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Attention: Lawrence B. Hall Code SL

Subject: Fifth Quarterly Progress Report, contract NASw-2062, Plan
Evaluation and Analytical Studies to Implement Planetary
Quarantine Requirements.

Gentlemen:

This report constitutes the fifth quarterly progress report summarizing work
through June 30, 1971 on the 8 active tasks of the contract.

Emphasis during this reporting period was on activities in support of the
following:

. Planetary Quarantine Seminar in Seattle, Washington

June 18 and 19, 1971. >

.  Presentations to the AlIBS Planetary Quarantine Advisory
Panel June 20 and 21, 1971 in Seatitle, Washington on
(a) probability of microbial release, (b) estimation of
buried burden, and (c) approach to the control of safety
margins in the implementation of planetary quarantine
requirements.

. Meeting of the COSPAR Panel on Planetary Quarantine
in Seattle, Washington, week of June 21, 1971.

Task 8. Evaluation of Planetary Quarantine Requirements

The Planetary Quarantine Office confinuously reviews and reassesses
requirements and constraints imposed upon space flight projects. Under this
task evaluations are conducted to support the justification and establishment of
these requirements. Work was performed in the following areas:

(@) A method was developed to permit the allocation of

PQ requirements to an entire flight mission, leaving
suballocation flexibility (e.g., fo lander and orbn‘er
portions) fo the flight prolecf
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(b) A preliminary analysis was performed of the probability
of impact of Mariner Mars 1971 to determine if a 50 year
orbital lifetime can be expected with 95% confidence.
This analysis relates to concern on the part of some mem-
bers of the Space Science Board with the adequacy of
current orbital lifetime requirements.

(c) Mr. E. Bacon of Exotech Systems, Inc. co-authored a
paper with Dr. Fox and Mr. L.B. Hall of NASA on
"Development of Planetary Quarantine in the United
States" for presenfation af the COSPAR meefing in
Seattle, Washington, June 1971,

(4) Supporting services were provided to the NASA Planetary
Quarantine Office in preparation for the meeting of the
COSPAR Planetary Quarantine Panel in Seattle,
Washington,

Task 9. Quarantine Document System for Planetary Flight Missions

The Quarantine Document System is an indexed file of material perfinent
to the review of flight project quarantine plans and operations. This task covers
the operation, maintenance and updating of the system.

The collection has grown to 241 individual documents relating to all
active planetary flight projecis. All of these documents have been catalogued and
~ indexed.

Considerable use of this file was made in preparation for the June meetings
in Seattle, Washington and a substantial increase in the collection is anticipated as
a result of these meetings.

Task 10. Microbial Contamination Logs for Venus and Mars

Logs listing pertinent contamination data for completed planetary missions
are required by the Planetary Quarantine Office. This task covers the preparation
and updating of logs for Venus and Mars.

During the reporting period microbial contamination logs for Venus and
Mars were updated and issued. Recent U.S. and U.S.S.R. missions were added
and revisions were made fo contamination estimates based upon new values for
quarantine parameters including the probability of growth,

Further revisions will be effected following planetary encounter for re-
cently launched missions, and as a result of a review of the Contamination Logs
by COSPAR committees during the Seattle meetings.

Exofech Systems, Inc.
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Task 11. Evaluation of Flight Project Quarantine Plans

Efforfs under this task support the Planetary Quarantine Office evaluation
of fl:ghf project quarantine plans for compliance with NASA PQ requirements and
compatibility with accepted practices.

No formal plans were submitted during this reporting period for review by
the Planetary Quarantine Office. However, an informal review was made of Viking.
plans for treating the problem of bioshield recontamination.

Mr. Samuel Schalkowsky of Exotech Systems, Inc. attended Viking Project
review meetings at Langley on March 24 and June 1, 1971 in relation to bioshield
recontamination and other Viking PQ matters.

Task 12. Supporting Technology Transfer

Emphasis during this reporting period was on the preparation of state-of-
the-art reports on Ethylene Oxide Sterilization and Filtration, as summarized below:

(@) Ethylene Oxide Sterilization

A preliminary literature search to develop a basis for the state-of-the-
art reporf on ethylene oxide sterilization has been completed. Topics of specific
concern in this search included the limitations associated with the use of ethylene
oxide on spacecraft, environmental factors that determine its relative efficiency and
microorganism characteristics affecting ifs efficiency. With few exceptions, notably
the temperature effect and the sterilization rate, sufficient information has been ob-
tained and the first draft is near completion.

It was also defermined through the literature search that consideration
had to be given to the microorganism age, or stage of development, and the popu-
lation of microorganisms on the object fo be sterilized. Sections treating these topics
have thus been added to the text and the literature search will continue as the need
for specific information arises, ‘

(b) " Filtration of Microorganisms

A preliminary review of the literature was performed and the annotated
outline was completed. The documents obtained through the literature search include
information concerning the kinds of air and liquid filters currently in use, evaluation
of their efficiencies, testing techniques and comparison of air filiration to other air
cleaning methods.

