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FOREWORD

In the summer of 1988, members of NASA Headquarters, in particular, the Office of
Space Science and Applications (Code E), the Office of Aeronautics and Space Technology
(Code R), and the Office of Space Station (Code S), along with the George C. Marshall
Space Flight Center came to a conclusion that a broad-based review and discussion of
Space Station internal contamination issues would be desirable.

Teledyne Brown Engineering (TBE) in Huntsville, Alabama was contracted to
organize, conduct, and document a workshop with the theme "Space Station Freedom
Toxic and Reactive Materials Handling". TBE mailed over 150 invitations to civilian and
military government agencies, research organizations, universities, and industries in the
U.S. Also, the Space Station international participants were invited and representatives
from ESA and NASDA were in attendance. A number of persons were personally invited
to present papers.

The workshop took place at the Hilton Hotel in Huntsville, Alabama on November 29
through December 1. Thirty-two papers were given, supplemented by many lively
discussions. Among the 220 persons in attendance were astronauts Dr. Owen K. Garriott,
Dr. William Pogue, and Dr. Bonnie J. Dunbar.

Although the workshop had originaliy been planned to address only questions related
to internal contamination issues on the Space Station, presentations, and particularly
discussions, covered a larger scope including external contamination issues. Some key
workshop results included an increased safety awareness for Space Station Freedom
Program participants, clairification of some key safety requirements, and initiation and
continuation of dialogue between various program participants.

A panel was formed to moderate the discussion, answer questions, summarize the
workshop discussion, and to make recommendations. The panel consisted of Dr. Bonnie
J. Dunbar, NASA/JSC, Dr. Martin E. Coleman, NASA/JSC, and Mr. Kenneth L.
Mitchell, NASA/MSFC. The pantl's summary report and recommendations are included
in this proceedings document.

Many attendees expressed the desire that a similar workshop should be convened in
the near future.
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National Aeronautics and i
Space Administration NMA l

Lyndon B. Johnson Space Center
Houston, Texas
77058

December 16, 1988

Mr. Paul Galloway
Workshop Coordinator
Teledyne Brown Engineering
Cummings Research Park
Huntsville, Alabama 35807

Dear Mr. Galloway,

Thank you again for the opportunity to participate in the Space Station Freedom
Toxic and Reactive Materials Handling Workshop. We believe that the workshop
was a very successful exchange of information between diverse technical
communities and provided useful recommendations for approaching future Space
Station designs and operations.

As a panel, we were tasked to “enhance the productivity of the workshop by
ensurina that the findings of the workshop did not fall hetween the cracks”. We
were asked to summarize the workshop discussions and to provide reconrmmend-
ations related to safety issues, technologyv development efforts, and other follow-
on tasks which might be required. The nature of this workshop and our directive
required us to focus on topics of concern; however, this should not diminish the
positive contributions which both NASA and its contractors have aiven to these
compiex problems. The solutions to technical and operational problems which
remain will require a united and cohesive application of our best resources.

Our final panel reportis enclosed. While we believe that more workshops in the
future will benefit Spsce Station design and utilization, we also believe that
immediate action is r>quired for some identified issues. Should questions arise
regarding this report, please contact any member of the panel.

It has been our pleasure to have participated in this workshop.

Sincerely,

onnie J. Dunpar,
NASA/ISC, AStronaut
Panel Chairman

Sereiihy L M (& m ¢ Oﬁ&'yw
r.Kenne itche NTartin E. Coleman, PRD
NASA/MSFC, ECLSS NASA/JSC, Toxicologist
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INTRODUCTION:

Teledyne Brown Engineering (TBE) was tasked by several i JASA Organizations to
organize, conduct and document a workship devoted to Space Station internal
contamination issues. These organizations included the Office of Space Station
(Code S), the Office of Space Science ana Applications (Code E), and Office of
Aeronautics and Space Technology (Code R). Representatives from NASA, NASDA,
ESA,Space Station contractors and the private sector were invited to attend.
Approximately 200 individuals attended, representing a broad spectrum of
industries and organizations.

“he official program was divided into several sessions which addressed the
following topics:

Past Flight Experience (Skylab and Spacela’s missions)

Present Flight Activities (Spacelabs and Soviet Space Station Mir)

Future Activites (Materials Science and Life Science Experiments)

Space Station Capabilities (PMMS, FMS, ECLSS, and US Laboratory Overview)
Mznned Systems/Crew Safety

Internal Contamination Detection

. Contamination Control - Stowage and Handling

Contamination Control - Waste Gas Processing

PNANBWN

In order to document and summarize the findings of this workshop, TBE appointed
a panel consisting of the following members. Dr. Bonnie J. Dunbar (NASA/ISC), Dr.
Martin Coleman (NASA/JSC), and Mr. Kenneth Mitchell (NASA/MSFC). The panel
facilitated discussion during the sessions and summarized these discussions and
resulting recommendations at the completion of each days activites.

This report is a compilation of issues, concerns, and other topics which arose during
the workshop. It is divided into three sections. In the first section, Space Station
design assumptions are discussed. The secord section discusses issues and concerns
as they relate to (1) policy and managem=nt. (2) subsystem design, (3) experiment
design, and (4) internal contaminatic.: detection am! control. The last section
summarizes the recommendations generater; during the three day workshop. Most
of the concerns and recommendations summarized in this report were not the result
of single sessions, but appeared as recurring themes during the workshop.

The panel believes that the workshop was very worthwhile and that serious
decisions must now be n:ade. We believe that, in order to avoid costly redesign in
the future, the issues and concerns identified in this report should be receiving
maximum attention by the Space Station Project in its early engineering
development of subsystems and experiment facilities.
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SPACE STATION DESIGN ASSUMPTIONS:

Space Station Freedom design is currently comprised of one habitability module and
of three laboratory modules; one each from the United States (USL), Japan (JEM),
and the European Space Agency (Columbus). All four of the modules are
interconnected by nodes. The experiments which will involve the bulk of the
hazardous materials to be handled represent two disciplines: life sciences and
materials sciences. While both of the discinlines have flown on prior Skylab and
Space Shuttle missions, the Space Staticn will include many new in situ <ample
preparations. For the materials sciences, this includes a family of liquid etching
acids for which we have no prior space flight experience. In tge field of life sciences,
although we have previously “fixed” samples on orbit, both animal dissection and
gell cultures will introduce new experiment materials and operations to the Space
tation.

There are several fundamental design and operations concepts which are applied to
terrestrial laboratories and which can be considered relevant to a space-based
facility. They are the following: (1) the Space Station Freedom is &) international
laboratory which should be governed by well understood and consistent safety
policy/quidelines, (2) facility design is the first line of protection against! azardous
situations but operations of the design must also be well understood, (3) if the
facility design/operations fail, then appropriate detection should be in place to
annunciate the hazard to the crew, (4) there must be preplanred on -orbit
methods to recover and handle wastes, in-luding accidental in-cabin spills, ()
procedures and hardware must be sresent to medically treat crewmembers, and (6)
the wastes must be transported safely to the ground for further disposal.

The handling of toxic and reactive materials aboard the Space Station will be
particularly challenging for the following reasons: (1) The Station is nearly a closed
environment-- rapig evacuation is not possible, (2) the laboratory researchers must
habitate a volume intimately connected to their laboratory, and (3) materials
science and life science experiments wil be conducted 'n the sarne laboravory; this
does not occur in ground based iaboratories.

There are presently three Station subsystems beirig designed which are involved in
the detection and /or control of toxic and reactive materiais: the Environmental
Control and Life Support System (ECLSS), the Process Materials Management
Subsystem (PMMS), and the Fluid Management System (FMS).

The primary U.S Lab subsystem being designed t« nteract with hazardous/toxic and
reactive materials is the PMMS. It consists of the following elements.

- Process Fluids Storage and Distribution

- Chemical Storage

- Materials Transport

- Ultrapure Water Management

- Waste Materials Handling

- Leak Detection

- Crew/hardware decontamination :

- Vacuum Venting (high quality source and waste gas vent)

The Spaca Station ECLSS provides trace contaminant gas removal fram the crew’s

breathable atmosphere as well as :.:onitoring of atmospheric contaminan . (gases
and particulates). These trace gas:s are primarily generated from metabolic

1-3
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processes of the crew and electronics equipment off-gassing. The PMMS and/or the
payload will provide containment and control for their non-staridard substancds--
not the ECLSS.

The FMS interacts with the PMMS in tha vacuum: enting of wasie gases and the
resupply of fluids (water, mitrogen) to the U.S. Lab. The »liowabie v.aste gas
constituents are being defined to the work packeges and the Internationai partners
through a Level Il FMS workir.g group.
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FINDINGS AND CONCERNS
POLICY AND ORGANIZATION

1. THE NEED FOR A SAFETY ATTITUDE

Aithough enginering soiutions are being designed to handle toxic and reactive
materials on a routine basis, we found a lack of ernphasis on beth cperations and
the exploration of accident scenarios. Clearly, the designers must prepare for the
waorst in addition to designing to prevent it. Specificaily, more emphasis needs to be
placed upon approachesto “in cabin spills” resulting in the cleanup of hazardous or
toxic materials, and the isolation of cont: minated modules,. This was well
reinforced bg several of the private sector presenters at the wcrkshop. Additionally,
the responsiblity for these activities should be assigned to an organization. There
appeared to be no one who believed that to be in “their charter”. The safety
attitude is germane to any research program. it is a day to day responsibiity for
everyone involved.

2. THE NEED FOR A UNIFORM SAFETY POLICY

This workshop was organized for all Space Station participants. However, ESA sen.
one represertative who was not a professional safety empioyee and NASDA sent
two representatives, but their safety policy was not voiced. From the discussions
which occurred, we concluded that the Safety Policies which we believe are in effect
for Space Shuttle and which are being developed for Space Station are not being
communicated to our international partners. As a matter of information, the ESA
representative informed the groua that ESA assumed that NASA would dictate
safety requirements to them, and had not vet taken a formal look at safety in the
Columbus module development. Implementation of safety policies in the US
module alone will nat protect a crew from catastrop'ic events.

The Station must be. viewed as one resource operating under one standard of
Safety, for both experiments and subsystem development. Reference should be
made to the NRC series on “Prudent Practices for Handling Fazardous Cher.ucals in
Labaoratories”. Additionally, the question of who is vested with final responsibility
for safety of the Station’s internal environment should be clarified

7. THE NEED FOR A MATURE SAFETY ORGANIZAT!ON

Durning the workshop, both Space Station subsystem designers (7 CLSS, FMS, PMMS),
and experiment developers stated that their hardware cesigns were dependent
upon clearly articulated safety requirements. Withou? specific design requirements
and access to past flight experience;, hardware is subiect to later redesign.
However, the Space Station Safety organization is stil! heing dev alored and notin
the position of advising either system cesigners or experiment developers
(particularly material processing furnaces) on such items as fault tolerance, triple
containment, etc.

Although the JSC Safety Boards have addressed rnany of these same questicns with
respect to the Space Shuttie/Spacelab subsysteras and payloads, most of these
designers do not have access to thase boards. 'n manly cases, the designers, by not
being familiar with past flight experiences using similar desiyns, were “re-inventing
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the wheel”. For example, the PMMS ard FMS are at a point when serious desif?n
decisions must be made (these are discussed later) . The eaﬂr involvement of flight
safety personnel with facili? designers/experimenters shoulid resolve many issues,
avoiding serious redesign of equipment.

One suggested solution is to utilize the safety organization at NASA/JSC for ar
interim period of time, so that timely response is available to the hardware
designers. However, with the advent of the Space Station Safety boards, cor tinuity
should be maintained. The utilization of different NASA safety organizations should
be virtually transparent to a user of either Shuttle or Space Station. Many payloads
will fly on both. For example, the furnaces which are being developed 'y ESA\,
HASDA, and many US users for Space Station will fly first on Sgaceiab fights.

Another suggestion is to combine these NASA safety organizatios, ‘hereby
reducing the number of safety interfaces for a user, and rrovidir.g censistency and a
past flight experience data base to the evaluation of sul/iyster: designs. Consistent
safety policy isimportant for all space flight elements.

Memuoers of the workshop suggested thut until mr.re aczess to the Safety
Organization is available, the Space Starion prog: am: <hould provide safety related
design requirements in a “Users Man..al”. Thi; ms~ual should provide hardware
design options and clearly define sucr. concents as ‘two fault tolerance, triple
containment and hazard control”. Furnace designers wish to understand the
concept of “credible failure” and how prucedures, functionai features (e.g door
interlocks, etc) and negative pressiri: or.erations contribute to their design.
Communication of past and present fli?htexperience related to safety and facility
designs is essential. Designers shou’d also have access to Spacelab Hazard Analyses
and Safety Compliance Data. For many users, the neea for this documentation is
now.

Unless the development of tFe Safety organization can be expedited, both the
station schedule and cost ar at risk.

4. THE NEED FOR BETTER COMMUNICATIONS

Better communications are required across the board: Between the international
partners, between the. NASA Centers, between the contractors and NASA, between
NASA and i~dustry, and between all elements and the flight operations
organizations. The Office of Space Flight (Code M) was not an official organizer of
this workshop but is responsible for flight crew training and safety. Future
discussions regarding operational experiences and approaches to on-board safety
may be directe to the Flight Crew Operations Office &coo) at NASA/ISC.

FCOD has several int2rnal Astronaut organizations expressly established to develop
an early working relationship with flight hardware designers: the Shuttle Mission
Development Group, the Space Station Group, and the Science Support Group.

Communications must be open, frequerit, and along more clearly defined paths
among Centers and other organizations. Our past flight experience with STS-51L
and the emphasis that the Rogers Comrnission placed on communications ntust not
be “lessons learned” which are lost. This workshop was believed by all participants
to be an important first step in that direction.
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5. COMMONALITY

The question of commonality, which has arisen in other system desions affecting the
international modules, is even more important in the arena of safely handling toxic
and reactive materials. There is not a common design approach for the handiing of
these materials and it is not apparent that the international partners are actively
addressing the potentional problems. Again, the agency is faced with defining
safety design criteria and then implementing these as requirements. An important
question is how NASA will task these requirements to the partners and oversee their
implementation. The Space Station crews must not be trained tc safe three
different system designs. The lack of commonality between safety systems is a well
known contributer to industrial and aircraft accidents.

STATION SUBSYSTEM DESIGN

6. UTILIZATION OF GROUND BASED LABORATCRY SAFETY FEATURES

Procedures and data generated by ground based laborabories is an excellent
resource data base for understanding and implementing procedures/hardware for
the safe handling of toxic and reactive chemicals. NASA should not re-invent the
whneel. One representative from the semiconductor industry stated that we were
about ¢ years behind industry in our approach to the problem. At the same time,
users stated that new safe handling procedures which NASA may develop for this
more restrictive environment may have commercial applications on the ground.
More ir(\jteraction with both industry and commercial laboratories should be
pursued.

7. NUMBER OF ECLSS STATIONS FOR MONITORING TRACE GASES

The total number of ECLSS locations for monitoring trace gases in the cabin
atmosphere needs to be evaluated with respect to the entire monitoring systems in
the USL, JEM, and Columbus. Currently 7 locations are baselined in the Space
station configuration with the international modules attached. This may not be
enough, particularly if early “leak warming” needs to be annunciated to the crew.
The PMMS plans to detect at the rack level, butitis not clear if these will be
experiment specific or general detectors.

8. PMMS DESIGN LIMITATIONS

As designed, the PMMS proposes to collect a variety of both life science and
materials science wastes. In this respect, it has a much broader <cope than any
existing ground based laboratory or industry. However, it has limited the types of
waste it will handle. The limitations to experiment development are not clear.
Experiment designers need this information in order to procede. Questions
remaining include which wastes are regenerable (besides the water recovery
feature) and what waste storage systems will PMMS provide for returning
hazardous waste to earth via the logistics elements.

The current PMMS baseline design has a centralized waste material approach.
Trades are to be performed on alternate approaches: decentralized storage of

1-7
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waste by PMMS versus user provided waste storage at the rack level. Current
Shuttle/Spacelab operations do not use a common waste collection system.
Chemicais (e.g. varieties of acids) used in the etching of metrology specimens might
be better handled within the giovebox and stored in a separate container for
transport back to the ground. The mixing of acids, cell cuitures, fixatives, and etc
presents an infinite matrix of design requirements for a disposal system. Since
Space Station facilities are being designed now, there is a definite need to identify
their interfaces and requirements for waste disposal. As an added note, neither the
JEM or Columbus have an interface with the PMMS, which may result in at least
three methods for storing and transporting experiment wastes. Experiments which
may design their interfaces for the US lab may find that although they have access
to the ESA or Japanese labs, their experiment interfaces are incompatible.

Finally, NASA should review certain design features of the PMMS using past
experience with liquid transport systems (e.g. Shuttle/Spacelab and Skylab). For
example, itis not clear how the wastes from a glovebox operated experiment are
actually introduced to the PMMS water lines in a micro-g environment; how
residue leftin containers are handled: how wastes which may have deposited on
the interior of the large volume gloveboxes are collected for disposal, and how the
task for predicting multi-chemical reactions in a “holding tank“wili be
accomplished, particularly if the chemicals used in metrology or cell fixation today
may not be the same ones we use in 10 years.

9. ISOLATION OF THE ECLSS AVIONICS AIR COOLING LOOP

The isnlation of the avionics air loop from the equipment containing toxic chemicals
could be a design issue. More investigation of the user requirments for cooling and
the hazards associated with the equipment requiring cooling must occur.

i0. HUMAN FACTORS ARE AN IMPORTANT ELEMENT IN SAFETY DESIGN

Facilities should consider the mainenance and renair capabilities of the crew on
orbit, particularly if a system is critical to continued safe functioning of the station.
Hazard detection and adequate alerts to the crew are essential. Asillustrated by
both the Skylab and Shuttle crewmembers, alerts should identify both the location
of the hazard as well as the type.

11. CONTINGENCY PLANNING IS ESSENTIAL

Contingency planning should be an essential element of hardware design.
Unexpected events should be expected and planned for. It was recommended that
procedures and hardware be developed for in cabin spills (for both subsystem and
experiment ,ailure) and that hazardous payloads be manifested far from exits.
Participants felt that locating the emergency shower or an alternate
decontamination system in the node would provide better isolation of a crewman
from a spill and allow more ready access from the ESA and JEM modules.

12. DESIGN OF A CREWMEMBER DECONTAMINATION SYSTEM

Ground based laboratories usually utilize emergency showers and eye wash systems
to rapidly remove contaminating materials from the body. Space Station has
located a hygiene shower in the U.S. Laboratory which will also be used as an
emergency s?wower. Seve.ral aspects of this approach must be evaluated: (1) will a
shower work as efectively in a zero G environment as it does in one G? (2) what are
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the ramifications of detoxifying a crew member in the module which must be
isolated? (3) will crewmembers working in other modules having no similar system
be able to use the system and won’t cross contamination become a problem? and (4)
what other neutralizing systems and treatment are aiso readily accessible?

Ground based showers use a deluge system and rely on a large volume of water to
dilute contaminants on the body and deliver them away from the body. In zero G,
such a shower would require immediate storage access and a large vacuum to pull
water from the body and surrounding shower surfaces.

13. SPACE STATION SMAC VALUES MUST BE EXPEDITED

The spacecraft maximum allowable concentration (SMAC) levels for trace
contaminants in the cabin atmosphere have not been defined for space station.
Current designs use shuttle data for a 10 day mission. NRC is under contract to JSC to
develop design criteria. The ECLSS and the PMMS need this data as soon as possible
in order-to design control and mcnitoring systems.

14. DESIGN VERIFICATION ABOARD THE SHUTTLE

Many of the new fluid handling systems represent new technologies and will
receive their first flight test once installed on the Space Station. Consideration
should be given to flight verification of some of these newer systems prior to
implemention on the station. ESA is currently using Spacelab flights for Columbus
subsystem and experiment development. Flight test should ideally occurin 1990 to
support development schedules (CDR) but the lack of access to the manifest and the
estimated costs {$44M/ flight for ECLSS) are presently formidable barriers.

15. DES'GNING AIR FLOWS FOR SAFER OPERATIONS

In microgravity, it may be beneficial to consider designing air flows to give
directionality to the movement of fluids in the Space Statior modules. in ground
based facilities gravity is relied upon to pull hazardous and oxic chemicals down
away from the faces of experimenters. On the Space Station, creative solutions may
be required to perform a similar function. The greatest personn ' hazards are from
eye contact, inialation, and ingestion.

16. DECEN/RALIZATION OF FAZARDOUS WASTE

Dec..1tralization rather than centralized handling of waste again became a theme
c“the "Industry approach”. Control the hazard as quickly as possible and isolate it
‘rom other locations in the system. This applies even to the iaboratory module
level. Industries’ laboratores are isolated totally from the rest of the facilities. The
Space station EC' SS integrates the module atmospheres for control ov the total
pressure, oxygen pratial pressure, CO2 removal, trace gas contaminant monitoring
and coatrci, and some humidity control. if an emergency occurs within a module,
there is the capability to isoate it from the rest of the staion configuration but this
occur: after the fact. Normally, in the interest of safety and crew rescue, hatches to
he experiment modules should remain open during experiment operations and
only closed in the event of an emergency.
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EXPERIMENT DESIGN

17. I1SVACUUM VENTING ALLOWED ?

Many of the experiments in high temperature materials science require an external
ventline for two reasons: (1) to rough pump a vacuum on the experiment and (2) to
expell inert gases (e.g. He and Ar) which have been used during the experiment
process. Although vacuum venting has been used on previous $pacelab flights,
there was considerable disagreement regarding its allowance on Space Station.
Arguments largely related to the degree of contamination to the external
environment. Additicnally, aithough the US users are actively debating this
question, it appears that ESA will continue in the Spacelab mode. Therefcre, the
present station design calls for a US lab which will not allow users to vent inert gases
overboard, therefore constraining or eliminating many experiments, while the
Columbus will allow it. Resolution of this question must occur as soon as possible.
Systems design can not proceed without a decision, and analyses will be required in
any case.

18. THE NEED FOR AN EXPERIMENT DESIGN DATA BASE

As stated earlier, there is much confusion among new experiment/facility
developers concerning levels of containment, hazards, fault tolerance, etc. There is
an early need to establish a data base of criteria and acceptable designs which have
previously flown. Many new furnace designers are again re-inventing the wheel
and not benefitting from the data generated during Shuttle and Spacelab flights.

19. AVAILABLE CREW TIME FOR EXPERIMENTS

There is still considerable discussion regarding crew availability to perform
experiments, experiment reconfiguration, and repair. While crew time may be a
factor in equipment design, the science objectives shouldn’t be compromised in
order to achieve total autonomy. Whether or not an experiment requires extensive
crew time depends somewhat on its discipline (e.g. life science experiments may
require much crew time) and its objectives. Designers should try to optimize both
automation and crew interaction. Where crew operation is required to achieve
science objectives, then this should be articuiated and coordinated early in the
design process. In many cases, automation is less flexible, more costly, and more
complicated than use ot the crew. Automation lends itself to routine and repetitive
tasks and should be used accordingly. Astronauts a¢ NASA/JSC have established a
Science Support Group to work with scientists and engineers early in the design
process.

20. GLOVEBOX DESIGN AND USER REQUIREMENTS

The Glovebox briefings revealed the need for more user involvment to define user
requirements. it wasn’t clear whether the potential users of the glovebe x (who
must interface their experiments with it) were at the workshop. Users must spend
more time with the designers and representatives of the astronaut office discussing
experiment operation and requirements. Unless this occurs, equipment such as the
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glovebox, the PMMS, ana the general lab support equipment will not be properly
eveloped. More meetings between real lab users and the hardware designers

must occur.

INTERNAL CONTAMINATION DETECTION AND CONTROL

19. EXPLORE INSTRUMENTATION TECHNOLOGY MORE THOROUGHLY

Presentations on internal contamination and control showed exciting apnlications
to space station problems. In particular, the government’s military prog:aras or
chemical and biological warfare has produced instrumentation and remnval de vices
that have significantly more capability than any of the current systems b:in
investigated. NASA needs to explore these developmer.«: and detesmine whether
they are first generation systems for the space staticn or second gr.neration,
evolutionary systems that we could place on the station within it, 30 year life. The
specific items are the MS/MS technology presented by Dr. Marsh and the reactive
bed plasma system for contamination control presented by Mr. Joe Birmingham.
The particulate detection technology preser:ted tiy Mr. Robert Caldow appeared to
have Space Station applications as well.
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RECOMMENDATIONS

POLICY AND ORGANIZATION

1. Establish clear and uniform Safety Policies for all modules: JEM, Columbus and
USL. Approaches to safety policy imp'eamentation should be similar to those used
for ground based national iaboratories (consult NRC guidelines).

2. Expedite development of the Space Station Safety Organization and utilize
existing NASA safety organizations as required. (Flow chart the different center
responsibilities)

3. Develop accident scenarios, such as for “in-cabin spills”, and assign respensibility
for detaction and removal (both hardware and procedures development) to
appror.riate organizations.

4. Require aii modules to develop common approaches to the distribution,
handling, containment, and use o/ toxic and reactive materials. Safety dictated
designs should immediately be transmitted to JEM and Columbus developers.

5. Improve communications across the board: NASA centers, Internationai
partners, contractors, users, industry, flight operations, safety organizations, etc

6. Schedule more user/designer/operator workshops to communicate safety related
design requirements.

STATION SUBSYSTEM DESIGN
7. Utilize more ground based laboratory safety features.
8. Reevaluate the total number of ECLSS stations for trace gas monitoring.
9. Conduct a separate review of the PMMS in the following areas: waste storage
systems, commonality with JEM and Columbus, 30 year flexibility, waste limitations
as they relate to user requirements, introduction of wastes tc the system, and
quantity of water required for operations.

19. Evaluate potential locations and design requirements for a decontamination
centerin leiu of an “emergency shower”.

11. Reevaluate isolation of the ECLSS avionics air loop from experiments.

12. Review ECLSS, FMS, and PMMS designs with respect to human factors:
maintenance and repair, caution and warning, and emergency procedures.

13. Expedite the definition of Space Station SMAC levels.
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14. Examine the benefits and limitations for decentralization of hazardous
materials handling.

15. Determine if design verification for certain fluid handling systems is required
aboard Space Shutlle flights prior to Space Station implementatien.

16. Optimize air flows within the modules and the gloveboxes for safer operations.

EXPERIMENT DESIGN
17. Determine the status of potential contamination due to external venting of
experiment waste gases by all module elements. This information must be acquired
immediately so that design processes for the FMS and experiments can continue.
(The External Environments Working Group may be performing this ascessment)

18. Generate a Space Station User's manual and an experiment design data base
which discusses design requirements as they relate to safety.

19. Re-examine crew operations of experiments both from a safety point of view
and for optimizing scientific return. Optimize the automation/crew operation mix.

