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ABSTRACT

A test program was conducted to determine the effect of
environment on the accumulation of bio-burden on spacecraft
during assembly operations. Three environments were
selected: a typical high-bay manufacturing area having a Class
100, 000 cleanliness, a 16 x 16 ft Class 100 laminar downflow
tent, and the Sterilization Assembly Development Laboratory
(SADL) 30 x 40 Ciass 100 laminar downflow assembly room
which is replete with 'personnel and equipment entry control

systems.,

The test item, assembled under these varying conditions,
wés a l4-ft-dia éapsule mechanical training model, consisting
of mockups of the major subassemblies which are expected to
comprise a typical spacccraft capsule., The complete encap-
sulation of the capsule in a bio-barrier was the terminal step

of the assembly process.

The results of the study program showed that there were
no significant effects on the aerobic spore accumula’cio.n due to
environrnent; however, there was an effect on the control of
aerobic vegetative cells, It was found that there was a noticeable
reduction in the aerobic vegetative population in the Class 100
Sterilization Assembly Development Laboratory assembly room
when compared to the Class 100 tent and the typical, manufac-
turing environment. The configuration of the spacecraft surfaces
and their exposure to the environment had an effect on the bio-

burden accumulation in all three test environments.
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ABSTRACT

A test program was conducted to determine the effect of
environment on the accumulation of bio-burden on spacecraft
during assembly operations. Three environments v - -¢
selected: a typical high-bay manufacturing area having a Class
100, 000 cleanliness, a 16 x 16 ft Class 100 laminar downflow
tent, and the Sterilization Assembly Development L.aboratory
(SADIL) 30 x 40 Ciass 100 laminar downflow assembly room
which is replete with personnel and equipment entry control

systems.

The test item, assembled under these varying conditions,
was a l4-ft-dia capsule mechanical training model, consisting
of mockups of the major subassemblies which are expected to
comprise a typical spacccraft capsule, The complete encap-
sulation of the capsule in a bio-barrier was the terminal step

of the assembly process.

The results of the study program showed that there were
no significant effects on the acrobic spore accumulation due to
environment; however, there was an effect on the control of
acrobic vegetative cells, It was found that there was a noticeable
reduction in the aerobic vegetative population in the Class 100
Sterilization Assembly Development Laboratory assembly room
when compared to the Class 100 tent and the typical, manufac-
turing environment, The configuration of the spacecraft surfaces
and their exposure to the environment had an effect on the bio-

burden accumulation in all three test environments.
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SECTION I

INTRODUCTICN

b 1.1 SCOPE

A planetary quarantine policy has been established by NASA to prevent
the introduction of Earth microorganisms to other planets. The Sterilization
Assembly Development Laboratory (SADL) was built as a pilot plant to develop

and demonstrate spacecraft assembly and sterilization procedures which could

meet the microbiological burden requirements imposed by the NASA quarantine
standards. The fundmental task of SADL was to determine the effect of en-
vironment on microbiological burden accumulation during spacecraft assembly

and to establish minimum requirements for equipment, procedures, and facilities,

necessary to assemble, test, encapsulate, and sterilize a capsule which would

satisfy the NASA quarantine constraints (Ref. 1).

1.2 PURPOSE

The purpose of this study was to perform multiple assemblies of a
capsule in the following assembly environments™ to evaluate their effect on

microbial burden accumulation:

1) A typical Eig_h~bay assembly area (approximately Class 100, 000

clean when unoccupied).

. Z)‘ A portable, laminar downflow Class 100 cleanroom,.

3) The SADL Class 100 clean assembly room complete with personnel

entry and exit airlocks and passthrougﬁs for tools and equipment.

Management of the SADL task was organized to carry out the assemblies
in the project-oriented manner. The operating responsibilities of SADL were
vested in the project manager and his supporting staff, which consisted of

four technical groups: Facilities, Assembly, Microbiology, and Quality -

":"NASA Standards for Clean Rooms and Work Stations for the Microbially v
Gorntrolled Environment," NHB 5340, 2, August, 1967,

Dot
1
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Assurance, This organization made possible the development of technical
interfaces ne¢essary for the assembly of the capsule using standard manufac-

turing techniques and skills (Ref. 2),.

Since the purpose of this effort was to investigate environmental

effects, it was necessary to maintain strict control over those other variables

that might mask the environmental effect, For example, stringent personnel

dress procedural controls were invoked in order to minimize microbial

contamination that could be attributed to personnel. Also, hardware

cleaning procedures were rigorously defined and closely followed so that the

microbial burden on the hardware prior to each capsule assembly would be
uniform,

The results reported are meaningful only in light of the tight controls
which were exercised over extraneous potentially contaminating sources.
To extend the results of this test program to an actual capsule assembly,

consideration must be given to applying similar controls to the actual situation.

-

’
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SECTION II

TEST MATERIALS AND METHODS
2.1 MATERIALS . /

2.1.1 Test Facilitics

The three environments in which assembly operatxons were performed
for this study were the High Bay area, a portable laminar downflow room (tent)
located in the High Bay area, and the SADL assembly room. These environ-
ments comprised the SADL facility (Ref. 3).

The High Bay area (Room 118) (Fig. 2-1) was an open room, 60 x 70
x 50 ft high, containing an overhead bridge crane. It was a typical manufactur-
ing/assembly area with exposed pipings, ducting, and structural members.

