corroded except for nut and threads
covered by nut,

Slightly blistered.
24 hours,

Still wet after

Page 35,

Normal -
Normal

Normal
Normal

Some paint stuck to plate and
came off specimen around edges.

Flattened out. Specimen was
curled before treatment.

Normal
Normal

Light film on shiny surface,
Epoxy attacked.

}Residue was greasy.

Dirty
Dirty

z Glossy film on. surface.

Surface dulled. Deposits,.
Maling surfaces adhered,
Normal
Normal

Surface dulled.
Surface dulled.

Gummy deposit on occluded

\ surfaces {one only).

Normal
Normal

Gummy deposit on all surfaces,
Gummy deposit on all surfaces,

Light film on surfacaes,

Ncrmal except where lying on solvert
covered glass surface, tacky and
wrinkled there,



i

i
!

TABLE TX {Cont.)

PHASE II

Appearance of Subject After Treatment

1

2

b 1
2

boe 1
2

e 1
2
f 1
. 2
*’g 1
2

h 1
2

| 1
i Z
i 1
2

k 1
2

k! 1
2

1 1
2

m 1
2

| n 1
2

o 1
2

o' 1
2

P 1
2

q 1
2

“-Subject Replicate

s ™

Steriiant .

5% /v Ethylene Imine
in Trichloroethylene

5% w/v Formaldehyde

in Methanol

-Glossy gpots.
" Normal

Paint puckered near edge of gspecimen
Paint left on dish.

Slightly tacky on shiny spots where
sterilant dried last,

Normal
Normal

Normal
Normal

Normal
Surface film,

ZThe residue was greasy.

Normal
Normal

ngght yellow-brown deposits on surface.

z White deposits,

Normal
Slightly attacked on finish,

gFilmy deposit. Mating surfaces shiny.

Normal
Normal

Small amount of dark substance on
threads under nut.

Normal .
Normal

Olly
Olly

zSurfac-s dulled. Slight pitting. Corroded,
White deposita.

1Stuck to dish where exposure to solvent
Jwas greatest,

Page 36.

Normal
Normal

}Some paint left on glass dish.

%

|
%

Normal
Normal

Normal
Nprmal

Normal
Normal

Normal
Normal

Residue was hard white denosit

with formaldehyde

Normal
Normal

Normal
Surface fiim.

odor,

Heavy depoait of paraformaldehyde
on all occluded surfaces.

EA few white deposits,

Surtace film and deposits on

occluded gurfaces.

very small deposits and pits,

Normal

Z Deposgits on threads of srrew.

|
(
€

MNotmai
Normal

Wet around pins,

‘White film,

Exterior surfaces wet. White
crystalline deposits.

Weat. Coating dissolved and

recongealed.

e
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PHASE 1II

W
1
4

The connecators reparatad during storage with the sterilant.

new connectors,

The test was repeated using

The results of the second test are recorded in the columns under B.

Page 63.

