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SUMMARY

The GSFC Clean Assembly and Sterilization Laboratory (CASL) was
designed and constructed to provide a flexible research and development
laboratory for the development of sterilization and clean-room procedures,
and yet also to function as a research laboratory for more basic problems
related to planetary quarantine technology. The design also allowed for the
use of the facility for the processing of spacecraft parts and assemblies for
flight experiments developed by Goddard and other cxperimenters., The
thirty months of laboratory operation have demonstrated that the two lines
of work, haidware processing and planetary quarantine research, should
not be condu(.:ted al the same time, although the laboratory design accom-
modates both. During this period of operation, the operational and research
functions have been emphasized. Breadboard and flight experiment hardware
were processed as test models of sterile assembly procedures,

The facility has been :brought to operational status by the installation,
testing, use, and modification of the clean-room and sterilization equipment;
by the development of monitoring, cleaning, decontamination, and maintenance
procedures; and especially by the constructive interaction of the staff members.
Their varied background in this setling has resulted in a strongly motivated,
creative research program.

The combination of extensive clean-room, personnel-eniry regimen,
sterilization and other microbiological facilities permitted the development
of unique research procedures by the staff. This combination is not available
elsewherc. It provided research opportunities for the study of microbiological
shedding from the skin and containment, resulting in the substantial reduction
of the biological conlamination from clean-room operating personnel.

Confronted with the recurring problem of the recovery of low numbers
of microorganisms, several procedures were developed which improved both
the sensitivity and the efficiency of routine techniques. These ranged from
direct culture of polyurethane collection mat-erial to the application of newly
developed. high-volume air samplers in biological surveillance of the clean-

room.



With a Class 100 clean room available for subculture routines, it
was possible to develop data defining the short-time, high temperature
parameters for aerobic and anaerobic spores on film surfaces necessary
for biological acceptance of slerile insertion techniques in spacecraft
repair and assembly procedures.

In the absence of the CASL laboratory complex, developed through
operational experience, the shedding studies leading to environmental
conditions in which the sterile assembly of the candidate, planetary
biology experiment (Wolftrap) was demonstraled successfully, would
have been most difficult, 1f not impossible. With the operating laboratory,
sterile assembly of complex devices on clean benches outside the clean
room has been accomplished repeatedly, Studies in progress at the time
of facility shutdown poinicd toward the realization of low cost, containment
garments prevenling any biological contamination from operators, yet
requiring no life support equipment and permitiing freedom of motion.
Substantial savings in sterilization facilities, equipment and spacecraft
processing time are pos sible if operating and containment techniques such
as those developed in CASIL can be used by local and other NASA planetary
projecls,

The unique quality of the laboratory lies in the interaction of the various
elements of equipment and physical facilities contained in 1t This laboratory
must retain its integrity in order to retain its character and usefulness. The
value of the laboralory for planetary programs is the R & D capability in
planetary quarantine procedures which resides in its operational status,
;adequately staffed and supplied. 1o parts, it represents only isolated pieces
of equipment obtainable by any other laboralory group. Whole, it is'a sub-
stantial resource for planetary projects requiring specific techniques for

meeting quarantine requirements.
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INTRODUCTION

To develop a flexible laboratory which can provide facilities with

oPera.tional procedures and routines for research in planetary guarantine

application and also functlion as a processing laboratory for experimenters

with assemblies which must meet planetary quarantine strictures, the

following objectives must be met:

1-

The acquisition, installation, certification, testing, and
majintenance procedures for the essential equipment not
already provided in the laboratory and the appropriate
procedural development for that already installed.

'I-'he adequate staffing of the laboratory and the training

of technical personnel to an acceptable level of per-
formance,

The colleclion, by a variety of techniques, of the available
experlisc which exists In the scientific community in general
and in the NASA communily, specifically.

The establishment of appropriate commaunication channels
with the technical monitor, other NASA scientists, of
publication procedures, and of methods of handling data.

In the operation of a microbiological laboratory, the problem
of assay techniques must be constantly dealt with. As new
materials are used, an assay procedure yielding reliable data
must be developed. It is apparent, then that continuing de-
velopment of imaginative assay procedures must be an objective

in a facility of this kind.

As these objectives began to be fulfilled, it was possible to consider

research objectives for the facility. As it developed, some research sub-

jetts were an outgrowlh of the attempt to attain operational status; i.e.,

the study of microbiological skin shedding. Other research projects de-

veloped as directly assigned tasks. Whai might be considered the ultimate



research objective was developed as a combinalion of operational stalus
and developed research techniques. This involved the invesligation of
techniques for sterile assembly. The concepl that this technigue can be

done is a revolutionary one. The development of technigques assocjated

with approaches to sterile assembly is important to NASA, bul also, the
spin-off from these procedures would have innumecrable applications for
medicine, pharmaceutical manufacture and sverile-fill operations.

Qperational Stature

It appears that a period of one year would be required as a minimum 2

to bring 2 facility oi this type from the existing physical plant to a functional,
operating, staifed facility.

Since this facility is unique, so are the problems encountered in the

-process of start-up and in the acquisilion of staff qualified to handle the
variety of equipment and procedures required by this laboratory.

A number of requirements were met in order to attain operati-onal

stalus:

i, The clean room itself was particle and leak tested as part
of the original consiruction contract. Subsequenily it was
cleaned and decontaminated on a regular basis. Some
monitoring was carried out to determine the efficiency of
‘the microbiclogical barrier. Maintenance of the filtering
system was required.

Z. Techniques for operation of the associated shower and
dressing areas were devcloped in coordination with the
study and development of clothing design and procedures
and technigues for use in the clean room.

3. A systermn of maintenance of supplies, parts and opetratjonal
status was dcveloped for the various types of sterilizers
adjoining the clean roon.

4, Complete equipping of the microl;iological laboratory to
allow for the variety of assay techniques required was
accomplished. The accumulation and balance of equipment

and supplies necessary to mecet requirements is es scntial

since the usable data acauired fiom this facility is essentlally



produced 2s microbliological data.

5. ' The aesthetic appcarance of a clean assembly laboratory must
be maintained for practical, functional and psychological reasons.
The care, cleaning, design and maintenance of the facility's
physical surroundings is of paramount importiance. For these
reasons time and cffort were expended to atlain these objectives
to the greatest degrec possible. Valuable procedures for
maintenance of clothing, floors and supplies were developed.

The stalus of the research projects can be accessed as follows:

1, Three papcrs were published based on work carried out
in this facility:

1, "Dry heat resistance of spores of Bacillus subtilis

var. niger on Kapton and Teflon film at high temp-

peratures. !

2. "Reduction of microbiological shedding in clean
rooms. "
3. “Improved method for pouring Rodac plates.

Three more papers are in preparation

I. "Sterilc assembly and disassembly of the Wolftrap
experiment, !
2. "Dry heat resistance of spores of Clostridium

sporogenes on Kapton and Teflon film at high

temperatures. ™
3. "Design and testing of clean room clothing to
-reduce microbiological shedding."
The rescarch supporting these publications has been performed and
will be discussed in detail later. Some corollary research for these pro-

jects and olther tasks has been carried out and will also be discussed.
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FACIIITY DIESCRIPTION

The CASL facility is built around a Class 100 vertical-flow clean

room and can be funciionally subdivided, if need-be, into the following

areas:

1. Bio-monijtoring laboralory

2. Isolation area

3. Mechanical equipment and storage area

4, Down-flow clean room and associated shower
and dressing areas

5. Preparation area for materials received into
the laboratory for processing and/or assembly

6. Equipment lest areca

Opening into the clean room are three double-door sterilizers, the largest
is a 48 x 54 x 84 vessel which can be used for dry-heat or ethylene-oxide
sterilization. Large size, adaptable sterilizers provide the facilily with
the flexible capability to sterilize large loads, such as small space probes
and/or related hardware. A second, smaller, dry-heatl sterilizer,

20 x 20 x 40 in. is used for the sterilization of small components, tools,
and various materials used in the operation of the clean room. The third,
220 x 20 x 40 in. ethylene-oxide sterilizer, is used for routine gaseous
sterilization of laboratory equipment, clean-room clothing, and other
items which cannot withstand the dry-heat sterilization temperatures of
steam sterilization.

Also attached to and opening into the clean room by way of a small,
three-way, air lock is the Blickman apnaralus. This is a stainless steel,
glove-box isolator consisting of three separate compartments with a double-
door,: combination stecam and ethylene-oxide sterilizer attached to the end
not opéning into the clean room. The Blickman apparalus is located in the
Bio-monitoring Laboratory which also houses a steam sterilizer, water
still, incubators, refrigerators, laminar flz;w work benches, ultrasonic
cleaner, stove, water baths, and laboratory benches, which would con-

stitute most of the typical equipment found in a modein microbiological



.

laboratory. In the room labeled Isolation Area are office cubicles, re-
frigeratOrs-, an anaerobic incubator, an incubalor-shaker, lwo hot air
ovens, a stainless-steel laboratory, counter with drawers. The
Mechanical Equipmenl Room contains the air-handling equipment and
air conditioning for Lthe clean room and adjacent dressing and lounge
area. Also found in this room are an in-line vacuum cleaner, air
compressor and shelving and cabinets for storage. Enclosed in the
dressing arca adjacenl to the clean-room are a men's and women’s
lounge, each with toilel facilities and a sink, an air shower, and threc
identical dressing-shower corridors leading to the clean-room corridor.
The preparation area is a work area with some shop facilities confaining
a washing ma..chinc and dryer, work bench, two laminar flow clean benches
and a large ultrasonic cleaner. The equipment test area which is elevated
18 inches higher than the preparation area, confains the smaller dry-heat
and ethylene-oxide sterilizers., From this clevated area, activity and
personnel in the clean room can be observed through a Jarge window. A
television system is installed throughout the facility allowing the camera
or monitor to be placed in any work area including the clean room.

Much of the equipment is movable and the use or function of a
given area need not be rigidly enforced. If need-be, the design of the

facilities allows the institution of a rigorous routing for flow of materials.
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OPERATION OF

CLEAN ASSEMBLY AND STERILIZATION T.ABORATORY

- The following sections describe tasks and procedures performed
to make the facility operable and enable subscquent mainlenance of

suitable operating conditions required for the clean room.
A3

¥ntrance Procedure

All persons entering the clean room leave all of their street clothes
in a locker room and put on a slerile hospital gown before enlering the air
shower. The entering person passcs into one of three, identical, shower-
dressing corridors. He showers and scrubs with germicidal soap (Dial

or Safeguard), and finally dresses in sterile underwear and clean-room

clothing.

Clean Room GClothing

The clean-room, outer garments were fabricated from either
herringbone-weave dacron or cotton '"Barbac.! '""Barbac' is a tightly-
woven, cotton fabric which retains bacteria. The suits were fabricated
for CASL by the Angelica Uniform Company, St. Louls, Missouri,
Further de‘scription of the suils can be found in the attached publication,
"Reduction of Microbiological Shedding in Clean Rooms. rn

..The suits being used were designed as one-piece gar_m;ants with the
feet covered and secure fasteners at the ankles, wrists and neckline. The
suit is fastened in the front by a zipper from the neck to the abdomen. A
one-piece hood extends over the shoulders and down inside the clean-room
suit and leaves only the eyes, nose and mouth exposed. For routine, clean-
room use, the Dacron and Barbac suits as well as-all clothing worn in the

-clean room are sterilized prior.to use with ethylene-oxide. A technician
clothed to enter the clean room would don garments as follows: rayon knit

shoris and cotlon tee-shirt, socks and tennis shoes, suit with hood, dacron

shoe covers over the fcect of the swt, surgical gloves, and a face mask.


http:prior.to
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The practical results {rom Lhe use of this method of suiting have
been excellent. Therc has been essentially no contarnination in the large
number of samples cultured in the clean room with personncl gowned as
described. To fuither test the efficacy of the suiting procedures then in
use in the clean room and to examine others, possible methods of suiting

to insure‘ the control both particulate and baclerial contamination were

examined,

Dressing-Shower Area and Clean Room Main Enirance

The dressing and shower areas and corridors leading to the clean
room have no floor finish. They are mainlained regularly by wel-mopping
followed by V.;et-vac.umnind. The clear.-room walls and floors were surface
sampled for the presence of microorganisms with Rodac plates before the
room was disassembled for cleaning and sanitizration. The enlire floor,
consisting of aluminum grills held on a raised frame, was taken up and
washed in nonionic detergent before sterilization in ethylecne oxide. In
addition, all clean room tables and chairs were sterilized al the same
time as the floor, ‘The walls, floors and floor frame were washed with
0.5 {Chlorox 1:10) sodium hypochlorite solution and thoroughly rinsed
twice with clear water to reduce the microbiclogical é)oPulation. The
room was then re-assembled using ase ptic technigue (sterile clothing,
gloves, and shoes). Reodac plates taken after or during reassembly con-
firmed the effectiveness of the clean-up procedure, Walls and floors

which were previously highly contaminated with Bacillus subtilis spores

showed few or no viable microorganisms. After the decontaminalion
the clean room air was sampled with a Litlon High Volume Sampler
operating at 40 foot:3 for 18 hrs. Only one viable microorganism
was recovered during this sampling interval. No personncl were present
in the room during the sampling period.
All articles passcd into the clean room have been previously sterilized

or wiped down with 2.5% sodium hypochlorite {50% Chlorox solution)



The c]ca'n room tables (wide mesh alt.;minum top) are covered with a sterile
plastic mesh material prior to each work session to assure a sterile work
surface. All trash is accumulated in sterile polyethylene bags and removed
daily. These procedures reduce the possibility of adding any unnecessary

microbiological burden to the room.
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STERILIZERS

Sterilizer Modificalion znd Operation

The large 48 x 54 x 84 in. double-door, dry-heat or ethylene-oxide
sterilizer was modified by the addition of internal-external thermocouple
jacks which allowed sixleen points inside to be monitored simultaneously.

A temperature monitoring experiment was performed in the large
dry-heal slerilizer to delexmine the temperature gradients within the
chamber during a 24 hr.-135 C cycle. The large steel doors lagged
significantly in heating up and never exceeded 125 C. Very few portions
of the chamber actually reached 135C. Only thermocouples aitached to
the center porlions of the plenum reached 135C.