The room was air -conditioned (roughing ﬁH‘ers only), and had a tile floor,

The portable laminar downflow room (tent) measured 16 x 16 ft and |
could be varied in height from 12 to 18 ft. It was a mobile stand supporting a
bank of High Efficiency Particulate Air (HEPA) filters and lights and had sides
of transparent, antistatic plastic. Blowers with roughing filters were mounted
on opposite sides of a plenum which made up the roof'of the stand. The side
curtains'were positioned 18 in. above the floor. The tent assemblies were
performed in the High Bay area. The tent did not contain a hoist; therefore,
during capsule assembTy, two major subsystem assembly/mating operations
\mstallatxon of impact limiter and aeroshell) had to be performed outside the

tent in the ngh Bay area and then the assemblage was wheeled back into the

tent.

The SADL assembly room was a 30 x 40 x 35 ft high laminar downflow
room and was adjacent to the High Bay area. Large air locks were present for
personnel entry and exit.: For handling large subassemblies, there were two
fixed, two-ton electric hoists in the room. Each was enclosed in a plastic
Slceve, exte rnally vented, to eliminate particulate contamination due to flaking.
The walls of the room were covered with cloth-backed vinyl plastic with epoxy-
resin-sealed joints. The floor consisted of 2 x 2 ft perforated panels installed

on structural supports over a 6-ft deep return air plenum. The ceiling contained
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ninety-two, 9 x 4 ft HEPA filter modules interspersed with rows of lighting

fixtures,

2.1.2 Hardware | .

The capsule used in this study was the Capsule Mechanical Training
Model (CMTM); a mechanical mockup of the major .subassemblies which might

be expected to comprise a typical landing capsule (Fig. 2-2). It consisted of a

14-ft-diameter aeroshell in which was installed a payload section (bus) of the

S Mariner C type, containing eight electronic subassemblies (spares from the

{3 Ranger series), a 4-ft-diameter impact limiter, a parachute canister, a deorbit
| ‘ motor, and a relay link antenna. A sterilization canister as well as all CMTM

: assembly fixtures and handling equipment were also provided. 'Figure 2-3 gives

a breakdown of the CMTM, its subsystems, and the assembly support and

handling equipment.

2.2 METHOL™

2.2.1 Assembly Procedure

The capsule assembly, test, and encapsulation procedures defined the
capsule ‘assembly and test operations in a step-by-step fashion and integrated
the requirements of microbiological sampling and Quality Assurance monitoring

into an"opti.rnurn plan for assembling hardware in.accordance with reliability

requirements while meeting the planetary quarantine constraints. The proce-

dures delineated the following:
1) The preparation of tools, hardware, and the a%sembly area.
2) The capsule assembly/disassembly operations.
3) The microbiological sampling.
4) The point of inspection by Quality Assurance dqring assembly.

Several trial assemblies were performed to validate the procedures
and to establish the protocol for the capsule assembly operation. Janitorial
services were scheduled for the assembly areas so that 48 hours of quiescence

would occur before each assembly.
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Fig. 2-3., Capsule Mechanical Training Model
assembly configuration and interfaces
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' Table 2-1. CMTM daily assembly — events schedule
Day Activity
I 1 Preparation of CMTM assembly area .
2 Hardware wiped down with isopropyl alco-
hol, stainless steel coupons placed on
designated subassemblies and covered with K

antistatic plastic cover

3 Same as Day 2 .
4 and 5 All CMTM hardware under cover g
6 Installation of chassis to payload structure.

Installation of impact limiter

7 Installation of aeroshell to payload assembly.
Installation of parachute canister to -
aeroshell/payload assembly

8 . Installation of deorbit motor to aeroshell/

payload assembly.
Installation of relay antenna to aeroshell/
payload assembly '

9 ‘ Removal of pre-quarantine coupons

10 . ’Placement of CMTM in quarantine

11 and 12 CMTM remains in quarantine

13 , CMTM out of quarantine and post-quarantine

coupon samples taken

The preparation of the CMTM subsystems for assembly, andquarantine

of the assembled"CMTM encompassed 13 days (sce Table 2-1). The actual

assembly operation buildup of the CMTM from subsystems, covered three days.

2.2.2 Environmental Monitoring

A microbial baseline was established in each of the three assembly

areas involved in this study. Fallout samples (collection of fallout on 1-x 2-in.

O 33
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stainless steel coupon) were taken in the High Bay and tent environments at

40 in. above floor level. Twenty coupons were placed in trays at eight different
sites in the High Bay to give good room coverage; four sample sites were used
in tent environment. Five coupons were taken from each tray per day starting
on the third day of exposure, with the last five coupons being removed on the
seventh day (one week) of exposure. The microbial baseline for SADL Assem -
bly Room was obtained by the usc of fallout and Reyniers samples (plalced at

72 in. above floor level). Twelve fallout and 17 Reyn{ers sites were evenly
distributed over the l,ZOO-ft2 area to construct a profile of the microbial‘

burden of the assembly room.

In addition to the microbial baseline conducted in each of the assembly
areas, microbial monitoring was conducted concurrently with each assembly.
As in the microbial baseline study, fallout samples were taken in the High Bay‘
(40 in., 6 sites) and in the tent (40 in., 4 sites; 72 in., 4 sites) while both
Reyniers (72 in., 5 sites) ard fallout {72 in., 5 sites) samples were taken in
SADL Assembly Room.