20. Reevaluate the glovebox design and user requiremants (utilize previcus flight
experience with the ESA glovebox flown on STS-61A)

INTERNAL CONTAMINATION DETECTION AND CONTROL

21. Improve communications with both industry and the military for detection,
removal, and control of toxic and reactive rmaterials.
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2. WELCOME

Edgar R. Pevey and Kenneth R. Tayilor

Edgar R. Pevey*

Good morning ladies and gentlemen. On behalf of Teledyne Brown Engineering,
NASA Headquarters, Marshall Space Flight Center, and the MMPF Study Team --
welcome to Huntsville, Alahama, the Huntsville Hilton, and, in particular, to our
workshop "Space Station Toxic and Reactive Materials Handling". [ am Ed Pevey,
Manager, Engineering Studies, Advanced Programs Department, Space Programs Division
at Teledyne Brown.

Prior to the start of the workshop, I wish to recognize some of our key players and
those tearn members responsible for pulling together the participants in this workshop.

First, from Marshall Space Flight Center, our c¢ustomer Mr. Ken Taylor, Chief,
Materials Processing in Space Group; a member of Ken's group and the Contracting
Officer's Representative for the MMPF Study - Mr. George McCanless. This workshop is
being funded by Codes E, R, and S and to them we are grateful for this opportunity.

Next, from Teledyne Brown Engineering, our Vice President of Space Programs
Division - Dr. Owen Garriott. The Manager of Advanced Programs - Mr. Anthony
Sharpe. My workshop team: The workshop coordinator - Mr. Paul Galloway and
administrative assistants Ms. Becky Dew and Ms. Teresa Strother.

We are indeed pleased to recognize and welcome several former astronauts/mission
specialists Dr. Bill Pogue, a former Skylab astronaut, and Dr. Bonnie Dunbar, a mission
specialist on the Spacelab D1 mission.

Next, I wish to recognize our Session and Panel Chairpersons.

Session 1 - Mr. Charles Baugher, NASA/MSFC

Session 2 - Ms. Judith Robey, NASA HQ Code S

Session 3 - Mr. Richard Tyson, NASA HQ Code R

Panel Chairperson - Dr. Bonnie Dunbar, NASA/JSC

Panel Members - Dr. Martin Coleman, NASA/JSC

Mr. Kenny Mitchell, NASA/MSFC.

*Manager, Microgravity Materials Processing Facility (MMPF) Project, Teledyne Brown Engincering
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Again, to all of you -- both participants and attendees - a very warm Alabama
welcome.

At this time, I present Mr. Ken Taylor for his opening comments.

Mr. Taylor has over 26 years of experience as a Project Engineer, systems engineer,
and Program Manager. Mr. Taylor is chief, Materials Processing in Space Group within
the Advanced Systems Office of the Program Development Directorate at NASA's George
C. Marshall Space Flight Center in Huntsville, AL. The Materials Processing in Space
Group is the focal point for planning and managing activities in the new field of materials
processing in space.

Mr. Taylor is currently a member of the AIAA I'echnical Committee for Space
Processing. He is a graduate of Mississippi State University with a degree in mechanical
engineering.

Please welcome Mr. Ken Taylor.

Prior to our first speaker I have a fe1/ administrative announcements.

+ 'The registration desk will be maintained just outside this room. There to assist

you with telephone messages, etc. are Becky and Teresa.

» Dinner tickets are on sale - encourage you to invite your spouse.

*  We have microphones in the audience - if you have a question please step to the

microphone, state your name, and then ask your question or provide comments.
If we run out of time for questions, feel free to question the speakers off-line or
bring your question up during the panel discussions.

+  Our daily schedules are tight - please observe the start time and be seated on time.

Now, I present Mr. Anthony Sharpe who will provide the outline of the Workshop
Program.

Mr. Sharpe has over 25 yeas of combined acrospace and space experience as
Manager and Project Manager of various systems engineering and Space Station definition
studies. Prior to coming to Teledyns Brown Fngineering he was with SPAR Aerospace
Limited in Canada where he was a Manager in the Shuttle Remote Manipulator System
Division. With Teledyne Biown Engineering, he is Manager of the Advanced Programs
Department, Space Programs Division. He received his Bacheior of Science degree from
the University of Leeds, England. Please welcome Mr. Tony Sharpe.
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Kenneth R. Taylor®

From a payload point of view, the advent of Space Station offers us remendous
increases in the capability to operate in space.

+ About an order of magnitude increase in power

» Over 5 tines the time compared :o 10 shuttle flights per year

» Significant increases in volume

+ Perhaps an order of magnitude increase in mass of on-orbit payload equipment

In space just as on earth, the amount of R&D that can be done is to a large degree
dependent upon the time available to do work, the power available, and the volume 2nd
mass of the equipment available. So, the Space Station offers us some great opportunities
to expand R&D in space. Moreover, the cost of space R&D, which particularly important
to commercial users, is directly affected by the volume of payload activity. The fixed cost
of launch and operations can be diluted by increasing payload activity to yield lower cost
per experiment run.

Therefore, we believe we need to prepare ourselves to capitalize upon these
opportunities by ensuring that we know how to operate R&D payloads on the Space
Station.

Essentially we intend to compare what is required with what is available in order to
determine what we need to do to captalize on Space Station to the fullest.

Fortunately, we have a lot of background available to us.

+ There is our past experience on skylab and we have people that worked on board
that vehicie and on the project.

» We have similar expertrise from the Spacelab Medule Project.

+ We have designers, developers, and iavestigators on the key itemns of current and
future payloads that will be adapted to or designed for the Space Station.

¢ We have expertise on the measurement, monitoring, and control of materials.
* And of course, we have key Space Station participants.
Ounr goal is an interchange between you that will begin to develop the design and

operational guidelines that enable us to fully capitalize upon space to advance material
science and technology, in particulur, and space research and development in general. You

*Chief, Materials Processing in Space Group, NASA/MSFC
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a'¢ the key to obtaining this goal. Ycuh: - -.cinvited not only for your expertise, but
w cause of your dedication and can-dor a*.; - - " to your work.

Thereforz, we appreciate <~ % . hope that each of you benefit from this
workshup 3s wach as the worksh v 2 efit from you.
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3. INTRODUCTION

OUTLINE OF WORKSHOP PROGRAM
Anthony Sharpe’

The advent of the Space Siation will mark the beginning of a new and encrmously
exciting era of space experimentation and operations for NASA and this nation. For the
first time since the Skylab days, people wiil live and work for extended periods of time in a
permanent orbiting space facility. Their home will be the habitat m~dule, in which they will
eat, sleep, exercise and simply relax. Their worxplace will be the laboratory modules, in
which they will conduct a wide variety of materials processing and life science
experimerts, timeshared witi. many other operations (ranging from routine maintenance
and repair, to monitoring and controlling external attached pay!oads). In the development of
these modules the highest possible priority will be given to establishing provisions that will
ensure crew comfort and safety at all times. This « "l be particularly challenging in the case
of the laboratory modules, since certain activities within these modules (examples of which
are: experiment setup, sample changeout, samplc analysis. and experiment hardware
cleanup) may require crew interactions wit\ hazardous materials.

NASA Headquarters and the Marshall Space Flight Center recognize that the need to
accommodate and handle the wide variety of materials anticipated within the labcratory
modules gives rise to major crew safety issues that must be resolved carly in the Space
Station program. Appreciating that, when complex issues have to be addressed, many
heads are better than one (especially if they belong to experts!), NASA Headquarters
(Codes E, R and S) - under the auspices of the "Space Station Cnvironmental oteering
Group," have given Teledyns Brown Engineering the task of organizing this workshop
with the theme: "Space Station Toxic and Reactive Materials Handling.

We would like to extend a very warm welcome to all of you who have accepted our
invitation to attend this workshop. Our aim, of course, is to "pick your brains"; but we
also hope that these three days at Huntsville Hilton will prove useful and rewarding to you
in your own work. ,

The workshop consists of three une-day sessions, organized in a logical sequence,
boginning with a consolidation of liazardou. materials handling requiremeats for Space
Station, in Session 1; conunuing with a review of current Space Station concepts (both
hardware and operational) for handling hazardous mater als, in Session 2; and concl.ding

'Managcr, Advanced Programs Deparument, Teledyne Brown Engineering
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with a review of existing aud advanced systems for detecting and controlling chemical
contaminants, in Ses_.on 3.

Specifically, in Session 1, we will review our past experience in handling hazardous
materials in space, and will include presentations on previous Skylab and Spacelab
missions. Our review of present activities will benefit from jresentations ¢n upcoming
Spacelab missions and the current work being performed by the Soviets. The future
requirements for materials processing on the Space Station vill be refiected in presentations
on the six Code EN experiment facilities. Also, a presentation on life science payload
requirements will identify the unique requir:ments of th iife sciznce community.

In the first half of Session 2, we will have ar. overview of the Space Station, and
those subsystems that are dedicated to the role of handling hazardous materials safely.
Two major Space Station subsystems that will be discussed are the Environmental Control
and Life Support Subsyster. and the Fluid Management Subsystem. Also discussed i.1 the
Session 2 will be the capabilities and interfaces of the Process Materials Management
Subsystem, which is the primary subsystem of the United States Laboratory charged with
the task of handling and disposing of hazardous materials. .In addition, the Space Station's
logistics capabilities will be addressed.

The second half of Session 2 will come to grips with the subject of manned systems
and crew safety, which is the primary purpose of the workshop. NASA should be
commended for addressing the crew safety issue early i~ *he Space Station program whiie
modifications to the hardware and operational concepts can be incorporated with little cost
and schedule impact.

Our third and final session will address internal contamination detection and
contamination control. We will have presentations highlighting existing contamination
control devices, such as gloveboxes, and we will examine advanced technology
developments aad new processes for their potential application to the Space Station
program. Varicus technical approaches to chemical contamination detection will be
discussed in this session. Rapid and reliable chemical contamination detection will be one
of the greatest technical challenges of the Space Station program.

Many of the speakers in the third session are not involvexl in the Space Station
program, but have extremely relevant knowleage and zxperience > share v.ith us. We do
appreciate their willingness to spend this time with us and we are grarefu! for their technical
contributions to this workshop.

Following each of the three sessions, there will be panel discussions, in which the
subjects brought out during the sessions will be discussed by the panel members. We hope
for strong audience participation in these panel discussions.
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This workshop is intended to address Space Station laboratory module internal
contamination issues and to answer some key associated questions. It is quiie likely,
however, that we will raise as many new questions as we answer!

On Thursday, there will be a summary of the entire workshop, with an outline of the
major findings, conclusions, recommendations, and remaining concerns that surfaced
during the presentations and discussiors of the previous two days. Again, we hope for
lively discussions on the part of the attendees and participants of the workshop.

A banquet is planned for tonight. We will have we great pleasure of an after-dinner
speech by a former Skylab and Shuttle Astronaut, Dr. Owen Garriott, who is now Vice
President of the Space Programs Division of Teledyne Brown Engineering.

Tt is our sincere wish that the outcome of this workshop will, in terms of value, be
greater than the sum of its parts, providing a much-enriched knowledge base from which
we can all work.

I would like to extend my own very best wishes to all of you for an enjoyable and
profitable time in Huntsville, where the sky is most definitely not the limit!

It is now my pleasure to introduce the Session 1 Chairman, Mr. Charles R. Baugher.
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SUMMARY AND KEY ISSUES IDENTIFICATION
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Session 1 Chairman: Charles R. Baugher
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SESSION 1

SUMMARY

Session 1 consisted of an overview of the United State's past, present, and future
requirements for handling hazardous materials in space. The presentations or past
experience included America's first Space Station, or "Skylab”, and two Spacelab missions
(D-1 and SL-3). Present space activities that were highlighted in the workshop were the
upcoming Spacelab J ana Spacelab USML-1 missions. Also, an overview of the Soviet
MPS activities in space was provided as a basis for comparison of the planned U.S. MPS
activities for the Space Station Freedom. The future requirements for handling hazardous
materials in space were covered in presentation on the six code EN or MSAD Space Station
facilitics which are the current MPS experiment facilities. In addition, the hazardous
materials and operations associated with non-human life science payloads were detailed in
an informative presentation by a represcntative of the life science community.

One former and one current astronaut, Dr. William Pogue and Dr. Bonnie Dunbar,
participated in the workshop and made presentations concerning lessons learned on Skylab
and Spaceiab. The information provided by these astronauts has direct application to the
Space Station program. For the reason, it is iinportant to provide in detail the key issues
discussed by these representatives of the astronaut community.

Former astronaut Dr. William Pogue, who flew on the last Skylab mission recounted
several experiences from his flight and made several points. First, was his concem for the
potential of off-gassing from materials. Skylab had over-heated and several hardware
items released toxic fumes as a result. Skylab's air was changed out twice before the crew
entered it to eliminate most of these gases. Second, was his concern with leakage. The
Skylab cooling system usec glycol, and his system developed a leak. Dr. Pogue pointed
out that the Skylab cooling system was designed to be a leak-proof system. Inadequate
cquipiizent was provided for the cleanup and the leaking material spread so much that glycol
was detected in ihe air filters. Metabolic waste and other materials were a frequent source
of spills, (for example, sweat thrown from the exercising crew members). Inadequate
procedures existed for clean-up. Future missions should provide for these activities. Even
with the best designs, accidents will happen. Procedures and tools should be developed to
accommodate these contingencies. Thirdly, Pogue was concerned with particulates and
their collection and removal. Air filters became packed withi contaminants which were very
difficult to remove. The vacuum system provided for removing such material was
inadequate. A good vacuum system on future missions is highly recommended. Filters
should also be large and be placed in locations with easy access, so they can be readily
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cleaned. Fourth, Skylab suffered from many false alarms. This can lead to desensitization
of the crew. Any fire deiection or leak detection system should be designed to reduce false
alarms. Fifth, fire and leak detection systems should reveal location of problem and hand-
held units should be provided for further assistance. Skylab did not have this capability
and it took ar unnecessarily long time to research false alarms. Plus, in a real emergency
the sooner a location is known the better uie potential for remedial action. Sixth, any future
gas detection system should be capable of detecting all contammunams. Skylab had . 1eak
detection system. Seventh, a tool was usec on Skylab which fad a2 numbering system
associated with the mechanism. These numbers were glued on and eventually c2me off.
Future labeling systems should not be prone to this problem. Eighth, sume combustion
tests have indicated that entrained air in a fire extinguishers exhaust may actually feed a fire.
More research needs to be done in this area. Ninth, Skylab tests showed that porous
materials burn readily in a low-g environiwent. Lastly, Pogue was concerned by reliance
on containment. On Skylab a camera was opened and it was full of broken glass. This
glass was supposed to be contained within the camera. The mair point is don't depend
upon containment. Procedures and tools should be developed to overcome accidental
material release.

Dr. Bonnie Dunbar gave an informative presentation on the Spacelab D1 mission.
Her presentation was primarily an overview of the mission. She pointed out that a large
reason for the tmissions success was because of extensive preflight training. She also
emphasized the importance of crew members having extensive kncwledge of the
experiments and materials they are expected to handle. One minor psint brought out was
that the air flow from Spacelab is into the Shuttle middeck and flight deck area. Therefore,
debris from Spacelab tended to collect in those areas. It was later pointed out that this
would not be a desirable air flow pattern in the case of a hazardous material. One would
want the air flow to be away from the crew. In discussing material science experiments,
Bonnie pointed out that many materials are toxic only at high tempemtures. One sample
failed in the gradient heating furnace on this mission. However, a retrieval procedure had
been practiced on the ground, this was successfully used on-orbit. The sample that failed
was a late mission add-on, which had its composition changed from the sample it replaced.
However, the crew was not informed of this change and used an incorrect thermal profile.
This anomaly points up the need for tight control between any changes that the
experimenter makes to his facility or materials and the need for the crew to be completely
familiar with those changes and their consequences. A major failure occurred on D-1,
silicone oil leaked from a facility and the oil spread over the rack surfaces and contaminated
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other adjacent Spacelab equipment. This incident occurred because silicone oil will
thoroughly wet almost any surface it comes in contact with.

No procedures or tools had been provided for clean-up. Future missions have to
consider these eventualitites. Dunbar encouraged rack developers to provide their own
unique tools for equipment repair and operation. Dunbar concluded by saying: 1) Safety is
the key to a successful mission, 2) an international policy for safety and these experiments
is required, 3) the full safety burden should be shared between SS systems and experiment
facilities, and 4) reliable chemical contamination detection units are needed now. She also
recommended a new NRC safety document. She also had one comment on automation.
You can't automate what you don't know, the crew will be required to make modifications
to hardware and procedures.

As the result of Dunbar's Jresentation several comments were made. One was that in
considering triple containrient one needed to consider each material on an individual basis.
Some materials are safer than others. A disc :ssion of fault tolerance as opposed to triple
containment then arose. Another point raised was that the SS does not allow {Tee venting,
which the Spacelab does. What operational impacts will this have on the users? Dunbar
mentioned here that the glovebox on D-1 worked well except that it had only one glove
size, which was too large for her after it was stretched out. Dr. Dunbar recommended
various glove sizes for the gloveboxes that will be flown on Space Station.

KEY ISSUES

1. There is a swong conflict between the payload desire to vent waste and the restrictions
on external contamination. Sixty-six percent of the existing MPS payloads require
venting. The venting requirements do not define a venting allocation for each Space
Station Module. All sides appear to be unaware of the rationale on the part of others,
and little information is being exchanged. Thus issue calls for coordination by Level
II since it involves many Codes and Work packages.

2. Off-gassing of equipment must be considered a source of potential noxious material.
Strict controls should be imposed to reduce or eliminate this hazard.

3. Adequate equipment for lab cleaning must be provided. Filters and other hardware to
be cleaned must be easily accessible and must be designed with cleaning requirements

in mind.

4. Little consideration was given to ground operations with these hazardous materials.
Who is responsible for these areas and what plans have they made for these
operations? More attention needs to be given to this area.

5. The potential for various levels of waste treatment exists: at the rack level, at the
module level, and for the entire SS. The specifics of these levels of processing need
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to be defined as soon as possible as they will impact user hardware design. Many of
these designs will be entering Phase A/B development very soon.

It is critical that fire and leak detection systems be designed to locate a leak or fire
source. General alarms are inadequate. Reduction of false alarms is desirable and
hand-held portable units for alarm follow-up are also desired.

The current requirement concerning storage of potentially explosive materials is
misleading as stated. Strict interpretation of the requirement would indicate that
hydrogen gas would have to be stored outside the module.

More organized and direct communications are required between Space Station and
User technical personnel. In many cases the laboratory users arc among the most
knowledgeable authorities on handling compounds associated with their experiments
and their expertise should be directly focused in a visible fashion. In addition, lack of
information to design teams tends to lead to "worst case” over design as enginecrs
attempt to develop systems to accommeodate vague generalities.
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N91-15982
SPACE STATION FREEDOM
TOXIC AND REACTIVE MATERIALS HANDLING WORKSHOP
PAST EXPERIENCE

"SKYLAB MISSION"

Bill Pogue, Pilot, Skylab 4

The design of the Skylab missions, 1973-74, was intended to exclude
any direct handling of hazardous, toxic or reactive materials. The
materials processing facility and multipurpose furnace provided

a cuntained environment for conducting metals melting, brazing,
sphere forming and crystal growth experiments. At the end of the
third mission, following the completion of all oti=i experiments,
the materials processing facility was used for a series of flam-
mability experiments. The flammability tests were done last because
of the contamination expected from the burning of materiais within
the facility. The flammability tests demonstrated a number of
peculiar effects that have implications for future design(fire
detection, location and suppression/control).

Although the results of the flammability tests contain lessons
appropriate to planning, a number of events during the flight
illustrate situations or conditions that pose considerations
beyond the commonly accepted range of concern for safety-related
matters. This presentation will include a discussion of:

-Skylab flammmability studies and the implications for fire
suppression/control;

—False fire alarms and the Skylab fire detection system;

-Space environmental effects on materials that are normally benign;
-Spills/relesse of contaminants;

-The detrimental effect that the release of non-bazardous materials
have on detection systems;

-The problem oi locating sources/originating point of haczards.
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6. SPACELAB D-1 MISSION

Dr. Bonnie J. Dunbar
NASA/JSC, Astronaut

(Note: This paper has been reproduced from tapes.)

Thank you, and Bill, we di.. eam from the lessons of Skylab. There were several
documents printed after those flights called Lessons Learned from Skylab. I've read them
and found them very informational and I think you'll be pleased to know that I think the
vacuum cleaner aow works better. We did use it for some furnace cleaning and we do
clean the filters out and we have improved the access. We have ensured that we don't have
to take off all those bolts again.

What I would like to do today is talk about the D1 mission from a coupie of
perspectives. The first one, of course, is from the point of view of safety, materials
handling, toxic materials, but the other is from the point of view of the laboratory and the
equipment we used and some of the different philosophies utilized on this flight. My
Ph.D. is in Biomedica . .ingineering but most of my professional life has been in materials
and mos: of my labcrztory experience has been with high-temperature furnaces and
diagnostic devices and s> forth. So I find that this is a very interesting part of the research
that's occurring on Stacc:lab missions, on the middeck, and will occur on Space Station.

(First slide)

[ will introduce the crew and background to you. This flight was called 61A in the
NASA language. It actually had another name, D1 (Deutchland Eins) which was the first
German-sponsored Spacelab flight. Germany, not ESA, tat DFVLR in Germany, bought
this flight, the launch for about S9M. They invested about 229M of their funds in the
experimental hardware that went inside the lab flight. This was a first of a series of flights.
D2 will occur in late 1991. Their stated intent is not only science but the development of
hardware for Space Station. So, 1991 will see us with a couple of new furnaces that
actually won't be heated up but will be tested for advanced technology and will eventually
be used on the Station. The crew consisted of five NASA career astronauts. The
commander, Hank Hartsfield with NASA, the pilot Steve Nagel from the Air Force with
NASA, the Mission Specialists myself - MS1, MS2 Jim Buchli with NASA from the
Marine Corps, MS3 Guy Bluford from the Air Force. Guy and I were assigned as the two
people on board in charge of the Spacelab subsystems, much as Owen was on his flight
and also assigned the task of training for the experiments. There were three Europeans on
board. Professor Reinhard Furrer from Berlin, Dr. Wubbo Ockels from the Netherlands,
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who is an ESA astronaut and flew on this fl:ght because about 30% of the hardware was
ESA. It was part of the cooperative agreement ESA had with Germany. And then,
Professor Emst Messerschmid Stuttgart. The five of us then were called the payload crew.
We then trained primarily in Europe starting about 19 months prior to the flight. We spent
about 6 and 1/2 months in Europe and the rest of the time in Houston. Guy and I trained
with the rest of the crew on the Shuttle and the Spacelab systems.

Just to review a little for you what Spacelab is, it is actualiy an in-the-bay laboratory
connected to the middeck with a tunnel and it's a shirt-sleeve environment. There are two
hatches that separate the lab from the middeck at launch, one here in the middeck and one
about here at this area. Very often, we carry pallets behind the laboratory when we fly with
other experiments and we did so cn this flight. This is not our configuration. But we did
carry a U.S. pallet in the back which contained the Materials Experiment Assembly which
was an automated, high-temperature levitation furnace.

The experiments, as I said before, within : :¢ lab were primarily German. We did
have a cooperative physiological experiment with MIT which was in here. And then, there
were nine middeck lockers devoted to supporting the work in the laboratory. Just a note
about air flow. The air flow in this system was such that the c1bin air flowed this way
through the tunnel into the middeck so that the iaboratory environment was really quite
clean. It was the cleanest part of the Shuttle. Air debris or environmental debris builds up
over time, so by the seventh day all of tha: those flakes of skin, hair, paper, and food that
might be out were really accumulating on the middeck. Filter cleaning was a routine and
important part of our mission and every other mission as well. We have improved the
access so we don't have to take off the panels with large amounts of screws.

Just a quick look at the lab as it is in MBB/ERNO. You can see the pressure holes on
the end and then the experiment racks themselves. Each rack comes vvith a standard set of
faciliies. For instance, air handling tubes and electrical cables for data handling and for
power.

And as it iooked in the payload bay. This was from the middeck back at the lab and
you can see the tunnel, the hand rails for the EVA access if we needed to go outside.

This is in German so don't worry about reading the print at the top. It's only one
side of the lab but I wanted to briefly explain the disciplines we had to deal with. Thirty
perc=nt of this flight was devoted to materials science. Everything from high-temperature
processing of metal alloys and semiconductor material such as gallium-antimonide to
looking at basic science using laser interferr metry to study Marangoni Flow, for instance,
and inter-diffusion of melts. The way the tugnt was organized was that each rack had a
discipline so there was not a mix of disciplines within racks and those racks were integrated
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at a subcontractor before they went to Bremen for a test within the lab floor. The blue rack
is a subsystem rack in the Spacelab that had the data or high-data rate reccrder, the
computer interface here for the subsystems, also the black boxes, for instance, inverters
and computers within it. The red racks represented one side of the experiment racks.
There was a large materials science double rack. MSDR flew for the first time on Spacelab
1 and this was its second flight. So, those problems that they had er.countered on the first
flight in 1983 they attempted to fix on this flight in October of 1985. Next to that was 2
stowage rack. There's also a rack called process commer. This was the rack which
contain:d the small lasers. And, then, next to that a stowage rack with equipment for this
vesti*'ar sled. Vestibular science is comprised of about another 30% of the flight. On the
other side, not shown, was another large double rack of material science that was called
MADEA. There was also a glovebox, a biological glovebox, and you will see that in a
moment. In the back you do sse the Materials Experiment Assembly here and then three
GAS cans, communications experiments flown by the Germans.

Like most Spacelab flights, the scientists on these flights are tied in d°rectly to the
crew. We don't have this capability right now for middeck experiments but it is a
particularly nice feature of Spacelab flights in that the scieatists on the groun : can intéract
with the crew on board and it is something that we do encourage. However, what was
unique about this flight is th~t the scientists were not at Marshall or a U.S. remote POCC.
They were all at a POCC, or Payload Operations Control Center, within Germany at
Oberfafenhoven. This is what our communications looked like. FHere's the Shuttle. We
communicated to the TDRSS satellite down to White Sands. This went to a domestic
satellite signal relayed to Goddard to JSC. The experimental data, because the Germans are
interested in Spacelab subsystem data, they are using their POCC to develop a Space
Station capability. They asked that some of that be shipped over as well so we sent that to
Intelsat 5, which is a commercial satellite over Germany that went down to northern
Germany and then 5y land line to Oberfafenhoven near Munich. There's a picture out of
their control center. It's the same facility that has controlled their satellites. They're using
it for their Spacelab missions and they will probably use it to interface with their Space
Station operations as well. They do have one feature we don't have and that's color CRTs
at their control! sites.