The large dry-heat-ethylene-oxide (ETQ) unit has been used suc-
cessfully for ETO sterilization. There has been some problem in
controlling the amount of moisture added during the vacuum portion of
conditioning phase of the cycle. Excessive moisture has caused a con-
siderable condensation on the walls and doors c;f the unit, The cause of
condensation is in the adjustment of the cycle which is the; same cycle as
routinely supplied on sterilizers in use for hospital supplies or industrial
disposable ilems.

The loads which have been subjecled to ETO have been relatively
nonabsorbent and this has contributed to the condensation problem. The
circulation fan within the unit will not funtion efficiently due to the heavy
load exerted by gas when unit is charged with 800-1000 mg/liter BETO.
This may be due to density of gas; however, increased circulation of the
ETO did not seem to be critical to the steribization process.

Difficulties have been encountered with the controls as a result of
a variety of mechanical failurcs. One persistent difficulty was from dirty
tanks of ETO supplied by the contractor. It was necessary to change to a
different gas supplier, Pennsylvania Engineering in Philadelphia, Pa.
Clogging ahd ¢control problems resuliing from dirly gas and polymer were
greatly rediucecl as a resull. ::.Penn Gas is sold only for sterilization use and

is guaranteed to be trouble free).



+  The smaller, dry-heat sterilizer was also modificd by the addilion
of 8 _irlfifrnal thermocouple leads. No great variations in temperature were
noted when eight different points were monitored simullaneously. As is
usual, the doors lagged in reaching temperature, but the process temperature
was reached afler several hours. The small, ethylene -oxide sterilizer
was also similarly modified by the addition of 4 infernal thermocouple jacks.

- . . P v

All sterilizers are functional, bul many repairs and adjustments were
necessary during stdit-up and operation. Consiani altention to maintenance
and operating condition is required if all sterilizers are to remain operable

on a day-to-day basis.



LABORATORY FLOORS

Maintenance

Floor maintenance in clean-room areas is an essential requirement
to reduce particle and microbial contamination. Paste wax roulinely ap-
plied to vinyl asbestos tile by steel wool buffing as regular facilily
maintenance :\vas found to be unsatisfactory in working areas adjacent to
the Class 100 clean room. The paste wax had no longevity as a finish, .
wore off readily in the form of a fine dust which easily adhered to shoes
and was tracked about by personnel. This dust created housekeeping and
contamination problems in the lounge and dressing areas supporting the:
clean room. Buffing with steel wool served only to again distribute fine
particles of %he*steel wool into the work areas., Floor maintenance person-
neél seldom completely strip old, dirty wax from the floor before applying
more wazx, thus, any dirt mixed with the wax was only redistributed.

To alleviate this problem, the paste-waxed floors were completely
stripped with a nonionic, ligquid detergenl solution® applied to the floox
before scrubbing wilh an abrasive pad mounted on a heavy floor machine,
Scrubbing was followed by a wet-vacuuming to lift and remove the soil.
The floor was then mopped wilth a cleax rinse and vacuuwmed again. When

dry, two coats of an acrylic floor-sealing material¥¥ were applied with a

rayon mop. After the sealer was allowed to dry thoroughly, two coats of
an acrylic floor finishict® were applied. Upon drying, the acrylic finish
was lightly buffed to improve the gloss.
This acrylic finish has been quite easy to maintain. It wears very
well in the high traffic areas and is not affeclted by spilled water or other
malcrials common in microbiological preparation arcas.
The floors were maintained daily by one pass of 2 chemically treatcd:
dust mop* (Di-isobulylphenoxy ethoxyethyl dimethyl benzyl ammonium chloride}
- over all opén floor areas. This mopping removed most of the dust and finen = r
grit contribuldd by traffic. Depending on us‘e, the floors were wel-mopped with

a weak nomionic delergent solution and wet-vacuumed every two Lo three weeks
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to remove ground-in soil. A light mopping with acrylic floor {injsh in
the high traffic 'areas restored the original gloss. In addition Lo the
da;.ily maintenance, a shoe cleaning apparatus and treated rugs were
used at the entrance. Treated rugs were also used in the lounge areas

to prevent floor dust from being carried into the air shower and dressing

arcas,
% Blue Pearl synthetic delergent )JBarrier Chemical Co.
=k Taile-tile floor seal YWernon, New Jersey
#x% Showdown floor {inish YVernon, New Jersey

# 'KEX' Eastern Overall Cleaning Co. of Md., Inc., Ballimore, Md.



T -15-

BLICKMAN ISOLATOR

Modafication and Operalion

To be useful for absolute maintenance of sterility, the Blickman
isolator was converted to work under posilive pressure. This was ac-
complished 'b}l.r placing two filler canisters on each chamber. Each
canister contained a neoprene-rubber seal "butlerfly' valve on each
side of the filter cahnister which allowed a,;:f absolule seal as well as
allowing the sterilization of the filter, the chamber, or both, with
ethylene oxide. The canisters containced either HEPA {filters or many
layers of glass filter media. The chambers were plumbed with stain-
less sleel lines to provide flexibility so that cach chambexr could be
sterilized separately, or at the same time. The AMSCO sieam
sterilizer attached to the Blickman unit was also plumbed to the gas
system making it usable as an ETO sterilizer. A heat exchanger was
placed belween the ETO gas botltle and the chambers to condition the
gas and prevent la;-rering during usc of the gas.

New one-piece window gaskets cut from 3/8 silicone foam rubber
were installed., The chamber was leak-tested with Freon 12. Additional
caulking with RVT silicone rubber improved the containment of the gas
mixture sufficiently to bring about sterilization., The gas was supplied
slowly into the chambers from the bottom, causing the air to be slowly
displaced within the chambers. .This maximized the ETO concentration
which could be contained wilhin the load.

6 . ..
Spore strips (50) containing 1 x 10 spores of Bacillus subtilis var.

niger weire used a:s the index for sterilization efficiency. No positive spore
strips were found upon culture after 48 hours of exposure to ethylene oxide
in theé sterilizalion procedure for the Blickman hood. This sterilization
procedure has been repeated successfully three times. The observed slow
Ieakage to the exterior seemes to be the resull of gas diffusion through

the gloves 'and is to be expecied.,
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Dry Heat Resistance Studies

For “sbljt scam'' entry technique to be applied to spacecraft repair
or assembly systems, the sterility and rcliability of the original, sealed
seam must be assured., This commonly~ usecd gnotobiclogical method for
slerile entry from the oulside has numerous other possibilities. A seam
is formecd on the outside of a flexible isclator system by atlaching another
sterile, flexible bag aganist the isolalor and sealing a circular port., The
seam can then be split in half and access is gained easily. Pre-sterilized
tools and materjals can be included in the bag attached to the outside and
thereby mntroduced into the isclator without using cumbersome, risky
ports. A variety of materials can be selecled for Lhis technique.

Two studies on the dry heat resistance of spores were performed in
the laboratory to have some basis for decision concerning the sterilily of
seams formed under given time - temperature conditions.

In order to finally calculate what can be considered a process
time for a hypothetical load, the basic heat résiStance characteristics
must be determined.

As in all determinations of this type, the most heal resistant spores
are used for process determination.

Bacillus subtilis var. niger, a resistant aerobe and Clostridium

sporogenes strain Vera as representative anaerobe were studicd,

The essential details of the research are included in the reprint
and-copy of the papers included in the Appendix. Since B. subtilis
spores are more dry heat resistant than the anaerobic ones, the F
(total process time) value is calculated on the basis of the dry heat
resistance of B. —subtilis spores, F value calculations give the following
results: 7250°C = 7.9 sec; 1260°C = 7.1 sec; "270°C = 5.68 sec. The
sealing temperature range of teflon film-is 260 to 280 C. At these times-
and temperatures a reliable, sterile seam can be formed. The results
with C.. sporogenes spores can be found in the paper included in the
Appendix.



Shedding Studies

The shedding studies were undertaken in an attempt to evaluate
the effectiveness of clean room garments in reducing the microbial
load produced as a result of skin shedding. Newly designed clean-
room garments were fashioned to minimize the escape of shed skin
particles containing viable microorganisms. Three types of gdrments
have been evaluated for their effecliveness in the retention of shed
microorganisms. These garments, fabricated from different materials,
were:

1. tightly woven dacron.

Z. tightly woven cotlon-"Barbac."

3. stretch nylon,
The cotton and dacron suits demonstrated an almost equal retention of
microorganisms from the skin. These suits consisted of a one piece
overall wilh the bools sewn on and a separate hood which tucked inside
the c;overall. The stretch suit consisted of a leolard botL‘om with feet,
long sleeve top and hood of the same fabric, The tight-filting hood was
open around the eyes and nose. The study demonstrated thal the number
of microorganisms shed could be greatly reduced when the black nylon
stretch hood was worn beneath the hood of either the cotton.or dacron
suit. This combination of garments could reduce the number of micro-
organisms shed in one half hour from 5 x 106 (naked shedding) to less than
Ix _103 . All garments were worn with a disposable surgical masks be-.
neath the hoods.

Surveys of Goddaxd personnel were conducted to find individuals
who shed extremely high numbers of microorganisms. The shedders
who consistently shed 1 x 109 organisms per half hour when naked can

be compared with most individuals who shed at a considerably lower rate,

1:{103-1};105_
]

All s';hedding studies were conducted in a shedding chamber operated
i
within the Class 100 clean room. The shed microorganisms were col-

lected from the chamber by the Litton High Volwme Air Sampler which
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ope:@.}@d at 40 fL3/n13n. » & volume sufficient Lo collecl all organisms
shed le-)‘c;n' used in conjunction with the clean room suits, hoods and
disposable masks. The use of cosmectics on the skin, such as vaseline
and iso-propyl-myristaie further reduced the number of recovered

microorganisms. This work has been published as Reduction of

Microbiological Shedding in Clean Rooms in Developments in Industria)l

Microbiology, 1969, Volume 10, Chapter 32. (See Appendix)

The shedding chamber techniques were also applied to a study
conducled for Langley Research Center. This study was run to determine
extent of biological shedding while wearing the BISS (Bio-Isolator Suit
System) undergarment with associated life support system (This study is

discussed below}.
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SHEDDING STUDIES WiTH
FOAM HOOD AND FOAM SUIT

As a result of an attempt Lo design a face mask which could be
comfortably worn by clean-room personnel, a hood constructed from
an open-pore (100 pore/sq. in.) polyurethane foam. Tests were per-
formed using the head chamber (See Appendix) in the shedding tank
arrangement developed in the CASL laboratory. The hood proved to
be very comioriable to wear and quite effective in reducting the number
of microorganisms shed from the head region.

Carrying this work forward, a foam suil was fabricated and
tested. Other designs and means of construction should be tesled
but the results indicate that this may be a very effective mean of
reducing very greatly the material shed from personnel whether it
be in clean room areas, hospitals or factories,

Garments which can increase the level of organisms retained and
still be comifortable for personnel provide an advance in clean-room

clothing development.
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Shedding Studies Wilh Lthe BISS Undecisuit

The Bio-Isolator-Suil-System {BISS) includes an undersuijt beneath
an exterior garment. The BISS suil is part of the MAST system (Model
Assembly Sterilizer Technigue) developed for spacecraft sterile assembly
and repair work at Langley Research Center {LLRC).

Since CASL had developed the capability of performing shedding
studies, a series of shedding tests were conducted for LRGC. The studies
were designed to determine what microbial load might be expccted to be
contributed as a challenge to the outer suit from the individual wearing
the undersuit. A program of cxercises was included to simulate reasonable
activity.

In the first series of one-hour runs, without a shower or scrub
~ prior to enlry, ti'le supporl system did not have an air-line filter. The
| high level of mold recovered was probably contribuled by the life sup-
port system and specifically by the air-copnditioning system. These
studies with a Langley technician wearing the suit gave levels ranging
from 1-20 x 103 orgaz-nisms.

¥or the second series of experiments, an absolute filter was
placed in the air line. In order to establish a consistent base-line, a
thorough shower with a germicidal soap was performed. Witha CASL
technician wearing the suil in the second series, counts ranges from
1-10x 10'3 organisms. {A more complefe description of the work can
be found in the Appendix).

The shedding characterisics of any give;n individual vary greatly
from day~to—day,_without known cause. Screening and surveillance of
individuals wearihg clothing where the organisms shed to the environment

is of critical concern should be made.



pr‘epaia.tion of Acrobee 350 Air Sampler Experiment

For an experiment to collect microorganisms from the upper
atmosphere, an Acrobee Collector (film winding type) was modified by
the removal of the film winder and the addition of a polyurethane foam
collector. All the procedures for the sterilization of the colleclor prior
to flight and all methodology for sanilizing the collector's surface prior
to aseplic recovery of microorganisms from the flown-foam collection
material were worked out in great detail. This effort involved the use
of most of CASL's major equipment. The Blickman isolator was con-
verted Lo a positive pressure contaimnment apparatus which could be
sterilized with ethylene oxide. All recovery work {removal, culluring
and incubation) can be done inside the Blickman. Sanitization of samplers
prior to opening can be done in Class 100 clean room. Dry-heat
sterilization of the samplers in flowing nitrogen can be carried out in
the small dry heat sterilizer. All recovery technigues have been de-

veloped and the samplers are ready for flaght.

Aerobee 350 Air Sampler Experiment

An adequate method for the sterilization and maintenance of sterility
for the air sampling hardware was developed. The recovery procedures
{or microorganisms cecllected in the flown ajr sampler were also developed
and thoroughly tested. This effort utilized mosl previously developed
CASL technology. The following is a description and review of all pre-

paration and research for the flight of Aerobee experiments.

Description _g_fmA ir Sampler Hardware

I
The air samplers to be flown in the payload of the Aerobee 350 17.05
]

are cssencially the same as those flown previously with a few modifications.
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The Kapton film and winding mechanism has been replaced with a sleeve
of 100 pore/in polyurethane foam supporied by 5 mil Teflon FEP film
backing. This sleeve was sireiched ove:r the threce internal supporting
posts. The samplers have been further modified by the replacement of
original filter vents with Millipore stamless sleel) gas-line filier holdexs
and 0.2 micron silver membrane filters. The "O ring seals have all
been replaced with new Viton seals which can easily wilhstand the con-
ditions of dry-heat sterilization. Protective aluminum covers have

been fabricated for each sampler. These covers will be sealed onto

the sampler faces prior to sterilization. The cover maintains sterile
conditions within the sampler during the checkout phascs which require
opening and closing of the sterile sampler. Upon completion of ex~
ercising of the samplers during the horizonlal checkout, the covers are
removed. The exposed sampler surfaces and surfaces immediale to -
the samp_lg_{_}lgll be sanitized with a dilute solution of socrlium hypochlorite
(chlorc;x) and covered with polyethylene film to maintain its sanitized
sate until flight. Just prior to flight the film will be stripped away
exposing the exterior surfaces of the sampler. This sanitization and
covering are necessary to maintain a low bio-load on the exterior sur-
faces of the samplers and rocket surface surrounding the samplers.
Sanitization and covering lessen the chances of contaminatizig the sampler
with soil-borne microorganisms. A soil sample taken from the White
Sands launch area was assayed to determine the number and types of
microorganisms (Table 1). A large number and variety of spore forming
microorganisms were found in the sample. This further indicated the

nccessity to protect the sanitized samplers from so0il contamination prior

to launch.