2.2.3 CMTM Monitoring

. The total CMTM external surface was divided into 75 sampling zones
(Ref. 4). These zones were defined by first determining those areas which
would be; contacted by the assemblers during the as sembiy of the ‘capsule. This
was determined by dusting the assemblers' glov'es vith fluorescent dye during a
trial assembly of the CMTM and mapping the contacted areas using an ultravio-
let light. Secohdly, the nOn—contac‘ted‘areas were divided as to their angle of
exposure to the environment: horizontal upward facing, slanted or vertical,

and horizontal downward facing surfaces.

With the resulting four zone types based on handling (contact) and
environmental exposure, it was assumed that the level of microbial burden -
accumulation would be different during CMTM assembly. Therefore, the num-
ber of samples f)ér unit of area was varied on the different zone types so as to
get the same degree of precision of burden estimate. Approximately 1300

sampling sites were identified.

Six hundred stainless steel (1 x 2 in.) coupons were used for sampling.

These coupons were attached at the specified sites on each zone using

- F T =
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double-back silicone-based tape., In addition to the 600 samples, 700 ""durmmy

Coupons" were attached so that the assemblers would not know which were to be

sampled and to assure that the coupons would be handled (éontacted) due to the

high density. Three different sampling matrices were used so that the sample

coupons would vary for each assembly in each environment.

The removal schedule of the ,sanlxple coupons during CMTM assembly

was as follows:

2.

2.

4

1) Immediately prior to the assembly of any subassembly, to serve

as a control to identify initial burden.

2) Before and after the eight chassis were assembled to payload

assembly.,

3} Before and after the impact limiter was lowered onto the payload

structure.

4) Before and after the aeroshell was assembled onto the payload

structure.

5) Before and after the parachute canister was assembled onto the

payload structure.

6) Before and after the deorbit motor was assembled to the payload

structure.

7) Before and after the relay link antenna was assembled to the
payload structure. Note: At this point, the CMTM is completely

assembled.

8) Before and after a quarantine period. In this case, representative

.samples were removed from all the exposed surfaces of the CMTM.

9) Before and after the CM'TM was lowered into the lower half of

sterilization canister.

1C)  Just prior to mating the two halves of the sterilization canister.

Bioassay Procedures

Twenty percent of the sampling coupons removed from the CMTM were

‘assayed for aerobic and anaerobic vegetative cells and spores. The remaining

[ RSP IEPR 0 WY ¥ s mtibatan 20 o h TR b b bt e S B AL e B I i o e e L B B3 Kt L b et M ek B D38 s e &
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80% were assayed for aerobic vegetative cells and ,spores only. Except for this
modification, all samples were assayed in accordance with the NASA Standards
for Microbiological Examination of Space Hardware (NHB 5340.1, August. 1967

edition). The reasons for the modification were as follows:

1) Prior experience had shown that a negligible anaerobic pop;llation
would be detected; i.e., aerobic forms would predominate in the

samples.

2) By reducing the number of samples to be assayed for anaerobes
it was possible to increase both the relative size (volume of aliquot)

and number of samples to be assayed for aerobic populations.

The environmental fallout coupons were assayed using the same
procedures as for the coupons taken from the CMTM. The Reyniers samples

were assayed in accordance with the NASA procedures cited above.

2.2.5 Test Constraints

Since the objective of this study was to evaluate the effect of
environment on the microbial burden accumulation during the assembly of the
CMTM, it was important that extraneous variables affe;:ting microbial burden
be controlled. Sources of-variables affecting microbial burden fell into two
categbries, those associated with the hardware (CMTM and assembl‘y support
equipment) and assembly procedures é.ncl those associated with the control of

personnel activity.

The hardware was degreased with toluene before the start of the test
program to assure uniform surface characteristics. After the initial degreas-
ing of the hardware with toluene, only spot-degreasing was required between
assemblies where violations occurred which would have contaminated the sur-

face with oil.

To establish a baseline level of contaminatién on the hardware for each
assembly, all subassemblies were wiped down with 90% isopropyl alcohol before
placing the sampling coupons on the hardware. Swab samples (47) were taken
from all subassembliecs before and after alcohol wipedown to establish a base-
line for initial microbial burden on the hardware for each assembly. Immedi-

ately after the coupons were placed on a given subassembly, the unit was
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covered with a decontaminated (Ethylene Oxide treatment, ETO) antistatic
plastic cover. The subassembly remained covered until required in the assem-
bly operation. In addition, tools and equipment used in assembly were bagged
in plastic containers and decontaminated with ETO, and were stored in these

bags until used.

All personnel associated with theé assembly operation, ihcluding

microbiological laboratory personnel, underwent a defined dressing procedure.

~This included a surgical-type scrubbing of the hands and the wearing of decon-

taminated hoods, smocks, booties, surgical latex gloves, and face masks.

Other major constraints that were imposed to enhance the control of

extraneous variables, were that:

1) All facility operations, mechanical assembly, biological monitor-
ing, etc., were performed in accordance with established written

procedures only.

2) Equipment maintenance and cleaning of the assembly areas were
scheduled so that sufficient time for contamination monitoring of
the areas was available prior to the next scheduled assembly to

assure that the intramural environment was not altered.

3) Access to the assembly areas was strictly limited to personnecl
with assigneci responsibilities in performing the assembly, thereby

assuring the same personnel activity associated with each assembly.

Quality assurance monitors certified adherence to the capsule assembly

and test requirements as well as the microbiological constraints (Ref. 5).