On board, you see one of the two shifts working. This is myself and Reinhard and
Emnst working in parallel to a flight plan that's been developed over time in 5-minute
increments because time is money with a certain amount of time padded in each day for
contingencies because there is no perfect world. In-flight maintenance is an important part
of every lab whether it be on the g, und or on board. In this photo, I have some tools on
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my leg. You always carry scissors and pencils and other tools around. I'm checking some
dara in an incubatc.. Reinhard's at the materials science double rack and Emst is at the rear
probably looking at some vestibular scieace hardware.

This is glovebox that we carried on board developed by ESA. In this facility, the
whole rack contained two incubators, a freezer, a cooler, and the glovebox. This facility
was flawless - first flight. It contained over 80 different boxes, which I'll show in this
next photo, containing a number of experiments. This is one of the incubators. Each of
these little cigarette-shaped boxes contained an experiment. Some were sort of autonomous
in that you would rotate the sample from a freezer to a cooler, then maybe to an incubator,
and then back into a freezer. Others were actually plugged into little chips at the end of this
box and then the data went to the CRT display who would either initiate the experiment,
monitor it, or it would let us know when it was finished.

Here's a closer look at the box. This is built by Domier who built all the boxes and
then all the experimenter had to provide was generally the interior. This provided one level
of containment. Inside might be something like this. Inside this little box were maize
seeds and there were two plungers at the end. One of the piungers provided the water to
germinate the seeds and the other one may have been the fixative which we later plunged
down and fixed the samples. When we worked with these samples (took them in ard out
of the box), the glovebox itself was considered one level of containment and that's
something to remember when designing experiments. We have a triple containment rule
but there are ways of providing that rather than putting everything into three boxes and then
not leaving access to ithem.

On the other side of the lab you see myself and Wubbo working. I'm in front of the
MDEA facility which included a gradient heating furnace and a mirror heating furnace.
The samples, as you can see here, are all outside the furnace and they are exchanged. This
was routine for all five high-temperature furnaces we carried. I think it is important to
remember that the materials that we carried, such as gallium-antimonide, are only toxic at
temperature, not at ambient conditions, as long as they G a't have 2 high vapor pressure
and you are not actually touching the surface. So, in a lot of cases such as this one, that
sample has a glass tube around it but you might say that is single level of containment. But
once I put it in the furnace and close the door and there is an interlock there that as soon as I
start heating it up will prevent me from ever opening that door again until it is back at
temperature. We operate in a safe environment. There are a lot of interlocks and safety
features built onto this furnace. I consider this the most sophisticated rack facility we have
probably ever flown. It has microprocessors which plug under the front which contain the
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thermal processing curves. There are codes built into the samples themselves that go out
and fetch the processing curves. It protects proprietary data and yet it is safe.

This happens to be a drawer full of spare lamps. We werc also able to exchange
lamps. They are, again, glass lamps or glass bulbs. I don't know if you can see them on
the end there, but they are carried up in plastic and foam and then exchanged on orbit.

In the gradient heating furnace we carried very benign metal alloys and the alloy
samples themselves are a little over 1 foot. That's the end of the sample which 2iso
happens to be a door of the furnace and in that door of the furnace which screws in is a
cable that plugs into the front of the panel which then goes to the PROM and fetches ali of
the necessary information to process or gives the necessary information to process that
sample. We did have one problem with the gradient heating fumace sample. One of them,
there are thermocouples inside these samples, and, for some unknown reason, one of them
broke in the furnace and I pulled it out and recogn.~ed that we had less than a full sample
down there. We knew it was a non-toxic material. 1 used a flashlight to look down into
the bow! of the furnace and saw the rest of the sample down there. We had long forceps.
We retrieved the rest of the sample and there was some debris in there. We put the vacuum
cleaner over the front of the furnace and sucked out the debris. We took a bottle brush,
cleaned out any powder that might have been in there, and then continued processing the
rest of the flight. Now I should add that was not an "on-the-wing" procedure. Preflight,
we had tried to provide for all these contingencies and that was a planned operation in case
we had any problem with these materials.

A closer look at the materials science double rack. You will see some of this in the
short film that I am going to show from the flight. It was called the fluid physics module.
We also had a cryostat device for growing protein crystals. We had an isothermal heating
furnace, a gradient heating furnace, and then the power boards and so forth.

This is the mirror heating furnace in which we did some of the single crystal silicon
and some of the other semiconductors. In this case, the crewman here has it open and is
actually cleaning it out. This was one problem we did have on flight and there are probably
several reasons this happened. We think that there are two possible things that happened.
We know a sample overheated. We think that one plausible reason is that the sample that
was provided to us late was not the one that was coded in the computer or documented. In
order to start this furnace you have to go up to another minicomputer, you type in a code,
and it echos back to you. Itis an "arm and fire" situation. You read that code, you press
an ENTER, and that puts in the proper thermal profile. In looking back through the data,
we think that a slightly different composition sample was provided late by the experimenter
and we are trying to tighten up that safety loop to make sure we fly what we think we are
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flying and that we have the proper procedures to respond to it on board. There ar: other
details to this that I can discuss off-line but that was probably one of the things thai caught
our attention is that we had something there we didn't know we had.

We can do a lot of things on board now that require small, painstaking actions. Here
Emst is taking small plant roots and cutting them with a razor blade. We are doing more
laboratory operations, we are still remaining safe. Everything has a tether on it -- every
scissor, every forcep, every razor blade has a tether and velcro because we can't afford io
letit loose. We can't afford to let it be a hazard to the rest of the crew. We know it is there
but someone else may not.

And the fluid physics module, the question came up about cleaning up fluids. We
worry about fluids getting loose that may not be toxic to you and me in a 1-g envirocrment,
but in the eye or other membranes can be toxic, and this case is silicon oil. It has a
tendency to wet everything once it gets loose. Towels help to some extent but the real
action one must take is to prevent it, to contain it, to ensure that the surfaces being used are
not wetted by it unless that is part of the experiment and it is contained. On the first flight
of this rack some silicon oil inadvertently was let loose. The crew thought they had cleaned
it up, the rack was sent back to Germany to DFVLR. It had crawled back behind the rack
along every piece of cable back there to the underneath portion of the Spacelab floor and it
took them nine months to clean up that hardware.

I mentioned in-flight maintenance. The Space Shuttle has its own IFM tool sct, the
Spacelab has its own [FM tool set,and sometimes experiments provide their own. We do
encourage it. W= have a group in the astronaut office called the Science Support Group
and we start working with ¢xperimenters .rly trying to pass our lessons learned in
experiment operations and how to desigzn them and how to provide access. One of the
things we do encourage is it may break. We would all like to think our stuff doesn't break.
It may break, it may provide a hazard. So show us how to get in to it, provide us the
opportunity for access, and make sure we have the tools on board to do it.

I have just a few concluding remarks. Safety, I think, is the bottom line of any
laboratory operations. Not just the Station or the Shuttle but any lab and I've worked in a
number of them. [ remember some very drastic procedures that were imposed at the
University of Washington while I was a graduate student after two very fatal accidents.
One where a student walked between two large capacitors and died. Another in which a
student froze a fixative in the chemistry department. The refrigerator explode and he died.
So it is not just a Station, it is not just a Shuttle matter, laboratory safety is important to all
of us.
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Because of that, I was sort of interested in what was happening in laboratory safety
and I recently found that the NP was t0o. They just put out a new book called Prudent
Practices for Handling Hazardous Chemicals in Laboratories. The first thing it says you
have to do is develop a philosophy. I would like to encourage us today to talk about what
that philosophy is, not just for the U.S. Lab, not just for U.S. hardware, but remember
that we are connected to two other nati_nal laboratories and that we have to have an
international safety policy and worc. to the effect that we are going to do closed-hatch
operations are not acceptable. We cannot leave people alone in an environment in which
they may not be safe. We have a common environment. We do not have enclosed life
support systems. The air that I breathe is the same air that someone on the other side of the
Station may breathe. And so, we woulr like to pass that on. To recommend a uniform
safety policy for the internationa’ lab. We don't think the full burden should be on the
experimenter, but also on the systemns. I think that's happening. In other words, the
Spacelab comes with scrubbers and so forth. Not every experiment is expected to do its
own scrubbing and provide all the levels of containment. If we did that we'd have no
science on board. Nobody could afford it. But we need to have clearly articulated
requirements for what the experimenter is supposed to do in proving thres levels of
containment for instance. We need a reliable contaminant detection, as wa> mentioned
before. I know there are a lot of efforts on mass spectrometers. We don't need them for
Station, we need them now. We need to have the various groups working together on it.
We need them now because we have a CDSF, Commercially Developed Space Processing
Facility, or the Industrial Space Facility that's going to come on board that we are going to
revisit. We have to know what the environment is like before we enter. Just for a
comparison, when we er:". r the lab and we know we have scrubbed it before we go up, we
look at some parameters on the onboard displays before we ever open the hatch. We look
first of all at pressure. We look at pressure over time, the PDT, to make sure we don't
have a leak. We look at PPO, - partial pressure of oxygen - and CO;. Then we try to get a
look with the cameras. There are cameras hooked up inside to ensure that we Jon't have
anything eclse rattling around there such as glass shards or other debris that could be a
hazard to the crew. So, we do need reliable contaminant detectior and we need to have it
real time and as soon as possible and we'd like to test it on the Shuttle before we put it on
the Station.

Some of the lessons learned in developing experiments. This is maybe not a safety
point but something that I would like to pass on. You can't automate what you don't
know. If you could automate early on in the process or the experimental development you
would not need graduate students. In all the years [ spent in the lab before I came to
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NASA, I found that when you are trying to develop an experiment or a piece of hardware,
you need to tweak it, you need to change process variables, and so forth. We are trying to
encourage people to use the human element when it is practical, automate where it is
necessary, and come to the best medium of both worlds. Now, some of those experiments
will eventually be totally automated, they may even be outside of Space Station. They may
be inaterial processing facilities that float out there and we just recover samples ever so
often. In the area of life sciences, they may never leave the Station. They may just mature
but still remain inside the environment.

Spacelab, Space Station, is a laboratory. It's also unique. It is, in itself, in a
hazardous environment and we cannot escape. I am very gratified that this conference is
occurring because it will allow us to discuss what we can do to enhance our scientific
return at the same time as being safz. The experiences of Skylab, Shustle, and Spacelab
will hopefully lay a foundation for what we have done and how we can build upon it. I
think that we need to work very vigorously in this area. My personal opinion was after
having flown this flig’:* that Germany had a more aggressive plan in how they were going
to utilize their flights tc develop Station hardware and I certainly would encourage ycu, if
you are developirg hardware, to think about prototypes being flown on Spacelab flights.
Maybe not the final version. For instance, on D-2 we will see two new facilities. One is
called Rotex. It is an automated furnace facility but it is being flown first inside the lab to
ensure that it works because it uses an uplink command capabiiity from Germany.
Germany will command across tl.e ocean to JSC and uplink through to JSC and shuttle
these commands to operate this furnace. Perhaps something that will go on a free flyer
eventually. Also, there is a new furnace on board in the materials science double rack. Itis
called Isothermal Heating Furnace-T. The T is turbine blade. They have a lot of interest
from their power plant companies in Germany on single-crystal turbine blades. I do not
know the details of this. It may or .nay not heat up, but I think it will be a high-temperature
furnace and a developmental furnace. And if you read all of their charts they state as a
Spacelab goal development for Space S.ation.

In any case, welcome, and thank you for affording me the opportunity to pass these
comments on.
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SPACELAB 3 MISSION

Bonnie P. Dalton

ABSTRACT

Spacelab 3 (SL-3) was the first microgravity mission of extended duration
involving crew interaction with animal specimens. This interaction involved
sharing the Spacelab environmental system, changing animal food, and
changing animal waste trays by the crew. Extensive microbial testing was
conducted on the animal specimens and crew and on their ground and flight
facilities during all phases of the mission to determine the potential for cross
contamination.

Macroparticulate sampling was attempted but was unsuccessful due to the
unforseen particulate contamination occurring during the flight. Particulate
debris of varying size (250 um to several inches) and composition was
recovered post flight from the Spacelab floor, end cones, overhead areas,
avionics fan filter, cabin fan filters, tunnel adaptor and from the crew module.
These data are discussed along with solutions, which have been implemanted,
for particulate and microbial containment for future flights' facilities.

INTRODUCTION

SPACELAB 3 (SL-3) was launched on April 29, 1985 and heralde¢, the use of
the Spacelab in support of animal facilities for biomedical investigations. Thus
the goal on this-initial flight of twenty-four rodents and two squirrel monkeys,
was verification of the Research Animal Holding Facilities (RAHFs) under
microgravity conditions. The main objectives of the Payload were: 1) evaluate
the operations and procedures for mission care of animals, 2) provide in-flight
biocompatability assessment between animals and the RAHF, 3) gain mission
operational experience, 4) study physiological, behavioral and morphological
changes occurring as a resuit of containment in the RAHF during space flight,
and 5) verify principal hardware elements to be reflown.! Much data was
gained from SL-3; all of it was positive in terms of animal maintenance, but
particulate contamination as a result of RAHF c¢.erations had to be corrected,
before RAHFs could be flown a3ain. This paper will address the SL-3 data and
changes implemented as a resuit of SL-3.

ANIMAL MAINTENANCE VERIFICATION

Verification, during SL-3, included the capability of tha RAHFs to maintain the
animals under conditions comparable to earth based vivarium controls in the
laboratory in terms of temperature, humidity, air exchange (carbon dioxide
removal and oxygen replenishment), waste management, feeding and
watering. The environmental control system of the RAHF utilized circulating
fans and thermal electric units (TEUs) fc." air exchange and temperature control
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while a condensate separator/collection system maintained humidity control.
The RAHF environmental control system is illustrated in Figure 1. Food and
water were available on demand through an automated watering system with a
self contained water tank and crew replaceable food cartridges. From inlight
RAHF environmental data and post flight physiological analysis of the aninais it
was shown that the flight facilities maintained an environn.ent compara™ie to
that of the ground vivarium. Physiological changes oberved in the animais pest

iught ware readily identified as adaptations to the microgravity environment.2.3

CONTAINMENT VERIFICATION

Verification also included operation within the Spacelab without
microbiological cross contamination between ths human crew and the non-
human biospecimens, without odor, and without particuiate contamination.
These verification requirements were to be mat through the use of in-line
microbiological filters (0.3 micron HEPA ) for inceming and exiting air, through
the use of odor absorbing charcoal beds and phosphoric acid treated waste
pads to prevent ammonia accumulation and inhibit microbiai growth, and
through maintenance of the RAHF at a slightly negative pressure with respect to
the cabin.

--The goals of microbiological containment were
accorplished during SL-3. Extsnsive tasting was conducted on the animals,
crew, facilities housing both animals and crew, and on th- Spacelab, orbiter
flight deck, and RAHF surfaces during all phases of the mission to thoroughly

characterize the microbiological profiles.4 The success of that testing program
was the result of a cooperative effort by the Ames, Johnson, and Kennedy
Space Centers which were responsible for the flight biospecimens, crew ar.d
flight facilities, and ground facilities' sampling, respectively. Over 1500
samples were collected from the pool of animals intended for flight to insure the
Specific Pathogen Free (SPF) microbiological integrity of those animals finally
selected. An additional total of 175 preflight, 81 inflight, and 98 posttlight
samples were obtained from the selected flight animals, crew, and
environmantal surfaces during the SL-3 mission. This extensive sampling
revealed 1o vnusual microbiological accumulations during the course of the
mission. In fz2t it has been reported that "levels of airborne microorganisms in
the Spacelad were low compared to values chtained from the Orbiter during

previous missions."S

Only two instances were reported of isolation of microbiological species of
possible animal origin external to the RAHF. These were isolated fro..x a crew
member's hand following waste tray changeout and from an air return screen
on the Orbiter Flight Deck. Unequivocal determination of origin was not
possible. The Spacelab microbiological integrity was maintained even though
a slight increase of bacterial growth was observed on RAHF interior samples
taken immediately postflight. It must be noted that the organisms of
significance, the fecal markers (E._ coli, S. faecalis) and a pathogen
(Staphyloccus aureus), were only isolated from RAHF interior surfaces.
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Particulates were measured through use of air strip adhesion both preflight and
at L+0 fuiawing the opening of the Spacelab module. The postflight particulate
strip could not be enumerated as a resuit of the extersive fins particulate dust
(presumably foodbar crumks) releasar during flight. Infiight particle counts
observed in the Mid Deck, Fight Zeck, cnd Spacelab ranged from «<5,000 to
34,000 paniculates/m3. Partic «ate count ™“inng focd canister and waste tray

changeout ranged from «<5,000 to 12,000 particulates/m3.6 Particulate levels
in the Specelab were highest during and fcllowing waste tray changeout.
Aspergillus sp. was the only potentially pathogenic microorganism isolated
during the inflight Spacelab sampling. Sample sites were external to the RAHF;
n. fecal coliforms were isolated.

Table 1 (S.-3 Mid Deck, Flight Deck and Spacelab Particulates) compares
particulate levels from the three locaticns over tie duration of the mission.
Though measured particulates in the Mid Deck decreased during the flight,
Flight Deck vaiues were high. The elovated values were assessed to have
be~n the result of the directional . flow from the Spacelab to the Flight Deck.

In conclusion, though increased particulate levels were obseived, ihe
microbioloyical filters employed in the RAHF along with maintenance of
Specific Patho.an Free (SPF) animals ensured no cross contamination
between crew and biospe..mens. The reader is diracted to Reference 4 for
compiete details of microbioiogical resuits.

--"Macroparticulates” were coliected post fight by
Kennedy Space Center (KSC) payloads processing personnel. Debris
removed from the OV-099 Crew Module was analyved by tiia KSC
Microchemical Analysis Branch. Where possible, debris wa:. identified
optically. Other meihods included scanning electron microscope energy
dispersive analysis (SM/EDS) or use of infrared (IR) for orgaric substances.
Table 2 (Crew Module Particulates) indicatas sample site, predominant
particulates found 2nd predominant chemical characteristics. The conciusion
by the KSC analysis team was that debris in the cabin appeared to be of human
origin. Cne bit uf debris found in the airlock did provide identical analysis t that
observed in the rat fond, although the analysis team also stated that, "Most

samples were £0 mixed that exact identification was very difficuit."’

Avionics and cabin air filter debris were transferred to Marshall Space Flight
Center and subsequerntly to Ames Research Center. The material wa.

identified as ietrieved from sever different sites: &

Group 1 Fioor, end cones, overhead areas
Group 2 ST1 inlet screen uvcris

Group 3 Avionics fan filter debri

Grc p 4 Cabin far: fiiter debris

Group § Avionics fan filter, \v0se

Group 6 Tunnel debris
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Group 7 Cabin fan fiiter debris, loose
Group 8 Port side rack exterior

A description the materials identified from these specific locations and their
weights is indicated in Table 3 (Avionics and Cabin Filter Debri).

RAHF REDESIGN

Though odor was reduced, it was nct eliminated. Contro! ot odor and
particulate release was the primary goal in the post SL-3 redesign work on the
RAHF. Means of obtaining this goal addressed: 1) containment of debri at the
source, 2) controi of air flow during operations requiring opening the cage or
module to the cabin, and 3) control of odor through reduction of module leaks.

Figure 2 illustrates the changes incorporated in the redesignec RAHF, hereatfter
referred to as the 35L.S-1 RAHF (Spacelab Life Sciences 1 RAHF).
Modifications for particulate containment include the addition of a single nass
auxiliary fan (SPAF) tc create a high inward air flow during all open-door
operations, sealing of the cage/cage module interface, and totally sealing the
cages to prevent particies of 150 microns or greater from escaping. The total
leak rate for the RAHF is currently less than 10 cfm at 1 in. of water which results
in the RAHF operating at a negative pressure to the cabin in flight.

Cage redesign to (ontain particulates to 150 microns required changing the
cage top from the half inch spaced grid to a multi layer 135 mesh screen. In
w.dition, (ke rodent water lixit has been brought to the interior of the cage via a
quick disccnnect at each cage compartment and the waste tray has been
s ugged ageinst the cage bottom. ~eeders ncw sustain a longer lasting, low
crumbing fcod bar necessitating ‘ewer inflight changes of feeders.

The SPAF, incorporated to contral air flow during cage operations, is manually
activated any time a RAHF czge door is opened, a feeder or waste trav
changed, or a cage removed from the 1AHF. SPAF activation creates a high
inward air flow permitting particulate :etention to within two inches from the
front of the cage.

Changes initiated in the SLS-1 RAHF were the result of attaining a
fundamental undertstanding of the airflow subsysism. Airflow through the
RAHKF cages during nominal operations is 80 cfm ( approximately 6.5 cfm at
each cage). Therefore airflow could be treated as an incompressible flow (i.e.,
oil flow characteristics) with the distributed paths over and through cages being
comparabie to a "pineline” system in oil flows. Commercial models are
available for such systems. The approach used analysis data correlated with
test daia to review both the SL-3 and the proposed SLS-1 configuration. This
allowed prediction of system performance under all important conditions and a
determination of the system configuration required to meet the performance
objectives.  Pradicted models compared within 10% to actual system test
results comparing module flow rates, pressure 4rops, and flow patterns.
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Modeling addressed various parameters including: adequate ventilation for
oxygen (O2) supply and carbon dioxide (CO2) removal, restriction to three ctm
design flow required for O2 and CO2 control, minimizaticn of thermal losses,
various possible leak paths in the cage module including the many wire
bundies and tubing lines, and the bleed air rate. The cage configuration, i.e.,
cage top design, waste tray packing and materials all effected flow paths. As a
result, the waste tray packing material has also been changed. Effects of a dirty
waste tray were determined to be minimal. Flow models and particle retention
modeis were correlated to cage withdrawal velocities for various expected
particle sizes. The rodent RAHF system was analyzed for the velocities
corresponding to cage out, feeder out, and waste tray out. Figure 3 is the
Rodent System Schematic which was addressed. Figures 4 and § illustrate SL-

3 particle escape and SPAF reverse flow, respectively.?

Further confirmation of predicted models was obtained during the August-
September, 1988 SLS-1 RAHF Biocompatability and Systems Sensitivity Tests
which were conducted with a full complement of rodents. Odor was svaluated
by a parie! of ten persons and SLS-1 crew persons, during their visit to the test.
The panei represented personnel both within and outside the Project. The
group agreed unequivocally that no odor could be detected throughov: test
operations or at the conclusion of the eight-riay test.

In the event of power failure, a iaak tignt system should also resuit in less
available O2 over a shorter time. Tests conducted with the SL-3 RAHF in
"power off" mode in 1983 showed that four hours were required before rodents
exhibited the typical drowsiness associated with O2 depletion (available O2
measurements were also taken d.ring the test). The same symptoms were
evident in less than 45 minutes in the recent SLS-1 RAHF tests.

Table 4 (Observed Air Flow During SPAF Observations) shows air velocity
measurements obtained with the SPAF. Data indicate that full SPAF uperation
air velocities are sufficient to contain any size particulate potentially escaping
the RAHF via cage, feeder, or waste tray removal. Iniet air velocities, indicated
under SPAF OFF, Normal Flow Velocity column verify that the RAHF maintains
a negative pressure sufficient to contain odors, as designed. Though additional
testing is stii! required at the sides of the cage during cage removal operations,
ack of particulate during collections in the Biocompatability Test operations
confirmed the conclusions *hat the SPAF is effective in particulate control.

Incidental confirmation of the improved "leak tightness” of the RAHF was the
increased ccndensate collected. More than twice as much condensate (2.5
liters) was collected in the SLS-1 RAHF compared to operations with the SL-3
RAHF at comparable environmental humidity conditions. An additional
opportunity to verify 1-G operation of the RAHF will occur during the SLS-1
Experiment Verification Test (EVT) scheduled for February 1989. This test is the
final verification of payload experiment eilements prior to release for flight
integration at KSC.
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SLS-1 PARTICULATE CONTROL

The SLS-1 RAHF, Figure 6, along with other ARC developed payload elements
wiii De verified for particuiate containment under microgravity operations during
the SLS-1 mission which is scheduled for launch June, 1990. One rodent
RAHF containing 20 rats will be flown during the mission. Two cages will be
reserved for the Particulate Containment Demo~stration Test (PCDT) activities,
which will verify microgravity particuiate cuntainment of the RAHF and
accompanying systems. In this serias of tests, a particulate sample, equivalent
to a 10 day accumulated load of food crumbs, feces, and hair, will be released
within a cage. Following the releass of the particulate load, air will be sampled
around ths iiont of the cage to verify absence of escaped particulates.
Particulates will also be measured during a feeder and a waste tray change of
the particulate laden cage and during transfer of the cage to the General
Purpose Work Station (GPWS). The SPAF will be activated during all
demonstrated RAHF operations. Stowage bags will be utilized to further insure
no particulate loss during feeder and waste tray changeouts and a General
Purpose Transfer Unit (GPTU) will be used during physical removal of the cage
from the RAHF.

Tha 3PTU, illustrated in Figure 7 has beon specifically desiyned for the SLS-1
mission as ‘scondary containment. FParticulate release from the cage will be
determinea post flight through observation of any deposited particulates within
the GPTU. The unit is a Tyvek sock connected to a lexan frame. The frame
attaches to both the RAHF and the GPWS for entry and removal of the cage. In
the event no particulates are observed in the GPTU it is anticipated the unit
would not be required in future flights.

Particulates, potentially released as a result of RAIHF or PCDT operations, will
be measured in flight using a modified RCS air sampler (uved for
microbiological sampling in Skylab and SL-3). The sampling head of the RCS
unit has been modified to incorporate a mesh screen instead of he microbial
media agar strips. The mesh screen entraps particulates from 74 to 350
microns. A saries of screen heads will be provided to accompany prescribed
operations; these will be analyzed post flight.

The General Purpose Work Station (GPWS), Figure 8, is the second major
piece of hardware to be fiown on SLS-1. The results of SL-3 effected
modifications to this unit to insure particulate containment. Modifications have
included: specifically designed windows for RAHF cage/GPWS interfaces,
incorporation of arm gauntlets similar to those used in microbiological glove
boxes, and redesigned front anc rear air grilles to ensure entrapment of
particulates and liquids in the lower plenum area when the air circulation
blower is off.

The GPWS will be utilized for rodent urocessing on subsequent SLS spacelab

flights and for frog egg fixations in SL-J. Available work space (8.5 cu. ft)
provided by the GPWS make it a "test piece” for Space Station laboratory
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equipment. In addition to verifying the GPWS/RAHF cage interfaces for
particulate containment, particulate containment within the GPWS will also be
verified during SLS-1. Particulates will be reieased within the unit and their
containment measured through sampling outside the GPWS at potential "leak”
areas. Ease of cleaning the unit will be evaluated along with particulate and
fluid release behavior in the imnosed laminar flow atmosphere of the cabinet.