TABLE XU
— Logarithm of Electrical Resistance of Insulators, log! }_ohms
. SUBJECT O
I -plicate] Pin NoJ Volt- Sterilant .
age Before Treatment After Treatment
- A B* B C D A B* B C D
1 2 + (12,34 12,15 12,63 12,04 12,63|12,15 12.63 12,34 12.34 12.63
- Jl2.46 12,15 12,93 12,14 12,93}12,23 12,93 12.63 12,46 12,63
3 + 12,34 11.79% 12.63 112,08 12,63 | 12.63 12,34 12,34 12,34 11.68
- 12,63 11,86 12,83 12,15 12,93|12,63 12,46 12,93 12,93 11,82
4 + J2.63 12.46 12,93 12,08 12,93}12,63 12,23 12,63 12.63 12.04
- |l2.63 12,63 12.93 12,15 12,93 |12,63 12,34 12,93 12,34 12.15
5 + 12,63 12,63 12,93 12,15 12,63 12,63 12,46 12,63 12,93 12.46
- j2,63 12,63 12,93 12,15 12.63|12.,63 12,63 12,93 12,63 12.63
6 + 12,63 12,63 12,93 12,15 12,63 | 12.46 12,04 12,34 12.46 12.63
- Ji2.63 12,63 12,93 12.15 12,93 |12,63 11.89 12,46 12.46 12,93
2 2 + 12.46 11.86 12,93 12.04 12.63|12.63 12,34 12,34 12,46 12,63
- 2,63 11,71 12,93 12.08 12,93:12.,63 12,63 12,34 12,34 12.93
3 + 2,34 12,63 12,93 12,04 12.63)12.46 12,34 12,34 12,63 12,34
= |12.34 12,63 12,93 12,04 12,93 |12.46 12.34 12.34 12,63 12.63
4 + 12,46 12,63 12,93 12,46 12,93 |12.46 12,63 12,93 12.63 12,63
- n2.63 12,93 12,93 12.,46 12.93 12,63 12.63 12,63 12.93 12,93
5 + 12.46 12,15 12,93 12.46 12.83 12,34 12,63 12,63 12,46 12.14
- 2,46 12,34 12,93 172.34 12,63 12,34 12,93 12,63 12,63 12.34
6 + |2.63 12,63 12,93 12,63 12.63 |12.23 12.46 12.63 12.63 12.63
- z.63 12,63 12,93 12,34 12,63 |12,34 12,63 12,46 12,93 12.93
SUBJECT ¢
1 2 + 11.86 11.89 12,15 12.15 12,04 5.00 10.53 11.56 11,20 7.87
- j11.86 12.04 12.23 12,15 12,04 | 4.88 10.53 11,56 11,20 7.85
3 + 11.63 12,04 12,15 11,93 11.98 | 5.28 10,48 11.42 11,15 7.92
-~ Q1n..70 12,08 12.15 12,04 12,04 | 5.11 10.48 11,40 11,18 7.91
: 4 + |ti,73 12.15 12.08 12,04 11,93 | 5,08 10,52 11.23 10,93 7.95
' - f1.79 12,08 12,15 12.04 12,04 { 4.88 10,52 11.20 10,96 7.90
‘ 5 + 11.86 12.08 12.34 112,15 12,15 | 7,28 10,43 11.23 11,08 8,00
- 11,93 12.08 12,46 12,15 12.34 ) 7,23 10.43 11.48 11,08 7.96
i 6 + 11.76 12.08 12.34 12.04 11,98 | 6.96 10.68 11.40 10,96 8,15
11.78 12.04 12,34 12.08 12.08 | 7.21 10.71 11.36 10.98 8,15
2 2 + 12.15 12,18 12.34.12.,04 12,153 ¢ 7.45 11.23 11.23 11.34 8.18
a - 12,34 12.15 12.34 12,04 12,34 B,46 11.28 11,20 11.34 8,07
) 3 + 11.61 12.15 12.23 12,04 12,181} 7.61 11.08 11.23% 11,20 8,23
- j11.68 12.15 12.23 12.04 12,23} 7,83 11.15 11,20 11.28 8.15
4 + 12,08 12,04 12,34 12,04 12,08 ] 7.75 11i.28 11,15 11.20 8,18
I - |12.15 12,34 12,34 11,93 12,23 | 7.72 11.34 11.15 11.26 7.98
5 ¥ 12.15 12.14 12.34 12,15 12,23 | 7.76 11.30 11.23 11.49 8.36
- [1&.23 12,15 12.46 12.15 12,34 | 7.83 11.32 11,26 11,56 8,28
l 6 + 12,18 12,158 12.15 12,15 12,18 | 7.82 11.30 11.23 11,46 8,15
- |12.15 12.15 12,15 12,04 12,23 § 7.89 11.32 11,23 11.52 8,20
i.
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AZIIB Magnesium alloy————

Flot: 0,002 In 6,00-——
Surface finish; 125

‘ locates inoculum

Figure 1
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leck nut with nylon
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