2.2.6  Data Handling

The microbiological assay monitoring program generated more than
10,000 data points. To facilitate the retrieval and analysis of this massive

amount of information, the Biological Assay Data Storage and Retrieval com-

puter program was written. This program established a master file for the

biological assay data from which data points could be sclected and/or from
which test routines for data analysis could be performed. A typical listing
from the file is shown in Table 2-2. Data could be selected 1) to establish

burden by zone type and/or assembly step, etc., 2) to perform the
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Table 2-2. Typical listing in master file

4
< |9
«
~3 P w
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gl 0164|8502 ¥&2 vy G 2 zg >| 2 9
2lzlel5|0|2| 2| 983 503 g3 08 (% | ¥
Q\SE\E\M/S g>o 50 > 2+% |olele e g
3.15A01C42 2501 0 O O O O O 0O 0 O 0 4600
3.15A01C49 150! O 0 0 0 0O o O O O O O O 0 o0 o 0 4610
3.15A01C%% 2501 O O O O O O 0O 0 o 0 4620
3.15A01C56 1501 o 0 0 0 0o 0 0 0O O O O o O o0 O 0 4630
3.15A01C60 2501 0O 0 0 O O O 0O 0 0 0 4640
3.15A01C70 2501 O 0 0 O 0 o 0O 0 0 0 4650
3.15401C74 2S0) O O O O 0 O 0O 0 o 0 4660
3.15A01C83 2501 O 0 0 0 0 o 0O 0 o 0 670
3.15A01C85 2S01 1 O 1 0 o0 o 0 0 0o 0 4¢80
3.15A01C88 2S01 O o O O O O 0O 0 O 0 4690
3.)15A01C92 2501 O Q@ O O O O 0O 0 O 0 4700
3.15A01C94 1501 0O 0 0 o 0 O O o0 O 1 0O 1 0 o0 1 1 4710
3.15A01C97 2501 O O O O o0 O o 0 0 0 4120
3.15A02C23 2801 O O O O O 0O 0 0 O 0 4130
3.15A02C39 20! O O O O O O -0 0 0 0 4740
3.15A02C43 2501 O 0 0 0 0 o 0O 0 0 0 4750

Kolmogorov-Smirnov test using two or three subsets of data, 3) to perform
total burden calculations, or 4) to perform other appropriate statistical tests.
Data that appeared to be the result of either assembly procedure violations or
laboratory accidents, as noted in the Quality Assurance assembly log and
laboratory accident logs, respectively, was identified in the master file with a

code and was not utilized in subsequent data analyses.

Statistical hypotheses were formulated for evaluating the effect of
environ'nent and assembly conditions on microbial burden accumulation on the
CMTM. The statistical hypotheses are stated in the form of questions in Table
2-3. The statistical methods applied to answer these questions are also shown
in Table 2-3. To obtain significant results in the statistical testing, a value of
5% (o< = 0.5) for the risk 6f rejecting a true hypothesis was assumed for all
tests. Questions 1-3 in Table 2-3 will be discussed subsequently. The analy-
ses results for the test controls, burden accumulation, and post-quarantine

(i.e., Questions 4-10) will be discussed in the next section.
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Table 2-3.

Question

——
Distributions

I. Were the data normally distributed?

2, Could the data be transformed to obhtain
a normal distribution?

3. Did the data follow the Poisson distri-
bution?

Test Controls

4. Were the controls, 1,¢,, post-alcohol
awabs, subassembly control coupons,
and assay control coupons, statisti-
cally comparahle throughout the
experiment”?

. Was there a detectable difference in
the environmental controls”

Burden Accumulation

6. Was the space raft burden accumu-
lation data tron three assomblies
in a given environment statistically
comparable”

7. Was there a significant difference
in the accumulation of burden on
a capsule when it s assembled an
the high bay arca, a lanunar down-
flow tent, or in the SADL assembly
room”?

8., Was there a significant difference
in the accumulation of hurden on
different zone types of the
spacecraft”

Post-Quarantine

9. Were the quarantine data (pro -
Quarantine or post-quarantine
data) statistically comparable
for a given environment,

10, Did the post-quarantine period result
in a significant reduction of miac robial
burden 1n a given environment”?

L. - S —
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Data analysis

Statistical Mothaods
Applied

Graphical

x2

test for goodness it
Log, square, square root
and lincar transformations

2

X° test for goodness it

Kolmogorov Smarnov

Test for observed dif -
ference hetween two
Poisson variahles

Kolmogorov Smirnov

Test for observed
difference between
two Poisson variables

ttest
F test

kolmogorov Smirnov

Test for observed
difference between
two Poisson variables

t test
F test
confidence interval

Analysis of variance

Kolmogorov Smiirnov

Test for observed daf-
ference hetween two
Poisson variables

Kruskal Wallis one

way analysis of

variance

x2 4
test using contingency

table

P e —— ——————— ~ —————

CMTM Data Analysis

All
Selected samples

Selected samples

Selected samples

Post alcohal swabs

Subass.mbly control
coupons

Assay control coupons

Environmental coupons

Assembly data

Spacecraft hurden numbers
(sigma calculation)

Weighted zonal counts

: Pre-quarantine coupons

Post-quarantine coupons

Pre-quarantine coupons
vs
Post-quarantine coupons
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The data could not be plotted linearly on normal probability paper and
could not be transformed to achieve normality, Attempts to fit the data to
Poisson distribution also failed. This problem was attributed to the large per-
centage of zero counts (60-90%) occurring in the data. The high percentage of
zero counts made it necessary to use 1) nonparametric methods such as the
Kolmogorov—Sm.irnov test to compare counts between different subsets and
2) dichotomous population methods using attribute data,* such as thc.xz test

+

using the contingency table.