As a niece of laberatory equipment, the GPWS has been designed to support
fixative containment, i.e, glutaraldehyde, formaldehyde, isopropanol. No
volatiles will be released during SLS-1; (he unit has been previously verified by
Baker Corporation through the use of spores and dioctyl phthalate (DOP) trace
systams. The Trace Contaminant Coitrol System (TCCS), a series of charcoal
and lithium hydroxide beds a:ud filters, has been designed to contain
components of defined characieristics, i.e., carbon chain length and molecular
forces. Two differant computer models exist showing the capabilities of the
TCCS:; chemical removal by the primary cannister has been verified under
normal terrestial conditions.10

Initial testing of operational concepts for particulate containment in the
microgravity atmosphere has been perforiiiad through use of KC-135 and Lear
jet flights. Though the parabolas are of short duration, they do afford sufficient
time tc evaluate crew/hardware interfaces and potential design problems. In
addition, these flights are readily accessible.

SUMMARY

In summary, methods are available for particulate containment. Those methods
can be proven through computer modeling, through ground tests accompanied
by appropriate detection methods, and through short term microgravity testing,
i.e., parabolic flights. The potential impacts are increased crew operations and
hardware constraints. The essential objective is that there be no compromise to
the science. The final test is the microgravity Mission.
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TOXIC AND REACTIVE MATERIAL HANDLING ON SPACELAB J AND USML-1
By Jack Dashner

Spacelab J and USML-1 provide prime examples of materials which are toxic at
ambient conditions or toxic during the processing stages. The materials are
used in both life science and material processing experiments.

SPACELAB J

In addition to the expariments, the mission uses Mission Peculiar zquipment
required to integrate the payload including a cooling water loJn and a vacuum
vent system. The vacuum vent plays an important role ir toxic..y control on
Spacelab J.

While each of the experiments provide interesting and unique reauirements for
hazard control, the Frog Embryology Experiment (FEE), the Genetal Purpose
Work Station (GPWS), the FMPT Life Sciences (FMPT-LS) and FMPT Material
Experiment Laboratory (FMPT-MZL) are the elements which contain most of the
toxic materials.

The Frog Embryology Experiment is an Ames Research Center experiment
devsloped in conjunction with the University of Michigan to study the effects of
weighilessness in the deveiopment of amphibian eggs fertilized in space.
Female African clawed frogs will be flown, ovulation will £2 induced and frog
eggs will be placed in agg chambers. The eggs will be fertilized using testis
and sperm prepared immediately before flight. Some chambers will be
subjected to a one a centrifuge, Figure 1, to serve as a control group. Many of
the chambers will be fixed with fermaldehyde at predetermined periods
following fertilization while others will be returned for continued ground studies.

This is a terse explanation of a very interesting experiment which wili probably
be discussed in a later session. From a toxicity standpoint, the fixative
formaldehyde has a low maximum allowable concentration (MAC) and requires
triple containment to meet the two failure tolerance required for hazards which
could be catastrophic. Containment is provided by a syringe, sealed plastic
bag, and a hard side sealed container during storage. Operations are
performed inside of the General Purpose Work Station (GPWS), Figure 2. The
GPWS provides a sealed container (closed environment) and provides the
equivalem of a second containment by virtue of the filtering system which uses
specially treated charcoal to remove formaldehyde and other toxic materials
during the air circulation process. In the event of loss of power or other failures,
the GPWS is placed in a closed loop operation which still provides one level of
containment.
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EMPT Life Sci

The Japanesa experiments use hardware developed by both the Japanese and
JSC to cenduct 13 experiments including:

Free Fiow Electrophoresis Unit (FFEU)
Vestibular Function Experiment Unit (VFEU)
Thermo-FElectric Incubator (TEI)

vight Impuise Stimuiator /.iS) Equipment
Fungi Growth Chamber

Enzyme Crystallization Kit

Cell Cuilture Kit

Fly Container

Cosmic Radiation Devices

Egg Rack

Physiological Monitoring “ystem

Urine Monitoring System (UMS) - SL-3

The axperimants contain n.'mercus materials including biological materials, fish
(2 camp), tur ., enzymes, animai and plant ~alls, fruit flies, seeds, hen eggs, and
urine specimens. While each of the exgerimenic has interesting and unigue
objectives, the fluids are low or non toxic ard use siny:c to dual coniainment.
The cell culture kits presant the greatest hazard principally due to the fixative
agent gluiaraldehyde which fixes samples at vanous stages of gr-wth. This
exampie has been selected principally to dispiay a rather innovative syringe
used to provide dual containment (Figure 3).

The life science experiments have ieen slighted in order to discuss the material
processing facilities.

EMPT - Materials Expenr i Laboratory (MEL)

The FMPT-MEL will occupy two double Spacelab racks to house :he

experiments and suoport equipment. Figure 4 depicts the configuration and
Table 1 identifies the equipment.

The FMPT-MEL consists of 22 experiments peiformed in 11 different facilities

~hich include 6 different types of fumaces. The experiments and iacilities are
liste” ‘n Table 2.

In addition to the experiment facilities =z ‘iadicated vac. 'm vent facility is
required in conjunction with a turbo:wiecular pumg 10 provide a high quality
vacuum. Additionally, high pressure qas -9s (3000 y:si helium, 300C .«si
synthetic air, 3000 psi argon, and 1000 psi krypton) are provided for processing,
quenching, purging and «eumati: vaiva dgeration.
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NOTE:

The equipment numbers on this page correspond to
the numbers and titles in Table 8-1.

FIGURE 4 FMPT-MEL EXPERIMENT
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TABLE 1. FMPT-MEL EXPERIMENT EQUIPMENT
IN SPACELAB RACKS 8 AND 10

Sample Stowage Container (SSC-1)

Image Furnace - Furnace Drive Controller (IMF-FDC)

[mage Furnace - Control Equipment (IMF-CE)

Image Furnace - Material Processing Unit (IMF-MP)

Sample Stowage Container (SSC-2)

Power Distribution Box-1 (PDB-1)

Data Recording Video Tape Recorder (DRVYR)

Central Interface and Control Equipment (CICE)

Continuous Heating Furnace - Control Equipment (CHF-CE)
Continuous Heating Furnace - Material Processing Unit (CHF-MP)
vacuum Pump Package Equipment (VPPE)

Pilot Valve Unit (PLVU)

Access Panel

cxperiment Power Switching Panel (Rack 8)

Vent Line

Vacuum Vent Panel

Blank Panel

Organic Crysta) Growth Experiment Facility (OCF)

Large Isothermal Furnace - Control Equipment (LIF-CE)

Large Isothermal Furnace - Material Processing Unit (LIF-MP)
Gradient Heating Furnace - Control Equipment (GHF-CE)
Gradiont Heating Furnace - Material Processing Unit (GHF-MP)
Acoustic Levitation Furnace - Contrcl Equipment {(ALF-CE)
Acoustic Levitation Furnace - Material Processing Unit (ALF-LVT)
Power Distribution Box-2 (PDB-2)

Liquid Drop Experiment Facility (LDF)

Specific Experiment Control Equipment (SECE)

[ntercom Remute Station (ICRS)

Filuid Physics Experiment Facility (FPF)

Crystal Growth Experiment Facility and Gas Evaporation
Experiment Facility (CGF/GE?)

Compressed Gas Supply Equipment (CGSE)

Access Panel

Experiment Power Switching Panel (Rack 10)

3"
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Fumacse operations generally raquire installation of expsriment samples by
hand and automatic processing by computer althcugh manual controls are
available for hazardous function control. For all furnaces interlocks and doors
are pr(o:vided to prevent sample removai prior to cooling to touch temperatures
ot 45°C.

Gradient Heating (GHE)

The GHF, Figure 5, has been developed for several types of experiments such
as crystal growth, melting/solidification, and eutactics. The facility functions by
positioning the sample, and after heatup, the fumace translates to provide a
moving gradient across the sample. The fumace uses two heating coils at one
end and a single coil at the other end. Between the coils is a watar cooling
chamber. The furnace, which operates at temperatures up to 1100°C,
processes the sample in a vacuum. Two samples, M 01 and M 22 of Table 3
provide three levels of containment by the use of two quartz ampoules and a
tantalum cartridge. Sample M 10, Figure 6, is encased in an unsealed tantalum
cartridge. The metals in this sample will offgas toxic gases during processing.
Contzinment is provided by the furnace (one level) and by use of the vacuum
vent line. During processing, the toxic residue is pulled in to {1e vent line for
release to space. Based on partial pressures, the offgas rates are low. In order
to use the concept that vacuum venting provides the equivalert of corntainment
there are safeguards required. The furnace pressure is continuously monitored
and must remain negative in relation to spacelab ambient pressure. In the
event that the fumace pressure approaches module pressure, the furnace
automatically shuts down. The sample materials are nontoxic in the solid state
and sample M 10 remains in the fumace after processing.

Imaging Fumace (IMF)

The Imaging Fumace, Figure 7 and 8, is designed to accommodate several
samples, including crystal growth, by pulling the crystallization zone among the
sample Axis. The IMF contains twin ellipsoidal mirrors with one common focus
whare the sample is located. Two halogen lamps, each located at the focal
point of the ellipsoid, provides the heat source. Movement of the meiting zone
is accomplished by moving the twin mirror furnace along the sample axis. A
quartz tube is installed over the samples during processing and an inert gas,
argon, flows past the sample. All pressure inside of the furnace, including the
argon is at a negative pressure in relation to the module. The pressure is
continuously monitored and the fumace automatically shuts down for positive
pressure. As in the GHF, the vacuum vent serves as a containment levei
equivalent. The IMF will process four types of samples. Samples M 02 and

M 08 of Table 4 use a quartz ampoule for processing. Figure 9 shows one of
the quartz ampoules. Samples M 20 and M 03 (Figure 10) both are naked
samples. The naked samples use the sealed IMF and vacuum vent to achieve
containment. The IMF is equipped with two view ports to allow visual inspection
of the samples to assurse that toxic ash or residue has not coated the interior of
the furnace. Handling of processed samples requires the use of disposable
gloves and samples are placed in sealable bags for storage.
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Contiouous Hesting Furnace (CHF) ‘

The CHF, Figure 11, is a unique vacuum fi'rnace designed to process samples
contiiuously. The CHF combines two heating chamhers and two water cooled
chambers to achisve continuous heating of two sampies and rapid cooling of
two samples. The fumace operates at a maximum of 1300°C and can cool twd
samples from 1200°C to room temperature in approximately 10 minutes.
Heating and cooling chambers are alternately arranged. The furnacs tra~islates
fore and aft to position the chambers over the samples. After heat up and
sample processing, the furnace translates aft, rotates 90°, and then translates
forward such that samples which were being heated, are then cooled. At the
completion of the cooling cycle (touch temperature of 45°C) the cooled samples
are replaced with new samples for the naxt phase. The CHF will process five
sample types - M 04, (Figure 12) M07, M 13, M 19, and M 11 of Tahle 5. All of
the samples provide triple containment except M 11, Figure 13, wiich provides
dual containment. In this case the furnace and vacuum provide the extra levels
of containment. All of the containments are somewhat different, however the
examples, Figures 12 and 13 are representative.

Large Isothermal Fuinace (LIF)

The LIF, Figure 14, is a vacuum heating furnace which operates at temperaturcs
up to 1600°C. Provisions are made to allow pressurization cf some sample
cartridges at 6 bar (Figure 15). Fumace heat up and processing are
accomplished in a vacuum and cooling uses helium gas at pressures which are
negative in relation to the module. In the event of positive pressure, the furnace
automatically shuts down. Three sample types will be processed - M 05, M 12,
and M 06 of Table 6. Both M 05 and M 12 cartridges provide dual containment
while M 06 is a naked sample which remains in the ‘urnace after processing.
Figure 16 depicts one of the sample cartridges while Figure 17 shows the
naked sample.

Crystal Growth Fagilfty (CGF)

Tne CGF, Figures 18 and 19, consists of two furnace chambers, one for a
spherical sample and one for a bar sample. The furnaces operate at
temperatures in excess of 1400°C and samples are processed in gaseous
argon which is at a negative pressure in relation to the spacelab module. In the
event the fumace pressure approaches module pressure, the furnaces
automatically shut down. Each furnace chamber will process one naked
sample of silicon (Sample M 09 of Table 7) which will remain in the furnace
after processing until removal on the ground. Silicon is a low toxic material and
the furnace plus the vacuum vent provide adequate containment.
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, ic Lovitator F (ALE)

The ALF, Figure 20, is designed for containeriess refinement of glass in space.
The ALF, which operates at approximately 1400°C, is very similar to the Image
Furnace in that halogen lamps, located at the focii of twin ellipsoid mirrors
reflect the heat to a common focus point for melting glass. The ALF sample is
processed in a krypton gas flow which is at a negative pressure in relation to the
module pressure. Tne pressure is continuously monitored and the fumaca is
automatically shut down if the internal pressure approaches ambient pressure.
The furnace is equipped with a speaker to create an ultrasonic tunnel within the
furnace. A sound reflector at the rear of the furnace is adjustable to enable
sample positioning. The furnace will process sample M 17 of Table 7 which is a
naked glass sample. Toxicity is low and containment will be provided by the
furnace and the vacuum vent.

Organic Crystal Growth Facility (OCE)

The OCF Figure 21 is comprised of two experiment cells, a large cell and a
small cell. Contents of the small cell are insufficient to result in a toxicity hazard
and is controlled by dual containment. Both cells are processed at ioom
temperature. The large cell uses an inner quartz container which has three
chambers, one for the donor fluid, one for mixing and one for the acceptor fluid.
The anisole, Table 8, is toxic and due to the Suantity will require triple
containment. The quartz container is loczited within an aluminum container
which is housed in a sealed aluminum box. The quartz container and the inner
box have some common penetrations. In order to achieve two containments, it
i necessary to use dual sets of "o" rings or seals. A vigorous quaiification
program including a 14 month leak test is being performed.

Other P ing Fagiii
Other experiments includs 2 Bubble Behavior Unit to study fluid movement in
space, A Marangoni Convection Unit, a Liquid Drop Facility (acoustic levitation)
for fluid drops and a Gas Fvaporation Facility. Single or dual containment is
provided as required. The containments are interesting, however the
experiments do not provide significant toxicity hazards.
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FIGURE 21 FO M21B OCF LARGE CELL
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USML-1 Spacelab

The USML-1 is still in the early design stages and concepts are not as clearly
defined as Spacelab J. The:a will be several material processing facilities
including containerless procassing by acoustic levitation. Another experiment
will be the Crystal Growth Faciiity, Fiyure 22, which will process numerous toxic
metals at differant temperatures. Tiis ‘acility will have some direct bearing on
the space station. The facility uses a furnace core which translates along the
sample axis. As in the case of some SL-J experiments, the Crystal Growth
Facility will use the vacuum vent as a level of containment and will require shut
down if the inner pressure becomes positive in relation to the module. Sample
change out will be manually performed by the crew. Tc preciude toxic material
release in the module during sample change out, a collapsible glove box will be
used. The glove box will seal around the end of the container while the
insertion port cover is removed. In the event of toxic residue in the furnace as
evidenced by discolorization the cover will be reinstalled and the glove box
dumped tc the vacuum vent.

R jations/Conclusi

° Triple containment is the preferred method fo. prevention cf toxic material
release in habitable areas for catastrophic hazards. The containments must be
adequate for the intended use and enviroriment.

° When operations preclude triple containment, innovate methods should be
explored. While there are several examples of use of the vacuum vent as an
equivalent containment, stringent requirements exist to monitor interna!
pressures and shut the facility down for positive pressure. Materials must be
nontoxic at ambient temperatures, and offgassed products must be compatible
with the vacuum vent. Offgassed products must also be compatible with each
other to the extent that exothermic raactions must riot occur which would resuit
in a hazard. It should be noted that a contamirated vacuum vent could result in
ground hazards during de-integration activities and will require special
procedures. It is usually the responsibility of the experiment developer to
decontaminate or replace the vacuum vent after flight.
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SALYUT SPACE STATION
MATERIALS SCIENCE LAYOUT

TBESS10-499

1. PION FACILITY

2. TAVRIYA FACILITY
3. GENOM FACILITY

4. TRIZXIAL HIGH-SENSITIVITY

ACCELEROMETER
5. SPLAV CONTROL PANEL

6. SPLAV FACILITY

7. KRISTALL CONTROL PANEL

8. KRISTALL FACILITY
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11. SPACE STATION FURNACE FACILITY o

o NOTE: No hardcopy of this presentation was provided for the Workshop Proceedings. ;
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SPACE STATION TOXIC AND REACTIVE MATERIALS HANDLING
WORKSHOP

Judith Robey
Session 2 Chairman

Below is a summary of the workshop objectives. From the
presentations and the panel discussions some of the objectives
were satisfied and others stiil need some follow-up work involving
more details than the workshop time permitted.

WORKSHOP OBJECTIVES

IDENTIFY SPECIFIC AREAS FOR TECHNOLOGY DEVELOPMENT

From the discussions and presentations on the current space
station subsystem designs it was not clear whether new technology
is needed to handle a centralized waste system capable of mixing
muitiple chemicals or whether development of existing technology
can do the job. The safe treatment of waste in a centralized system
includes identification of incompatible chemicals, purging the waste
lines and verifying their cleanliness, separating, filtrating and
compressing waste material for storage. How this is to be done
with existing technology was not clear. Another area that needs
development is the technology for sensors and detectors. Many cf
the existing ground based detection systems are large resource
consumers (volume, power, vacuum, cooling, etc.), and would require
considerable modification for use in space. Space station
subsystems designers should clearly identify how the current
designs will accommodate the users requirements with existing
technology and what, if anything, necessitates the development of
new tecknology.

ADDRESS PAYLOAD/FACILITY REQUIREMENTS SUCH AS SAMPLE SIZE
RESTRICTIONS, LEVELS OF CONTAINMENT, ETC. BY BRINGING
TOGETHER THE SCIENTIFIC INVESTIGATORS AND THE SAFETY EXPERTS
To satisfy this objective much more detailed information is
needed than was available at the workshop. Experiment nperadonal
scenarios are needed from the users that address how much on board
characterization will be performed and how much automation versus
crew interaction will be required during this analysis. Further
communications between safety experts, space station subsystems

16-2
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designers and the user payload designers will need to take place
before any conclusions about restrictions on samples or payload i
designs can be addressed. User snonsored workshops or studies !
including crew \utilization, on-orbit characterization and operations
is needed to fulfill this objective.

INSURE THAT CREW SAFETY IS THE HIGHEST PRIORITY FOR SPACE |
STATION

Although the focus of every presentation was on safety
concerns past, present and future, there was not a clear space
station programmatic line of responsibility to address safety
issues. The question "How does space station insure that crew
safety is the highest priority?" was not answered. Safety
representatives from the workpackage centers addressed many
safety related questions, however, safety is a program wide
responsibility and to satisfy this objective more participation from
space station safety organizations is needed.

IDENTIFY PRELIMINARY OPERATIONAL CONSTRAINTS

-IDENTIFICATION OF FACILITIES/EXPERIMENTS REQUIRING

SPECIALIZED EQUIPMENT AND/OR PROCEDURES

-CREW LIMITATIONS AND PROTECTIVE GEAR REQUIREMENTS

The equipment or operational procedures required to :
accommodate some users, such as, a pressurized furnace (to 80 ;
atm), radioisotopes used in life sciences experiments and a high
vacuum (10-6 torr) were not identified. It was unclear whether
these payload requirements could or would be accommodated in the
current space station designs. Preliminary payload or operational
constraints were not identified. These examples all have safety
anc/or PMMS design implications.

it was pointed out by a university participant that the ’
Spacelab crew carrying out experiments on orbit were not required ‘
to wear the minimum ground based lab protective gear, such as
goggles, lab coats, gloves etc.

BRSPS RN SIS

ESTABLISH A FRAME OF REFERENCE OR BASELINE OF APPLICABLE
WASTE HANDLING EXPERIENCE

Lessons learned from Skylab and Spacelab were presented, as
well as how things have changed based on that experience. This
information provided a frame of reference for on orbit experience.
Industry' presented some ground based examples of waste handling,
Such as, microbial systems, exhaust gas conditioning and reactive

16-3
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bed plasma systems. How much, if any, of this information is veing
studied for incorporation into space station systems was not clear.

USE THE WORKSHOP AS A BASIS FOR ASSESSING THE CURRENT AND
APPLICABLE SPACE STATION REQUIREMENTS

The space station subsystems designs (PMMS, FMS, ECLSS),
are currently undergoing revision as a result of the Program
Requirements Review (PRR). To satisfy this objective and to
establish a greater fidelity in the subsystems capabilities, user
payload experiment and facility developers need to provide their
best estimate of operational requirements for volumes of fluids
needed, volumes o’ waste expected, pressures, temperatures, flow
rates, concentration and purity levels. The workshop has encouraged
dialogue in these areas.

PROVIDE AN EDUCATIONAL AND INFORMATIONAL FORUM FOR
GOVERNMENT EMPLOYEES, CONTRACTORS, EXPERIMENTAL FACILITY
DEVELOPERS, AND POTERNTIAL HARDWARE SUPPLIERS INVOLVED
WITH THE SPACE STATION PROGRAM

Presentations were given by 22 government, 16 industry and 2
university participants. These included contractors, experimental
facility developers and potential hardware suppliers. There was
information exchange during the discussion periods, as well as
exchange of business cards and telephone numbers during the coffee
and lunch breaks. Communications have been initiated and it is to
the benefit of all of us to keep them going.

DOCUMENT THE WORKSHOP RESULTS AND IDENTIFY FOLLOW-ON STUDY
ISSUES

The workshop proceedings will be mailed to the participants in
January, 1989. This will include the summary report and
recommendations from the Discussion Panel as well as summary
reports from the Session Chairmen and any written questions
submitted from the participants. It will also include Xerox copies of
the material presented at the workshop. The Environmental Steering
Committee, co-chaired by the Office of Space Stadon and the Office
of Space Science and Applications, will review the workshop results
and propose a follow-up plan. This plan should include the
involvement of the appropriate space station level |l panels and
working groups as well as the applicable workpackage
representatves. It should also include close cooperation with, and
representatives from, the user community.

16-4
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SPACE STATION TOXIC AND REACTIVE MATERIALS HANDLING
WORKSHOP

Judith Robey
Session 2 Chairman

Many questions were asked during the course of the workshop.
Some answers may exist in the space station documentation being
revised after the Program Requirements Review (PRR) or are
currently being worked in studies or working groups and panels.
However, since satisfactory answers were not available at the
workshop, some of these questions were flagged as issues and
concerns and some resulted in recommendations. For the session 2
summary report, rather than try to recommend design solutions for
systems that cross many technical discipline borders, | have
summarized the essence of the questions that were asked during the
course of the workshop.

SUMMARY QUESTIONS

1. It was stated that ECLSS would provide 7 locations for
contaminant detection. Is this sufficient given the lack of gravity
driven air flows in micro-g?

2. Does PMMS have the sole responsibility for payload leak
detection? Does ECLSS have any responsibility? Are there back-up
systems for payload contaminant detection? What is the users
responsibility?

3. What is the range of contaminants that space station subsystems
(PMMS, ECLSS, FMS) provided sensors can detect?

4. Will the warning, caution and alarm displays and systems be
common in all pressurized modules?

5. In the event of a toxic or hazardous material spill within the lab

module, is the responsibility for the cleanup redundant between
ECLSS and PMMS, or do they have specific areas of responsibility? If

16-5
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so what are they? Who provides the contingency plans and the
necessary tools?

6. Which safety office provides overview of the systems design and
development, particularly in cases where the subsystems cross
workpackage assignments or where their interfaces meet? What
safety office will be responsible for developing user payload
facility and operational guidelines and regulations? How do shuttle
safety regulations get folded into space station?

7. What kinds of user safety guidelines or regulation manuals are, or
will be, available to the user facility/payload designers? What
safety office, panel or review board will be responsible for

verifying compliance of these regulations? Where and when will
this information be available?

8. PMMS, FMS and ECLSS design requirements are driven to a large
extent by operational scenarios, such as, the amount of on orbit
characterization of toxic or reactive materials and vacuum/vent,
glovebox, and Ilab support equipment usage. Strawman operational
scenarios are needed by the subsystems designers for greater
definition of their requirements. Information is needed in the area
of fluid volumes (supply and waste), pressures, temperatures, flow
rates, concentration levels and purity specifications.

9. What is meant by triple containment and two-failure-tolerant?
(It was unclear as to whether triple containment was the rnethod by
which the requirement of two-failure-tolerant is met, or whether
they were two separate requirements, both with independent
methods for compliance.) Is there consistent agreement across
NASA centers? Will vacuum vent be considered one level of
containment? Will there be a station wide policy on what triple
containment is, or will it be on a case by case bases as it has been
on shuttle flights in the past?

10. Wil gallium arsenide, mercury cadmium teluride, and mercury
iodide samples be processed and characterized on orbit? How will
any restrictions, regulations or guidelines be developed for the
handling of these toxic materials?

11. How much processing and containment will be required at each

level of responsibility: payload, lab level (PMMS for USL) 2'.d station
wide (FMS)?

16-6
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12. Will the PMMS be capable of handling biotoxins and biohazardous
material?

13. What is the space station plan for handling radioactive waste?

14. Will the emergency shower for crew decontamination provide
enough water to meet flushing requirements?

15. Will the waste water reclamation system be capable of
processing the waste water (brine) from the cage washer
(approximately .75 gallons per cage) and the biotechnology facilities
requirement to wash and sterilize between each run?

16. What are the international partners planning for waste
management in their modules? What plans does ESA have for
handling payload waste in their module? What capability does the
JEM waste system have?

17. Does a centralized waste system make sense given the problems
of combining multiple chemicals? Ground processing systems do
not, in general, operate using a centralized system.

18. Is this centralized waste system used si “ultaneously by
multiple users, or in series? If used one at a time, how will the
contaminants from one dump be purged and cleanliness verified?

19. Is there a period when venting to space will be allowed, such as
during station reboost or shuttle visits?

20. Is the vacuum vent for purging experiments a separate line from
the hard space vacuum provided for isolation purposes?

21. If the vacuum system is provided to 4 quadrants of the USL, does
this mean a user (in the USL) will risk cross contamination with
another user in the same quadrant?

22. What is the planned dispcsition of "large” solid waste such as
contaminated "Kimwipes" or empty sample containers?

23. What are the resource costs for the PMMS and FMS in terms of

volume, power and mass, considering such things as compressors and
high pressure storage tanks for the waste material?

16-7

i A e



»
»]

:E—A

24. |s space siation (PMMS, FMS, safety, operations, logistics, etc.)
looking at how systems are designed and procedures are carried out
on the ground? For example:

a. College chemical laboratories are required to store their
chemicals in a protected area, such as, behind a "blow out wall".

b. Department of Transportation has categorized chemicals for
storage and transport purposes.

c. Some laboratories precipitate and distill their chemicals to
reduce their storage volume.

d. Ground laboratory safety regulations require lab workers to wear
protective gear, i.e. goggles, gloves, lab coats, shoes etc.