Alr Sampler Sterilizalion

The modified air sampler was heated at 135 C for 24 hours in flowing
nitrogen to accomplish sterilizalion. As a check on the ste:ilizalion pro-

cedure, the three foam colleclion-media sufaces of the air sampler were



n24o

L 14 L) 6 .
inocul2ted with 1 x 107 of the dry heat resislant spores of Bacillus subtilis

var.mniger. In addition, 12 spores strips werc placed at random between

the foam and its Teflon film backing before closing the samplers and sterilizing
at 135 C for 24 hours. TUpon culturing the foam and the spore strips, no

viable microorganisms were found. This expexriment was repeated four

times with no viable organisms found after.72 hours of incubation at 32 G

in trypticase s oy agar or broth.

Recovery of Microorganisms from the Air Sampler

Thorough deconlamination of the exterior surfaces of the flown sampler
was necessary before the sampler could be opened to remove the collection
foam for microbial recovery and enumeration. Because the probability of
collecting large numbers of microorganisms in the outer atmosphere is not
great, care must be taken in the decontamination of the samplers. De-
contamination must be exlended to the point that one can be reasonably
confident that the microorganisms recovered from the foam are those col-
Jected in flight and are not contaminants from the exterior of the sampler.
In oxder to develop an efficient decontamination procedure, it was necessary
to highly contaminate lhe exterior surfaces of an internally sterile sampler.
This was accomplished by spraying all the sampler s;Jrfaces with an aerosol
of 1 x 106 Bacillus subtilis var. nmiger spores. This inoculation wilh spores
simulated a severe condition of soil contamination which could result from

@ hard.landing in the desert soil, The following decontamination procedures
gave the best results;

1. The sampler was scrubbed thoroughly with a very strong

nonionic detergent solution (Blud Pearl - H

5 O, 1/2). Scrub-
bing was done with toothbrushed and cotlon swabs. This
scrubbing was to loosen and remove as musi of the con-
tamination as possible.

2. The scrubbed samplers were then placed in the clean room
and thoroughly scrubbed again with 50/50 Chiorox - sterile

water. Must atlention and lime was placed on scrubbing all

the small crevices and screwholes. Scrubbing was done with
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The samplers werc thoroughly rinsed with sterile water.

4. OSteps 2 and 3 were repealed.
5

The sanitized samplers were then checked for the presence

of surviving B. Subtilis spores. This was accomplished by

dividing the sampler inlo approximately 25 zones and swab-

bing each zone with swabs moistened with trypticase soy

broth. The swabs were then aseplically broken off into

tubes of trypticase soy broth and incubated to determine

the adequacy of the decontamination procedure.

6. The sanitized sarapler was then passed into the Blickman

isolator which had becn previously sterilized with ethylene

oxide. The sampler was then manually opened and the

foam collection material aseptically removed. Care was

taken not to touch any of the sanitized surfaces with the

foam. The foam was cut inlo three pieces and placed in

sterile 150 x 20 mm glass pelri plates for culturing and re-

covery.

7. Surfaces which could not be swabbed unlil the sampler was

opened were swabbed as in pari 5.

This entire procedure, as developed, was repeated ten times to mmsure

the adequacy of the decontamination and sample removal. This rather

Jaborious route of deconlamination was preferred to tolal emersion in

liguid slerilanls or gaseous decontamination because of the possibility:

of.penetration into the sampler, thereby jeopardizing the viability of

the collected microorganisms. It is intevesting to note that in ten trials

all of the foam cultured was sterile, however, in a few instances some

remaining B. sublilis contamination was still present on the interior of

samplers.

This was demonstrated by positive cullures from the swabs.

Thesc contaminated areas, which were difficult to sanitize, were in

noncritical regions of the sampler; the sprocket shaft and bearing and

small scrow holes. The simulated contaminalion load was probably

mote exireme than any natural load which would be experienced in a

haid landing and/or during the subscquent removal of the sampler from

the rockei.



Recovery of Microorganisms

A mhethod for the recovery of microorganisms from the polyurethane
collection foam was developed. This method required few manipulations
and could be totally performed within the Blickian isolator. Trypticase
soy agar containing 0.05% Tween 80 was poured over pieces of flown
collection foain. A sterile fork was used to work all the air out of the
foam leaving the foam cnlirely embedded with agar. The embedded
foam was then incubated. The foam embedded in agar, were quite tran-
sparent. Any microbial colony could be seen easily in the foam or in the
agar surrounding the foam. Since the entire assay and incubation was
carried out in the Blickman, there was little oz no chance for contamination.

The efficiency of the culture method to recover low numbers of
microorganisms was evaluated. One millileter of an assayed, aqueous
or alcohol, spore suspension was distribuled on 10-15 pieces of sterile
foam. The microorganisms were then recovered using the ager embed-
ding technique. All the colonies from the foam were counted and the
total E:ompared to the assay resulls from an equal amount of the same
spore suspension (Table 2}).

The data in Table 2 indicated that low numbers of microorganisms
could be recovered from the polyurethane collection foam by this embed-
ding procedure. Percenlages of recovery where the total numbers are
lowest, showed greater variation from experiment to experiment. This
poor recovery was'more the resull of the microbiological assay procedures
(seria.l dilution pipetting, etc.}. Variations as great as ten-fold are guite
common in low number assays. Since no variations this great were noted,

this was good recovery data.

I
I

The recovery method was further tested to evaluate the recovery of
microorganisms found in the air. Outbside air was pulled through sierile

- foam, collection malerial for varying lengths of time. Just a few minutes



was netessary to cellect a gral variety of microorganisms on the foam.
Many molds, ycasls and bacteria were recovered. All could easily be
seen growing in the agar or agar-filled foam. Molds grew very rapidly
to the surface and would spread over the entire plate in a few days.

This necessitated reading the plates often during the incubation period.
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Membrane Fillzation and Recovery of Microorganisms {rom

Kapron Failm

Previous experiments showed that low numbers of microorganisms
could be recovered from Kaplon film by subjecling the film to 30 minutes
of ultrasonic treatment in 50 cc of 1% pcptone solution. The entire 50 cc
of wash fluid was then plated. This method proved quite curmbersome
because there were difficullies in getling good mixing and solidification
of the agar. The high incidence of {fast growing bacterial spreaders also
added to the enumeration problems. In an altempt to overcome some of
those difficulties, recovery of microorganisms by membra|ne filtralion
was evalvated and found promising.

The {ilms used in these recovery experiments werc sterile 2'* x 3"
pieces exposed ouldoors for 4 to 5 days of prevailing weather, picking
up at random whalever microorganisms were present in the air.

Utilization of the membrane filter technique for recovery of micro-
organisms had one dislinct disadvantage; the tendency for colonies to
rapidly overgrow making counting difficult., The advantages of this
technique were the concentration of all the organisms from the 50 cc
peptone solution onto a small area and the ease with which the filters
containing the organisms could be cultured.

Method of culturing the filters containing the concentrated organisms
was ‘thopoughly explored in order to establish a procedure which would’
prevent rapid confluence, overgrowth and/or spreading of colonies on
the small filters.

Methods examined for recovery from the filters included the method
suggested by Millipore Filler Corporation which utilizes a small sterile
plate, _f.:_ontaining an absorbent pad saturated with the trypticase soy media.
The filter was placed on the wetled pad, incubated and xcad at 19, 26, 43,
an‘d’_‘é'}’ﬂthours."-Spreading of the'microorganisms began after 26 hours making
the plates diificull to count. Another dlsadv'antage of the rapid spicading
is thal organisms cannot be easily isolated. This method was compared
to culturing the filters on trypticase soy agar. Incubation and counting of

colonies on the filler surfaces as metioned above at 19, 20, 43 and 67 hours
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show?ci" the organisms to be discrele, countable colonies that couvld be
readily isclated. Spreading was not secen until 50 hours. The {filters
cultured on the TSA contained significantly higher numbers of organisms
than the filters cultured on the media pads (Table 1).

‘ A similar experiment was conducled using HHlters cullured on
1 1/2 strength TSA and single slrength TSA. The colonies on 1 1/2
strength agar showed less tendency to st'o:-;ad. With 1 1/2 sirength
agar the colonies grew more slowly and did not reach the size of
those grown on single strength agar. Comparisons of 90 hours of in-
cubation showed the colonies on the 1 1/2 strength agar to be countable,
while those on the single stren:gth were spread.

Comparison of the I 1/2 sirenglh trypticase soy agar to normal
strengih with agar added to make it equivalent in agar content to the 1 1/2
sirenglh agar were made using replicate fillrates from 10 ultrasonically-
washed films. This agar concentration was found to be equivalent to
retarding spreading. Recovery of microorganisms was also similar.

As many as 43 colonies remained as discrete colonies on the filler after
46 hours of incubation.

An experiment was conducted to determine the nature of microorganisms
isolated from Kaplon film. Microorganisms isolated from Kapton film were
compared to another 5 samples which were heat shocked 30 minutes at 80 C.
Significant differences in number were seen when the number of surviving,
heat-shockéd::organisms were compared to those not heat shocked. This -
expériment employed the membrane filter technique, using 1 1/2 strength
TSA. The data indicated that most of the organisms recovered from the
exposed films were vegetative (Tablc; ﬁ) since only bacterial spore forms
would survive the heal shocking process,

¥s- o Membrane filter experiments using 2, 3, 5,-triphenyltetrazolium
vchloride (T'TC)to detect colonies on the membranc filter were more easily’

evaluated; The TTC was incorporated in a layer of TSA which was poured
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over th,e-filf:er and a base layer of agar or over the filter placed m the
botiom of the petri plate. As the organisms grow and mectabeolize, the
colony picked up this dye, producing a bright red colony which was

easily counted at 24 hours. However, counts were variable and usually
much lower than those cultured wilhout the TTC. This technique probably
has more application in the enumeralion of anaerobic or microaerophlic
microorganisms.

Considerable conf{idence in ultrasonic-membranc filter tcchnique
as a recovery method for low numbers of microorganisms has been de-
veloped., Xapton film exposed ouldoois for 4 to 5 days consistently
showed that 10-50 organisms could be routinely recovered. There is
variation in the numbers collected on the film as it is exposed to the
weather conditions oulside. The Millipore Filtcr Corporation has just
made available a new, inexpernsive, enclosed, polycarbonate filter holder
and flask which readily lends itself Lo this assay procedure. These were

ordered and their use was evaluated and incorporated into the recovery

procedure,

Survival of Air Dried Vegetative Microorganisms

The difficulties observed in the recovery of Serratia marcescens

dried on Kapton films have been shown to be the result of rapid die-oif

as:a-résult of air drying. Previous experimenls used the films im-

- mediately or soon after dryness was accomplished, These experiments
showed unexplainable patterns of recovery. This variation was thought

to be the result of air drying. Five replicates of Serratia marcescens

dried on film and slainless steel strips were evaluated for survival at

0 hours, 24 hours, and 48 hours {Table III}. This experiment showed
that approximately one log of organisms was lost immediately by air
drying, Twenty-four - 48 hows after drying, viability was found to be
very low and in many instances negative. No dufferences in survival were

noted as a result of drying on stainless steel ox film.
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A series of stock cultures were established for Jaboralory use.

The two cultures now sel up arc Serratia marcescens 8UK (Detrick strain)

and Bacillus subtilis var. niger Detrick sirain (N. R. Smith - OV 3567dry
i,

heal resistant sirain), the subcullures from the original slant were used

to select a nuinber of orange variants to preparc the stock cultures. A

series of 100 slanits of each were prepared from the original culture.



Comparison of Methods for Culluring Millipore Fillers containing Air-
Borne Microorganisms Isolated from Kapton Film.
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TABLE I

Media

TS Agar

TS Broth
O
Absorbant
Pads

Replicates Numbers of ‘Organisms at Incubation Time
Kapton
19 hrs. 26 hrs. 43 hrs. 50 hrs. Strips
#1 3 22 22 spreading 1
#2 2 5 7 7 0
#3 10 25 25 7 spreading 3
4 4 8 10 spreading 1
#5 6 12 15 15 0
#1 9 13 and 13 not 1
s preading badly countable
s pread
#2 9 9!: 911 it 1
#3 4 5” 5” b 0
#FZL 6 6” 7![ 1t 0

Total

23

7
28
11
15

14

N




TABLE IT

The Effect of Heat Shocking on the Recovery of Airborne Microorganisms
Isolated from Kapton Film.

QOrganisms on -~  Total

Media Replicates Nwumbers of Organisms Film Strip Number
23 hrs. Z8 hrs, 90 hrs. 90 hrs.

Heal Shocked

11/2 i1 ¢ 0 0 0 0

Strength #2 1 2 2 0 2

TSA #3 2 2 5 0 5
4 0 0 2 0 Z
15 3 3 6 2 8

Not Heat Shocked

11/2 ' #1 10 12, 45 0. 45

Strength #2 12 13 58 0 58

TSA #3 Vi 17 34 0 34
if4 13 13 28 0 28
#5 7 15 29 0 29
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TABLE 101

Die off of Serratia marcescens Diied on Kapton Film anc}
Stainless Steel Strips

Time Counts (replicates)
Inilial count 1 2 3 4 5
of suspension 1490 1490 1490 1490 1490
0 hr film 113 22 167 134 280
SS Strips 23 . 239 12 162 249
24 hx film 0 0 0 0 0
SS Strips 0 0 0 0 0
48 hr film 1z 0 0 1 5
58 Strips 0 2 6 0 4
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Sterile Assembly of the Wolftrap

The Wolftrap was designed as a biological life-delection

experiment for planetary probes.