Another approach for surmounting the zero count problem was to
assume for calculated data (e.g., burden on spacecraft and weighted zonal
counts) that the error in the calculated measurement was made up of a large
number of small errors from various sources (a reasonable assumption).
Then, the central limit theorem indicates that the composite error will be nor-
mally distributed. Hence, under this assumption, parametric methods, such
as confidence intervals, t tests, and analysis of variance, could be and were

¥

applied.

The sigma calculation was the name given to the method for determin-
ing the amount of burden accumulated on the spacecraft at the completion of
assembly. ‘Only data from procedural steps involving actual assembly were
used in the sigma calculation. The following equation was applied to each zone
of the spacecraft, and the burden from each zone was summed to give a total
burden for the spacecraft: |

75

) niAi
) Burden on spacecraft = '
d A g
i=1 1
where
: : ’
i = zone number ‘
A; = area of ith zone
A, = effective area sampled on ith zone
i
n: = number of colonies.counted on assays from the ith zone

A
b

A coupon with a count equal to zero was classified negatwc a coupon with a
count greater than zero was classified as positive.
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The data could not be plotted linearly on normal probability paper and
could not be transformed to achieve normality. Attempts to fit the data to
Poisson distribution also failed. This problem was attributed to the large per-
centage of zero counts (60-90%) occurring in the data. The high percentage of
zero counts made it necessary to use 1) nonparametric methods such as the
KolmOgorov—Sm.irnov test to compare counts between different subsets and
2) dichotomous population methods using attribute data,* such as the xz test

using the contingency table. .

Another approach for surmounting the zero count problem was to
assume for calculated data (e.g., burden on spacecraft and weighted zonal
counts) that the error in the calculated measurement was made up of a large
number of small errors from various sources (a reasonable assumption).
Then, the central limit theorem indicates that the composite error will be nor-
mally distributed. Hence, under this assumption, parametric methods, such
as confidence intervals, t tests, and analysis of variance, could be and were

applied.

) The sigma calculation was the name given to the method for determin-

ing the amount of burden accumulated on the spacecraft at the completion of

assembly. Only data from procedural steps involving actual assembly were
used in the sigma calculation. The following equation was applied to each zone

of the spacecraft, and the burden from each zone was summed to give a total

burden for the spacecraft:

75
n.A.
Burden on spacecraft = E st
As.

i=1 1
where |
i = zone number ‘
A{ = area of ith zone
Asi = effective area sampled on ith zone
n; = number of colonies counted on assays from the ith zone
33 "
4 A coupon with a count equal to zero was classified negative; a coupon with a

e count greater than zero was classified as positive.

) . ¢
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; The weighted zonal burden represents the numbers that were compared '
to determine if there existed a significant difference in accumulation of burden ‘

on different spacecraft zone types. The following equation was used:

3. KX .

N = E :____LSJ_
.Y, s Y A
Trsjir

j=1

o it Nt

»

ITETL s
~

weighted zonal burden = average number of organisms
th th

2]
n

ey

environment for

Sae

(weighted counts) on r*" zone type in the s

B <&

three assemblies each environment .
q
e r = zone type; a = 1; b = 2, ¢c = 3;d = 4

s = environment; High Bay = 1; tent = 2; SADL = 3

LY

f j = assembly number = 1, 2, 3
& Yrsj = total number of assayed coupons on ith zone type of jth ' ‘
e . assembly in sth environment
5 XrSj = number of colonies counted on assays from the rth zone type '
' of the jth assembly in the sth environment (number of
organisms) .
A, = total area that is represented by r zone type

K = constant = 4 x 106 (coupons x ftz)

Because the zone types were not of equal areas and the number of
assayed coupons from the same and different zone types was not constant, the

use of a weighting factor became necessary for a comparison of zone types. - .

2-14
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SECTION III
RESULTS AND DISCUSSION
3,1 FACILITY CERTIFICATION

A baseline study of the three environments evaluated in this ;ﬁaper was
conducted to establish the microbial burden level in the areas without personnel
activity. The results of this baseline study indicated that the High Bay was in
the order of a Class 100,000 room while the tent exhibited a Class 100 environ~-
ment. The SADL Assembly Room was certified as a Class 100 clean room,

meeting or exceeding such requirements.

3.2 TEST CONTROLS

The pest-alcohol swabs were statistic;ally comparable (ac= 0,05)
throughout the experiment as were the subassembly control coupons and the
assay control coupons. These results were verified by two independent tests
(Table 2-3, Question 4).% Since the post-alcohol swabs and subassembly con-
trol coupons were comparable throughout the experiment, it was implied that.
the initial burden on the CMTM at the beginning of all assemblies was similar.
Although the assay contrclJl coupons were comparablé from an overall assembly-

to-assembly basis, there was considerable variation in the proportion of con-

trols contaminated on a day-to-day basis (Ref. 5). The overall assembly com-:

parisons were within permissible statistical limits (i.e., the ""background"
contamination contributed by laboratory assay procedures was comparable on
an assembly-to-assembly basis), hence the assay control data was not con-
sidered an important factor that would affect the results of the other analyses.
l‘ﬁerefore, other data, specifically environmental data., burden accumulation
and pre- and post-quarantine data were not corrected for biological laboratory
induced contamination. It must be pointed out that the fundamental objective of
the assemblies was to ascertain the effect of different environments on micro-
bial population levels detected on the CMTM. The ex'perimeht was designed so

as to identify relative numbers of microorganisms; not absolute.