25. Is space station developing a chemical labeling system that is
consistent, accurate, common and "user friendly" across all lab
modules?

26. What are the trade-offs and safety concerns of having an
experiment which processes hazardous or toxic materials and is
operated autonomously reducing crevs risk, but requires fiuid supply
and waste management scheduling with the inherent risk of disposal
schedule overlap of two incompatible chemical waste products?

27. Is fluid delivery. waste disposal and vacuum/venting a
scheduled service? Is the scheduling local to PMMS, or is it a station
wide operational schedule?

28. Has space station considered safety implications in USL rack
layout? For example:

a. Placing payloads involving hazardous operations in locations such
that they do not block the exit route in the event of a leak of a toxic
substance?

b. Placing the emergency, decontamination shower in a node?

29. Are the space station leak detection and contaminant control
systems looking at the ground based sensors and detectors currently
available? Are they doing any research or development in the new
iechnology areas such as fiber optics and laser systems?

30. Are the waste management system designers looking at ground
based systems, such as, microbial systems, reactive bed plasma and
exhaust gas conditioning systems?

16-8
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31. In micro-g conditions, stagnant air pockets may reside where
toxins could collect, 's the ECLSS air circulation sufficient to flush
out these areas?

32. With the build up of perspiration, dust and dirt particles, due to
micro-g conditions, is there a regular maintenance plan to "wash”
the internal surfaces of space station? Who has this responsibility?

33. Will an individual module be capable of "dumping” its
contaminated atmosphere and repressurizing to normal conditions?

All of these questions were asked in some form or another during
the course of the workshop. Some had no answers, others had partial
answers, still others had definitive answers, but the answers were
not acceptable as sclutions. Any follow on work the space station or
the users agree to sponsor should, as a first step, answer the
questions raised at this workshop.

e
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ABSTRACT

THE PPOCESS MATERIALS MANAGEMENT SYSTEM
OF THE REEDOM SPACE STATION'S U.S. LABORATORY

The space station user community requirements were . “ined during

the phase B study, 1985 thru 1987, and served to identify  common
use set of required unique subsystems and facilities. These
requirements which resulted n the current design are reviewed and
updated. Comparisons are drawn between the Skylab, Spacelab and
MIR programs, both as to program goals, methods employed and the
facilities provided.

Major system design issues identified are related to the
unprecedented space hardware life expectancy of 20 to 30 years,
such as reliability and - safety, and to the broad spectrum of
potentially hazardous chemical substances to be used by the science
community, such as materials compatibility, contamination, triple
containment and safety.

The PMMS is defined in terms of the currently baselined subsystems
and current issues, design options and scheduies are reviewed.
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Detection & Quantification Problem
(Simplified)

18t Detection

3rd Datection

g
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2nd Detusction

CASE 1: STAGNANT AIR
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Response Time Elements
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ATMOSPHERE
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SAMPLE
TRANSPORT
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& SIGNAL

COu']MUNl CATIO\I
CONDITIONINGJ

- = FOLLOWON.
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INDICATION SYSTEM
INTERFACE

(STAND ALONE MODULE DATA
A
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HMM

) SPACE STATION

MODULE

CASE 2: TURBULENT AIR
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SPACE S1ATICN PRESSURIZED LABORATORY SAFETY GUIDELINES

The developmerit of space based laboratory guidelines is a mixture of consideration
of past experience, contemplation of present operations and conjecture regarding
proposed enceavors. This is not to say that we must grope for answers but that we must
understand the limits of our experience and factor those limits in as we step forward
cautiously. Undzrlying the development of iaboratory safety guidelines for Space Station
Freedom must be the recognition of the uniqueness of this resource. While safety
requiremen:s for ground-based laboratories have come abcut literally by accideat (and
the loss o many laboratories and a few researchers as well), we can iil afford to generate
satety requirements for space lzboratories in the same manner.

Pefore we begin to estaolish technical safety guideiines and requirements a common
understanding of their origin and importance must be shared between Space Station
Program Managemient, the User Community, and the safety organizations involved. This
is done through organization and communication, of course, but there must also be an
appreciation of each others’ interests. A space-based laboratory in which the experiments
are received and returned in unopened containers. while useful and safe, does not take
full advartage of the facilities’ potential for more intcresting experiments. Safety can be
built into the facility to aliow more interesting experimen:ie but 5i a cost to the program
manager. Safety guidelines and requirements will be driven by the nature of the
experiments and degree of crew interaction. The greater and more ~omplex the potential
risk the more stringent and complex the safety requirements. Once a programmatic
decivion has been made regarding the level of acceptable potential risk, safeiy guideiines
are then applied to generate safety requi. ments to prevent the potenrial risk from
becoming a reality.

IDENTIFY 1HE HAZARDS

The first guideline to be applied is that of hazard identification. Grou.id-based
laboratory and previcus flight experience are combined to yield generic requirements
such as those {or safety showers and containerization of experiments. For as much
experience as we have, however, there are still significant gaps left when it is applied to
the Space Station 'aboratory. SKYLAB, SPACELAB, and shuttle mid-deck experiments
allowed limited crew interaction or manipulation and a high degree of training specific to
each experiment was given to assigned ctewmembers. The new and different work
proposed for the Space Station laboratory, i.e. mateiial transfer and characterization,
increases the probability of material spills to the point that serious consideration must be
given to hazardous material spill response capability. We have no significant experience
w..h micro gravity spill propagation, control or cleanup of toxic and reactive materials.
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The primary tools for identifying hazards are the various hazard analyses that can be
appiied to e~periment proposals. SSP 30309, "Safety Analysis and Safety Risk
Assessment Requirements and Processes LCocument for the Sp.ce Station Program”,
provides the detaiied instruction relative to the application of specific hazard analysis
techniques. Safety Engineers are generally well-versed in the tochriigues of hazard
analysic but they may ur may not have a background in the area that a given experiment
is designed to investigate. It will be necessary to have experimenters involved in the
r.azard analysis process in order to more accurately characterize the associated hazards
and controis. As hazards are identified, metheds of controlling them are developed and
requirements are established to implement the controls. The hazard elim....ation and
control precedence sequence is found in SS® 30000, Section 9. In the Jesign of th:
laboratory, eiiminating the hazard source or hazardous operation is the foremos:
consideration. For laboratory usage, iniroductior of many experiments also introduces a
hazard source or hazardous operation. To perform meaningful experiments a certain
amount of risk has to be accepted, however, the le'2l of risk acceptance needs to be
established by informed management to screen out those experiments that pose «co great
a threat to the Space Station. This level n.sd not be fixed but may change as the
capabilities of the laboratory and of space-based laboratcry experience mature. Other
actions for control of hazards incorporate safety devices, special procedures and
personnel protecuve clothing or equipment.

'LOP TECHNICAL SAFETY REQUIREMENTS

Technical safety requirements fall into two rategories; those imposed upon the

Program Manager and those imposed upon the User. These are found in SSP 30000,

section 3; SS-SPEC-0002; SS-1RD-0200 and other Space Station documents.

IMPOSED ON SPACE STATION
SSP 30000, SECTION 3

Emergercy decontamination of crew members in the event a crew member becomes
confaminatea b & toxic substance used within the lab. (2.1.2 2.1.1.F)

Containment, tran<ter and management of both general and toxic trash, materials,
and waste used w.thin this laboratory to support payloads. (2.1.2.2.1.2.B)

Stowagze of ... emergency equipment. (2.1.2.2.1.1.K,
Accommodation of safe general storage for payloads in “1e labc-atory. (2.1.2.2.1.1.G)

Capability shall be provided for detecting and extinguishing any fire in Space Station
habitable volumes. (2.1.11.2.12)

Corrtaminant Sampling (2.1.11.2.16)

Safety interlocks, hardware and/or soitware implemented, shall be provided wherever
practical to prevent unsafe operations from beir.g executed. (2.1.11.2.1.D)"
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A caution and warning system shall provide warning to the Space Station on-board
crew and ground personnel (as required) of impending or existing dangerous conditions
that pose a chreat (o station personnel and/or safety critical equipinent. (2.1.11.2.2.3)"

Potentially explosive containers shall be lccated outside habitable areas, shall be
isolated and protected so that the failure of one wili not cause the failure of the others,
and sha!l be designed to leak before rupture. (2.1.11.2.4.1)*

Triple coniainment of hazardous materials. The use of chemicals which would create a
toxicity problem or cause a hazard to SSP hardware if released shall be avoides, where
practical. If use of such chemicals can not be avoided, they shali be triple contained.

(2.1.11.2.4.5)*

Hazardous accumulation of fluids. Provisions shall be made to prevent uncontrolled
hazardous accumulations of gases or liquids within we space s:ation. Detection.
monitoring, and control of hazardous gases or vapors shall be required in critical areas
and closed compartments. (2.1.11.2.5)*

Exposed surface temperatures. Exposed surfaces within pressurized elements shall not
exceed a high temperature of 45 degrees Centigrade or be protected from crew interaction
with the surface, and a low temperature less than 4 degrees Centigrade. ;2.1.11.2.8)"*

Hazardous materials. The space station materials requirements for hazardous
materials, flammabili.y, and off gassing are specified in SSP 30233. (2.1.11.3)*

$S-SPEC-0002 CEl SPECIFICATION FOR LABORATORY MC™ULZ

Atmosphere Revitalization. The atmospneric revitalization (AR) subsystem will
regenerate the module atmosphere, as necessary, to provide a safe and habitable
environment for the crew. The basic elements of the AR subsystem will include...
atmosphere contamination control and monitoring. The atmospheric contaminants include
trace gases, odors, microbia! lo¢d, particuiate and debris loads of the modulie atrcosphere.
(3.7.9.3.1)

The Process Material Managenient Subsystem (PMMS) shall provide... compatible
waste disposal, ...transporting proce:: inputs or outputs while maintaining isolation from
tne gereral USL atrnosnhere, ...decontamination equipment, ...safe storage of chemicals
and materials (includes user provided materials and fluias), ...support (for) routine
laboraiory cleanup, ...decontamination equipment. (3.7.16)

The PMMS shall provide decontamination services for the crew, laboratory equipment,
and paylcad equipment as follows:
1. PMMS shall accommodate contaminated efflueni generated in the process »f crew or
equipment decontamination.
2. The PMMS shall provide the capabi'ity to support routine iaternal cleanup of US Lab
facilities.
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3. The PMMS shall have the capability to support non-standard cleanup of leaks and
spills in contained volumes.

4. The standard PMMS hardware shall assist in cleanup/decontamination of non-
hazardous leaks/spills of solids and liquids into the opcn cabin environment. 1ne PMMS
shall not be designed for cleenup of hazardous open cabin spills. (3.7.16.2)

General Laboratory Support Facilities. The general laboratory support facilities
provide standard work arcas with subsystem utility support for USL payload operations
These facilities consist of a laboratory sciences workbench, a materials processing
glovebox, and a life sciences glovebox. (3.7.18)

IMPOSED IO USERS
SSP 30000, SECTION 3

Several requirements imposed on the space station contain an element of User
responsibility. In some cases (2.1.11.2.2.3) a sensor interface with the Caution and
Warning system may be needed. In other cases (2.1.11.2.8) design of the experiment
equipment will be required to incofrporate the standard. Applicable requirements are
2.1.11.2.1.D, 21 11.2.2.3, 2.1.11.2.4.1, 2.1.11.2.4.5, 2.1.11.2.5. 2.1.11.2.8, & 2.1.11.3.
These are marked with an * in the section above.

SS-IRD-0200 CUSTOMER TO USL INTERFACE REQUIREMENTS
EQUIPMENT INTEGRITY / SAFETY FACTORS (3.3.18.1)

All customer equipment shall be designed to withstand the launch, on-orbit. and
landing environments as defined in SS-SRD 0001, Section 3. Paragraph 2.2.1. These
environments shall be withstood without the following eveats . curring: failures; leaking
of hazardous fluids; or the releasing of equipment, loose debris, or particles which could
damage the USL. or cause injury to the crew. USL customer equipment shall be designed
such that the equipment integrity and load-carrying capability of structural mounting
provisions fulfill the following requirements:

a. Factors of Safety: The minimum factors of safety to be used against load limit
conditions to establish design loads shall be as defined in SS-SRD-0001, Section 3,
Paragraph 2.2.1.2.4.

b. Fatigue Life: Customer equipment shall have a fatigue life consistent with the

-

requirements specified in SS-SRD-0001, Section 3, Paragraph 2.2.1.2.7.

o. Fracture Control: Customer equipment shail be designed to meet the fracture
control requirements specified in SS-SRD-0001, Section 3, Paragraph 2.2.1.2.6.

d. Depressurization: During normal opeiations, pressure within the USL shall be
maintained at 760 + 10 torr. Under some emergency conditions, evacuation of the module
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will be required and depressurization of the module will occur. Customer facilities shail
withstand the environment created by the depressurization/repressurization without
creating an uncontrollable hazard.

FIRE (3.3.18.2)

a. In addition to the fire detection and cuppression capabilities of the ECLSS,
customer equipment which pose a potential fire hazard shall be nstrumented by the
customer to provide for early detection and warning through the Caution and Warring

Subsystem (CWS) of the USL.

b. In the event a fire is detected in the customier equipment, appropriate fire
suppression t:chniques will be impiemented. Airflow and utilities shall be disconnected

by the USL.
OVERTEMPERATURE (3.3.18.3)

a. Equipment which has failure modes which can produce dangerously heated
surfaces in crew areas shall provide an interface to the CWS to alert the crew to the
hazard and allow them {0 take corrective and avoidarce action.

b. Customer loads shall be configured such that in the svent of power disconnzact or
failure, the load will cool down and/or cease operaticn in a safe manner.

ALERT (3.3.18.4)

The USL DMS and CWS will provide an equipmient malfunction alerting system that
will be available to all customers. This system will aotify the USL crew members of any
abnorma: or hazardous conditions and allow them to take timely corrective action.

LEAKAGE (3.3.18.5)

a. Hazardous materials shall be contained within the customer equipment or the
hazardous materials work area. All materials representing life-threatening hazards shall
be so contained that any predictable sequence of failures wiil not resuit in releasing them
into the USL. atmosphere. Appropriate customer equipment shall be instrumented 1o
detect any leakage which would present a hazard to crew or equipment. Such
instrumentation shall be connected to the USI. CWS and shall initiate both an audible
. *d visual alarm at the site of the offending :ondition.

b. No release ~f particulate matter, liquids, vapors or fumes into the habitable volume
shall be permitted unless it can be shown that the contaminant can be handled by the
ECLSS. All potentially contaminating substances associatcd with payloads and processes
shall be identified by type, toxicity, quantity, hazard level, use, and location by the
customer. Customer coatamination control is to be performed ar the assembly end rack
levels.
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SURFACE TEMPERATURE (3.3.18.6)

Under normal operations, the mean radiant temperature of the habitable interior
olume shall not exceed 30°C. Exposed surfaces within the USL (both USL and customer
equipment) shall remain within the high and low limits of 45°C to 4°C, respectively.
Surface temperatures exceeding 45°C shall require specific interfacing agreements. No
external equipment surfaces within the USL, whether reachable or not, shall be cooler
than the dewpoint temperature of the module atmosphere.

MATERIALS (3.3.18.7)

Customer equipment materials requirements are provided in SS-SRD-0001, Section 3,
Pa~agraph 2.2.1.3.

DEVELOP OPERATING PROCEDURES AND CONSTRAINTS

SSP 30000, Section 4, Paragraph 2.2.H states that "all hazardous operations shall be
designed to minimize exposure of the crew to the hazardous condition.” This
requirement is supported by the hazard analyses performed to identify hazards. Part of
the process is to develop controls to counter the identified hazards. At this point in the
Space Station Program, a useful project would be the development of a Space Station
Laboratory User’s Manual wherein user requirements could be coisolidated and
laboratory orocedures could be codified.

. —— =
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PROVIDE TRAINING AND EDUCATION

Nroadon s

SSP 30000, Section 4, Paragraph 3.12.B requires that “crew and designated ground
support personnel shall be certified to perform their assigned duwv.es.” This would
certainly include those duties performed in the laboratory. A major resource in the
development of the training would be a laboratory procedures guide such as discussed in :
the previous section.

SSP 30000, Section 4, Parag.aph 3.12.D requires that "all crewmembers shall be
trained in space systems associated with... safety, and emergency procedures.”

CONDUCT REVIEWS AND EVALUATIONS

~“rom time to time it will be necessary to conduct reviews and evaluations to determine
if the requirements imposed on the laboratory and on the users are adequate and whether
or not they are having tho desired effect. Safety is also concerned with whether or not the
approved operating procedures are being followed. The mechanics of such a review and
evaluation would have to be developed with the view that on-site inspection: weuld be
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difficult but not necessarily impossible. Membership of a review commiittee is anticipated
to include both the safety and user community. This commrittee could also be tasked with
development and maintenance of the proposed Laboratory User’s Manual.

PREPLAN FOR EMERGENCIES

In spite of our best efforts to design against hazards, emergencies will arise which wili
require timely response. The history of man’s endeavors verifies this statement.
Preplanning is the only way to have the response capability available when necessary.
Included in a good preplan will be equipment, such as hazardous raterial spill response,
control and clear > equipment and rehearsals in the use of the equipment.

AREAS FOR FURTHER DEVELOPMENT

1. TRANSACTION MANAGEMENT. A goal of the Space Station Program is to

allow the users maximum autonomy in manipulating their experiments from the ground. .

Safety has concerns regarding conflicts between operations requested from the ground
ard conditions on-orbit which could result in hazards to the crew. This probiem is
currently being worked at Level II and satisfactory resolution is anticipated.

2. OPEN CABIN HAZARDOUS MATERIAL SPILLS. Current no system or
subsystem has been identified to handle open cabin spills of hazaraous materials.
Candidate systems are PMMS, Man Sys:ems, and ECLSS. Wcrk needs to be done first in
the characterization of the problem in terms of required responses to a number of
different types of materials.

3. SPACE STATION LABORATORY PROCEDURES MANUAL. This type of
manual is necessary for the consolidation of requirements imposed upon the user and the
codification of procedures (including emergency procedures). This document would also
be used in review and evaluation of the laboratory and its operat ,n.
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ENVIRONEMTAL CONTAMINANTS IN RECYLCED WATER :

A. DEHUMIDIFIER IS PROBABLY A MAJOR AIR
DECONTAMINATION SYSTEM

1. TYPE CONTAMINANTS REMOVED: |

VAPORS - MOST EFFECTIVE FOR WATER
SOLUBLE, LOW VAPOR PRESSURE COMPOUNDS

SOME LOW SOLUBILITY COMPOUNDS SEEN
IN CONDENSATES

PARTICULATES - MAY COME DOWN WITH WATER

CONDENSATES
2. RESULTS OF SPACELAB WATER CONDENSATE .
ANALYSES |
!
COMPOUND CONCENTRATION (MG/L)
SL-1 SL-3  SL D-1
CAPROLACTAM 0.07 4.30 8.80
DECANGIC ACID  1.60 0.07
ETHANOL 0.52 1.¢0 0.15
ISUPROPANGL  13.0 0.32 0.04
TOLUENE 0.24  0.01
PHENOL 0.24 0.66
ACETONE 3.31 2.00 1.80

NORMAL WATER LOSS INTO AIR: 1.8 L/PERSON/DAY

B. MEANS OF CONTAMINANT REMOVAL FROM WATER:
ACTIVATED CARBON, ION EXCHANGE RESINS

PROBABLY HARDER TO SCRUB CONTAMINANTS
FROM WATER THAN FROM AIR

C. TOXICITY CONCERNS:

INGESTION
ADSORPION THROUGH SKIN
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» ' " % Inierdependence of Science Requirements and Safety Limitations
on the Space Station
Patrick G. Barber
Professor and Director of Chemistry

Longwood College, Farmville, Virginia 23901

One of the cuinpelling reasons for using a facility such as the Space Station for
scientific research is the ability to carry out experiments in an interactive mode. The
increased time in space coupled with the increased availability of equipment and supplies
enables scientists to perform experiments, to observe results, and quickly to repeat the
experiments using the previous results as a basis to improve the parameters. In past space
experiments this interaction between experimenter and experiiiint was often severely
limited and often necessitated return flights at much later dates. Science conducted with
years between experiments proczeds too slowly to be of benefit to either science or the
economy. Crystal growth experiments provide a case in point. A sample of
lead-tin-telluride semiconductor was flown in October 1985. One run \vas possikhle and no
on-site analysis was available. The sample was analyzed only upon retur:: tc zarth. The
results although interesting raise questions that require further experimentation. No
repeat has been possible and will not likel¥ occur before several more years. In a second
example the high school student proposing the ~rcwth of lead iodide in space finally had his
experiment run on the recent Discovery (STS-26) flight, but he is now in medical school.
This mode of operation was a fine beginning, but science in the western world will riot
progress very far if this continues as the only mode of experimentation. It is too slow and
inefficiently utilizes time, equipment, and personnel. So, one of the henefits of
experimentation on the space station will be the ability to carry out the experiment, to
immediately analyze the result, to calculate improved experimental parameters, and to
quickly repeat the experiment. In this improved mode of operation there are new safeiy
considerations that must be addressed in the design stages of both the station and the
experiments. I shall share with you some of the chemical and procedural requirements,
and I shall discuss some of the earth-bound storage, dispensing, and disposal techniques
that may assist in the development of analogous procedures for the space station.

Each scientific discipline has its own specific lists of requirements for on-board
analyses in the space station. In the area of crystal growin the manifest of matcrials will
make an industrial hygienist on earth tremble, The exciting crystals of militsry and
industrial importance are not restricted ¢» benign aqueous solutions of proteins and
harmless simple electrolytes. High temperature superconductors have barinm, yittrium,

24-2

T e e n b oo it At o
" Y -

ot



35
v
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copper, and oxygen; but some aiso contain thallium and other toxi~, heavy metals.
Semiconductors contain mercury, cadmium, tellurium, gallium, arsenic, lead, tin, indium,
and antimony. Further, these materials are grown not at ambient temperatures but at
temperatures that are 900° C to 1400° C or higher. Furnace designs are being developed
that safely allow crystals of even these materials to be grown in space. After the growth has
been completed and cooled to room temperature, the samples must be analyzed. This
involves non-destructive testing if the equipment is available on the space station. X-ray
diftraction, ultrasonic evaluation, optical absorption, and electronic probes are examples of
these analyses. Often, however, such methods do not enable scientists to ascertzin the
needed information. The crystals must be cut and polished. The cutting operation can
invoive the use of corrosive chemicals and dust-producing saws, and the polishing snd
etching procedures use solutions that are often highly hazardous. Such reagents as liquid
bromine, hydrofluoric acid, and concentrated alkaline solutions are common. A more
detailed list of reagents and procedures is given on .2 viewgraph handouts. Proper
labeling, storage, handling, and disposal of reagents wiil be essential to the successiul, safe
use of space station for significant science. ,

The interdependence between the needs of science and the dictate; of safety should
serve as a spur to the development of new techniques that will allow safe operation on the
space station. The science requirements cun be clearly defined usiag current carth-based
techniques and needs. The safety limitations will determine which of these techniques and
chemicals can be used in the environment of the space station. For those techniques and
chemicals for which safe procedures have not yet been developed, encouragement oughi to
be given to develop new procedures. As an example of such safer procedures that can be
developed, consider the development of an electrochemical etching technique for lead tin
telluride, which replaced the highly corrosive Norr etch. Also consider the developmant of i
a gel based =zacedure to deliver chemicals in space. The storage, dispensing, spill clean-up,
and waste disposal procedures to be used on the space station need to be developed early in
the design stages so that scientists can begin looking for acceptable alternative procedures
and reagents that can be used on the space station.

A later design feature may also be beneficial. Perhaps not as an initial part of the
space station, but certainly as part of future designs, consideraticn should be given to the
use of small, limited mission, detachable experiment and analysis modules [EAM]. The
more hazardous reagents and procedures for which safer alternatives cannot be found r.ay
still be performed in space. In the event of an accident, the modules can be sealed off from
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the rest of the station. They can be detached, retrieved, and returned to earth for clean-up.
In this way a spill or accident on one such module will not endanger the station or interfere
with other on-going experiments.

In designing equipment and procedures to be used on the snace statior, some of the
techniques used in earth-based laboratories can be used as starting poirts. The problems
faced by small, college laboratories are in many ways analogous to those to be encountered
on the space station. In both facilities there is the need to store a variety of reagents safely.
Often these are incompatible. The volumes of chemicals in both laboratory environments
are small and the variety large. This poses problems slightly different from those
presented by bulk chemicals, but some guidance is still available from the U.S. Coast
Guard’s list of incompatible substances and the DOT mandates. Shipping laLels anc
container label information are also helpful. Finally the information available in the
MSDS should not be ignored. Storage by hazard category is the general rule in laboratory
stockrooms, and should be used on space station as well. Incompatible reagents in clese
proximity are intolerable on earth, and they cre }iiely to be in space as well. Storage space
is at a premium in both earth-based and spact-based laboratories. Many questions zieed to
be answered. How can provision be made for the storage of flammables? Do the same
flammability figures apply in space? How many separate storage cabinets wili be needed?
Must their design be inodified for the way in which flames propagate in space? Should they
be vented, and if so what is to be done with the fumes? The procedures used on earth will
be outlired in the viewzraph handouts.

In dispeasing chemical reagents on earth, positive and ncgative air pressures need to
be considered. Importart as this principle ¢f laboratory design is for earth-based
laberatories, it may take on added importance in the space station, for this may be the
major source of hazardous substances that move from one part of the stat.on to another. In
the event of a spill on earth, the procedure is to dyke with a neutralizing solid, and bag for
disposal as illustrated in the viewgraph handouts. What analogous procedures will be
develcped for use in space? How many different neutralizing clean-up kits will be needed?
How many will be nceded and in what locations? If an error is made on earth, adequate
ventilation can be obtained by opening a window and turning on a hood; the same simple
solutions are not possible in space. Or are they? Iu disposing of reagents the problems
faced by earth and space laboratories are likewise analogous. The toxicity and reactivity
must be reduced, the volumes reduced, and procedures for the safe storage of a mixture of
wastes developed. Chemists have been working on such storage and handling problems,
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and the recent environmental protection laws have spurred even further developments. A
list of references for such procedures will be given in the viewgraph handouts. Finally, in
earth-based laboratories accidents often occur in the most unsuspected places; and the
same is likely in space. The drain traps can often be sources of trouble, since a variety of
reagents are oftex mixed in them.

Although it is true that the coll~ge and space laboratory environments are similar in
many respects, there are still some significant differences. Liquids will not pour in a
preferred direction in space urless provision is made to force them to do so. They may not
coat the samples or adequately mix. The absence of gravity driven convection will make
mixing reags=is «nd the removal of heats of reaction more difficult. This may allow for the
unaxicipated build-up of hazardous local concentrations of hzat. The analogous problem
faced in polymer synthesis will be reviewed.