The Wolfirap hardware represents a complex, slerilizable
apparalus consisiing of optics, electronics, moving parts, and pneu-
matics and therefore conslituies a good test for sterile assembly tech-
nigues. In order {o best evaluate and peviorm the task of slerile assem-
bly, 4 small assembly area within the Class 100 clean room was con-
structed. It consisted of a floor-to-ceiling polyethylene curtain sus-
pended between two aluminum frames. An aluminum table with an open
mesh lop was fabricated for use within the assembly area., Two
Statalrol air-ionizing devices were insialled beneath the HEPA filicrs
which supply laminazr air io the area. These lonizing devices neutralizec
the static charge on the particies and suxfaces within the laminaxr aix
flow facilitaling the removal of any generatled pariicles which could con-
taminate.the sterile hardware during the assembly process. (The cur-c:
tain also insured the vertical laminar air flow of the ionized air to the
confined area.) The Litton High Volume Sampler was placed beneath
the surface of the mesh table top in a positiion that enabled the air to be
monitored for ihe biological particles genel:ated by the workers suited

An.maximum clean room garb. Results indicaled that very few micro-

organisms are liberated inlo the assembly area during the assembly and



disassembly period. The use of the Slatairol and complete gowning
greaily reduced the charge of contamination, A sterile incubator
was placed in the clean room to further decrease the chances of con-
taminating the recover‘}-" broths during ;cl;.e incubation 'period_.

In each experiment, the Wolfirap was assembled from
paris previously sterilize;d in flowing nitrogen for 24 hr at 135 C,

The W"Olfh:ap was then disassembled and each paxt cultured separatlely
in Trypticase Soy broth foxr 96 hr ai 35 C.

Two out of six complelely sterile assembly and disassem-~
bly cxperiments have becen performed. Those experiments (4) which
showed some viable microorganisms preseni, indicated that level of
contamination were very low. Each experiment showing coniaminatlion
had only one or two small pieces oul of a tolal of 52 showing growth

when culiured.

Assembly and disassembly of the Wolftiap experiment was
carried oul on a horizontal laminar flow bench in a _1'elatively clean
nonlaminar-iflow area. The floor of this area was mopped prior to per-
formance of the assembly-disassembly. Three out of three of these
experiments on the clean bench showed no conta{l’}ination when cultured, .

Sterile assembly proved successiul because of the maximum

level and qualities of garmenting of the personnel, critical precaulions

in procedure and careful training in acceptable techniques.



Broad application of experimental procedures resulting

in "'sieiile assemnbly' is possible in the indusirial environment as

well. Much more work on techniques and statistical validation must

I

be done.
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RECOMMENDA TIONS

Iaboratory Design and Improved Funclion

The CASL contains the equipmenti necessary to the planeta:
quarantine program as carried forward at GSFC. Several arrangeme!
for communication and flow of personnel and materials are inadequale
even unsafe, however. The following recomimmendatlions relaie to these
conditions:

1. The addition of a steam autoclave pass-through

for the clean room.

2. The addition of Statatrol ionizing units fo the filler
band would increase the potential of the laboralory
for use in sterile assembly {echnigues.

3. A convenicnt addition would involve t_he insevtion
of a window pass-through for the entrance of

+ . malerials from the Bio-moniloring Laboralory into”

the clean room.,

4, Convenience would also be increased by the addition
of a walk-through area {rom the preparation area fo
the Bio-monitoiing Laboraiory.

5. -The interlocking door sysiem was installed bul nevex’
funclioned well enough to be used and was not safle if
an emergency were 1o arise while personnel were in

the shower-dressing corridox.
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6. The clean-room door should have been mechanically
operated so that there would be no need to touch the
door with hands.

*. A second means of exiling (emergency exil) {xom the
clean room should have been available in case of an
emexrgency.

Equipment maintenance-is of paramount impoxtance in 2ll

CASL. funclions, Failure of sterile procedures in CASL could usually
be traced 1o malfunction of slerilizaiion equipment, Thus, maintenance’
services should be obtained from the manufaciurer on a frequent schedule.

CASL personnel should perform only a minimum, if any, maintenance of
equipment. ’

Janiiorial services needed in CASL present constant qualily
‘conirol problems. Senior personnel were direcily involved in clean-up
aclivilies to assure high slandavds of cleanliness. As GSFC now has
Jnajor clean aveas requiring similar sexvices, it is recommended that

CASL and other '"clean! facilities be served by a Center-wide professional

mainlenance sexvice organized for this purpose.
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~The stalf for this facility, .if.it is {o produce data-with micxo-

—— = -

biological significance, should be trained, .professional-microbiologists

with a varied background and some experience with sterilization techni-

gues. -If should be stressed that familiarity with sterilization ralionale
Lor procedures.is.not normally .part of the educational requirements in
El_rni_crobriolo‘ gy. Associated.with.these microbiologists there should be a
._,I;e_qu_i_i-_ed number of technicians Wit’.fl_l_abor,_a.tp.ry experience. ‘This is a

requiremént for al least one téchnician.with electronics and imechanical

[ —- - -

gxperience 1o assist in the maintcnance of equipment.
‘The personnel selecled for the laboratory were 1equired lo have
some variely in their experience as the requirements demanded the

abilaty to adaptknown techniques to a variely of new materials and pro-

gedures. -Some iime was required in training the personunel for the pro-

cedures in laboraiory technique, cleaning and maintenance procedures
~ - - - - -~ - : - £ - -

and the recoxrding of data.

- *-EI_‘he ?fa'rsp_z}nfa-l staffing'ﬂ}e _fag_ilit}r glevelo;aed well, _:Man}r rather
unusual requirementis demanded of them were ;pcr_fo_r_rned willingly
beceause of their background in bio:_lpgical sciences. The possession of
flexibility and imagination _prokrt_::ﬂ to be -ver-y rewarding gualities in the -

personnel working in CASL.
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To serve GS‘FC and the expcrimentier community adquately, a
high level of professional performance by CASL personncl must be
mainia‘,ined. One way to accomplish this is to require the contiraclor
to provide, in addition to o_pera’cing and reseaxch services, consulting
and siudy services to the GSFC Planetary Quarantine Program. This
would involve CASL personnel with the mainsiream of PQ aclivilies in
NASA, allowing more efficient research planning in CASL and wider
distribulion of curreni CASL findings. The critiqu.e of CASL/ s pro-

gram and action by non-GSFC personnel working in planetary quaran-

tine is an essential aspect of mainiaining professional atiiludes.



—i-

APPENDIX



PRECEDING PAGE BLANK NOTFILMED

Applied Microbiology December 1969, Vol. 16 No. 12

Dry Heat Resistance of-Spores of Bacillus subiilis
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To determving paranizters that would assvice sterility of a sealed scam of Iiim for
applicetion in “split-scam entry,” spores of Bracills subrdis var. wizer were spiay od
- onto peces of Kapton and Teflon film, Short-time, hich-teanporature (200 to 270 C)
exposures were mads with film precescbatvezn dlumunun: blechs 1n & hot-air oven,
and the D and = values were detcimined after subcultune of sursiving spores The use
of Kapton film allov d the study of high temperatures, since it 15 not heat sealable
and could b2 used to make thin pachepes for heat treatmant Spores oa Teflo 1 vaie
dry-heat ticated in a packezs dosigned to simulite an actual scam to Be seal-d The =z
values of 29 1 C (52 4 F) Jor spores on Kapton and 139 C (2504 F) for spores on

Teflon were ealeulated - ’
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To detei mine parameters that would assure sterility of a scaled seam of fiim fou

application in “split-seam entry,

spores of Baciflus subitlis var, ruger were sprayed

onto pieces of Kapion and Teflon film Shott-tune, high-teimperaiure (200 to 270 C)
exposures were mads with film pieces between alunumum blouks tn a hot-air oven,
and the D and - values were delernnned after stbculture of surviving spores. The use

of Kapton film allowed the study of high temperatures, since it 1s not heat sealable

v

and could bz used to make thin packages for heat teeatment Spores on Teflon wete
dry-heat treated in a pachage designed to simulate an actual seam to be sealed The -
values of 291 C (324 F) for spores on I\aptou and 139 C (230 4 F) fot spores ou

Tefion were calculated

Relauvedy Title aticotion has been given o the
defimiion of high-temperature—(short-ume pa-
ramieters 1w the thermal destruction of micro-
Or2anisns

With the developrient of techmiques for gtioto-
biology, medans of eniry or the ransfer of steqle
materials without violation of the steritny of the
flexable film chamber housing the gnotobiotic
anunals has resulted Thiy techmgue 1s hnowi as
“split-scam™ entry (10, 17, 18) Wiuth this tech-
nique, a sterile sealing tool {hot wire, ete) and
the sterile 1tems to be transferred are placed in an
wmternally sterie plasue bag This bag is sealed
onto a fleamble film solator, and us contents can
-be inserwed into the solator or film system without
viclation of sterthity The mterior of the passage-
way formed by cutting or splitiing of the sealed
seam could coniain some filmr not previously
steriltzed Since a nunute gortign of the scam will

wbe e\po;Ld to the interior surface of the systent

. being entered, the ume-temperature parameters
involved 1n producirg a physically acceptable
seam must also kil all mweroorganisms trapped
theretn

This method of entey or inserizon has nunterous
applications, among these are uses in gnoto-
bislogy, sterile fill operations, and sterile assembly
of spacecraft parts Of the numerous films avaal-
.able, one which huas accepiable properues and
could be used 1n the assembly of spacecradt parts

215 Teflon FEP film (Teflon 1s a proprictaty prod-
uct of the E 1 Dupont Dg Nemouwss Co, Inc,,
Wilmington; Del )

- w4

S

The ewusting literature contamns only a few
references to  dry-heat resistance at  elevared
ternperatures or i the sealing temperature range
of Teflon film, 300 10 336 F (260 0 280 C)
Curtently, estunates of thermal fall cycies at the
higher temperaivres are determined by exteap-
olation from the existing thorntl death time
daii. Wang et al {19} 1w expenments with moist
heat showed that this type of extrapolation can be
1 senous error. They showed a nearly 1607
disagreement between evpertmental resulis and
those found from entrapolation of the thermal
death time curve over a range of 20 C to the high-
est temperatuce tested (295 F or 143 C)J

Some early study in thermul resistance at high
tempearatures has been reported by Bourdillon
et al (2) w the sterihzation of arr with dilterent
types of furnaces They concluded that o tempera- -
ture of 282 1o 572 F {250 to 300 ©) was, regutred’
for compleie ar steribzanon Decker et al (5),
also testing an air sterihizer, worked i a tempera-”
ture range which more nearly comades with the
temperdture cenge of nterast in this wvestigation
These expeciments with spores of Bacddlas subtiles
var ager were designed to test the pecfornance
and biological R_lldblll[} of a commiercial electric-
arid, hot-air stertlizer Therr restdts weee reporied
m termis of per cent reduction of the original
population and also the retention time at a
sspecified temperaiure in the tange 423 107625 F

“The amee for o 6 log reduction was 23 sec at 423 F
(18C) and Isecat 573 F (302G ' 7 <7

" Agmn, n an aticmpt to deternime some pa-

18:¢1
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ramciers for hot-nir stenhzetion of laboratorn
material, Francis (6) heawed a dred-spore mooe-
wlum of 4 » 10° organms from hay dust in
aluminum weizhing dishes heated v ith abuminum
blocks and obtawned sterility at 328 F (220 C)
10 sec

A recent mvestigation of the efficiency of a hot-
air stendizer was purstied by Quesnel et al (14) at
392 F (200 C) At this temperaiure and with an
inoculum of muied species of B swbniles as an
air-dried film, they achieved siernlization of 20
stamnlzss-steel sirpsweighing - 2 cach m onoverall
cycle of 20 min, vhercas sev sputum cups with a
total weizght of 2 kg required a csele of 238 mun
Glass jars of eqruvelent weight to the sieel sputum
mugs required a longer cucle in the sterihzer
Thew nterpretation of the dat related the sur-
face 1o mass ratio of the mateials carrying the
tnoculem to the ume to sterihize at this tempera-
ture

Matriars asp \MetrHons

Test organivm The organsm used m this study was
B. subeels var mger (Dunek strain) The culture vas
obtamed from Charles R Phullips of the US Arny
Bological Laboratories, Fore Detrick, Credenick, Md
Sporafation predunn The sporul wion mediim was
prepaccd fronm conumercial dehydrated mneerinl En
this case, the medwm wuas Nutrient Agar (BBL),
prepared with tap vater sath 10 pg of VnSO,; and
80 pg of CaCl. per luer addud The wmeculum butldup
mediun was the same, wathout agar added
Suheninn e medunt (spore sviabifuy medun)  De-
hydrated 1rypucase Soy Agar (BBL) was used 1o
deternune the viabibity of heat-treated spores Mediem
was dispensad in 25-mi poruons mto dispds ble glass
test tebes {30 by 130 mm) and covered with pols-
propy lene deop caps Wide-mouth tebes were used 1o
accomniodate the preees of film All wibes of medium
were incubated For 48 he at 32 C prioc to use, and any
positive tubes were dicarded
Assay medunn Trypucase S0y Agar was uwsed n
the assay procedure Sienls, distitled water with 0037,
Tween 80 (Ails Chenucal Industtes, Ing , Wilming-
ton, Dal) was uscd a3 a wash solution i the assay of
_untreaied, sprayed pieces of film
. Prepuration of speres A stock cultge slont v huch
was the fiest passage from the ongnal stock cultuce
was washed with 3 ml of stenile desvlled vater The
suspension was decanted into a swenle, scres-cap
tube and heated ae 65 C for [5 nun to bl any vegeta-
trve cedis A f-ml amount of this suspension was used
to incculate each 300-mil shake flask contming 30 ml
of imoculumy burldup medim The flashs were placed
_enanincubated shater at 32 Clor [6to IS A 2-ml
“amount of this culiure was incculated o Lliter
Erlenmerer flasks contatning 200 ml of noculum
butldup mcthum and wixcubated in a2 shaler at 32 Clor
~12to 1 he The moculum vas cheched for vegdtatne
« growth under phase mucroscopy before wse Glass
petei dishes (150 by 25 nuny v ere prepaced with 160 ml