4

"These statistical tests were made within and between assembly groups
(i.e., High Bay, tent and' SADL).
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»

The environmental control coupons (fallout coupons) for each of the
three assemblies in a given environment were compared using total population
data. The three assemblies in the High Bay area were not statistically com-
parable, but the three assemblics in the tent were comparable as were those in
the SADL Assembly Room. Division of the data into aerobic vegetative cells
and aerobic spores and consideration of the first three days of actual assembly
only, gave results as shown in Figs. 3-1 and 3-2. These results are not
extrapolated to c::rganisn'ls/ftz but are expressed as oxiganisms per 0.8 square

inches. ™

It should be noted that each point represents the mean value of test
site means for a given day (e.g., for assembly 202, Day, there were 4 test
-5+ sites with 5 coupons assayed for each test site, and test site means were
averaged to get the value that was plotted). The estimated mean fallout (micro-
N organisms/1 ftz) and 95% confidence limits for the true mean value of fallout

o are given in Table 3-1.

Since fallout from Days 1 and 2 accumulated on those coupons removed
on Day 3, and cornp.arison, of fallout at the end of ass;embly in each of the environ-
ments was also obtained (by using the t test and F test) from Day 3 data, no
statistical conclusions can be made for the aerobic vegetative data between the
High Bay and tent, or the High Bay and SADL (variances are not homogeneous).

However, since the tent mean fallout (i.e., aerobic vegetative) is an order of

magnitude less than the High Bay mean fallout, this may indicate that the tent
more effectively controls microbial burden levels. The t test on the Day 3
aerobic végetative fallout (means) for the tent and SADL environments indicates
that a difference in fallout environments between the tent and SADL Assembly
Room did exist. A one-log difference in vegetative fallout was noted between
the tent and SADL Assembly Room. For the aerobic spores, the t test indicates
that there was no significant differefdce in the average fallout accumulation for

the three environments.

“The 0.8 square inches is an effective area and takes into account the dilutions
involved in the assay of the coupon samples. Multiplicaticn by a factor of 180
will yield organisms/ft2, . :
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Table 3-1. Environmental control fallout data (aerobes)

95% Confidence
Limits® Micrzo-
: ‘ Mean Fallout organisms /ft
Environment Mic roorganisms /ft
. Lower Upper
Limit Limit
High Bay
Vegetative 8,676 549 16, 812
: Spore 32 0 83
Tent
Vegetative ' 500 408 592
Spore 7 0 20
SADL
Vegetative 23 : 5 41
Spore ' 22 ' 0 58
4Confidence limits that would be negative were set equal to
zero. Hence, the confidence intervais are asymmetric.

3.3 CMTM BURDEN ACCUMULATION

As discussed in the Method and Materials section, three assembhlies of
the CMTM were performed in each of the three environments (High Bay, tent,
and SADI, Assembly Room). A sigma calculation was performed on each assem-
bly to estimate the microbial burden accumulation on the CMTM during the
3-day assembly period. The application of the K‘olmogorov—Smirnov test to the
data used for the sigma calculations indicated that the samples taken for the
three assemblies in a given environment were from the same population or pop-

ulations with the same distribution. The sigma calculations were based on

3 o E‘ ;tt toa 6
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Table 3-2. CMTM burden accumulation sigma calculation (aerobes)

Mean CMTM 95 % .Confidenc.e Limits?@
Microorganisms
Envi Burden :
nvironment .
Micro- ‘
organisms Lower Upper
) Limit Limit .

High Bay ' .

. 5 5 5
Vegetative 3,46 x 10 1.75x 10 5.17x 10
Spores 1,22 x 104 8.27x10° | 1.62x10%

Tent . ‘
5P 6
Vegetative 4.37x%x 10 0 1.61 x10
Spores 3.34x 10 5.50x 10° | 6.13x 10°
SADL '

. ; 4 a3 4
Vegetative | 1,27 x 10 8.70x 10 2.14 x 10
Spores 1.06 x 10% 4.00x 10> | 2.08x 10*

aConfidé“nce limits that would be negative were set equal to
zero, Hence, the confidence intervals are asymmetric.
Range of sigma values for three tent assemblies were
7.94 x 104 to 1,07 x 106,

’

approximately 150 coupons from each assembly. The estimated mean value and

the 95% confidence limits for the true mean value of the CMTM burden are given
in Table 3-2. '

For the aerobic vegetative burden, the F test indicated that only the
variances from the High Bay and tent assemblies werc homogeneous. Thus, -
the application of the t test to tho»se two sets of sigma calculations showed that

the two means were statistically equivalent, indicating no difference in amount

of burden accumulation between the two environments. As can be seen in

e g e
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Table 3-2, there was a one-log reduction in aerobic vegetative accumulation in
SADL Assembly Room compared with the High Bay and tent environments. For
the aerobic spore burden all variances were homogeneoué; thus application of
the t test on the aerobic spore sigma calculation indicated that there was no
significant difference in the means of spore burden accumulation in the three
environments. That is, the spore burden on the CMTM during assembly in the

three environments was essentially the same.