Lack of documented information was noted in the area of direct filter
application in the spacecraft sterilization process. It is in this direction that our
present efforts are focuseds Personal confacts are used as the main source for this
information while efforts continue to obtain pertinent documenis. A draft of the state-

of-the-art report will be completedby the end of August.

Exotech Systems, Inc. -3-



Task 13. Specification of the Probability of Microbial Release

Appendix A, entitled, "Analysis of Microbial Release Probabilities, "
summarizes the data presented at the PQ seminar and to PQAP in Seattle on this
topic. As noted therein, a specific recommendation is provided for the value of
microbial release from solids, based on preliminary erosion data from Boeing/JPL.
More complete data is now available on the Boeing tests and will be reviewed in
the next reporting period. In addition, conclusions will be reached on the recom~
mended values for microbial release from open and mated surfaces.

Task 14. Estimation of the Encapsulated Microbial Burden

As noted in the previous quarterly report, this task is being performed in
collaboration with personnel from PHS—Phoenix. A preliminary report on the status
of this work was made to the AIBS Planetary Quarantine Advisory Panel during its
April 22, 1971 meeting in Atlanta.

- Appendix B contains the material presented on this topic at the PQ
Seminar June 18, 1971 and to PQAP the following week in Seattle, Washington.
The following highlights . current status and plans for the next reporting period:

(1) There is general acceptance of the approach to the esti-
mation of buried burden through microbial densities.
These densities represent the burden per unit volume in-
side materials as received by manufacturers of spacecraft
equipment and the additional surface burden, per unit
area, encapsulated in the course of spacecraft equipment
manufacture (e.g., conformal coating). Flight projects
would be responsible for estimating the volumes and areas
involved, as well as accounting for the sterilizing effects
of spacecraft manufacture and test.

(2) We are continuing to evaluate requirements for laboratory
testing of buried burden in support of PHS—~Phoenix activities.
This work is strongly dependent upon receiving data con-
cerning Mariner Mars '69 materials from JPL.

(3) We are collaborating with PHS—Phoenix in obtaining data
for estimating the probability of microorganisms surviving
grinding processes. This parameter is essential to the
realistic interpretation and exirapolation of blo-qsscy
work on buried contamination.

(4) We are continuing to provide support to PHS—Phoenix in
the utilization of our analytical model (see Task 15 below)

Exotech Systems, Inc.




for the experimental assay of buried contamination
in selected parts and materials,

The analysis of all available experimental data will be completed in the
next reporting period as a basis for recommending specific values for the volume
and bio-densities.

Task 15. Supporting Analysis of Planetary Quarantine and Sterilization Parameters

This task includes analyses, as necessary, to support the specification of
thhf project requirements, the review of flight project procedures, and the recom-
mended changes in PQ constraints. In addition to the analytical work noted in the
previous task write ups, the following work was performed:

()

(b)

()

Exotech Systems, Inc.

Assay of Encapsulated Microbial Burden

This work supports the design of experimental procedures
and evaluation of laboratory data at PHS—Phoenix; it is
also used to interpret data reported in earlier investiga-
tions of buried burden. '

Following the change in the systems model in which the
buried load was redefined as a random variable, a sta-
tistical procedure to estimate the density of buried load
in spacecraft materials was developed and is now being
fully documented in a self-contained report.

Estimation of Lander Recontamination

The analytical model developed earlier in support of
evaluations of bio-shield recontamination approaches
has been completed and is currently being documented.

Control of Safety Margins in PQ Implementation

This subject has become ceniral to the establishment of
parameter values in the implementation of PQ require-
ments, including the probability of release, encapsulated
burden and many others. An initial approach to the avoid-
ance of excessive safety margins has been developed and
presented at the PQ Seminar and to PQAP in Seattle.
Appendix C summarizes this material. Future work in

this area will ake info account the recommendations

made by PQAP. .

Very truly yours,
EXOTECH SYSTEMS, INC.

Etosrna?r K @/0,7/
Edward J. Bacon /’f%

Project Manager




APPENDIX A

ANALYSIS OF MICROBIAL RELEASE PROBABILITIES

by
Edward J. Bacon

Exotech Systems, Inc.
Washington, D.C.

Presented
AIBS Semi~Annual Spacecraft Sterilization Technology

Seminar

Seattle, Washington
June 1971
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ESTIMATION OF P (re)

BASELINE DATA — JPL/BOEING TESTS

Methyl Methacrylate & Ecobond discs seeded with

B. subtilus spores

Erosion rates: Equivalent to 0.6—30 m/year

Observed probability of survival: P (se) ~ 10

-3

P (re)

M.A

10-1 10"1

MAX. ADVERSE -~ 0.99 CONF.

1073 M 10

MEDIAN — 0.5 CONF.