BRUCH AND SMITH
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cach of solidificd sporulation agar and premctb ed
for 234 hr at 32 € A 2-ml amount of moculunt was
sprezd onto the agar surfuce of each plaic with zlasy
spreadus, and the plites wire mcubaied ar 32 C
Sporulitioa was choched frequently vader phuase
nucroscopy  Masimal spotulation (997 ¢} vas at 45 hr
Plates were refmgerated oyvemight and thon harvewd
Fach plate was rosed twice with approsum ately 10 o
ot cold, stenite, dsulled water while the plate was
rvolied on a turntable and the surface was gently
aumitated with a glass spreader to facilitote the reuonval
of the grovih The accumulated swpension was
cuntrfuged in a refngeraied centefuee at 10,400 X »
for 20 nun and decanted The spores w ore washed five
trnes in sierile, chistlled water, and, after the final
wash, the spores were susperded i absolute edhyl
alcohol  All procedures of transter, moculitor, and
harvesune 1 the preparation of the spore suapension
were purtorned under Twunar flow conditons

Preprrareon of sprayed st preces Two ixpas of film
were used i these studics, Kapion and Feflon Tellon
was selected as a representatne Alm on which to
study time-tenpratuie parameters foc"heot sealing,
utthizing a sauge which woull hve procucal appla-
tion, whercas the Kapton was selected bocause ol its
tueh electrostatic charge and was chosan more 1o look
at the heat reststance of the spores at heat-sealing
temperatures on a film which would withsiand the
seahng  temperatures of Teflon wihout sealng
Kepton {Dapont registered trademark, E T Dupoat
de Nemours & Co, Inc, Wilmmgten, D) s a
polyanude film which niatatans us phy seal, electrical,
and mechamcal properties over a wide teniperature
range {from —269 o 400 ¢} Kapton chars above
800 C, 1s not heat scatabte, and s not soluble m any
known organic solvent Kapton type H film of 1 nul
thuchness {0 001 meh) was used AL room tempetarure
Kapton and Aslar, a polyester film, are suwlar. As
the temiperatuce vaies, the peoparties of Kapron are
less affected than Mylar Mylar and Kapion are
frequentds wstd mruenals in the space eftort Teflon
FEP s a fizorocarbon film [t s a transparent, thermo-
plastie fitm which can be hea sealed, thermotormed,
lammated, or metalized Toas sirwually wmert to chenu-
cals and solvents It can b used conunvowly a1 200 C
and has good resistance 1o unpact and tecng Teiloa
15 widely used 1 the clecirones and electnicl indus-
tries Fre nul (0003 nch), type A Teflon was vsed
The heat-scaling range for ths filon s 260 1o 280 C

Larve shects of steri'e film of euther type were
swpended in a clothesline fasluon  The -fecepiacle
bottle of a chromatography sprayer was 'Bizd wath
spore suspenston 1a ihyl aleohol Sheets of filn were
sprayed at 2 distwnce of approsimately 3 feet The
spore film dried uetanily Kapton was sprayed on
Lot sides and Tetlon on oae The level of woctdation
wits 10° on 2ach T-meh (2 34 cm) square

Az ofuonficarcd, spray ed fifm Squaces (1 nch) of
filna were wsed tor assay Because of ddliculty m
remon ing spoces from the Kapton tor assay, the pieces
ol Kaptoa Rim were soahed overmight i the wash
solutton Before assay. For both Kaprot and Teffon, a
square of sprayed fim was placad i 2 screw-cap,
polypropylene botide with 30 mi of wash solution and
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exposed 1o ubtrasome treatment at 33600 e for 30
mun Tl wash soleaon wes rownady, seoalls diluted
and plated with Trypocase Soy Asar and mzubated
for 18 hrat 32 € Lach prce of film was washed e 1%L,
and the counts from cech vwash were added Iittually
€ach picee of ot was also placed o detect any SpoOrLs
remaining on the surface, but tus was diconunusd
since notlnng swficant remamed

Prepeanion of woctlated film packets The Kapton
pachet (Fig 1) contamed 235 squares (1 inch, of
Kapton film spras-mocuiated on buth sides These
squares were evenly spacaed and mdintaned bogween
two 8 by 8 uch shoets (203 by 20 3 cay of Kapton
This 8 by § mch lamumnaiion vas then plieed betweon
two 10 by 12 el (254 by 30 5 cm) sheans of Kapton,
and the edze was taped The totel thuckness of he
Kapton pechet was 5 mul (0003 iachy The high,
natural electrostatie charge of Kapton film effcenvely
held the inoculeted film squares firmly m place The
packets contatnng the inoculated Teflon vere simiar
(Fig 2) They consnsted of o liyers of 5-nul Teflon
with the mocuiuted sides faciag together (sunulating a
seam to be sealed; The moculated sheets of Teilon
were heat scaled on one edze and cut to the seal,
fornmung five I-mch fingers of iilm A Kapton separator
{I nul) was placed batween the fnoculated sucfaces so
that the heat treatmeni would not fuse the con-
tamindied  sutfuces together Fusion would. have

T VARG
S weeTe

Fic
method of preparation of the Kapton test preces

U Dwrgranmmanic repicsentarion showmy the

»u r b - -
2. Dragranmuncade reprosenianon shoving the
_method of pregaranon_of the Teflos rest proges

>

Fig
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occluded the test orpaniams and pravented recoveey of
SUEVIYOCs

D1y Lear trearman of prof s The Hapton ond
Lefion packets wore nented by placing twem bety cen
two atununum blochs The bloct 5 8 nches 120 3 ey
wicle by 12 inches (304 oy long by 1 anch (235 eny
deep] vere hunged on one encd so thet thiey could b2
rapnaly opencd and closad The pachket contawma ibe
moculated film was pressed ficmly beiv 2on the bloks
for the teme mtersal of the hear weatmone The
pachets wre cooled st witancowsly by placme them
between an dentcat set of cold (0 Cp alunum
blocks The heatud Blosls were nointamned at the
dusired tempuiadivre by holding thant1a 2 lorced-deefi,
bot-air oven {Hogpack Corp, Pintuiddphia Pa) Tne
temparaiure of the Llochs was contnuonsi: monnorad
by copper-consanian thermocouphs cstirched to the
blochs and 10 a mulupoutt nworder (\Ninneapo'is-
Houcyvell, Pluladelplva, Pa )} Each heat treuomenz
vas tmed from the closing o the openine ot the
heated blochs The come-up tate for the Kapton
pachats was loss than 1 sec, whereas the come-up for
the Telloa packet due 1o its thickness was approv-
maicly 3 sec

Stbcuftne of heat-tieated squnes of film Sanwles
(100; were heaied for each tume-temperatuee des, na-
tion Al subculwuring wechmgues vere performied 1n 2
verucal linnsar low room (20 leer 1616 cmy wide by
20 feel (616 cm) long by 10 feer (305 cmy high] weth
pasoanel gowned wostenle garments  completely
covering their bodes welucing a foce mes% for the
nose All materals wore wipad with duintectant before
being adnutted to the clean room Each heat-trear.d
prece of film was transfureed with sterih. foreeps
(using a new patr tor each teamsfor) into the tubes
contammy the subcolture medium and meubeed at
32 Clor 3 weeks

Analysis of deta D svalues (n thus cose, seconds
requited at a miven heating temparature 10 reduce the
spore populatton 10-fold) were calculated by the
mzthod of Scuniboas describecd by Schrudi o 135) and ere
given by the formula D = (Voo n)filoe | — lor BY,
where A 15 the tolal number of samples hzited mwlo-
plied by th2 number of spores per smple, & v calou-
fated assurnng One SUSVIAE SPOFe per contamer when
less thaa the totel numler of contamners showed sur-
vival, I/ or ¢ is enposure tme at a given temperaiu e
In addstion, the caleulanons were also dons by the
method of Stumbo, Murphy, and Cochrane (16) as
descnibed by Pllug and Schmwlt (13) which usad
basically the samz formula desenibed abave, but the
number of survivors described By £ 15 calenlated by
the most probable number of Halvorson™and Zwgler
(8) by wsing the formula UAN, — NG The - value
was deternuned from the plot of the phantom thermal
death curve or thermal resntance curve and from the
regression cocfficent derned fromi the statisucal
analysis The - valte can b delined 23 the numbar of
degrens falirenbiet for the death tiecurye o pass over
I-log cycle The temperature covtficeent tor the change
i fate of dustruction with twmperature can abo b
exprassed by tire Qu ralue with the rclatonship
z = [8/log Ou for degrees Fand 2 = (0335 X 18/
log Qe for degress € F value (B, euah stenbizauon -

-
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lige 1 munites sith respeet to a gnen organsm aac
has been {radiwondlly aiven at 250 F) can be nter-
zonverted from D velucs by usinn the folfoamy reda-
tonship: I/ = D oz A -~ 2) Thervalve of log A 15
from Stumbo’™ ecuauon The initial population then
is reduccd to 1 during an e.posure to heat al a enen
tempecature for the tme period of B ¥ number of
logs of the mitiel populatton, slier winch the aren of
probabiluty of a survisor is enterwdd Actinvation eneray
can be caleulated from the simplificd  Arrhenuws
equation shovn by Scheudt (13) as follows-

E=4588 T, X Ty/(T:— 1) X b/

where 7 15 absolute temperature, A 15 the reaction rate
constant and was calculated from 2 by L = 23/D,
and 4 38 13 a constint Pilug and Schnudt (13) point
out that caleuleuons of actkanon energies porbaps
have more applicability with dry heat than with wet 04— p
heat

Sienstcal analisis A resression analvsis of the 03
data and the least-squares regression line were
calculated by using a program on an IBM 360 com-
puter

z=52 4°F {22 1°C)

D VALUE (Seconds)

02—

REsuits aAsD Discussion

Table 1 presents the D values obtained for 8 ol ! | S R I =

. - - - 392 /10 419 428 (°r}

subtidis var niger spores heated on both Kapton 200 a5 sm 220 {°C]
and Teflon film at varous temperatures The TEN PERSTURE

regression hnes mndicating the - values for spores

on both filins are shown n Fig 3-4 slope showmyg the = value and the average D values
Much recent study (1, 9) on dry heat and  represeated as orgurad drete pomts for spores on Kaptors

particularly that of Murrell and Scott (11) have  fifm

shown that the water acinity, a, (equubbrium

refatise hunudity ), of the spores themselves and of

Fic 3 The lease-squee regiession lnee v al the

the environment 11 which the spores are heated
afTects theheat resistance Inour imvestigation, the :
spores were sprayved onto the films from an ethyl
alcohol suspension and were essentially dry. Tt s ok N
probable, however, that in the tine required to 333
Eoil :
TaBuF 1. Comparisen of D values with dura in the  was- .
luerature 2 odb 2504 F (33701 -
o
D vafue 1 suconds by
Temp F (temp C) ' ool
Teflon Kapten 'Decheretal .
1
_,,392 (200) 215 ' ol I 1 | 1 '
410 (210} 2 0 99 200 2 e o ol
419 (213) 0 33 TEMPERATLRE
425 (218 3) 34 Yic 4 The least-squares regresston foe witle e
425 (220) 0 46 sfope showmng the - vafue and the everage D alues
461 (210) 1.18 representedd as orgal data points foi spores one Teflon
475 (246 1) 1.4 Silot
482 (2350) 099 - - B
300 (:‘;60) 0% form the pachets for heat treatment, the spores
. g'lf_' (;;g)g 07 07 : equilibrated to something close to the equilibnum®
H,‘_““‘S;-S EEO; 6} . v o4 & relave harudety of the environmeni Hlowaver, as

has been shown by Galbert et al (7), spores
Dele Average D, end poiat calculagion -+ equilibrated after desweation will not equalibrage <
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the same final a, as spores that have nover been
desiceated This results m a final, equilibrated a,
which 1s Tower than for sporces nover desicedtes
Our myvestigation was carried out essenually so
that the resulis could be pracucally applicd in the
heat sealing of Teflon film In actual e~ perience,
the spores on a given picce of film would hat e an
undetermined water content but would prohabh
be in a relatively desrccated state The environ-
ment in which these packets v eie prepered wes at
appronimately  30¢;  relative hunudity The
equilibrated o, of spowes showmng the greaiost
heat resistance 1510 the rante 0 210 06 Consider-
g the lact that the spores vere previously does-
iccated, 1t can be assumed that they.were prob-
ably not at an a. range of munsmal heat resisi-
ance .
Partial explanation of the dillerences 1n - and
D values of the spores heated on the two bypes
of film can be found w the examination of the
packet and the permeability of the flms to water
vapor The thinner Kapton packet (total of 3 nul)
is made from film penmeable Lo water vapor {54
/(100 inches?) (24 hr),'mil] and has mcasurable
moisture absorption capacity (1 3 at 307; rela-
tive humidity at 233 C) The watcr vapor 1 the
spoie and i the environmeni can be easily lost
during heating, thus heating spores which are dry
and which should show lowver heat resistanze On
the other hand, the Teflon pocket 1s thicker (totsl
of 15 mil) and contains a mece of Kapton -
serted between two pieces of Teflon Tefion 15
impermeable to water vapor, and thus the water
vappr content of the spores and that relessed fiom
the Kapton film are retuned 13 the immediate
enviconment of the spore The spores are then
heated at an wicrmedate ¢, giving higher heat
resistance. This factor of penctration of waier
vapor combined wuh the longer come-up time
for the thicker packet and consideration of
- the surface area to mass ratio for the Teflon pack-
ets may provide some reasons for the divergence
m - values
The come-up tune for the Kapton film pack-
age was lexs than 1§ sec, so that the caleulaied =
~probably represents @ more accurate salue for
~the spores than the thicker Teflon packase wiih
its longer come-up time The Kapton system was
chosen so that spore destruction at blevoted
-temperateres could be studied without the flm
" sealing The thinner Kapton packet (total 5 mul)
also offired a spore-carrier system with less mass
The D values reported show a general agree-
ment with the duta of Decker et al (3} with whuch
they are compared In Table 1 Anailysis of the
WGaba of Decker et al. (5) showed a stearght-line
Artherius plot Arthemus plois with our data

SPORLC KRISISTANCE ON KAPION AND TEFLON FILM
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TanLL 2 Aersapion eacigtes and Gy values com-
pered v i values m the ftertre