In examining the results of the study of microbial burden accumulation

on the CMTM an understanding of assembly conditions is necessary. The
assembly procedures developed for the CMTM required very little assembly
activity over the spacecraft hardware. Mostl of the work was carried out by
assemblers working under the aeroshell, or from the side, thereby allowing

the vertical laminar air to have the maximum effect in controlling dissemination
of organisms due to assembly activity. The space available for personnel during
the tent assemblies was limited due to the space occupied by the CMTM ‘when it
was placed within 'the tent. This condition may explain the level of vegetative
burden found on the CMTM during tent assemblies. Assembly procedures were
also designed so as to control both the microbial burden entering assembly

areas and the translocation of microbial burden within these areas.

The surface of the CMTM was divided into zones which were expected

to have different microbial burden accumulation. The effect of handling and

surface exposure is shown in Table 3-3. The data presented in Table 3-3 have
been normalized to account for a differing number of samples per unit area
(sampling density) taken from each zone type (see definition of weighted zonal
counts in Sec. 2.2.6). Therefore, the sum of the burden from all areas for a
given assembly is not equal to the total burden estimated for that assembly.

As presented in Table 3-3, handling and surface exposure appear to have an
effect on microbial burden accumulation. In all three environments, the hori-
zontal upward facing surfaces had the highest burden accumulation followed by
the areas contacted by the assemblers. This difference was very small in the
SADL Room compared with the tent and High Bay environments. The results
show that surfaces which are not exposed directly to the environment (downward

tacing surfaces) had the least burden accumulation.

A o e . i iy sy 1 smppe e o, 2..77
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Table 3-3. Effect of surface exposure on bio-burden (acrobes)a

Non-handled surfaces
Assembly Handled Vertical L
‘ Environment surface Horizontal ertica Horizontal
upward and downward
. P slanted and inside
g
High Bay ‘ . ‘
| | Vegetative 1086 48, 617 131 102
Spores 411 866 3 2 I
, Tent
g Vegetative 1673 35, 709 111 " 34
* Spores 24 40 2 2
i SADL
Vegectative | 109 362 .8 12
Spores 25 25
#Data presented as the average number of organism (weighted
counts) for three assemblies each environment.

For statistical verification, the analysis of variance was applied

to the three assembly groups and four zone types. The test applied separately

to the vegetative'weighted zonal counts and spore weighted zonal counts. Since

only the variances from two zone types, namely the vertical and slanted

surfaces and the horizontal downward and inside surfaces, were homogeneous
(vegetative case as well as spore case), comparisons using the analysis of

variance could only be made for thesc two types and cases. The analysis

indicated that the.mean vegetative weighted counts of all assemblies for these

two zone types were statistically equivalent. That is, there was no statistical
differences that could be attributed to the differences in zone types for the

three assembly groups. The same analysis, however, did indicate that there

were statistical differences between the asscmbly groups (i.e., a detectable .
difference in environments was noted), For the mean spore weighted counts, C) k4

the two z‘one types were 'also shown to be statistiycally equivalent. However,
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sontrast to the vegetative case, no statistical differences were noted

. een the environments for the spore case., This again verifies the point

.+ was made previously that significant differences exist in vegetative burden

. ‘ ,-cumulation when the CMTM is assembled in the three environments, but no
o.cnificant difference can be noted for spores insofar as this scriecs of tests is

wacerned.

4 POST-QUARANTINE

| The test program included an evaluation of the effect of a 4-day

aquarantine period in which the assembled CMTM was placed in a Class 100

raminar flow environment., The quarantine data used for the analysis resulted

in histograms that were statistically similar for a g<iven environment, To

determine a significant difference between the pre- and post-quarantine data,

the proportion of the number of coupons with counts was compared, Assuming

a risk of 5% for rejecting a true hypothesis, the analysis indicated that pro- . C
portion with counts for a given environment were statistically equal for the

pre- and post-quarantine periods,

Sigma calculations for the pre-quarantine data and for the post-
quarantine data were compared by inspection and shewed that there was very
little, or no reduction, in either vegetative cell or spore burden which resulted

from the assembly of the CMTM in SADL Assembly Room or the tent, There

was from one-half to one-log reduction in the vegetative cell burden that

accumulated in the High Bay environment; however, very little reduction was

0

noted in spore accumulation.

T e S e B R
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SECTION IV.

SUMMARY AND CONCLUSIONS

A test program was carried out to evaluate the effect of environmental
cleanliness on the microbial burden accumulation during the assembly of the
CMTM. The three environments evaluated were 1)'a High Bay assembly area,
Class l‘OO, 000, 2) a portable cleanroom (tent), Class 100, and 3) the SADL
Assembly Room, Class 100, Three assemblies of the CMTM were performed

in each environment,

The environmental monitoring (i.e., environmental fallout coupons)
of the CMTM showed a one-log reduction in aerobic vegetative cells in the
tent as compared to the High Bay assembly-area, and two-log reduction in the
SADL Assembly Room as compared to High Bay., However, because of the

lack of homogencity in the variances, no statistical conclusions could be made

for the aerobic vegetative data between the High Bay and tent, or the High

Bay and SADL Assembly Room. The t test did indicate a difference in the fall-
out envii’onment (vegetative cells) between the tent and SADL Assembly Room.
The t test showed no significant difference in the mean aerobic spore fallout’

for the three environments.

The aerobic vegetative cell accuymulation on the CMTM, as determined

by the sigma calculation, was found to be of the same order of magnitude for
both the High Bay and tent environments, The SADL assemblies showed a

one-log reduction in aerobic vegatatives on the CMTM when compared to the

High Bay and tent assemblies. The t test, when applied to the sigma calculations
for the High Bay and tent, showed that the two means were statistically equivalent,
However, no statistical conclusions could be drawn between the sigma values

for the tent and SADL Assembly Room, or the High Bay and SADL Assembly

'Room. The t test applied to the aerobic spore sigma calculation showed no

significant difference in the means of spore accumulation on the CMTM in the

three environments, insofar as this series of tests is concerned.