Just as the problems faced in small laboratories on earth can provide guidance and
insight to experimental procedures that can be adapted for use in space, the
procedures and reagent handling systems developed for saZe use on board space station,
will be useful here on earth. Gne of the greatest future expenses to be faced by these small
facilities is the ever increasing cost and difficulty of safely and legally disposing of spent
and surplus chemicals. Techniques that work for space station have an immediate
application right here, right now in schools, colleges, and small laboratories.
Further commercial possibilities of this spin off exist. Procedures developed for space
station will likely not reauire continuous human intervention. The automatic and robotic
procedures developed for space station will have application in improving the safety and
productivity of industrial processes. Finally, as space station and its technology begin to be
applied, further experimentation in the schools of this nation will be possible. This can
only encourage the preparation of the scientifically literate population needed in the next
century.

Safety and science requirements are interdependent spurring the development of new

procedures and modified engineering cesigns. These developments will not merely be
useful on space station, for they have far reaching applications on earth.

24-5
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THE SCIENTIFIC UTILIZATION OF THE SPACE STATION
DEPENDS UPON:

a. Experimenter Interaction with Experiments
b. Rapid Repetition of Experiments

c. On-Station Analyses of Results

24-6
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SIMILARITIES OF ENVIRONMENTAL PROBLEMS BETWEEN
COLLEGES AND THE SPACE STATION:

a. Size - limited space which impinges on other functions

b. Large Variety of Reactions Requiring P1 paration -- not
specialized, must have flexibility.

c Large Variety of Reagents Needed - cannce wait
for stores to be crdered and delivered

d. Safe Reagent Storage - variety must be stored
safely for long periods of (ime

e Waste Mitigation, S.orage, and Disposal -- a
relytively new problem requiring new
solutiorns

L Spill Control ®reparation and Procedures -- equip
facility to handle all possibla accidents

g Air Flow and Quality -- regulate unexpected
movement of liquid and gassous r=agents

h. Extensive Training of Supervisors -- expect the
unexpected.

24-7
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AN EXAMPLE: REAGENTS AND FXPERIMENTS FCR CRYSTAL

a

GROWTH -

Solution Growth - vater and/or non-aqueous
fluid solvents for
proteins -- benign case
organic compounds -- flammable
and/or toxic sclvents and soiutes

Melt Growth --

Temperatures: ambient = 400°C, lead
halides anéd model
conpounds
400-1200°C, LTT, GaAs
>1200°C, GaAs, ceramics

Proceduras: Czochralski
Bridgman

Chemical Vapor Decomposition -~

gaseous flov systems such as
organomatallic tin in gaseouaz hydrogen,
silzne in hydrogen, and gallium arsenids
from trimethyl gallium and arsine

264-8
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INSTRUMENTAL TECHNIQUES OFTEN REQUIRE REAGENT
FLUIDS:

i. HPLC - requires solvents which are often organic

2, TLC - requires solvents which are eften organic
mixtures

3. Electrophoresis - requires solutions including organic
ones

4. GC -~ requires carrier gases. FID requires hydrogen
S. AA - requires flames and nitrous oxide, acctylene, and
oxygen or graphite furnaces. Both burners generate

metal vapors

6. Optical Microscopy - require sample preparation
including cutting, polishing, and etching

24-9
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REAGENTS AND EXPERIMENTS FOR ON-SITE ANALYSES:

a. Cut and Polish

1.
2.
3.

4.

b. Etch
1.

wvater

organic liquids

acids/bases, dilute to 18M H,SO4
and 50% KOH

special corrosives, e.g., HF, Br,,
and mixtures such as Norr etch

less concentrated than for cutting
and polishing but still corrosive
and/or tcxic

manv (eveloped some specific for
particular faces and dislocations

24-10
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AIR AND FLUIDS MANAGEMENT:

Stsrage

by categories

guidance from USCG, chemical suprlicszc
MSDS, DOT shipping labels

Dispensing

microgravity creates the need for new
solutions but similar to movement
of reagents in vacuum lines.

Mixing

microgravity creates the need for new
solutions but similar to polymer
solutions and gels.

Spent Reagent Management

traditional methods -~ burn, bury, hide,
give away or otherwise forget

newer methods =-- dilute, precipitate,
distill, react, recycle

stabilize -- Hazardous Chemicals:
Information and Disposal Guide by
M.A. Armour, L.M. Browne, and G.L.
Weir from the University of Alberta

safe storage for return

variaty leads to unexpected reactions in

']}

’

drains or space station equivalent

possible on-station utilization/disposal
will improve on the best methods
deveiored in rechonse to
environmental pressures

Spill Management

traditional methods -- dyke, neutralize,
store, disposal

newer methods for space station ~--
creative solutions may not
eliminate the unexpected mixing of
two innocuous reagents which are
dangerous in combination. Renmember
the drains! 24=11
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HOPE:

Ppage8

New procedures can be developed, ¢.g.,
1. electrochemical etches

2. soda straw gels for dispensing reagents in space

4. new organometallic reagents of i1}-V compounds

s. blow-down tunnels versus recirculating reagents
in CVD

Motivation is needed.

Some accommodation by station designers, i.e., design for
the unexpected and prepare detachable modules for use
with hazardous reagents. Use also as robotic
center-of-mass experimental platform.

There is an interdependence between the safety
limitations which should drive new modifications in the
science experiments and the science requirements which
should drive new designs for safety.

24-12
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AN ADDED BENEFIT:

As the college and small research laboratory prmvides useful
terrestrial examples for the experimental problems anticipated
to exist on the space station, so too do the solutions developed
for the space station find immediate terrestrial applications.

In thinking for the space station one ought not to forget the
commercial possibilities on earth now.
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TYPICAL ETCHES:

GalAs

si

InP

SnTe

PbSe

PbSnTe

HgCdTe

GaPp

rinses 2-propanol or methanol

1:1:5 H 0 : Hy0, : HySO4
3:1:1 Hy804 : Hy05 : H0
10:1:1 Ho0 : Hp05 : NH,
3:1:1 H,0 : Hy0, : HC1
10:1 HzO0 : HF

429/1009 Cro; in HF
50g/100ml CrO; in Hy0

0.2-0.5% Bry; in methanol

6:3:1 HOAc : HNO4q : HF

4:1:1 glycerol : HOAc : HNO,

10:10:1:% Hy0 : KOH : glycerol

Br,, HBr, H,0, glycerine

spray etch using N, gas:

HzOz

Br, in methancl, alkaline glycerine with

H2°2, HF and H202 in Hzo
rotate sample at >6000 rpm

1:3 HNO3 : HCl  (aqua regia)

24-14
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ABSTRACT

As the Space Station nears reality in funding support from

S 1

Congress, NASA plans to perform over a hundred differert
missions in the coming decade. Incrementally deployed, the
Space Station will evolve into modules linked to an integral
structure. iach module will have characteristic functions,
such as logistics, habitation, and materials processing.
Because the Space Station is to be "user friendly" for
experimenters, NASA is anticipating that a variety of
different chemicals will be taken on-board. Accidental
release of these potentially toxic chemicals and their

chemical compatibility is the focus ‘of this discourse.

The Microgravity Manufacturing Processing Facility (MMPF)
will contain the various facilities within the US Laboratory
(USL) . Each "facility" will have a characteristic purpose,
such as alloy solidification or vapor crystal growth. By i
exanining the proposed experiments for each facility,

identifying the chemical constituernts, their physicai state

R L U

and/or changes, byproducts and effluents, I will be able to
identify those paylocads which may contain toiaic, explosive,
or reactive compounds that require processing »r containment
in mission peculiar waste management systems. Synergistic

reactions from mixed effluent streams is of major concern.

25-2



Fach experiment will have its own data file complete with
schematic, chemical listing, physical data, etc. Chemical
compatibility information from various databases will
provide assistance in the analysis of alternate disposal
techniques (pretreatment, separate storage, etc.). Along
with data from the Risk Analysis of the Proposed USL Waste
Management System, accidental release of potentially toxic

and catastrophic chemicals would be eliminatad or reduced.
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VOLUME IX
ISSUE:s 2/2/87
TABLE 7. FLUIDS/WASTES OF ASF
MASS PER RUN [ vOLUME PER RUN!

Air 0.89¢ 700.0 Used to refill the furnace canisters

after each run
Cleaning Fluid 6.00 8.00 Used to clean furnaces
Distilled Water 0.00 8.00 Used for general facility clsanup
Gasecus Hefium ©.00071 4.00 Sossible coolant for rapid sample

quench
Gloves 0.00002 0.00002 Two pair pet run
Inert Gas 0.87% 700.0 Used io fill furnace canisters during

sach run, May incluce either Ar, N,

or He
Wipes 0.e1x10? 0usxs0? 10 wipes per run
Z‘“\ - *! ﬂ‘.A:—-n-
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MATERIAL SAFETY DATA SHEET OHS23I390 474—

OCCUFATIONAL HEALTH SERVICES, INC. EMERGENCY CONTACT:

450 3EVENTH AVENUE, SUITE 2407 JOHN S. BRANSFORD, JR. (61%)292-11a0
NEW YORK, NEW YORK 10123

(800) 443-MSDS (212) 967-1100

SUBSTANCE IDENTIFICATION

CAS-NUMBER 108-88-3
RTEC-NUMBER XS3230000
SURSTANCE: TOLUENE
%

TRADE NAMES/SYNONYMS:
TOLUOL: FPHENYL METHANE: METHYL BENZENE: METHYLBENZOL: -
METHYLBENZENE: FHENYLMETHANE: METHACIDE: U220: STCC 49C9303: UN
1263: T-290: T-289: T-330: T-324: T-3I24-5: T-324-SK: T-I2Cs
T-323-S: PBINZENE, METHYL-: ANTISALIA: UHS23390

CHEMICAL FAMILY:
HYDROCAREON, AROMATIC

MOLECULAR FORMULA: C7-K8 MOLECULAR WEIGHT: 2.0
CSRCLA RATINGS (SCALE 0-T): HEALTH=I FIFRE=3 REACTIVITY=0 PERSISTENCE=!
NFFA RATINGS (SCALLE 0-4): HEALTH=2 FIRE=Z RERCTIVITY=0

COMFONENTS AND CONTAMINANTS

COMFCNENT: TOLUENE FERACENT: »$9
EXFCSURE LIMIT:
TOLUSNE:
=00 FEM CSHA TWA; 300 FPM USHA ACCEFTASLE CZILING CONCENTRATICN
SO0 FEM FCA 10 MINUTES CSHA ACCZFTAZLI MAXIMUM FEAK AECVE THE ACCEFTAELE
CEZILING CONCINTRATION FOR AN 8 HOUR SKIFT
100 FPM ACGIH TWA; 130 PPM AC3IH STEL
1060 FEM NICSH RECOMMENDED TWA; OO0 FEM NIOSH RECOMMENZED 10 MINUTE CEILING
SO FFM ROHMM AND HAAS RECOMMENCED TWe; 75 FPM ROHM AND HAAS AECOMMENIDED STEL
1O0G FOUNDS CERCLA SECTION 10T REFCRTAELE GUANTITY
2ay3IoAL DATA
SESCRIFTION: CLEAR, COLCRLESS LIGUID WITH AN ARGMATIC ODOR.
JQILING PCINT: 271 F (111 2) MELTING FOINT: =13¢ 5 : :% O
SFECIFIC GRAVITY: 0.846 SUAFORATION RATE: {SUTYL ACETATEsL)
2.24
SOLURILITY IN HATER: 2,0%% VAPOR DENSITY: 3.2
VAFTR FEESSURE: 22 MMHG @ 20 C DDOR-THRESHOLD: 0.2-3% FFM
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OTHE;? SOLVENTS (SOLVENT = SOLUBILITY): -
ACETONE, EENZENE, ALCOHOL, CHLOROFORM, ETHER, GLACIAL
ACETIC ACID, CAREON DISULFIDE, DIMETHYL QULFOXIDE, LIGROIN, OTHER HYDROCARBONS ”

FIRE AND EXFLOSION DATA

FIRE AND EXFLOSION HAZARD
DANGERQOUS FIRE HAZARD WHEN EXPOSED TO HEAT OR FLAME.

VAPORS ARE HEAVIER THAN AIR AND MAY TRAVEL A COWSIDERABLE DISTANCE TO A SOURCE
OF IGNITIDN AND FLASH BACK.

VAPOR-AIR MIXTURES ARE EXFLOSIVE AROVE FLASH POINT.

DUE TO LOW ELECTROCONDUCTIVITY OF THE SUSSTANCE, FLOW OR RCiTATION MAY.
GENERATE ELECTROSTATIC CHARGES RESULTING IN SFARKS WITH POSSIBLE IGNITICON.

FLAEH FOINT: 40 F (4 C) (CC) UFFER EXPLOSION LIMIT: 7.1%

LOWER EXPLOSION LIMIT: 1.2%4 AUTOIGNITION TEMP.: 894 F (480 C)

-
w

FLAMMIZILITY CLASS (OSHA):

FIREFIGHTING MEDIA:

DRY CHEMICAL, CARZOM DIOXIDE, HALCON, WATZIR SFRAY OR STANDARD FCAM

(1$87 EMERCE NCY RESFCONSE GUISE200K, DOT F 3200.%2).

FCR LARGER FIREZS, USE WATER SFRAY, FOG OR STANIARD FOAM

(1$E7 EMZAGEINCY RESFONSE GUIDI®O0R, DOT P S800.4).

FIRIFIZHTING:

MZWVE CCNTAINIR FACHM FIRZ AREZA IF FCSSIZLEZ, CCOL FIRE-ZXPCSED CONTAINERS WITH
WATZIR FACM SITI ONTIL WELL AFTER FIRZ I3 CUT. STAY AWAY FRCM STIRASZ TAN-
ENDS. FCA M2S3IVE FIRE IN STCORAGZ AREZIA, LSEZ UNMANNED HCSE HOLDER CR MOVITIR
NOZILES, ELSZ WITHIARAW FRCM AREZA AND LET FIRE ZUAN. WITHDRAW IMMEDIATELY IN
CASZ CF RISING SCUND FAOM VENTING SAFETY DEVIZEZ CR ANY DISCOLCAATION COF
STCRAGE TANK DUE TO FIRE (1987 EMERGENCY RESFONSE GUITEELCH, DOT F IS0C.-<
GUICZE FAGE 27).

ZATINGUISH CNLY IF FLOW CAN BE STOFFED; LSE WATIR IN FLCOCDING GUANTITIZIS &8
FGG, SOLID STREAMS MAY CFQEPD FIRZ. COOL CONTAINZIRS WITH FLOCDING AMCUNTS CF
NATER, AFFLY FROM AS FAR A ZISTANCE AS FCSSIZLEI. AVOID EREATHING TIXIC VaFCTRE,
RZZF USWIND,

WATEZR MAY ZE INEFFECTIVE (NFFA FIFE FROTEIITION FUIDE ON HAIARDSLE MATIRILLS,
EI3ATH EZDITICN),

DEFARTMENT CF TRANSFCATATION HAIARD CLASSIFICATION 4SCFR172.101:
FL&MMASLE LIOUIS

DEFARTMENT CF TRANSFCATATION LABELING FEQGUIREMENTS 35CFR172.101 AND 172,402
FLAMMABLE LIDUID
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DEFARTMENT OF TRANSFPORTATION PACKAGING REQUIREMENTS: 49CFR173.119

EXCEFPTIONS: 49CFR173.118

TOLUENE:
I00 FFM EYE-HUMAN IRRITATION; 350
SKIN-RABBIT MILD IRRITATION; 2 M

IRRITATION; 200 FPPM INHALATION-H
S0 MG/XG ORAL-HUMAN LDLO; 3000 M
INHALATION-RAT LCLO; 12,124 -MG/Y
INFALATION-GUINEA FIG LCLO; 8BGO
INTRAVENQUS-RAT LDS0; 3320 "PM/B
INTRAFERITONEAL-MOUSE LDSO; 2000
UNREPORTED-RAT LDS0O; MUTAGENIC D
(RTECS) .

CARCINOGEN STATUS: NONE.

TOLUENE 1S A SKIN, EYE, AND MU
DEFRESSANT, AND NEUROTOXIN. FOIS
AND ELOOD. STIMULENTS SUCH AS EF
FIZARILLATION, TOLUENE INHIXITS M

—— Y A . > Y D W W wy - T D Y . . e S S G . Y D R G W S S Y G D D Sy I T S G G e S S D S e s S S G em e aes e

CCHSUMFTION OF ALCOHOLIC 3EVERAG
EFIDEMIOLOSICAL STLDIES INVO
FEZRECNS WITH ARCUTINE ZXFCTURE
EZ AT AN INCREASED RISK TO THE
SYSTEM CANCEZAS, AND SKIN CANCE
HEALTH
INHALATION:

TOLLZENE:
IRRITANT/MNARCOTIC/NEUROTOXIN,

200G FEM IMMEDIATELY ZANCERCUS 7
ACUTE EAFCSURE- THZ LEVEL REQU

~SSOCIATED RESFIRATORY TRACT
FOR WARNING olUZ 7C OLFACTORY
MILD UFFER TRAZY

R
=z CHEZ,

ARESFIFATORY
LHAUSEA,
KIN, EUFKCRIA, DIIZINES
ITATICN, NASAL MULIUS SEC
AIRED BALANCE. AFTEREFFEC
D INSCHMNIA LASTED FOR ZEVE
FOSURE TQ H13H YAFOR COMNCE

AENAL DAMASE WITH YQGLOEINU
HEMATOLOZIC EFFECTS OCCUR RA
FECOVERY USUALLY FOLLOWS REM
CAUSE DEATH 37 FARALYSI3 COF
THEONIC wAFCSURE~- AEFEATED OR
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870 UG EYE-RABRIT MILD IRRITATION;

TOXICITY

0 MG SKIN-RAEBIT MODERATE IRRITATION; 433 MG
G/24 HOURS EYE-RABBIT SEVERE IRRITATICN;

100 MG/I0 SECOUNDS RINSED EYE-RAZERIT MILD
UMAN TCLO; 100 FFM INHALATION—-MAN TCLO;

G/KG ORAL-RAT LDSO; 4000 FFPM/4 HOURS

3 SKIN-RAEBRIT LDSO; 14600 PFM

MG/KG INTRAFERITONEAL~-RAT LDLO; 1760 ME/KG
HOURS INHALATION-MOUSE LCS0; 1126 MG/KG
MG/KBG UNREFGRTED-MOUSE LD30O; 6900 MG/KG

ATA (RTECS); REFRODUCTIVE EFFECTS DATA

COUS MEMERANE IRRITANT, CENTRAL NEAVOUS SYSTZM
OMING MAY AFFECT THE HEART, LIVER, KIDNEYS,
INEFHRINE OR EFHEDRINE MAY INDUCE VENTRICULAR
ITOCHONDRIAL OXIDATIVE PHOSFHCRYLATICN,

£S MAY ENHANCE THE TOXIC EFFECTS.

LVING PETROLIUM REFINZRY WSRKWIRS INDICATE
TO FETAOLIUM CAR CNE OF 173 CONSTITUENTS MAY
DEVELCPMENT OF EBENIGN NECALASMS, DIG=STIvE

R, FARTICULARLY MELANCMA,

ZEFECTS AND FIRST 1D

Q LIFE TR KEALTH.

IARED TO ¥RGDUCE MNARCOSIS CAN ZXIST WITHOUT

N

13
-

INSUFFICIZNT
53 HOLURS Cai
CONFUSICN,

FORESTHESIAS

i

IRRITATION. DDCR DETECT
FATIGUE. Zud=500 FENM

ToeN,
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5, AND JILATED FUFILS.

RETICN, METALLIC TASTE, DROWSINESS, AND
3 INCLUDING NFRVOUSNE3S, MUSCULAR FATIGUE,
RAL DAYS. A WORKER FOUND UNCONSCIOUS &FTER
NTRATIONS FOR 13 RCURS CDEVELOFED HEFATIC =ND
RIA. RECOVERY WAS COMPLETE WITHIN & MONTHS.
RELY WiTH ZXFOSURE 70 HIGH CONCENTRATIONS.
CVAL FRCM EXFOSURE. EXTREME INHALATION MAY
THE RESPIRATORY CENTER.

FFOLANGED EXPOSURE MAY CAUSES MUCCUS

el

MEMIRANE

FRITATION, VOMITING, INSOMNIA, NCSE3LEEDS, CHEST FAIN, EUPHORIA,
CHE, VERTIGO, NAUSEA, ANOREXIA, 2AD TASTE, MOMENTARY LCSS OF MEMORY,
TATICNS, EXTRIME WEAKNESS, LOSS OF COORDINATION AND IMFAIRMENT OF
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REACTION TIME, TINNITUS, ALCOHMOL INTOLERANCE, rFETECHIAE AND ABNDARMAL
BLEEDING. LEUKOPENIA WITH RONE MARROW HYPOPLASIA MAS BEEN REFORTED
OCCASIONALY, BUT MAY EE DUE TO BENZENE CCNTAMINATION. EXAMINATION OF
WORKERS EXPOSED TO 100-1100 FPM REVEALED HEPATUMEGALY, MILD MACROCYTOSIS,
MODERATE ERYTHROFENIA, AND AZSOLUTE LYMPHOCYTOSIS, BUT NO LEUKOFENIA.
OTHER WORKERS EXPOSED TO TOLUENE FUMES DEVELOPED LEUKNFENIA AND

ESPECIALLY NEUTROFEI'TA. WITHIN & MONTHS, THEY SHOWED INCREASED COAGULATION
TIME AND DECREASED PROTHROMEIN LEVEL. PERIODONTAL EFFECTS WERE ALSO NOTED.
CARDIAC SENSIT'ZATION MAY OCCUR AND MAY RESULT IN CARDIAC ARREST DUE TO
VENTRICULAR FIBRILLATION. REFEATED INHALATION OF TOLUENE TO THE FOINT OF
EUFHORIA HAS CAUSED IRREVERSIRLE ENCEFHALOPATHY WITH CEREBELLAR ATAXIA.
RHYTHMIC LIMB MOVEMENTS, UNSTEADINESS, BIIZARE BEHAVIOR, EMOTIONAL
LABILITY AND OFTIC ATROPHY, AND DIFFUSE CEREBRAL ATROFHY. OTHER
NEUROPSYCHIATRIC EFFECTS MAY INCLUDE LETHARGY, HALLUCINATIONS, COMA,
DIZZINESS, SYNCOFE, FARESTHESIAS, AND PERIFHERAL NEUROFATHY. INTENTIONAL
SNIFFING CAN FRODUCE RENAL TUBULAR DEFECTS WITH METAROLIC ACIDOSIS,
ELECTROLYTE AENORMALITIES AND FOTASSIUM LOSS. SEVERE MUSCLE WEAINESS
LEADING TO LIMB FARALYSIS AND CARDIAC ARRHYTHMIAS MAY RESULT FROM

THE HYFOKALEMIA; HOWEVER, SENSORY FUNCTION AND TENDON REFLEXES ARE NOT
IMPAIRED. GASTROINTESTINAL EFFECTS MAY INCLUDE ASDOMINAL FAIN, NAUSEA,
VOMITING, AND HEMATEMESIS. CHROMOSOME CHANGES WERE OBSERVED IN SOME
WORKERS UP TO TWO YEARS AFTER CESSATION OF EXFOSURE TO TOLUENE. WGHMEN
OCCUFATIONALLY EXFOSED TO TOLUENE AND OTHER VARNISH SOLVENTE HAVE REFPORTED
MENSTRUAL DISORDERS, UNDERWEIGHT OFFSFRING WHO DID NOT NUARSE WELL, AND
FETAL ASFHYXIA. DYSMENORRMEA HAS EEEN REFORTED IN WOMEN OCCUFATIONALLY
EXFOSED TO TOLUENE LEVELS OF &0-I10Q FFM. EFFECTS ON THE FETUS AND FETAL
DEVELOFMENTAL AZNCAMALITIES HAVE ZFEEN REFORTED IN OFFEFRING OF FEZMALE RATS
AND MICE FOLLOWING REFEATED EXFOSURE DULRING GESTATION,

FIRST AID- REMOVE FAROM ZXFOSUREZ AREA TO FRESH AIR IMMESIATELY. IF ZRIATHING
MRS STOFFED, FEAFORM ARTIFICIAL RESFIRATIOIN, KEZP PEFSTN WARM AND AT REST.
GET MEDICAL ATTENTION IMMEDIATELY.

SKIN CONTACT:
TOLUZINE:

IRRITANT.

ACUTE EXFCSURE~ CINTACT WITH THE LIOUID MAY CAUSE IRRITATICN, SCALING,
CRACKING AND DIAMATITIS. SiIN ASSCRFTION DOES OCCUR, SUT IT IS GENZRELLY
700 SLOW TO FITDUCE SIGNS CF ACUTE S¥STIMIC TOXICITY. FARESTRESIZS IF THE
SKIN MAY OCCLR FRCM VAFCR EXFOSURE.

CHAGNIC EXFOSLRE- REFEATED OR FROLONGED CONTACT WITH THE LIOUIZ MAY ChAUSE
DEFATTING OF THE SKIN, RESULTING IN A DRY, FISSURZD DERMATITIS. TEN 73
TWENTY AFFLICATICNS TO RAEXIT SKIN FRODLCED SLIGHT TO MCDERATE [RAITATICN

AND SLIZHT NEZRISIZ.

AN ZFIDEMIOLOGICAL 3TUDY OF SETAOLIUM SEFINSRY WORKERS =AS REFDRTED
ELEVATIONTS IN STANDAFD MORTALITY RATISS FOR SKIN CANCEF ALING WITH A&
DCSE-REZFONSE RELATICNESHI® WHILCH INDICATES AN AS3CCIATION ZETWEEN RCUTINE
WURKFLACEZ EXFOSURE 73 FPETROLEUM OR ONE OF I° 5 CONSTITIENTS AND SWIN
CANCER, PARTICULARLY MELANOMA.

FIRST AID- REMCVE CONTAMINATED CLOTHING ANL SHOES (MMEDIATELY. WASH JFFISTED
AREA WITH 30AP CR IMILD DETERGEMT AND LARSE AMOUNTS OF WATER UNTIL O
EVIDENCE CF CHEMICAL REMAINS (AFFROXIMATILY 18-20 MINUTES). GET MEDICAL
ATTENTION MMEDIATELY,

EYE CONTACT:
TOLUEME «

IRRITANT.
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. ACLUTE EXPOSURE- CONTACT WITH THE LIQUID MAY CALST CORNEAL BURNS IF NOT ’
PROMFTLY REMOVED. VAPORS MAY CAUSE NOTICAILE IRRITATION AND LACRIMATION AT
I00-800 FFM, AND EXTREMELY HIGH CONCENTRATIONS MAY CAUSE BLURRING OF
VISION. CORNEAL LESIONS, VERY FINE VACOULES, HAVE EBEEN REFORTED IN WORKERS
EXFOSED TO A SOLVENT MIXTURE CONTAINING TOLUENE. THE LESIONS SUXSIDED
FOLLOWING SEVERAL DAYS OF NON~EXFOSURE. SIMILAR LESIONS HAVE BEEN FRODUCED
IN CATS FOLLOWING EXFCSURE TO TOLUENE.