Activation

Source [/} Gaxvalae
(eel/z-male)
Hl
Kapton (this study) 35,300 21
Tefion (this study) R 9,500 12
Wavs dry bheat spores of 8
subtelis .. 40,200
C-N bond energy” 49,000
Brecker et ol (3), spores of
B subtilis 12,600

cR G Wa, PhD i’hcsts, Pernsylvany Siae
Unnversity, 19263,

vere drav i and also produced straught lines Th®
results of calculations of activawon eneigy are
given in Table 2 and ape compared o the dat
of Decker et al (3} and some other vadves w the
literatwee The lower activation encrges oblained
at these igh temperatures compared with values
obtained for dry-heat resistance at lower tem-
peratures (3) might wncicase some different lethal
reaction Calculated acuvation energy from the
mvestization of Decler et al {3) essotiated with
the death reaction would be approamately 12,600
cal/g-mole #
As has been pomied out by Quesnel et al
{14), the ratio of surfuce area to mass could bea
signdicant facior in dry-heat sterilization Since
the value for specific heat and the cocfiicient of
thermal conduciviiy are essentially the same for
Kapton end Teflon, the dilference in - and D
values between the two films may reflect the
greater surface area to nwass rato with the Teflon
packets .
It would seem that regardless of the evplana-
trons given, the common practice of estrapolating
the = curve to higher temperatures cannot be
defended The lower = values for dry heat (30
o 40 F range, 1, 4, 12) cbtamed at lower tem-
peratures (133 C) would show considerable error
il achitrandy extrapoleted o the 200 w 275.C
range - -
In the application o the data derived from ths!
study to actual heat-sexling practice, 1£ 15 necessary -
to deternmune the time required at a gnea szaling -
temperature (usimg average D values) with a
hypothetical load plus a snfety factor.which 15
the probability of onc viable spore n any anen
nuniber
A total F caleulation (heat-sealing nme at
guen temperature 1o assure stertlization) from
the data prosented would ndicate ¢ tme for
Froe = 79 s2¢, Fuoe = 71 ‘:&, Frine
= 368 sec, assumung a mramtd ad on the .
fitm of 10" spores plus a probabihty of one viable
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spore in 10F Qur mwvestizatton has shown that «
normal load on unsterthzed Teflon 1s about 10
to 20 orzganisms per square inch
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DRY HEAT RESISTANCE OF SPORES OF
CLOSTRIDIUM SPOROGENES ON KAPTON
AND TEFLON FILM AT HIGH TEMPERATURES
by
Mary ¥X. Bruch and Fredrick W. Smith
Clean Assembly and Sterilization Laboratory
Goddard Space Flight Center
Greenbelt, Maryland 20771

As.was discussed in our receni publicalion concerning the high-

cemiperdtlure dry heat resistance of Bacillus subtilis var niger, little

aliention has been given io dry heal resislances at higher temperalures.
This is pariict-ﬂarly true when discussing anaerobic spores. This woik
and the aforementioned work with B, subtilis var. niger were undertaken
in the examination of the feasibility and reliability of the gnotobiolic tech-
nigue of "split-seam" entry.

.t‘k survey of the few references on high-temperalure, dry-heai resis-
tance ‘can-be found in our previous publication (in the range 320-410 F __
(160-210°C)." " It was also peinted out thal discrepancies can exist where .
thermal resistance curves are extzapolaled to higher temperatures (Wang
etal., ). 'The organism used for this study was selected since there is
some indication of the dry heat resistance of the spores in the literatare -

(Bruch et al., ).
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Materials and Methods

Test Organism The organism used in this study was Closiridium

sporogenes strain Vera and was originally obtained from Dr., Harielle

Vera of the Becton-Dickinson Company, Baltimox e, Maryland.

Sporulation mediurn  The sporulation medivm was 10% tryplicase plus

0. 1% Na thioglycollate, The inoculum build-up medium was the same.

Subculiure medium (spore viability medium). Dehydrated Reinforced
Clostridial Mediwmn (Oxoid-Colab) was uscd to determine the viability of
heai-ircated spores. Medium was ~dis.p"*':nsed into disposable glass tesi
tabes (50 by 150 mm) in 25-ml quantities, overlayed with siratifying

agar (5-10 ml) and covered with polypropylene drop caps. Wide-mouth
tubes were used 1o accommodate the pieces of {ilm. All tebes of medinm
were incubated for 48 hr at 32 C prior fo use. Any posilive fubes were

discarded.

Stratifying medium  Stratifying medium was 3% agar with 0. 1% sodium

thioglycollate added.

Assay medium Reinforced Closiridial Mediuwm was used in the assay pro-

cedure,

‘Preparation of sporcs A stock-culiure slani, which was the first passage
from the original stock culture was washed with 5 ml of sterile distilled waler.
The suspension was decanted into a sleiilé, screw-cap tube and heatec{ at 65

G for 15 min. io kill any vegelative cells. Thrs inoculumm was used to buila

up a high ceclls-per-volume-of-liquid inoculum in tubes and/or flasks. A



X

constant check, using phase microscopy was made to determinc the slale
of the culture. Harvest was begun at estimation of maximum sporulaiion.
Maximum sporulaiion was approximately 60-70%. Flasks were chilled
overnight in the refrigeraior. Harvest was acco'rnplished with a2 continuous
flow attachment in a refrigeraied cenirifuge at 10,400 X g. The spores
were washed live times in sterile distilled watei. After the final wash,

the spores were suspended in absolule ethyl alcohol. All procedures in
culturing were performed under laminar flow conditions.

Preparation of sprayed tesl pieces Two lypes of film were used in these

studies, Kaplon and Teflon. Teflon was selected as a repre-sentaiive fi'lm
on which to siu.dy time-temperature parameters for heal scaling, ufilizing
a2 gauge which would have practical application, w};ereas the Kaplon was
selected because of its high elecirostatic charge and was chosen mozxe to
look at the heat resisiance of the spores at heat-sealing {femperatiures on

a2 film which would withsiand the sealing temperaiures of Teflon without
actually sealing. Kaplon (Dupont registered trademark, E. I. Dupont de
N-emours & Co., Inc., Wilmington, Del.) is a polyamide film which.main-
{ains ils phy;ical, electrical, and mechanical properiies over a wide tem-
perature ra.n.ge {from -269 to 40({'(}). iiiapton chars above 8§00 G, is not
heat sealable, and is not soluble in any known_‘organic solvent. Kapion
type 0 film. of 1 mil thickness (0. 001 inch) was used, At room temperature

Kapion and Mylar, a polyestier f1ilm, are similar. As the temperaiure varies,

the properties of Kapton are less affected than Mylar. Mylar and Kapilon are
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frequenily uscd materials in the space effori. Teflon FEP 1s a fluoro-
carbon f1lm. Itis a transpareni, thermoplasiic film which can be heat
sealed, thermoformed, laminated, or metfalized. It is virtually inert to
chemicals and solvents. It can be used continuously at 200 C and has
good resistance to impact and tearing. Teflon is widely used in the‘ elec~
tronics and electrical indusiries. Five mnil used in the elecironics and
électrical industries. Five mil (0. 005 inch), type A Teflon was used.
The heat-sealing range for this filrn is 260 {0 280 C.

Large sheels of sterile film of either iype were suspended in a clothes-
line fashion. The receptacle botile of a chromalography sprayer was filled
wilh spore suspension in elhyl alcohol. Shects 9i’ film were sprayed at a
distance of approximately 3 feel., The spore film dried instantly. Kapton
was sprayed on both sides and Teflon on onc. The level of inoculation was

10° on each 1-inch (2.54 cm) square.

Assay of nonhealed sprayed film Square (1 inch) of film werec used for assay

of spores on both Kapton and Teflon film. Each sprayed square of filin was
soaked in 50 ml of wash solulion. The wash solulion was consiiluted of 1%
peptone and 0. 1% Na ihioglycollate. The seclulion and piece of film, contained
in a screw-cap polypropylene bottle was insonated at 35, 000 ke for 15 min.
The was solution vras routinely, serially diluted and assayed in siratified
deep agar tubes of Reinforced Clostridial Medium and incubzated at 32 C for

- ] -
24-48 hours, F¥ach piece of film was washed twice, and the counts fiom each

wash were added.
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Preparabion of inoculated film packels The Kapton packei (Fag. 1)

contained 25 squares (1 inch) of Kapton film spray-inoculated on both
“’sides. These squa’r‘es were evenly spaced and mainiained bhetween lwo

8 by & inch sheets (20.3 by 20.3 cm) of Kaplon, This 8 by 8 inch lamina-
tion was then placed between two 10 by 12 inch (25.4 by 30.5 cm) sheoels

of Kaplon, and the edge was taped. The total thickness of the Kapton
packel was 5 mil (0.005 inch). The high, natural ele;:trostatic charge

of KapiOZ‘L‘l film effectively held the inoculated film squares fizmly in place.
Th.e packets containing the incculaied Teflon was sirnilar (Fig. 2). They
consisied of two layers of 5-mil Teflon with the inoculated sides facing
together (simulating a seam fto be sealed). The inoculaled sheeis of Teflon
weie heat sealed on onc edge and cut to the seal, forming {five 1-inch {ingers
of film. A Kapton separator {1 mml) was placed beiwecn the inoculated sur-
faces so that the heat trcatment would not fuse the contaminated surfaces
together. Fusion would have occluded the test organisr_;ls and prevented
recovery of survivors,

Dry-heat treatment of packets The Kapton and Teflon packets were heated

by placing them between two aluminum blocks. The blocks (8 inches (20.3

cm) wide by 12 inches (30.4 cm) long by 1 inch (2.5 cm) deep) were hinged on
one end so ithat they could be rapidly opened and closed. The packet conlaimng
the inoculated film was pressed fizmly between the blocks for the time interval
of the iheai. treatment. The packets were cooled inslantaneously by placing

them between an identical sei of cold {O C) alumainum blocks. The heated



X1V

blocks were maintained at the desired temperatiure by holding them in a
forced-drafi, hot-air oven (Hotpack Corp., Philadelphia, Pa.). The
temperature of the blocks was continuously monitored by copper-con-
stantan thermocouples aitached to the blocks and to a multipoint recorde:
{(Minneapolis-Honeywell, Philadelphia, Pa.). Each heal ireatmenl was
timed from the closing to the opening of the heated blocks. The come-up
time for the Kapton packets was less than 1 sec, whereas the come-up

for the Teflon packel due to its thickness was approximalely 3 sec.

Subculture of heat-treated sguares of film Samples (100) were heated
for each time-temperature designation. All subculturing techniques were
performed in a vertical laminar room (20 feet (616 cm) wide by 20 feet
(616 cm} long by 10 feel (308 crn) high) with persoancl gowned in sterile
garments complelely covering their bodies including a face mask over the
mouth and nose. All matlerials were wiped with disinfectant before being
admitted to the clean room. ZEach heat-treated piece of film was trans-
ferred with gterile forceps (using a new pair for each transfer) into the
tubes containing the subculiure medivm and incubated at 32 C for 3 weeks.

Analysis of data D values (in this case, seconds required at a given heating

ternperature to reduce the spore population 10 fold) were calculated by the
method of Sturn..bo as described by Schmidt { ) and are given by the formula:
D=(U or t)/(log A - log B), whexre A is the tota-l number of samples healed
multipllicd by the number of spores per s’ample; B is calculated assuming
one su'rvivulg spore per container when less than the tolal number of con-

tainers showed survival; U or {is exposuxe tHime at a given {cmperature.



The z values were delermined from the plot of the phantom thermal death
curve or thermal resistance curve and from the regression coefficient
derived from the statistical analysis. The z value can be defined as the
number of degrees fahrenheil for the death time curve io pass over 1
log-cycle. The temperaiure coei;ficient for the chauge in rate of destruc-
fion wi;.h temperature can also be expressed by the Q10 value with the
relationship x = 18 log Q; ) for degrees F and z = (0. 555 x 18)/log Q14
for degrees C. F value (F, equals sterilization {ime in minutes with
respect f;o a2 given organisin and has been traditionally given at 250 F)
can be interconveried from D values by using the following relationship:
=D (log A+2), The value of log A is from Stumbo's equation. The
initial population then is reduced {o 1 during an exposurc to heal at a
given temperatﬁre for the time period of D x number of logs of ithe initial
populaiion; after <thich the area of probability of a survivor is entered.
Activation energy can be calculated from the simplified Arrhenius equalion
shown by Schmidi (15) as follows:

E = 4.58 (Tp x T1)/(Ty - T1) x log ka/ky
where T is absolute temperature, k is the reaciion rate constant and was
caleulated from D by k = 2, 3/D, and 4. 58 is a consiant. Pflug and Schmidt
{ ) point oul that calculalions of activaiion energies perhaps have more

applicability with dry heat than with wet heal.

Statistical analysis A regression analysis of the data and the least-squares

regression line were calculated by using a program on an IBM 360 compuler,
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Resulls and Discussions

Table 1 presents the D values obtained for C. sporogenes spores
heated on both Kaplon and Teflon film at various temperatures. The
regression lines indicating the z values are shown in Fags. 3-4.

The relatlionship of ay, of the sporcs themseclves and the relative
humidily of the environment surrounding the spores during heat irecat-
menl was discussed in our previous paper (Bruch and Smith, ) dealing

with Bacillus subtilis var niger. It was poinied out that the differential

permeability or impermeabilily of the {ilms to water vapor may have
influenced the resistance of the spores on a specific film. The large =

value for spores on teflon falm can be pariially explained by the fact

that teflon film. is imperineable to water vapor coupled with the increased
ratio of surface arca to mass (Quesnel el al), conlributed by the thicker
teflon packel. The value;s shown for spores on Kapton film probably
represents the more accurate resulis for the d:.cy heat resistance of the spores.
Since lhe resulls were to be praciically applied to the heat sealing of films
for sterile entry techmques, the teflon work was also performed. This was
done to simulate a seam to be actually setaled using film of a thickness winch
could be feasibly utilizcd.

F calculations were made $0 as to give a parameler when performing
heal sealing techniques lo insure a sterile seam. Assuming a load of 103 on
the film plus the probability of onc survivor in 103 the F for teflon film at 200
and 210 would be:

Fopgg = 17.7 sec. : Fpip = 11,5 sce.
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Since B. subtilis var niger has the higher heat resistance, the basic

process calculation would be made on that bagis if a sterile seam were

to be produced.