Erosion rates on Mars not as
high as in baseline experiments
but sufficiently large to pro-

duce complete erosion

At the lower erosion rates -

.. P(e) =1

P (se) ~ 1072

High erosion rates likely
. Continuous strong winds

. High frequency yellow
clouds

. High concentration of
eroding particles-dust
devils

P (e) =1

Probability of surviving
high erosion rates

P (se) = 10—3
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FRACTURING FACIOR

g =Tall-e Ty (V) ]

- Legend
L A Eccobond on steel

B Methyl merthacrylate on steel
C  Eccobond on sand

D Methyl merthacrylate on
sand

2000

= 0.0003 ™

(IR TR B B IR  | v ' L5 1 1 o1y a 2 ' 9 AR

VELOCITY IN FEET/SEC
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APPENDIX B

ESTIMATION OF BURIED MICROBIAL BURDEN

by
Robert G. Lyle -

Exotech Systems, Inc.
Washington, D.C.

Presented

AIBS Semi-Annual Spacecraft Sterilization Technology

Seminar

Seattle, Washington
June 1971
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UNCERTAINTIES:

o

ESTIMATE OF THE MEDIAN VALUE: IS IT
REALLY THE 0.5 CONFIDENCE NUMBER?

ESTIMATE OF THE MAXIMUM ADVERSE VALUE:
IS IT REALLY THE 0.99 CONFIDENCE NUMBER?

SHAPE OF THE DISTRIBUTION: IS THE LOG-
NORMAL AN ADEQUATE REPRESENTATION?

COMPENSATING FACTORS:

USING Pg = IO”4 PROVIDES ABOUT THREE

DECADES MARGIN IN THE ESTIMATION OF
ANY ONE CONTAMINATION SOURCE,

N

EACH PARAMETER IS ESTIMATED INDEPENDENTLY,
IGNORING POSSIBLE CANCELLING EFFECTS.



CRITIQUE THE SUBJECTIVE JUDGEMENTS INVOLVED
IN THE APPROACH-——1S THERE A CONSENSUS?

DETERMINE WHETHER "RESIDUAL" SAFETY MARGIN
OF 3 DECADES PER CONTAMINATION SOURCE 1S
APPROPRIATE,

IF "RESIDUAL" MARGIN IS TOO LOW, ADJUST
METHOD FOR CALCULATING LEAST CONSERVATIVE
VALUE. ‘

IF "RESIDUAL" MARGIN S TOO HIGH, ESTABLISH
A LEAST CONSERVATIVE VALUE FOR Pg, RATHER
THAN CURRENT MAXIMUM ADVERSE VALUE OF

1074,

ESTIMATE PARAMETER VALUES BY:

(A) ESTABLISHING SUFFICIENT BASEL(NE
DATA |

(B DEVELOPING CONSENSUS MEDIAN AND
MAX, ADVERSE VALUES

(C) CALCULATING THE LEAST CONSERVATIVE
VALUE,



APPENDIX C

SAFETY MARGINS AND THE IMPLEMENTATION
OF PLANETARY QUARANTINE REQUIREMENTS
by
Samuel Schalkowsky
Exotech Systems, Inc.

Presented

AIBS Semi-Annual Spacecraft Sterilization Technology

Seminar

Seattle, Washington
June 1971
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ESTIMATION OF dv

BASELINE DATA

Positives predominantly in sealed parts with
| encapsulated areas (laminations or windings)
Some materials show positives (carbon, fiber-

glass, semi-conductor materials)

Much of the past data not useful because of

inadequate test and/or reporting procedures

M .
7 8 9 10 11 12 13

. r
\' .
30 1 2 3 4 5 6

spore/cm ﬁ
MEDIAN — 0.5 CONF. MAX, ADVERSE — 0.99 CONF.

. Sealed parts (showing . Lethality of assay pro-
positives) are a small cess may be larger than
fraction of volume found in control mate-

considered (ZV) rials
. Materials -which show .

- . Sample of materials
positives are also small : T
fraction of TV . tested not fully repre-

sentafive

. Many parts and mate-
rials show no positives

. High positive counts are
from older data of
questionable applicability
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ESTIMATION OF dA

BASELINE DATA

Principally fall-out data as measured in various

environments

L

Some data reflects handling of materials

. Assay of swabbing

M S ' ' M.A.

d
Vv [ z
spore/cm? Oﬁ 10 20 30 40 50 & 70 80 90 100
MEDIAN — 0.5 CONF. MAX. ADVERSE — 0.99 CONF.
. Controlled environments for v . Uncertainty in effi-

manufacture assembly, repair] ciency of swabbing

etc. of electronic equipment .
. Unknown environmental

. Lethality of encapsulation condifions in some manu;
procedures including surface facturing facilities

preparation . Unknown degree of

. toxic constituents of coating handling

5 . . .
materials . Uncertainty because of

. Spores generally assumed not irregular surfaces (e.g.
more than 10-15% of total crevasses)
microorganisms
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