CHRONIC EXPOSURE- REFEATED OR PROLONGED CONTACT MAY CAUSE CONJUNCTIVITIS.

RARELY, SYS5TEMIC OCULAR DISTURBANCES, SUCH AS "REDDENING OF THE VISICN",
HAVE OCCURRED.

FIRST AID- WASH EYES IMMEDIATELY WITH LARGE AMOUNTS OF WATER, OCCASIONALLY
LIFTING UFFER AND LOWER LIDS, UNTIL NO EVIDENCE OF CHEMICAL REMAINS
(AFFROXIMATELY 13-20 MINUTES). GET MEDICAL ATTENTION IMMEDIATELY. :

INGESTION:
TOLUENE: |
NARCOTIC.

ACUTE EXFOSURE- MAY CAUSEZE NALSEAR, YOMITING, COLIC, DIARRHEA, EBURNING :
SENSATION IN THE EFIGASTRIUM, MEADACHE, TINNITUS, DIZZINESS, WEIAKNESS,
EUFHORIA, DROWSINESS AND INCOORDINATION. IF LARGE AMOUNTS ARE INGESTED,

. SYMPTOMS MAY FROGRESS TO INCLUDE SHALLOW, RAPID RESFIRATION, TREMORE,
VENTRICULAR IRREGULARITIES WITH FIBRILLATICMN, CONVULSIONS, STUFOR AND
UNCONSTIOUSNEES., METAROLIC ACIDOSIS AND LIVER AND KIDNEY DAMAGE MAY OCCUR.
AFFROXIMATELY 18-30 MILLILITERS, IS THE HUMAN LETHAL DOSZ. ASPIRATION OF
THE LIGUID INTO THE LUNGS MAY CAUSE COUGHING, GAGGING, ACUTE HEMORAHASIC
FREUMONITIS AND RAFIDLY FULMONARY ZDEMA.

CHRONLIC EXFCSURE- NO SFFECTS WERE AEPORTED IN RATS FEED UP TO S50 MEB/FI/SAY
FCR 193 DAYS, ZIFFECTS ON THE FETUS AND FETAL DEVELOFMENTAL AENCAMALITIES
RAVE BESN REPCATII FOLLIWING REFEATED ADMINISTAATION TO PARIENANT MICE.

AID- EXTAZMEI CARE MUST 5 USED TO FASVENT ASFIRATION. USE GASTRIC LAVASE
ACTIVATED CHARCOAL AND A CUFFEZD ENDOTRACHEAL TURE WITHIN 18 MINUTES, IN
3SENCE GF CIFRESSICN CR CONVULSICNS CR IMPAIAZD 345 FEFLEIX, IFEZCZaC %
S CAN 2Z DCNZ, WHEN VOMITING FEIZINS, nZIP KEAD FELOW TFE HIFS 73 |
NT ASFIRETICN, AFTIR VCMITING STCFS, GIVI 20-80 MILLILITIRS CF FLIZT S |
=Q-S03A DILUTED 1:34 IN WATEZR, MAINTAIN AIAWAY, 2OTD FRISSLRIT aND ﬁ
RATICN. (SREISZACH, HANDECCK CF FCISONING, 117H £D.) GET nE3ICAL
TICN. TREATMENT MUST EZE ADMINISTERED 3¥Y GUALIFIZD MEDICAL FIASCLMIL.

i
H

&NTIDOTE: |

ND SFECIFIC ANTIDOTE. TREAT SYMFTOMATIZALLY IND SUFFCRTIVELY. f

AEATTIVITY SECTION

REACTIVITY:

STALE UNDER NGRMAL TEMFERATURES AND FRESSURES.

INCOMPATIRILITIES:

TOLUENE:

LLYL CHLORIDE + DICHLORCETRYL ALUMINUM SR STHYLALUMINUM 2ESCGUICHLORIDE:

POSSIHLE EXFLCSION.
TRCMINE TRIFLUCRITE 30U
DINITROSEN TETRAFLUSRIZE
NITRIC ACID: INTENSE R
niTAIC ACID + MIXED AC

t-s {0}
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NITRIC ACID + SULFURIC ACID: EXFLOSIVE REACTION.

NITROGEN TETROXIDE: EXPLOSIVE REACTION.

OXIDIZERS (STRONG): FIRE AND EXPLOSION HAZARD.

FLASTICS, RYBERER, AND COATINGS: MAY BE ATTACKED.

SILVER FERCHLORATE: FORMATION OF SHOCK SENSITIVE COMPLEX,

SULFURIC ACID: EXQTHERMIC REACTION.

TETRANITROMETHANE: EXTREMELY VIOLENT EXPLOSIVE REACTICN.

URANIUM HEXAFLUORIDE: VIGOROUS REACTION WITH THE SEFARATION OF CARBON.

DECUMFOSITION:
THERMAL DECOMFOSITION ~RODUCTS MAY INCLUDE TOXIC OXIDES OF CARBON.

o et mn =

FOLYMERIZATION:
HAZARDOUS FOLYMERIZATION HAS NOT HEEN REPORTED TO OCCUR UNDER NORMAL
TEMPERATURES AND FRESSURES.

- T ——— - - - - - - - - - > - - w—r > -

STORAGE-DISFOSAL
ORSERVE ALL FEDERAL, STATE AND LOCAL REGULATIONS WHEN STORING OR DISFO=INC
OF THIS SUESTANCE.
$¥STORAGEXX

ETORE IN ACCCRDANCE WITH 29 CFR 19:0.106.,

FROTECT ASAINST PHYSICAL DAMAGZ., CUTSIDE CR DJETACHED STORASE IS FREFERANLE.
INSIDE STORAGE SHOULD BE IN A STANDARD FLAMMASLE LIQUIDS STCRAGE RCOM CR
CAXINET, SEFARATE FROM GXIDIZING MATERIALS (NFFA 49, HKAZARDIUS CREMICALS
DATA, 157%).
TCHDING AND ZIOUNDING: SUFSTANCIS WITH LCW SLECTIOCONDULCTIVITY, WHITH
MAY FE IGNITED BY ELECTRCSTATIC SFAAKS, SHOULD 3E STORED IN CONTSINZRS
WHICH MEET THZ SCNDING AND GROUNDING GUIDELINES SFECIFIZD IN NFFA 77-1537,
RECTMMENDED FRACTICE ON STATIC ELECTRICITY.
STORE AWAY FARGCM INCOMPATIZLE SUSSTANCES.

SONDITICNS T AVOID |
MAY ZE ISNITED BY HEAT, SFARKS CR FLAMES. VAPORS MAY TRAVEL T3 & SOUSSE oF
IBNITISON AND FLASH BACK. CONTAINER MAY ZAFLODE IN HEAT OF FIEE. aPGR
EXPLCSION KaZARD INDOORS, OUTDOCAS CR 1t SEWERS. RUNQFF To SEWER MAY CREATS
FIRE DR EAFLCSICN FAIARD,

SAPILLS AND LEAKS
SOIL-RELEAZE:
Di3 ~OLDING AREA SUCH AS LAGOCN, FCND GR FIT FOR CONTAINMENT.
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DIKE FLOW OF SPILLED MATERIAL USING SOIL OR SANDBAGS OR FOAMEL BARRIERS SUCH
AS FOLYURETHANE OR CONCRETE.

USE CEMENT POWDER OR FLY ASH TO ABSORD LIQUID MASS.
IMMORILIZE SPILL WITH UNIVERSAL GELLING AGENT.

REDUCE VAPOR AND FIRE HAZARD WI1TH FLUOROCAREON WATER FOAM.

AIR-RELEASE:
! KNOCK DOWN VAPORS WITH WATER SFRAY. KEEP JPWIND.
. WATER-SPILL:
, LIMIT SPILL MOTION AND DISFERSION WITH NATURAL BARRIERS OR OIL SPILL CONTAROL
EOOMS.

AFFLY DETERGENTS, S0AFS, ALCOHOLS OR ANQTHER SURFACE ACTIVE AGENT 7O THICKEN
SFILLED MATERIAL.

AFPLY UNIVEREAL GELLING AGENT TO IMMORILIZE TRAFFED SPILL AND INCREASE
. EFFICIENCY OF REMOVAL.

IF DISSOLVED, AFFLY ACTIVATED CARZON AT TEN TIMES THE SFILLED AMOUNT IN THE
REGION OF 10 FFM OR GREATER CONCENTRATION.

L
AL DREDEES CR LIFTS TO ZXTRACT IMMOSILIZED MASSES CF rOLLUTION AND

LSE MECHANIC
FRECIFITATES.
OCCUPATION L-SPILL:
S=UT OFF IGNITICN SOURCES., STOF LEAK IF YOU CAN D0 IT WITHOUT RISK. USE WeTEx
SFRAY TU RECUCE VAPORS. FOR SMALL SPILLS, TAHE UP WITH SAND CX CTHIR ARSCREENT
MATIRIAL AND FLACE INTO CONTAINERS FOR LATER DISFOSAL. FCR LAREEIR SFILLS, SIVE
FAX AHEAD CF SFILL FOR LATER DISFCSAL. NO SMCHING, FLAMES CR FLASES IN KEIARD
SREA. KIZF UNNICISSAAY FEOFLE AWAY; ISOLATE FAIARD AREA AND RESTRICT INTRY.
FROTECTIVE EGUIFMENT SECTICN
VENTILATICN:
FROVIDE LICAL ZXAALUST SR BENERAL J.LUTION VENTILATION 7D MEST FUILIZHED
SAFSSURE LIAITE, VENTILATION SCOUIFMENT MUST 22 ZXFLOSITN-FROOF.
RISFIRATCR:
] THE FULLGWING SESFIRATORS AND MAKIMUM USE CINCENTRATIONS ARS RECLIMMENDAT IONS
- 2Y THE U.S. LEFARTMENT CF HEALTH AND HUMAN SERVICES, nilSH FOCHET GLIDE -3
. CHEMICAL HAIARDS OR NiGSH CRITERIA DOCUMENTS; OR DEFARTMENT OF LAECK.
IGCFRLISLO SUBFART I,
THE SFECIFIZ RESFIRATOR SELECTED MUST BE SASED ON CONTAMINATION LEVELS FILND
IN TRE WCARK FLACE AND 3& JOINTLY APFROVED &Y THE NATICHAL INSTITUTE OF
CCCURATIONAL IAFETY AND HEALTH AND THE MINE 3AFETY AND HEALTH ADMINISTRATION.
TOLUSNE:
1900 FRM- MY IHEMICAL CAARTRTDGE ARESPIRATCOR WITH GRGANIC VAFCR CARTRIDEEZ(S).

wn'Y SUAPLIED-SNIR RESFIRATOR.
arit FOWEAED AIR-PURIFYING RESPIRATCR wiTH ORGANIC VAFOR
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CARTRIDGE(S) .
ANY SELF-CONTAINED BREATHING AFFARATUS.

2000 FFM- ANY SUPPLIED-RIR RESPIRATOR OPERATED IN A CONTINUQUS FLOW MODE.
ANY SELF-CONTAINED EREATHING APPARATUS WITH A FULL FACEPIECF.
ANY SUPPLIED-ARIR RESPIRATOR WITH A FULL F*CEPIECE.
ANY AIR-PURIFYING FULL FACEPIECE RESPIRATOR (GAS MASK) WITh A
CHIN-STYLE OR FRONT OR BACK-MOUNTED ORGANIC VAPOR CANISTER.

ESCAFE- ANY AIR-FURIFYING FULL FACEPIECE RESPIRATIR (34S MASK) WITH A
CHIN-STYLE OR FRONT OR BACK-MuLNTED ORGAN’C VAPOR CANISTER.
ANY APPROPRIATE ESCAPE-TYPE SELF-CONTAINED BREATHING APPARATUS.

FOR FIREFIGHTING AND OTHER IMMEDIATELY DANGEROUS TO LIFE OR HEALTH CONDITIONS:

SZL.F-CONTAINED BREATHING APFARATUS WITH FULL FACEFIECE GFERATED IN FRESSURE
DEMAND OR OTHER POSITIVE FRESSURE MODE.

SUFPLIEZD-ARIR RESFIRATOR WITH FULL FACEPIECF AND OPERATED IN FRESSURE-DEMAND
OR OTHER POSITIVE FRESSURE MODE *W LUASINATION WITH AN AUXILIARY
SELF-CONTAINED BREATHING APSARATUS OPERATED IN FRESSURE-DEMAND OR OTHER
POSITIVE FRESSURE MODE.

CLOTHING:
EMELOYEE MUST WEAR AFFROFRIATE FROTECTIVE (IMPERVIQUS) CLGTHING AND ZGUI-MINT
TO FREVENT REFEATED OR FROLONGED SKIN CONTACT WITH THIS SU3BTANCE.

GLCOVES:

EMFLOYES MUST WEAR AFFROFRIATE FROTECTIVE GLOVES 7O FREVENT CONTACT WITH THIS
SUTSTANCE.

EYE FROTECTICON:

IMFLOYEE MUST WEAR SPLASH~FROOF OR DUST-RZSISTANT SAFETY EOGTLES TJ FAEIVENT
ZYZ CONTACT WITH THIS SUSSTANCE.

AUTHGRIZED - OCCUFATIONAL HEALTH SZAVICES, INC.

ION DATE: 0OT/22/€8

)

CRE&ATICN DATE: 10/23%3/24 REV1
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MATERYAL SAFETY DATA SHEE™ A9C14:57Q 50 -
FISHER SCIENTIFIC ;HERGENCY CONTACT: !
CHEMICAL DIVISION GASTON L. FILLORI
1 REAGENT LANE (205) 796-7100

FAIR LAWN, NJ 07410 (201) 79&-7100

- o > - ——

SUBSTANCE IDENTIFICATION

CAS~-NUMBER 71-!3-6
SUBSTANCE: xx1,1,1-T(ICHLOROE "HANESX

TRADE. NAMES/SYNCNYMS:
METHYL CHLOROFORM: ETHYLIDYNE CHLORIDE: WUN Z331i: T-3I91: T-398:

ACC14270

CHEMICAL FAMILY:
HYDROCARZON, ALIFHATIC

MOLECULAR FORMULA: LZ-H3-CL3 MOL WT: 133.41

CERCLA RATINGS (SCALE 0-3): HEALTH=L FIRE=0 REACTIVITY=2 FERSISTENCE=3Z
NFFA RATINGS (SCALE 0O~"": HEALTH=3 FIRE=1 REACTIVITY=]

- - ——— —— —— — — — Y i N D S - - - - an - A -~ - —————

COMFONENTS AND CONTAMINANTS
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n
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CRMFONEN "t 1,1, 1-TRICHILORDETHANE
FON
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n
0O
[d]
-1
Ui

NEWNT: INHIBITOR TO FREVENT CORROSIMN OF

CTHER CONTAMINANTS: NONE

Twéag &30 ACGIH STEL
‘1 NICSH RECOMMENDED 13 MINUTE CZILING

. - . n - = = — D - —— T R A - T S . D D D D S A e S S TN W WD IR en S ST M G TS WS e - = W T WP W S ——

PHYSICAL DATA
DESCSIFTION: COLORLESS LIQUID WITH A MILD CHLCOROFORM-LIKE ODOR.
SZOILING FPCINT: 163 F (74 C) MELTING FOINT: =36 F.(-32 C)
SF#ECIFIC GRAVITY: 1.7 EVAFORATION RATE: (CCL4=1) L T7E
SOLUBILITY IN WATER: 0.44% VAPOR DENSITY: 4.6
VAFOR FRESSURE: 100 MMHG @ 20 C ODOR~-IHRESHOLD: 20-100 FFM

OTHER SOLVENTS (SOLVENT - SOLUBILITY):
ACETINE, HENZENE, CCL4, NETHANCL, AND ETHER.

- - . P D ——— - - - - D S .Y . —— - - —— L " - = - - - ————— —-—

FIRE AND EXPLOSINN DATA
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FIRE AND EXPLOSION HAZARD .
NEGLIGIBLE FIRE HAZARD AND EXPLOSION HAZARD WHEN EXFOSED TO HEAT OR FLAME, »
FLASH POINT: NONFLAMMABRLE UPFER EXPLOSION LIMIT: 10.5%
LLOWER EXFLOSION LIMIT: 8.0% AUTOIGNITION TEMP.: 998 F (337 C)

FLAMMIPILITY CLASS (OSHA): 1IIIA

FIREFIGHTING MEDIA:
DRY CHEMICAL, CAR3ON DIOXIDE OR HALON
(1987 EMERGENCY RESFONSE GUIDEROOK, DPGT P 5809.4).

FOR LARGER FIRES, USE WATER SPRAY, FOG OR STANDARD FOAM
(1987 EMERGENCY RESFONSE GUIDEZOOK, DOT P 5B00.4).

FIREFIGHTING:
STAY AWAY FROM STORAGE TANK ENDS. COOL CONTAIMNERS EXFUSED TO FLAMES WITH WATER

FROM SIDE UNTIL WELL AFTER FIRE IS OUT (1987 EMERGENCY RESFONSE GUIDEROOCK,
DOT P S800.4, GUIDE FAGE 74).

- — s = T G S —— T - D P - - ———— - - —

TOXICITY

27 GM/MIT/10 MIN INSALATION=MAN LCLO; 1000 rFM INMALATION-RAT LCLD; 14700 M3/KS

CRAL-RAT LDSC; 11740 CORAL~MOUSE LDSO; MUTACENIC DATAR (RTECS); RzrrODUCTIVE

EFFTCTS DATA (R1.7S); INDEFINITE ANIMAL CARCINOGEN (IARRC). DATA AVAILAZLE DD
1

RMIT EVALUATION OF CARCINDGENICITY CF 1,1,:-TRICHLOROZTHANZ TO 3Z MACE.

RICHLORDZITHANE IS A SKIN IRRITANT AND CEINTRAL NERVOUS SYSTZM

] RITATE THE EYZS AND MUCDUS MIM3RANZIS, PUISTNING MAY
~Y =

- -

a1 s
YSTEM AND LIVER., ALCOKOLIC XSVZIRAZES M

e v i — — S5 S D WS AP} e D - R Gh A R M I W T A A - —— . . W - -

HEALTH EFFECTS AND FIRST AID

INHALATICN:
NARCOTIC. 1000 FFM IS IMMEDIATELY DANGEROUS TO LIFE AND HEALTH.
ACUTE EXFPOSURE- INDIVIDUALS EXFOSED TO 900-1000 FFM FOR 20 MINUTES

EXFERIENCED LIGHT-HEADEDNESS, INCOORDINATICON, AND IMFAIRED
EQUILIBRIUM., EXFOSURE TO A HIGHER CONCENTRATIONS OF EXTINDED
FERIODS OF TIME MAY CAUSE CENTRAL NERYOUS SYSTEM DEFRESSION
WITH DIZZINESS, INCOORDINATION DROWSINESS, INCREASED
REACTION TIME, UNCONSCIQUSNESS, AND DEATH. "SUDDEN DEATHS"
MAY OCCUR DUE TO SENSITIZATION OF THE MYOCARDIUM TQ
EFINEFHRINE., (CAUSING CARDIAC ARRYTHMIA). DEATH MAY ALSO EBE
CAUSED BY ASFHYXIA DUE TO THE REDUCTION IN OXYGEN AGAILABLE
FOR EBREATHING. AT EXTREMELY HIGH CONCENTRATIONS, LIVER AND
KIDNEY INJURY MAY OCCUR. REPEATED EXPOSURE TO THE FOINT OF
ANESTHESIA MAY CAUSE REVERSIELE HEFATITIS (ANIMAL).

CHRONIC EXFOSURE- IN EXFERIMENTAL ANIMALS, LIVER AND KIDNEY DAMAGE HAVE EBFFN
MINIMAL. 3EE ANIMAL MUTAGENIC AND REFRODUCTIVE EFFECTS
REFERENCES IN TOXICITY SECTION. AT 1000 TQ 10,000 PFM:

23736 ORIGINAL PAGE IS
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S-MONTH EXFOSURES OF ANIMALS CAUSED SOME PATHOLOGIC
CHANGES IN THE LIVERS AND LUNGS OF SOME SFPECIES. WHEN
REFEATED, REDUCED TO 300 FPM: PATHOLOGIC CHANGES WERE
ELIMATED, BUT THERE WAS SOME GROWTM LDSS.

FIRST AID- REMOVE FROM EXFOSURE AREAR TO FRESH AIR IMMEDIATELY. IF BREATHING |

HAS STOPPED, GIVE ARTIFICIAL RESPIRATION, IF BREATHING WITH

DIFFICULTY, GIVE OXYGEN. REMOVE ANY CONTAMINATED CLOTKING. DO NOT

GIVE EPINEFHRINE (ADRENALIN). KEEP AFFECTED PERSON WARM AND AT
REST. GET MEDICAL ATTENTION IMMEDIATELY.

SKIN CONTACT:
IRRITANT.
ACUTE EXFOSURE- CONTACT WITH THE LIQUID MAY CAUSE IMMEDIATE IRRITATION AND
REDNESS. THE SURSTANCE CAN BE ABSORSED TO A MODERATE DEGREE
FRODUCING SYSTEMIC EFFECTS OF DIZZINESS, HFADACHE,
INCOORDINATION, AND DROWSINESS.

CHRONIC EXPOSURE~ REFPEATED SKIN CONTACT MAY FRODUCE A DRY, SCALY, FISSURED
DERMATITIS DUE TO THE DEFATTING FROFERTIES OF THE LIQUID.
SEE ANIMAL MUTAGENIC AND REFRODUCTIVE REFERENCES IN
TOXICITY SECTION.

FIRST AID- REMOVE CONTAMINATED CLOTHING AND SHDES IMMEDIATELY. WASH AFFECTED
AREA WITH SOAP OR MILD DETERGENT AND LARGE AMOUNTS OF WATER UNTIL NO
EVIDENCE OF CHEMICAL REMAINS (AFFRGXIMATELY 15-20 MINUTES). GET MEDICAL
ATTENTION IMMEDIATELY.

EYS COMTACT:
IARRITANT,

ACUTE EXFOSURE- HIGH VAFCX CONCENTRATIONS (8G0-1000 #7M) MAY CAUSE
IRRITATION AND REDDNESS. TIRECT CONTACT CF THE LIQUID nMAYy
CaUsI TEMFCARARY INJURY WITH CCOMFLETE RECOVERY EZXFECTED IN
£3 mCURS. DIRITT AFFLICATION 7)) THE EYES OF RAZZITS HAS
CALSED COMNSUNCTIVAL IRRITATION, JT NO CTTRANZAL 2am&ss,

CHRONIC EXPCSURE- NJ EFFECTS KNOWN IN HUMANS,

FIRST AID- WASH EYES IMMEDIATELY WITH LARGE AMOUNTS OF WATER, OLCASICNALLY
LIFTING THE UFFER AND LOWER LIDS, UNTIL NO EVIDENCE OF CREZMICAL
REMAINS (AFFROXIMATELY 10-20 MINUTES). GET MEDICAL ATTENTIGN.

INGESTION:
NARCOT:C.
ACUTE EXFOSUSE~ SYMFPTCMS FROGRESS THARCUGH HEADACHE, DIZZINESS, NAUSEAR,
FAINTING, RESFIRATORY DEFRESSION, HYPOTENSION, ARRMYTHMIAS,
AND UMNCONSCICUSNESS. LIVER AND KIDNEY DAMAGE MAY QCCUR.
THE ADULT FATAL DOSE IS ESTIMATED TO BE 5 ML.

FIRST AID- GET MEDICAL ATTENTION IMMEDIATELY. IF MEDICAL ATTENTION IS NOT
IMMEDIATELY AVAILABLE, AND IF VICTIM 1S CONSCIOQUS, ATTEMPT TO INDUCE
VOMITING 2¥ TOUCHING FINGER TO BACK OF THROAT.

.

1
i
|
|
f
|
i
i
!
|
i
f
- T E

REACTIVITY SECTION

REACTIVITY:
STAZLE UNCER NORMAL CONDITIONS. REACTS VIULENTLY MITH ALKALI, EARTH~-ALKALINE,
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AND WITH VARIOUS METAL POWDERS. THE SUBSTANCE CAN BE HYDROLYZED BY WATER TO
FORM HYDROCHLORIC ACID AND ACETIC ACID. THE SUBSTANCE WILL REACT WITH STRONG
CAUSTICS, SUCH AS CAUSTIC SODA OR CAUSTIC POTASH TO FORM FLAMMABLE OR
EXPLOSIVE MATERIAL. AN INHIBITOR 1S REQUIRED TO FREVENT THE CORROSION OF

METALS.
INCOMPATIBILITIES:

ACETONE + BASE:; EXPLOSION,

LIQUID OXYGEN + IGNITION SOURCE: EXPLOSION.

SODIUM-FCTASSIUM ALLOY + LIQUID NXYGEN WITH AN ENERGY SOURCE: EXFLOSION.

STRONG OXIDIZERS: VIOLENT REACT .JN.

STRONG CAUSTICS: VIOLENT REACTION,

CHEMICALLY ACTIVE METALS (ALUMINUM FOWDER, SODIUM, FOTASSIUM, MAGNESIUM
FOWDER): VIOLENT REACTION.

NATURAL RUBRER: DECOMPOSRS.

SODIUM: SPONTANEQUSLY FLAMMABLE COMPOUND FORMED.

SCDIUM HYDROXIDE: SFONTANEOUSLY FLAMMAELE COMFOUND FORMED.

NITROGEN TETRAOXIDE: EXPLODES.

DECOMFOSITION:
THE SURSTANCE WILL DECOMPOSE AT HIGH TEMFERATURES UPON CONTACT WITH HOT METAL

OR UNDER ULTRAVIOLET RADIATION TO PRODUCE TOXIC AND CORROSIVE GASES SUCH AS
HYDROGEN CHLORIDE, DICHLORDACETYLENE, AND VERY SMALL AMOUNTS (7 CHLORINE AND

FHOSGENE.

FOLYMFRIZATION:

HAZr ~00US FOLYMERIZATION HAS NOT 2EEN REFORTED 7O OCCUR UNDER NORMAL
TEMFERATURES AND FRESSURES.

—— — - - —— - — - ———— D P - — G TS T T D T D — - D P S L - D i S - —— S D R D G . A SN —— - - -

CONDITICGNS 70 AVOQID

MAY TURN 2T 2CES NOT IGNITE REZADILY. CONTAINEZR MAY ZXFLOSE IN HFAT COF FIARZ
AVOID ULTRAVISLET RADIATION, AVOID OFzN FLAMES, WSLDING ARCS OR OTHER HIGH
TEMFERATURE SALRCES, wHICH INDUCE THEAMAL DECCHFCSITICN DR EXFLCSION. AVOID

AUTCISNITICON TEMFERATURE, 3Z7 C.