The configuration of the CMTM surfaces, and their exposure to the
environment, was found to affect the microbial burden accumulation in all
three test environments. The horizontal upward facing surfaces were found

to have the highcst burden accumulation (spores and vegetative cells), followeci

4-1
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by the areas contacted by assemblers., Although no statistical conclusions
could be made between certain zonal areas because of a nonhomogeneity of
variances, statistical comparison was made between vertical or slanted
surfaces and horizontal downward and inside surfaces. The analysis indicated

that the means of the two zone types were statistically equivalent for both

vegetative and spore burden,

The evaluation of a 4-day quarantine program showed very little or

‘nd reduction in vegetative cell or spore burden. No significant difference was

found between the pre- and post-quarantine data when the proportion of the

number of coupons with counts was used in the comparison,

The applicability of these test results to an actual capsule assembly
has not been included in this discussion. It must be understood that the
scope of this s'tudy was to evaluate only one parameter that of the cleanliness
level of the environment on microbiological burden accumulation. To extend
these results to the actual assembly of flight articles, parameters such as
clothing, precleaning of hardware, limited personnel access, limited
assembly duration, assembly procedures and Quality Assurance monitoring
(which were carefully controlled for this study) must be evaluated as to their
effect on burden accumulation. If these parameters are controlled on a
flight program in an analogous manner as used for this study, then these

results can be directly applied.
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APPENDIX A
ADDITIONAL SADL PROGRAM STUDIES

o 1. INTRODUCTION N

o \\ A number of minor studies were conducted in the SADL program in
’ add}tion to the primary study described in the body of this report. The
]‘ 3 é objective of these studies was to better define the effect of various assembly

3 « " constraints on microbial accumulation during capsule assembly. The assembly

| constraints studied included 1) requiring all assembly support equipment |

entering the tent environment to be decontaminated with 90% isopropyl alcohol

(Modified Tent Study), 2) determining the effect of untrained assembly person-
R nel in the SADL Assembly Room environment (Untrained Personnel Study),

, and 3) reducing the protective clothing requirement in the SADL Assembly

Room environment (Clothing Study).

Two assemblies of the CMTM were performed for each of the above ’ S
studiecs. Except for the condition being tested, the assembly procedures and

constraints were the samec as those described in the body of this report.

This appendix presents the modification made to the basic assembly
conditions described in the body of this report and gives the results of these
studies. It is emphasized that the tests covered in this appendix were not

conducted in such an exhaustive manner as those described in the body of this

report, The results given here are therefore presented as trends or indications

rather than results which can be rigorously defended.

2. MODIFIED TENT STUDY

Both the tent and the SADL Assembly Room were Class 100 cleanrooms,
but for the basic assemblies conducted in them, different constraints applied
to the decontamination of material entering these areas. Two additional
assemblies were therefore carried out in the tent environment with microbial
decontamination of items entering the assembly area under the same control
as for items entering the SADL Assembly Room. This was accomplished
by decontaminating (wiping with 90"/o'isop1'ovpyl alcohol) all support equipment
and microbial sampliﬁg material prior to being passed into t;he tent assembly

environment to simulate the use of ETO, autoclaves, and me'chanica.l passthroughs
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available for controlling microbial contamination on items entering the SADL

Assembly Room.

The results of thesc tests indicated that the additional dc;contamination
constraints had little or no effect on microbial burden accumulation, The
N
data did indicate, however, that the number of samples with greater than 10

organisms per sample was reduced which may mean that the translocation of 1

contamination from the support equipment was being controlled. .
SaoB. UNTRAINED PERSONNEL STUDY
. § Two assemblies of the CMTM were perfc;rmed in the SADL Assembly

Room using untrained assemblers. It was found that the use of untrained
assemblers had no detectable effect on microbial burden accumulation under
conditions of this test, It should be pointed out that the personnel chosen as
"untrained personnel were from the Facility Operations Group within the
SADL program and they were aware of the objectives: of the test and had prior

’

knowledge of the assembly procedures. These considerations may have had a

significant effect on the results,

4. CLOTHING STUDY

The final study carried out as part of the SADL Program was to perform
two assemblies of the CMTM in the SADL Assembly Room with reduced R

clothi'ng requirements, For these assemblies, personnel were not required
to wear face masks or booties except for the bio-technicians taking samples.
f’ Also, dacron wrist-length gloves were substituted for the surgical latex gloves

previously used, and paper hair covers were substituted for the hoods.

The results, when compared to data from the other SADL Assembly
Room assemblies, showed that the reduced clothing requirements did not

significantly affect the microbial burden accumulation on the CMTM. This

indicated that under the assembly procedures and constraints defined for - | |
the SADL program, the clothing requirement could have been reduced. ‘ g
However it is important to fully understand the assembly conditions in order
to evaluate the. meaning of the results, First, the assembly procedures

developed for the CMTM required very little assernbly activity over the space-

craft hardware. Most of the work was carried out by having the assemblers
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"woﬂ:under the aeroshell or work from the side, thereby allowing the vertical
laminar flow air to have the minimum effect in controlling the dissemination
of microorganisms gencrated by assembly activity, It scems ¢lear that for

. assembly conditions in which assemblers may be above the hardware, that

clothing constraints (such as boots) become extremely important, <
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