Table 1. D values for Clostridium sporogenes on Kaplon
and Teflon filmn

D value® in seconds

Temp F (Te};np C) Teflon Kapion
300 (149) 6.8
320 (160) 3
338 {170) 1.3
356 (180) 3.3 .68
374 (190) 2.5
392 (200) 2.0
410 (210) 1.3

#*Average D values.
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Developments in Industrial Micxobidlogy

1969 Vol. 10, Chapter 32

o -

Reduetion of Bicrebioclogice] Shedding in Clcen Hodms

Freopmox W, Sy asxp Many X, Bruca

Clean Assemdly crd Sterlizction Loboretory, Geddaid Spece Fhgl t Cenler, Creenbelt,
Maryland

Oparation of Class 102 cdean reoms as an adjuact to mucrobiolog.erl research and as
an eniiroament for pacbicle elean and/or stunle assendly requered that stadies be
conducted 1o find mzans for reduemyg the biologicnl burden covtubuted by cleon
room personnel Studies vwere conducted Lsing sonz nev ly drsizucd clean room cloth-
ing miode frot dacion, streteh nyloa, and a propneotory, hightly voven, cotlon male-
tial (Barboe). Thass parmeats wele compued for their ablity to reduce by contain-
ment the number of miciesiganizms novmally shed fiom tne humon shin Tvo types
of sheddug chambors vere fab-icated for tus w.estugation  The IILPA-flaied air

. {40 cfm} m th2 Cliss 100 clecn room was used to fusl, the shed méicroorsansos into
the Litton Iligh Volume Aur Saroplar for collzchion ad cnumerelion  So.ne ancillary
factms which contniute to or reduce microluolojteal shedding are reported



Reprmted from Volume 10 of DEVELOPMENTS IN INDUSTRIAL MICROBIOLOGY
A Publication of the Socwty for Industiwel Miwiobwology
Axrrnacay INs11i ot or Beonocican Scixees o Wastnaciox, D C. ¢ 1969

cuarrer 32

Reduction of Microbislogical Shedding in Clezn Rooms

Fruowcx W. Samin axo Mawy K Brucn

Clean Assembly and Stenhzation Laboratory, Goddard Space Fhght Center, Greenbelt,
Maryland
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Operation of Class 100 clean 1005 as an adjuuct {o nncroluologeal rescnich and as
an cuvionmeat for puticle clean and/or stemle assembly required that stuchies be
conducted to find means for redueing the biologmeal burden contnbutcd by clean
room peisonnel Studies were conducted using some newly desizned clean reom cloth-
ing made [iom dacion, streteh mylon, and a propnctary, tightly woven, eotton mate-
rial (Bathie) These guments were compared for therr alulity to recduce by contun-
nrent the number of micicorzamisms noarally shed from the human shin - Two tipes
of shedding chambess weie fabrnicated for this investimation [ The HEPA-filtered aw
(40 cfm) in the Class 3100 clean room was used to Nush the shed micisoizamsms nto
the Litton High Volune An Suupler for collection and enumeration  Some ancrhlan
factors which contubute to or reduce microbwologieal shedding are repoited

Much attention 1s now being focused on requirements for the maintenuce of extiemely
clean emironments  These clean emviionments aie being estensively utilized in the
spacearall and clectionic industiies, as well as in cunient medical 1esearch and praetice.
These evtremely clean aeas, ie, lammar flow clean rooms, swgical aieas, pharma-
ceutical assembly lnes, and Iife islands me mamtaned m thewr clean state by the flow
of aii thiough Inghly efficient fillets This an s filteied to near paibicle-hee state by
high eflicieney particulale an filteis (YIEPA)  The au forced through these filters forns
a flowing lamma curtam of au which sweeps away gencrated patticles to maintain
these enmyviionments in a nealy particle-fiee stale TPresently, the most efficient of the
clean em iionments, the Class 100 clean 1com, maintains 2 curtain of nonturbulent, flow-
ing aii contaning less than 100 paiticles, 03 ~ o less, par cubic foot. Addition of
people to these ateas always 1aises the viable and nomuiable particulate Jevel The
manner in which the peaple are clothed plays an impoitant role m the mamtenance of
these extremely clean conditions. )

The concept of 1edueing the dissemmation of mfectious paiticles through the use of
sterile gowns and other encapsulating gaarnents fiist found application in swmgical mac-
tices Tt was found that the comventional clothing woin by pgisonnel in the operating
“theater did not prevent the hibeiation of paticle-born bactena fiom the body and that
special encapsulating garments v ere necessaty to significently 1educe the numbers of
viable paiticles dissaminated (Dugnid and Wallace, 1945) This dispeisal of desgua-
mated particles of skm, refenied lo s scale, is one of the prime sowces of paitculate
matter contnibuted by clean 106t personnel  In biological oi medical application of
clean 100m technigues, 1t 15 necessay that the dispersal of scale, beaiing viable micro-
oiganisms, be contiolled and held to an absolute minimum  The mean dameter of an-
borne seale particles cauymg miccorgamsms such as staphslococel was shown by
Noble (1961} to be 133 & Beanad et al (19654) demonstiated that suits fabicated
fromt impermeable substances, such as polyethylene, would viitually eluninate the shed-

290
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ding of skm bactena mto the envionment  Suits of closely woven cotlon fabtie with an
average pore size of 10 # also substantially zeduced the ibuation of shin bactera by
the containment of the sk paiticles

This 1nvestigation was undeilaken to evaluale aud posstbly mmprove the type of
gamients presently being used for mamum parhicle contamment and to study other
factors which may influence the sheddimg or contuinment

Matrriwns axn Ak riobs

All shedding experiments weie conducted m a Class 100 veitical down-flow clean
roomt® wlhich vas provided with an air sou.ce esseatially fice fiom microbiologics] con-
taminalion The 100m was operated 2l 63-70 I with a relaihe huimdity of 43-50%%

¢ Fedoral Standard No 200a, 1968 Clean Room Work Stabon Requiremeats, Contiolled
Enviromments
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Fic, 2 Collection of shed microorgenisms using the small pleniglass shedding chamber and
Latton 1igh Volume Air Sampler

An ar-onizing device® wes mstelied under a po.tion of the HEPA filter bank t

supply a flow of positive and negative ions. These fons neutralized any statie chargas
which could cause the shed paiticles to be athacted to the shedding chambets, hoses,
or air sampler This clean, 1onmized air was pulled thiough the eollection chambets by 2
Litton H.gh Volume Air Sﬂ_mpler” at a rate of 0 £3/min  The Latton INigh Vohlrme
Air S‘-mplel is a high voltage device which creates a coiona dischaige c'npablo of e
ciently precipitating small paiticles carried in the air stream The precipiteted patticlss
were continuously collected in half-stiength, Tiypticase Soy Bioth {BBL) and flushed
into an ice-cooled collection flask Two different shedding chambais were employed in
this study One was a ¢ylindncal, welded aluminum chamber 7 X 3 ft (4945 £tS)
which comfortably held a standing subject (Fig 1). A d-inch opening in the top of
the chambes allowed the entrance of air fiom the callmg of HEPA flters Another -
inch opening at the bottom of one side of the chomber provided an enit for air bang
drawn into the sampler A close-fiting door sealed the ¢hamber and pievented ars
possible air leaks The floor of the chamber held a 3-ft stainless steel pan wluch col-
lected any of the heavier ov larger periicles not swept into the an sampler. A smal'er,
pleviglass chamber (18 X 12 X 12 mches}, which fit over a subject’s head, was uszd
to collect particles dhspersed fiom the head snd neck region (Fig 2). To enter the
chamber the shedder’s head was placed thiough a snug-fithng, rubber diaphrem m the

¢ Statitrol Corp, Denver, Colo
*° Litton Industries, \Imneqpohs Minp
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boltom of the chamber 1wy diaphiam isolated the head and neck from the rest of
the body. The chanber was then supported by the shouldeis dwing the shedding
paiod A stenle, 4nch flevible wibhber hose carned eleon ah ftom the caling, JIEPA
fller bank to the chambei entiance A 4-inch opening in the front of the chambea
allowed the entering ah to shiike the subject’s face Another d-inch opening in the
rear of the chanba allowed the eniting af to flow inte the Tugh yolunte samples

Collection and Culture Methods

The total number of viable, aerobic miciociganisms collected from the aluminum
chamber dumg a 30-mm shedding period was obtained by assaying the collection
broths fiom the 39-min sheddmg penod, the ensuing 30-mun flush pericd, and by col-
tuing the 3-ft removable stainless steel pan (Tig 3) wlich covered the chamber foor

Tiyplicase Soy Acar was wtihred for all assay procedures
used for all dilutions assay ed
wete recor ercd 1eguiied the plating of the total volume of

Inpeiments in which

low

Fne repheate pltes weie
numbers of micicoiganisms
the coliccted broth samples

The Targe stamless steel flooy plate, wluel was the bottom portion of a giant, stainless
sleel, petii plate, was pomed with 2 thin layer of agar and covered with its comple-
menlary, stainless steel hd Al samples were incubated 45 hows at 32 C and counted,
Sinularly, sainples from the small pleviglass chamber, collected dwing the 30-min shed-
ding period and the following 13-mun fush peliod, weie cultuied A chamber and air-
sampler staiility contiol weie taken befoie each shedding The contiols consisted of
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Fic. 3 Clean room tecknicians hold the agar poured stainless steel floor pan from the shed-

ding chambea
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Frc. 4 Left, a two piece dacion suit Right, a two picce cotton suit with the hood outside
to show conf't*ur-tt:oa of hood

broths collected fiom a 15-min flush of the sample: alone and a I15-man flush of the
sampler and chamber  The broths were each filleied through a 022 x membiane lter
The filkeis ware also mmcubated at 32 C for A4S hows on Trypticase Soy Agar plotes
The air-sampler contiol demonstrated the steuhty of the ar szmpler, while the second
control demonshated the cleanliness of the shedding chamber. Contiols were run
befoie cach shedding experiment

x

Clean Room Clothmg

The clothing worn in these evaluations consisted of two types. one, the clean room
coverall or bunny smt with hood and bootecs, the othe:, a nylon body stoching and
hood The bunny suits were modified shghtly fiom the conseational gamment  ITnstead
of scparate bootees, which aie normally tied aound and oves the legs of the sumt, the
bootees were sewn onto the legs maling each suit two pieces mstead of four Suils
made of the comentional heningbone-twill (10055 dacion polyester, continwous fila-
ment, high tenacity, 220 deniel yain 1 both duechions) fabre® or a tightly woven,
cotton fabric®® were worn in the study (Fig. 4) The nylon body stocking was a
leotard} with fect and a long-sleeved, tuitle-neck shirt and a hood made fiom the same
stretch material The hood cov ered the head and neck enthely, except for the eye open-

® Dacron Fabric, Angelica Uniform Co, St Louis, Mo.
©° Barbac, Angelica TUnlorm Co, St Loms Mo
{ Daoslun’ Corp-, New York, N X Y
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Fic. 5 Streteh nylon hood and disposable surgieal mask which were wom under the dacron
or nylon hoods

ings A picce of Vs-inch polyuiethane foam {80-pore) was scwn inside, as a mask, to
flter partacles geneiated by the nasophaiangeal aicas  Another stretch-nylon hood de-
sign was also evaluated in conjunction with the bunny suits (Fig 3) Like the other,
it enthely covered the head and neck, but had onc, larger opening which exposed the
subject’s ¢y €5, nose, and mouth This hood and the com entional dacion 01 cotton clean-
room hoods wete woin with a disposable sugicol mask ® Thus mask tightly covered the
face from the budge of the nose to the chin  Latex smgeons” gloves weie woin in all
shedding experiments wheie clothing was wom

All clothing, loves, and masks were wiapped and stenihized before use. Dressing and
other pieparations for entisnce into the elean room and shedding tanks weaie canied
out 1n one of thice clean shower and diessing meas adjacent to the clean room  Steule
shoe covers weie placed oven the fect of the shedding suits to preyent mic.obiclogical
contamination The shpper-hke shoe covers weie earefolly removed upon eatering the
shedding chiambes.

¢ Aseptes Surzical Mosk, 3\ Company, Mmneapohs, Mun.
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Cosmelics and Todelnies

A gemiadal soap® containing 075% hevaclorophene and 07565 tuachlowscaibonahde,
a shampoo conteinng hevachlotoplienie,”® shm conditioner} eontaining fsopropilng -
ristale, and stenle vaschne v ere wtilived m selected experiments

Brsuris axp Discussiox

In aider {6 evaluate and impiove the reduction and containment of shed padticles, it
was necessary fo find some subjects who routinely shed high numbas of miciom-
ganisms In o:der to scicen for possible subijccts, the foieheads and check angles of
approxmalely 100 persons were sampled v ith RBodac platesf contammg Tisplicase Soy
Agar {BBL} This screctung procedwme sllow ed us to find the few subjecs vho voould
consistently hase igh numbers of o.ganisms on their shin, These ndniduads showing
high nunbers of micioorgantsms on the shin weie used thioughout the study to provide
dafficult situations (woist case) for containment and contiol To oblam some oider of
magnitude foi the number of pailicles an individual might shed, five subjecls, mclud-
ing those with highly contaminated skins, refiained fom bathing for 24 hours puor to
shedding (Table 1). After the unbal 30-mim shedding penod, the subjects showeired
with gericidal soap, thoiouehly washing with speaal sttention to han, face, and
penanal area The peianal area 1s reporledly one of the most significant souwces of
shed micromganisms (Bethune et al, 1965) A 30-min samphng peiiod following the
shower caused more than a tenfold 1eduction in the number of recoverable o1 gatnsms.
This finding is in disagreement with Beinmd et al (1963b), who found an jmmcdiate
inciease after showeimg Ilowever, iv thei: study no gemicidal soap was used for
bathing

‘The eftects of containment on the shedding of viable particles was significant (Table
2}, All subjects refiained hiom bathing for 2- hows belme shedding naked for 30 mm
This was immedately followed by another 30-min shedding peiied while the subjects
were dressed in the stenle, cotton bunuy suit No undervem was worn under the suits
during the shedding period The cotion suits reduced the nmmber of mieiooiganisms
shed by as much as a thousandtold The tightly~woven, water-iepellent, cotton suits
were chosen for this evaluation because tlus fabric has been shown pieviously to be an
effective banier to the transmussion of fluids and skin particles, wlile stll peimitimg
the transfer of water vapor necessary for the comfort of the weares (Beinard st al,
1967). Tt must be noted that garments made of this pasticular fabuc could find ac-
ceptabihty in apphcations whete biological cleanlimess only is of prime impo:tance
How ever, cotlon would not be acceptable wheie fieedom fiom all types of partticles is
of equal or gicater wmporlange, e, space aaft and/or electionic assembly areas Cot-
ton fabiies tend-to shed small linters and e less desirable fiom the viewpoint of total
particles than are nonsheddimg faliies manufactured fiom continuous Blaments It
should be noted that the shedding evperiments (Table 2) were not peiformed using the
aiv 1onizer. The contamment data in Table 2 aie sunilar to the data shown in Table 3
where the fomzed an was supplied The effects of fomzed an was most obsious when
the chamber ool counts wete compaed  Significantly fewer bacteiial colonies wee