- e —  —_— - —————— =D T - —— = - ——— - T e = . —— ———— A G T - D W . — - - ——— - -

SFILLS AND LEAKS

OCCUUFATICNAL-SPILL:

SHUT OFF IGNITION SOURCES. STOP LEARK IF YOU CAN DO IT WITHOUT RISK. FOR SMALL
LIGUID SFILLS, TAKE UP WITH SAND, EARTH OR OTHER ARSOREENT MATERIAL. FOR
LARGER SFILLS, DIKE FAR AHEAD OF SPILL FOR LATER DISFOSAL. ND SMOKING, FLAMES

OR FLARES IN HAZARD AREA! KEEP UNNECESSARY FEOFLE AWAY,

PROTECTIVE EQUIFMENT SECTION

VENTILATION:
FROVIDE LOCAL EXHAUST VENTILATION SYSTEM TO MEET FUBLISHED EXFOSURE LIMITS.
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RESFIRATOR:
300 PPM- CHEMICAL CARTRIDGE RESPIRATOR WITH AN ORGANIC VAFOR CARTRIDGE.

SUFPLIED-AIR RESPIRATOR.
SELF-CONTAINED BREATHING AFFARATUS.

1000 PFM~ SELF-CONTAINED BREATHING APPARATUS WITH A FULL FACEPIECE
OPERATED IN FRESSURE-DEMAND OR OTHER POSITIVE-FRESSURE MODE,
OR EQUIVILENT RESPIRATOR.
ESCAFE—~ ANY ESCAFE SELF-CONTAINED BRREATHING APFARATUS.

FIREFIGHTING— SELF-CONTAINED BREATHING APPARATUS WITH A FULL FACEPIECE
OFERATED InN PRESSURE-DEMAND CR OTHER POSITIVE FRESSURE MODE.

CLOTHING:
EMPLOYZE MUST WEAR AFFROFRIATE FROTECTIVE (IMPERVIOUS) CLOTHING AND EQUIFMENT

TO FREVENT ANY FOSSIBILITY OF SKIN CONTACT WITH THIS SUBSTANCE.

GLOVES:
EMFLOYEE MUST WEAR APFROFRIATE FROTECTIVE GLOVES TO PREVENT CONTACT WITH THIS

SUBETANCE.

EYE FROTECTION:
EMFLOYEEZ MUST WEAR SFLASH-FROOF OR DUST-RESISTANT SAFETY GOGGLES AND A
FAUZSHIELD TQ FREVENT CONTACT WITH THIS SUBSTANCE.

WHERZ THIRE 15 ANY FOSSIZILITY THAT AN EMPLCYEE'S EYES MAY == 2XFCS 70
THIS SURSTANCEZ, ThE ZIMFLOYER SHaLL FROVIDE AN EYZ-WASH FOUNTAIN HITJ: THE
IMMIZDIATE WCAK ARZA FOR ZMERSENCY USE.
AUTHCZRIZIZED - FISHEZR SCIENTIFIC
T=Z &ZCWVE INFCAMATION I35 3ZLIZVED TO 3Z ACCURATE AND REFRESENTS TmZ ZEZST
INFIIMATION CUREINTLY &VAILAELEI TO LS. HOWIVIR, WE MAVE NI WARRANTY OF
FEACRANTAZILITY OR ANY OTHEIR WARRANTY, ZLFRESSED CR ImMPLIZD, wITH AZ3IFZICY 7C
SUTH INSCAMATICN, AND WE ASSUME NO LIAZILITY RESULTING FA2M I7S USE. LSZRS
SHOULD MASKE THEIR OWN INVESTIGATICONS TO DETERMINE THE SUITREILITY CF TFE
INFORMATION FOR THEIR FARTICULAR PURFOSES.
CREATION DATE: (%/1%/88 REVISION DATE: (G9/14/87
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SESSION 3

SUMMARYX

Session 3 presentations addressed various chemical and contamination detection
methods currently under study, under development, and those used in inducry. In a
general overview of chemical detection. several existing detection devices were shown
along witn their specifications and capabilities. Applications of MS/MS technology for
Space Staticn internal contamination detection was addressed by Teledyne CME. A
presentation on the applications of fiber optics technology for chemical containment
detectors discussed Ramam scattering, fluorescence-based optrodes, absorbance-based pH
sensors, organochloride optrodes, remote fiber optics spectroscopy, general categories of
fivers, and bending losses and other limitations. Another presentation on particulate
detection technology discussed optical particle counters, condensation nucleation couniers,
electrical aerosol analyzers, electrostatic precipitators, a cascade impactor, aerodynamic
particle sizers, and a summary of optical, electrical, and mechanical detector methods.
Also, overviews of beth the Space Station Freedom life sciences glovebox and materials
processing glovebox were given. These presentatious touched lightly on glovebox
contamination control systems. potential hazardous materials, and material handling issues
aftecting design. A presentation on USL chemical hazard remediation addressed the
objectives of thc PMMS, USL chemicai storage, USL chemical handling, USL chemical
isolation, UCL waste handling requirements, notentially hazardous operations in the USL,
hazard remediation approach, criteria for USL experiment ma.erials screening, developinent
of USL material classification and waste remediation techniques, PMMS approach to
harndiing hazardous chemicals, rack-level waste handling methodology, and personai
protective equipment. A presentation on the safety practices of ground-based electronic
crystal growth discussed considerations in selection of facility, equipment, and personnel.
Facility safety, equipment safety, nersonnel protection, and training were also addressed in
this presentation. A presentation audressing the importance of biological systems in
treatment discussed treatment methods for toxic chemicals in water, soil, sediment, and
sludge. Among the methods discussed were: microbial reduction cf metals, bacteriai
reduction of metals, sulfare reduction, solubility of metal ' ides, and filtration methods.
A presentanon on exhaust gas conditioning equipment and technology addressed issues of
growing concerns, causes of fires at semiconductor plants, anc central conditioning
methods and equipment. The last presertation in Session 3 discussed reactive bed plasma
systems for contamination control. This method addressed phosgene decomposition,
benzene decomposition, and aerosol removal mechanisms.
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KEY_ISSUES

1. Combining all wastes into one pipeline or tank is a concept that has been abandoned on
the ground. Ground systems similar to the needs of Space Station Freedem use
dedicated treatment and processing at each facility location. Combining wastes may
create ivo much of an explosion potential.

2. Development of a hazardous materials classification system that astronauts can quickly
and easily use in emergency situations needs to be implemented early in the Space
Station program.

3. Applying biological systems for combating waste treatment in the Space Station
modules s _.ned to be a new idea for many of the attendees. Commerits suggested that
this method be investigated for application to the Station.

4. The Space Station Program shouid fully utilize existing technology and where no

existing technology meets all the requirements, new technology should be develcped
and tnen shared with the ground-based industrial and scientific communities.

27-3

o e



‘ﬁﬁ -

N91-15949

DISBCOURSBE FOR SLIDE PRESENTATION:
AN CVERVIEW OF CHEMICAL DETECTIOM ZTSTEMS

Randy Alan Peters*, Theodore J. Galen®, Duane L. Pierson,
Toxicology Laboratory, Biomedical Laboratories Branck,

Johnson 3pace Center, Houston

#KRUG international

This presentation is a brief overview of some potentially useful
analytical techniques currently available for the investigation
of gas phase contaminates in ambient air. I would 1like to
acknowledge my supervisor, Ted Galen and our technical monitor,
Duane Pierson who both assisted in making this presentation
possible.

The scope of this presentatior includes a brief overview of some
of the analytical techniques currently used in monitoring and
analyzing permanent gases and selected volatile organic compounds
in air. Sampling techniques and the exact analytical methods
used to identify and quantitate specific compounds are not
included in the presentation. Further, I need to state that
this presentation is not an endorsement of any of the hardware or
systems menctioned for any project applications.

This is a basic outline of what I will discuss. First, I will
discuss some of the analytical consideratiors in developing a
specific method. Next, I will discuss four brovad groups of
hardware are: compoun? class specific personal moritors, yas
chromatographic systems, .nfrared spectroscopic syste=s, and nass
spectrometric residual gas analyzer systemns. Under the group
of personal monitors, I will discuss three types of detaectors:
(A) catalytic sensor based systems, (B) Photoionization
detectors, (C) wet or .ry chemical reagent systems. Under gas
chromatograph based systems I will cover five detector systems
used in combination with a GC: (A) thermal conductivity
detectors, (B) photoionization detectors, (C) fourier transform
infra-red spectrophotometric systems, (D) quadrapole, mass
spectrometric systems and (E) a relatively recent development- a
surface acoustic wave vapor detector.

I would like to begin with a brief outline of soma basic
anzlytical considerations in developing a method for a specific
appliication. First, the analytical problem should be as well
dafined as possible usi.ig the information and data available.
The need for qualitative information may require the exact,
stereospecific identification each speclies, or the need may only
regquire a general classification (such as halocarbons and
alcohols). The expected levels of the species to be monitcred
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will influence the instrument sensitivity and range required.
The system should prodvcs useiuli information in time to respond
to significant changes in the species monitored. The method of
standardization and quality assurance will vary with the
analytical svstem and the requir¢d level of precisi~n. The basic
an lytical requirements of the problem guides the selection of
st table types of methods. The selection of suitable methods
narrows the selection specific hardware and procedures. The
actual testing of the hardware selected should produce ~'fficient
data to make comparisons between ¢ d1idate systems. Following
some iterative testing and modir.ic: "ion, the precision and
accuracy of the final prototype is carefully estimated. The
amount of operator training required usually is dependent on the
level of automation of the system.

This is a list of twelve criterion usually included in the
selection of suitable types of methods: the reported detection
limits and dynamic range, the samples needed and type of inlet
used, the overall speed of analysis, the ruggedness and
resistance to vibration, the reported accuracy, the interference
from other sample components, the predictability of performance
of the system, the training required, the physical dimensions and
power needed to operate the system, the other utilities needed
(such as vacuum), and the potential hazards in operating the
system.

This is a photo of a rersonal monitor which contains four
separate sensors for carbon monoxide, explosive gases, hydrogen
sulfide z2nd molecular oxygen. The unit has a digital read-out
and it can be used with a data logger.

This is the same monitor with the protective cover removed from
over the sensors. The sensor which responds to volatile organics
is a catalytic, pellistor type sensor and, the CO, H2S€ and 02
sensors are electrochemicai type sensors.

This is a summary of some of the important-characteristics of the
multi-sensor, personal monitor. The overall dimensicns of the
monitor unit are 2.3 inches by 4 by 9 inches and it weighs
approximately 3 pounds. The unit depicted above is designed to
respond to the three permanent gases and catalytically oxidizable
organics. The response range of the above unit is ‘0’ to 500 ppm
for carbon monoxide. The unit is powered by alkaline batteries.
Some of the limitations of may include: short battery charge
life, single point calikration for a specific compound with the
assumption that the response is linear over the full range, and
the sensitivity and selectivity of the sensors is dependent on
the red-ox potential of compounds reaching the sensors. The
response of each senror is calibrated against one or more gas
phase standards. The estimated run to run precision is about 5 %
of the reading. One advantage of having these monitors present is
that response is immediate to any change irn the levels of the
target compounds.
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This is a protctype total hydrocarbon monitor designed for us to
demonstrate the possibilities of size r-duction for personal
monitors. The unit is literally shirt pocket -~ =ize, it has &
digital display range in hundredths of ppms and it could be
fabricated with a tnreshold alarm.

The unit dimensions are 1.5 by 2.5 by 3.75 inches.

The weight of this unit is much less than a pound.

The semiconducticr sensor responds to oxidizable organics.

The response range to is from about 9.1 to 1000 ppm for many
organics.

The monitor is powered by an alkaline battery.

Limitations of particular interest. are similar to the previous
unit in that the response is depeiiddent on the organic ccmpounds
present in the air and on the partial pressura> of oxygen.

The response time is less than a minite.

The system is calibrated with a single point external standard.
The level of precision or repeatability is about 2% o7 the
reading.

This unit is based on a photoiorization detector. When the
compound of interest passes into the detector cell, it ahsorbs a
quanta of energy ‘hv’ emitted by the UV source and the compound
is ionized. The cations are collect2d at an elactrode surface
producing a measurable signal.

The dimensions are 5 by 9 by 6 inches.

The weight of the unit is 5 pounds.

The unit responds to species with photoionization potentials
below che energy of the lamp (around 10e¥) and some exceptions
above this limit.

The digital display range is from 1 to 2000ppm.

The monitor is powered by a 12V battary.

Limitations of particular interes’ are the low selectivity aad
the variable sensitivity to the various volatile organics.

The response time is sufficiently fast to allow this type of
detector to be used with cap.iliary gas chrcmatography.

The system is calibrated with a single, volatile organic
standard.

The level of precision or rvrepeatability is reported 1s around 2%
of the reading from run to run.

This is a wet or dry chemical reagent tube system for monitoring
various .ndividual compounds. The systsm consists of a hand
operated sample pump used to draw ~n air sample through
disposable glass tubes containing the chemital reagents and
indicators.

The weight of the pump plus several dispcsable tubes is ahout 2
pounds,

There are ove: 300 different reagent tubes available to measure
various permanent gases and volatile organic compounds.

The reported response range to benzene is from 2 to 60ppm.
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The »ump is hand operated.

Lirmitations of particular interest are the training required for
interpreting the indicator changes, and the disposal of the used
reagent tubes.

The response time varies frow 1 to 5 minutes for various tubes.
The tube respons2 may be calibrated by a duplicate run of an
external standarad.

The level of precision or repeacability of the benzene tubes is
reported as plus or minus lppm for a 5ppm reading.

The next broad group of analytical sy:rems is based on the gas
chromatographic separation of the comwpounds of interest prior to
detection by one or more devices.

This is a photograph of a portable, dual column, dual detector
gas chromatograph manufactured for environrental applicaticns.
The temperatures of the individual column: are controlled
independently. The columns have different stationary phases and
are about 190 meters in length. The chromatograms are typically 2
minutes long. The detectors are both micro chip sized thermal
conduct.vity detectors. The response of the detectors can be
transferred to a separate integrator and the data can the:: be
down loaded tc a ‘lap-top’ persoral computer.

This is a view of the internal packuginy of the unit showing the
two indiviiually insulated columns with the chip size dstectors.
The dimensions of the MTI GC are 6" by 10" by 14".

The unit weighs only 5 pounds.

The miniature thermal! conductivity detectors iespond to most
permanerit gasecs and volatile organic compounds.

The detector response range is reported as from 1l1lppm and
extending to 6 orders of magnitude,

The unit requires a helium carrier source, 120Vac power, and some
type of recording cevice.

Limitations of particular interest are: shoric columns have
limited ‘peak cajacity’, compound identification is based on
yvetention time, the need for an additionz), very fast recording
device or irtegration device and the dstector sensitivity does
not extend below the ppm level.

The average chromatogram for simpie mixtures :Is less than 5
rinutes long.

The system is calibrated using one or more external standards.
The chromatographic repeatability has been reported as better
than 5% from run to run.

Here is anciher ccmmercially available, portable Jas
chromatograrhic systen. This unit is now available with
capillary columns and temperature control. The unit =1so
contains an integrator capable of making concent:ation
calculations based ~n an external standard runs saved :n memory
and ars continuously updated. The urit can be opera%tad remotely
though a modem and it contains an internal resecvoir for the
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carrier gas. The unii. is available with a photoionization
detector only at this time.

This is a view of internal configuration of the unit showing the
column area. This particular unit is one of the older models
without temperature control.

This unit’s overall measurements are 18" Ly 13" by 6".

The entire system weighs 26 pounds.

The detector respcnds to most volatile organic compounds.

The resronse rarge is reported as 0.1lppb to over 100ppm.

The system requires high purity air to replenish the internal
pressurized reservoir and operates from a rechargeable 12V
battery.

Limitations of particular interest of this version are the
ambient temperature column, limited ‘peak capacity’ of the short
column, and the variable retention times resulting from no
independent temperature control.

The average run is abmut 10 minutes for simple mixtures.

The system is calibrated using an internal pressurized container
of an external starndavrd gas mixture.

The chromatographic repeatability is better tiian 5% rum to run.

Here is a photograph of a laboratory model of a saguential, gas
chromatograph, Fourier transform infrared spectrophotometer,
quadrapole mass spectrometer with the dual computer operating
system. This system is capable of generating a tremendcus amount
of aralytical data from a single sample. The FTIR and mass spec.
data complement one another in that the infrared spectra can be
vsed to distinguish between certain isomers of the same compound
and supply additional structural data the mass spectra may not
supply. Notice the relatively small size of the FTIR compouent
of the system: which may sucgest the possibility of a portable,
GC/FTIR unit the future.

The FTIR component dimensiorns are 12" by 10" by 26".

The weight of the FTIR uri* is 55 pounds.

The unit: responds to infrared absorbing species and produces mass
srectsral data to any species eluting off the column.

The FTIR response range is from ppb to above 100ppm and is
approximnately one to two orders of magnitude less sensitive than
the nmass spectrometer.

The sys m raquires liquid nitrogen for the T™ cell, He carrie.
gas and cperates Jif 120Vac.

One limitation ¢f interest is the tremend . amount of computer
memory space required for a single GC run.

Tne average run time for a sample of moderate complexity is 45
minutes.

The system is calibrated by external standard, internal standard
or standard add::ior methods depending on the application.

The level of chromatographic repeatability is about 5% from run
to run and depends on the conditions used.
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Another interesting system is this combined, gas chromatograph,
quadrapole mass spectrometer system. In this case the recently
developed version of the mass spectrometer has an extremely small
footprint. The netal box contains the ion source, *“he quadrapole
flight tube and all the electronics boards.

The mass spectrometer dimensions are roughly 12* by 8" by 26"

The weight of MS without the pump and other hardware is about 48
pounds.

The system respornds to any permanent gas or volatile organic
which can be eluted of the columnn.

The systzm can be used to detect sample components from ppt to
about 100ppm.

The system regquiras mechanical roughing vacuum for the oil
diffusion pump, high purity helium carrier gas and 120Vac power.
Two of the limitations are the peak capacity of selected
capillary column znd the nearly indistinguishable mass spectra
produced from soue isomers.

The averace run time under certain conditions is 45 minutes.

The system is often calibrated using external standards for
quantitative determinations.

The 1level of chromatographic precision is 5% for some
applications.

Another recently developed type of GC detector incended for
ambient air monitoring is ti.e surface acoustical wave vapor
sensor. One commercialiy available unit is now being developed
for production which includes a packed column gas cnromatograph
and uzes ambient air as the carrier gas. The dimensions of the
unit are reported by *the manufacturer as 12" by 10" by 5". The
unit weighs 15 pour.is. The detector can be custom desigred to be
sensitive to a broad group of volatile organics commonly found in
environmental zir. The response range is reported as ppb tC ppm.
The nnit mav be run . £ff a rechargeable gell cell battery. One of
the reportad limitatiuns is that the present sensor too slow for
capillary columns. The average chromatogram is 5 min. long.

The third group of monitors is based on infra-rzd
spectrophotometry. This is a portable, commercially available
dispersive IR unit designed for en-ironmental applications.

"he dimensions of this unit are 28" by 9" by 11".

The weight of this unit is 30 pounds which makes it very
difficult to carry for any length of time.

The system responds in a scanning mode or tixed irequency mode to
species in the ¢ mpiad air which absorb n the IR region *r m 650
to 4000 cm-1.

The response range to benzene is reporteJ as 2.2 to 50ppm.

The monitor is powered by a rechargeable Nicd battery.
Limitations of particular interest are the short battery charge
life, the sensitivity compounds <uch as benzene and the loss of
selactivity for specific compounds in complex mixtures often
found in air samples.
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The response time is less than a minute in fixed frequency mode.
The system 1s calibrated with an external stzndard gas mixture.
The level of repeacability is reported as about .5% from run to
run.

The forth and final group of analytical systems that I will
briefly discuss is based on small quadrapole mass spectrometers
with some type of specialized inlet system other than a gas
chromatograph. One approach to the sample inlet problem has
recently been published in Analytical Chewis*ry by Scott A.
McLuckey and Lis colleagues at the Oak Ridge :- “nnal Laboratory
where they reported an estimated limit of detection of 1.4 ppt
for head-space vapor over solid TNT using their atmospheric
sampling glow discharge iorization scurce.

Tn.is is a photograph of a commercially available, quadrai:.le
residual gas analyzer system. This particular unit is usea by
the toxicologv laboratory a JSC as vacuum measuring device. The
unit is part of a vacuum oven system use to evacuate and clean
air sample cylinders and stainless steel chambers used to perform
materials out-gassing measurements. The ion source and flight
tube are located in this area of the vacuum system. The system
is maintained at approximately 10 to the minus 7 torr by a turbo
pump backed by a mechanical roughing pump. Tne co. trol =and
acquisition electronics are located in this module with digital
display of several mass channels for N2 and CO, 02, et cetera.
The mass range of this quadrapole is to 65 amu. The unit is
remotely operated and data is down-loaded to a personal computer.
In this applicatior, the mass spec*rometer is used to measure
extremely low levels of permanent gases and trace contaminanis by
single mass assignments of these compounas and simple ion
patterns of isotopic abundances. Other commercially available
systems have been used with ambient pressure, differeutially
pumped irlets to monitor air contaminants.

This presentaticn is by no means an exhaustive listing of the
wide variety of methods and hardware available for monitoring ana
analyzing volatile organic compounds in air. The adaptation of
existing analytical systems to monitor sracecraft breathing
environment hLas some obvious advantages feor saving time and
resources in hardware development. The engineering and safety
constraints should be cocrdinatud with the analytical
considerations in the selection and modification of candidate
nardware. Iterative testing and evaluation of the analyticai
perforranca ofi exc.. candidac~ system during development would
aid achieving the rest resultes
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E,=E, ; (uy"vy) RAYLEIGH SCATTERING
B >8 ; (vy<v;
RAMAN SCATTERING

By <& ; (vi>v3)

IP (vy<vy) STOKES LINES.

¥ (vy>vay) ANTI-STOKES LINES.

IN GENERAL INTENSITY FOLLOWS:

RAYLEIGH >> STOKES >> ANTI-STOKES

:
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RAMAN SCATTER!.:G

THIS SPECTROSCOPIC TECHNIQUE MAY BE EXPLAINED USING

ASPECTS OF THE QUANTUM THEORY JF LIGHT SCATTERING.

JASSEMBLY OF

MOLECULE
hv

Va

a). IF THE SOLLISION IS ELASTIC, THEN THE SCATTERED
RAD'ATION HAS THE SAME ENERGY AS THE INCIDENT
PHOTONS.

b). IF THE COLLISIG:. 1S INELASTIC, THEN THE DEFLECTED
PHOTONS WILL HAVE EITHER HIGHER OR LOWER ENERGY
THAN THE INCIDENT FHOTONS.

30-4

P T LY v

4?



;ﬁ -“‘ll

-(431IWOUIFHILNI GISVE WNIGYTIVd) NIDOUAAH
(3AQ ILVHOTHOUId INIZVXO) VINOWNWY
“(NLLVI3D N! 3AIHOTHD 1TvECD) ALIGINNH
‘3004140 HJ gaSYE JONVEHOSEY

‘G ININIUNSYIN I141D3dS ATTVOINTHD »
"300HLdO NIVYD HYIH
‘3AOULJO AHVTIAVI
"3gOU1d0 TIve

‘SINIWIBNSYIN JIdOISOULIIdS LO3HIA »

*,03UIAISNOD 38 MON TIIM S280Ud 40

SISSVID Jid1034S FHL 40 M3d V 'SWIALSAS HALVM

Ni HO12V4 DNIAIUA V ION Si H313NVIa 380Ud ‘UIASMOH
‘H1INVIA Ll NNZ 1NOEV IDVHIAV S380Hd ONISNIS
‘S3IATISN3HL SIA0Hd FHL 40 NOLLVZIHNLYININ ONV NOLL
MOIAILNICI AININOJWOD TTONIS NO GIHILNID FAVH 31va Ol
SININJOIIAIA HOSNIS TVOINIHD JILdO H3EId ‘ATIVHINTD

MIIAYIAG TVIIHOLSIH :SHOSNIS TYIINIHD JI1d0 H3aid

30-5



*(L861) ‘v'ON ‘Z 10A ‘Adoosonseds
«'8108ues 9nd0-18Q!4 8Afd9leS Ajjednweyn:sopondo.“w's ‘jeBuy ‘|

"FJOV4HNS
43814 J11dO GAGYIONN FHL NO G3ZIIGONNWI SIIGOaILNY

"SNOILOVIH DNIGNOS JAILILIJNOD ACOBILNY-NIDILNY
"SHOSN3S LN3DS3NVAI .
'300HLdO NOISSINI-NClidHosay
HOVOUddVY TYIO!INIHO DNILYOIAGN! 111NN

"S30OU.LIO HIISNVHL ADHINT ,
"ONISNIS NOI “ANVHN

‘FAIHOTHOONVYOHO
‘ANHLI3IdS NOISSIWG
‘NNELI3IMS NOILVYLIOX3
30SIHONTZ STINDITON TV 40 %0L LNOAY
"FINIISIHONT 4 TVHNLYN
"S3A0HLJO Q3SVE IUNIOSIHONTA &

LT TEUee e e o -y

30-6



-

nHuntsville

Absorbance-based pH sensor.
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Configuration of the organochioride optrode.
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(a) Configuration of the flber fluoroimmunoassay sensor. (b) liustration of
free antigen displacement tagged antigen, which causes a decreass In fiber

flucrescence.
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"Particulate Detection Technology"

Robert Calidow, Applications Engineer
TS1, Incorporated, St. Paul, Mn

For presentation at:
Space Station Toxic and Reactive Materials Handling
Workshopo, 11/29/88 - 12/1/88, Huntsville, Alabama.

ABSTRACT

This talk will cover an overview of the major types of
particulate cuntemination detection and monitoring
instruments available which would be useful in a space
station ervironment. The inf ruments can be grouped
according to measurement method. These methods consist of
optical, electrical and mechanical. The crtica instruments
which will be discussed are the Condensation Nuc¢ leus Counter
(CNC?, and the Laser Particle Counter (LPC). E ectrical
instruments include the Differential Mobility Analyzer
(DMA), and Electrical Aerosol Analyzer (EAA). Mechanical
instruments inc'ude the Aerodynamic Particie Sizer (APS),
the Diffusion Battery, and the Impactor.
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Outline

. Op:ical Methods
a.  Optical Particle Counter
b. Condensation Nucleus Counter

. Electrical Methods
a. Electrical Aerosol Analvzer
b.  Differential Mobility Analyzer
c.  ElectroStatic Precipitator

. Mechanical Methods
a. Cascade Impactor
b.  Diffusion Battery
c.  Aerodynamic Particle Sizer
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