° Dhat Soap, Armowr Grocery Products Co , Ghicago, 11

2% Dial Shampoo, Armonr Grocers Products Co, Chicago, 11
1 Slan-So-Soft, Mvon Produets Tne, New York, N Y

1 Falcon Flastics, Los Angeles, Calif
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Tapre 1 Comperisor of nel ed shedding before ay & afiey shouering

Microorganizsms Collected (rom 30 Mir of Shedding

Bubjcct Bcfore Shov ering ; After Shov cring
A 6,598,000 714,000
B 2,125,000 151,570
c 312,503 82,143
D 1,438,000 887,660
B 2,513,000 179,871

TABLE 2._ Effcel of confainment on shedding raked cov.pured lo & Hghfly woien collon suil

f 7

Micreorganisms Colleuted from 30 Alin of Sheddrng

Subject - - Naked * Cotlon Suit=
1. 92,910 259
2 478,242 560
3. 2,147,000 1,692
4 58,013 638
5. 29,971 2,365
6. 861,500 . 2,788

2 Barbae, Apnel ca Tmiorm Cowmpany, St Lo, Mo

TanLe 3 Comparison of shedduig vearing dacroe 61 cofon suils

Microoiganisms Collected fromn 30 3in of Shedding

Subject Dacron Suit Cotton Suit

A 1,95! 1,800

1,496 1,914
B 12,986 5,024
C 333 589
ib] 553 1,468
B 1,979 ) 1,622
B 847 1,697

counted on the floor plales when the fonizer was used. This indicaled that the necu-
tralization of the stalic charge was effechve in keeping moire paiticles suspended in the
air untill diawn thiough the sampler

Talle 3 compaics the containment effects of the dacton and cotton smts. No atterant
was made to contiol the personal hygene regimen of the subjects Fach wore his 1ea-
ular underwear The sutts weie wein in a 1andom ordar so that no paiticular fabiic was
abways woin fist In most mstances, the dacton swmt demonstiated equal o shghtly
better containment of shed mciooiganisms than the hghtly woven cotton suit These
data comipared favoiably with the data of Themensnider (1967) who used a total
collection technique .The total number of recoverable microorgamisms for a given
shedding time was found to be shghtly lower than that shown by Riemecasnider (1967).
However, he did not use swgical masks in us evaleation of the dacion bunny suit

Subjects A, B, and E were consistently high shudders (naked) who released in eneess
of 2 milhon particles in 30 run. These thice subjects had been sclected fiom the
sciecning of the 100 individuals,
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TABLE 4 Comparisen of reduclion of heddirg by wylon body stocl.ivg and dacron suit

Microorzanisms Collectad from 30 Min of Shedding

N3 lon Body Body Stoc! fug Plus
Subject Naked Stocking Dacron Suit

A -— 60,833 3,7

— 45,091 337
B — 65,480 485

—_ . 33,095 761
A 2,505,000 14,900 -—
B 5,695,860 7,600 —

In an altempt to further reduce and mesent the sheddirg of nucioo: gamsms, sub-
jects A and B were chosen for the study (Table 4). Neo partcuim hyziene regimen was
used Boih subjects shed nakeld and weaing the nylon body stocking wluch included
the hood-mask combmation The body stocking significantly 1eduveed the number of
shed microotganisms  Other t12als in which the body stocking was worn separately and
in combination wilh the dacion suit proved that by itself it did not equal the contamn-
ment propertics of eihier the dacion o cotlon bunny suit Ioweaver, in most cases the
combination of the body stochmg and bunny suit was superion to eithcr the dacion o
cotlon suit woin simgly (Table 3)

Sheddirg fiom neck and head areas was imeshigated because il was the only mea
whete the skin was not completely eovered Naked mess of the face not covered by
the hood or smaeal mask weie thought to be a pirobable source of shed miciooiganisms
when the subjects weie diesscd in the bunny suits The small plexiglass shedding
chamber was used to collect miciooiganisms shad from the reqion of the neck and head
Table 5 shows the numbeais of miciooiganismis recovered in 30 min when the subjects
woie dacion hoods and smgical masks or cotton hoods and suraical masks in the small
chambei. The total omgamsms shed i a 30-nmm period i the large aluminum chamber
by the suited subjeets weie 1 the same 1ange as those shed in the small pleviglass
chamber. This was indicatine that most of the shed micicorganisms v ere comng from
the uncovered aicas mound the ¢yes and the mouth  This opening allowed the escape
of particles which weie probably genciated by the movement of the head against the
hood or pmticles shed fiom the eyvebiow or other areas not covered by the surgical
mask,

Because the nylon body stocking when worn with the dacron swt decreased the num-
ber of micioorganisms shed (Table 4), a less restrictive, open-faced, nylon hood was
chosen to be woin under the convenbional dacion and cotton hoods The effect of

TABLE 5 Effecl of conlainmen! on shedding comparrson of head and
neck region while nearng dacron or colfon hoods

Microorganisms Collected from 30 Alin of Shedding

Subiject Dacron Hood Cotton Hood
A 1,594 1,715
B 491 T01
C 24 249
D 3,285 933
E 87 66
F 29 _ 40
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Pasik 6. Effedt of corlaiminent on sheddeny compertsons of shedding
wearing tie nyloa hood plus the dawron or collon hood

MMicroorzamsms Collected from 30 M of Shedding

Subsject Niylon Plus Docroyn Haods Nylon Plus Couton Hoods
A 233 197
B 238 852
F 66 87

Tarnre 1. Cowparison of shedding using shin cosmelics v il bvnny suils end nglon hoods

Microorganis'ns Collected from 30 Min of Shaddwey

Head and Neck Lntiie Body

Showar and Skin Showe. and Shower and Skin Shover and
Conditioner Vasvhine Conditioner Yaseline

Daeronr Cotlon Dacron Cotton Dacron Cotron Decron Cotion .
Subject Sut Suit Suit Suwt Suit St St Suit Naked

A 103 190 24 43 030 391 136 361} 6,323,000
B T13 — 96 — 341 510 122 604 5,699,000
iy 39 63 20 40 24 )4 33 72 39,971
G 16 40 20 161 136 156 95 136 35,3382
H 205 71 69 73 75 236 550 130 1,457,630

weating the tight-hitting nylon hood under the other hoods is shown in Table 6 Sub-
jects A and B wveic again the woist case indnaduals and subject ' was a modaiate
shedder  This combination of hoods was found to be reasonably comfortable, in addi-
tion to being eflectne m fuither 1educing the number of viable particles shed

Since the addition of the tight-htlmg nylon hood improved the contamment of skin
miciooZenisms and showeiing with geimeidal soap also produced a 1eduction eftect
(Yablc 1), a combination of the two seemed a logical step towaid further reduction

Conditioning of the sk to rctard the disparsal of scale by the appheation of cos-
melies was i estsgated as o method for reducg the sheddimg 1ate Table 7 shows the
effect of cosmelics, showeing, and masimum contamment by gauments on the reduc-
tion of shed muctoorgamsms  Two distinet types of ecosmeties weie evaluated  Skin-So-
Soft, a skin conditioner contuning isopiopyl-myistate, was apphed m a liberal menner
to the peiianal atea, torso, arms, neck, face and heii, aflter showering A thorough hair-
wash with a geinucidal shampoo was ineluded with the showeing procedure  Stenle
vaselme was similaily applied after the shower DBoth the stetle vaseline and the Skin-
So-Soft were apphed with steitle gloves Agam subjecls A, B, and ¥ weie compared
When shedding was measured 1 both chambers, the combination of show ering, steiile
vasehne, tight nylon hood, consentional dacion hood and suit showed the best overall
contamment of micicoiganisms —-
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‘A rapid metlod for the preparation of qualily slerile Roaac plates
was d.evised. A brass plate was fabricated to {il a laminar flow work
station. To back of the plate was soldered a conlinuous copper coil.
The plale was placed 1 the clean bench soil side down and cold tap )
watler circulaled through the coil. The water cooled tha plat.e and acted
as heat exchanger., FEmply slerile rodac plates_weré placed on the cold
platc and 17 ml. of media (2% agar) was pourcd into each plaie easily
forming a meniscus, The agax hardened rapidly maintaining the agar

meniscus whichwas crutial for Rodac plate prepaiation,
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Improved Bbethod for Pouring Redac Plates
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The Rodac plate (Falcon Plastics, Los Angeles,
Caltf} was onginally dosenibed by Hall and
Hartnett (2) for use 1 direct contact sampling for
sirface contanunauon The Rodac plae has
found wide accepiance and use in a sarets of
areas where sanitetion and conteminaiton level
are imporiant, particulerly 1n institutional aceas,
such as hosprtals and food production and service
facihties (1; R G. Bond ct al , anpublished dare)
The use of Rodac plates for surface sampling
can be valuable in the field because of iy sun-
plicity, rehaluliy, and transportabiluy, particu-
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Fic 1. View of the bottom of the brass platy,

larly in estimating the bactertal contamination on
flat surfaces Constant use of Rodac plates has
been required in the Clean Assembly and Sterthza- -
tion Laboratory i determimung the contanunation-:
fevel and househeeping reliability in g laminac
flow room and adjacent secvice areds
This methed of preparation s faciliated by
wtilizaiion of lnnunar flow conditions A brass
plate measurng 21 by 46 inches (33 X 117 cm)
was fabricated to esactly fit a lanunar fAow bench -
A copper coif was firmly soldeced onto one side
of the plate Cold water was supphed to the coil -
by eastly detachable, fevble plumbing (Fig 1y

1427

st B P R

- -y

.

Puior to pouring, the plate was placed onto the
work surface of the lamunar {low banch and
sanitized Cold tap wawer was circulatad through
the copper cotl to chill the plate A measured
amouni {17 mi, final volume) of the selected agar
Forufied with 0.5¢, addwmonal agac (27 total
agar) was sterthzed in indw idual tese tebes. When
tempercd to 45 to 47 C, the agar from a single
tube was poured carefully into an open Rodac
plate placed on the cold surface (Fig 2) Very
rapid solidificanion enhanced the forinatton of
the memscus After soldfication, the tops of

- - -

N
]
Lanie Fur vy

shonwmy rhe attaclunent of the copper coil

the dishes were carefully droppad wm place A
large numbze of plaies can bz prepered quickly
and easily by this method.

Use of the lanunar fow bench esseatially
eliminates concern about contanunation An au-
toniatic pipetter is comnicnly used wa the prepara-
tion of Rodac plates Prior apporiionment, sten-
lization, and tempenng of the agar elunmaies the
difficulties encountered with autonutic pipetting
In addition, this method will allow flexbdity 10
the use of a vancty of media at cne e The
meniseus of each Rodac plate should be ex-
amined, defective ones discarded, and the rz-



1428 NO1CS Arer Microaon

R

'
——

I

fl

+

\
[
L ] —m ——— "

Fic 2 The brass plate i wse w o fanrinar flon benet during the prepuaion of Roudac plares

mainder incubated prior to use to detect any
adverditious contamiaation
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Microbiological Shedding Study-BISS Undersuit

Clean Assembly and Sterilazataon Laboratory
Goddard Space Flaght Center
Greenbelt, Maryland'



XAV -

A shedding study was run o determine the extent of
biological shedding while wearing the BISS undersuit, All
shedding experiments were performed in the shedding chamber
with the undersuits life support system in operation, Cotton
long underwear was worn under the undersuit, White cotton
gloves were also worn. No attempt was made to cover the head
during shedding, The subject Mr. A, Jessup from the Langley
Research Center did not shower before shedding, and took no
extra hygenic precautions such as the use of germicidal soap,
etc, Sterile shoe covers were worn on the feet to preveat
intimate contact wiih shedding tank floor,

The shedding chamber was placed in the Class 100 downf{low

clean room under a Statatrol device which provided a flow of

.

jonized air into the chamber, The lonized air éﬁded the Tlow
of shed particles into the Litton high volume air sampler
operated at 40 £13 per mimate, A plastic curtain was placed
around the chamber to contain and direct the flow of ionized
air arvound the shedding chamber, The first four collection

intervals (15 min, each) corresponded to a program of exercises:
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Colliection

Intervals Exercises
#1 Deep knee bends 15/15 nin,
#2 Arm reach (both hands) 15/15 min,
#3 Toe touch (both hanqs) 15/1% min,
#4 Walk in Place (90 steps/min) 5 nin,
Flex hands (both hands) 5 min,

Walk in Place (90 steps/min) 5 min,.

The two flush periods represented the microorganisms remaining
in the chamber after the subject had exited. All the micro-
Organlsms coilected during four sampling periods, two flush
periods and the microorganisms remaining on the floor comprised
the total sample for a one hour shedding period,.

Before any shedding was performed, the BISS undersuit and 1life
support hose were wiped with a mild detergent solution to remove
as much dust as possible, Prior to wearing the suit, it was hung
in the flowing ionized air with the life support system running
at full volume. This was an atteﬁpt to flush out or sweep away
ags much contamination as possible,

The culture plates from the assays revealed an unusually large
mumber of fungi, many more than ore would expect from shedding skin
Possible sources of the fungi are the life support system or the
undersuit, It is suggested that these sources be checked out before
any more shedding experiments are conducted,

The microbiological data from the five shedding runs are

shown iﬁ Table I,
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TABLE I

Microbiological Shedding Counis-BISS Undersuit

Sample
Intervals
(15 in)

Flush #1
Flush 72

Chamber ¥loor
Count

Total

Shedding Rung

Junc 16
PM

1370
1880
4646
13290
3432
1228

823

26,669

June 17

3889

PN
1176
1087
1723
4240
970
446

8041

10,546

June 13

A
6390
504
478
1086
3475
1635

585

8,453

Junc I3

P

3468

488

8,032
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FOAM SULT PIIOTOGRAPIS

Test of foam hood in Class 100
using shedding chamber for the

Liitton Hagh Voluwme air sampler,

Foan suit compared to standard
and "BarbacT suit,

clean room
head and

dacron suit
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VOLFTRAP PHOTOGRAPIS

Parts and pieces of Wolftrap before assembly.

Assenbly of Wolfirap in Class 100 clean room
showing table, curtain and garmented workers,

Agsembly of Wolitrab in room area oubtside

clean room on a horizontal-flow bench showing
garmnenled workers,
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