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I.  INTRODUCTION

During ihe past 10 years, the proposed use of bromotrifluoromethane
(CBrF3) as a fire extinguishant in aircraft, spacecraft and submarines
has stimulated increasing interest and research in the toxicoiogical
properties of this compound. As a result of this research, it is universaily
recognized that the principal toxicological effects of CBrF3 are on the
central nervous system (CNS) and the cardiovascular system. From human
experimentation with this haloalkane, the concentrations at which CNS effects
can result from acute exposure is well established. As a result of animal
experimentation, CBrF3 is known to be capable of sensitizing the heart to
the effects of epinephrine and causing cardiac arrhythmias and ventricular
fibrillation. To date, all of the human and animal research on the CNS
and cardiovascular effects of this compound has been conducted under acute
exposure conditions, which are consistent with the anticipated usage of
the compound for fire extinguishment. However, in the spacecraft, because
of its unique recirculating 1ife support system, the introduction ¢f CBrf3
by leakage or intentional discharge, will result in continuous exposure of
crewmen to low concentrations of this compound for periods of up t» 7 days,
or possibly even longer. Experimental data to enable assessment of the
risks associated with exposure of £his duration are unavailable at the
present time. The proposed research was designed to investigate the effects
of low concentrations of CBrF3, under continuous exposure conditions, on
tge CNS and cardiovascular systems of animals to enable an assessment of
these risks.

Bromotrifluoromethane can either stimulate or depress the CNS to
produce effects ranging from tremors and convulsions to lethargy and uncon-
sciousness. For example, Van Stee and Back (1) reported that dogs exposed
to 20% or greater cincentrations of CBrf3 became visibly agitated within
1-2 min and that the severity of agitation increased with increasing con-
centrations of the compound. Within 1-3 minutes generalized muscular tremors
could be observed. When the concentration was increased to 50% CBrFy, con-
vulsions appeared after 12-min exposure and, when exposed to 80% CBr23. the
onset of convulsions took place within 3-4 minutes. These epileptiform
convulsions were seen in about 50% of the unanesthetized dogs exposed to
50-80% CBrF3. In contrast, conscious monkeys exposed to CBrF3 in this same
study exhibited signs of corticai depression, such as lethargy and tran-
quilization of normally aggressive behavior. In another study, Carter et
al. (2) exposed monkeys to concentrations ranging from 10.5% to 42.0% CBrf3
and reported significant performance decrements on conditioned avoidance
tasks at concentrations of 20-25%, without visible signs of CNS depression
or analgesia. Concentrations of CBrF3 at 10.5 to 20% did not impair per-
formance on these tasks and concentrations higher than 25% caused the animals
to cease performance.

The second major toxicological effect of CBrF3 is its ability to sen-
sitize the heart to the effacts of epinephrine. The interaction of halogenated
alkanes with pressor amines to cause cardiac arrhythmias has been known
since Levy (3,4) first made the obgervation with chloroform and epinephrine
at the turn of the century. He showed that the intravenous injection in
cats of a quantity of epinephrine that alone was nonhazardous would, during
chloroform inhalation, cause ventricular fibrillation. Since then, this



interaction, not only with epinephrine, but also witk norepinephrine,
ephedrine, phenylephrine and other compounds, has been demonstrated tor a
lengthy list of unsubstituted and halogenated hydrocarbons including aerosol
propellants, fire extinguishants and refrigerants (5). Van Stee and Back
(1) reported that anesthetized dogs exposed to CBrfF3 at a concentration of
80% developed ventricular fibrillation and cardiac arrest after intravenous
injection of 10 ug/kg of epinephrine. In this same study, monkeys and
baboons deveioped spontaneous arrhythmias within 40 seconds of exposure

to CBrFy at concentrations of 20-80%. Dogs did not appear as sensitive as
the primates to the spontaneous formation of arrhythmias during CBrf
exposure; in the former animals arrhythmias began within 2 minutes o
exposure to 40% or greater CBrF3. These authors reported the death from
ventricular fibrillation of one dog that was exposed to 40% CBrF3 and not
given any additional drugs. Hine et al. (6) attempted to model the physio-
logical effect of stress when they expcsed dogs to CBrF3 and then frightened
them by means of stroboscopic 1ights and noise. Ventricular fibrillation
was not observed in any of the animals in this study. This same technique
was employed more recently by Reinhardt et al. (7) in evaluating the cardiac
sensitizing ability of a number of fluorocarbons, but not including CBrF3.

Human exposure experimentation, under acute conditions, has also been
conducted with CBrF3. As in the studies of acute exposures of animals, the
primary observations in human studies have been CNS and cardiovascular effects.
Hine et al. (6) reported that exposure to 10-15% CBrf3 decreased the subject's
performance of 5 of 6 psychomotor tasks and that 15% caused feelings of
impending unconsciousness. During a 3-minute exposure to 4 and 7% of CBrF3,
Call {8) reported only a slight increase in reaction time in human volun-
teers. In another study, by the Haskell Laboratory (9), volunteers exposed
to Halon 1301 at concentrations below 7% did not notice any effects during
or after a 4-minute exposure period. However, at levels of 7 to 10%, definite
effects occurred. These included 1ight-headedness and difficulty in mental
concentration with a suggestion of a slight discurbance in balance and
reaction time. These effects increased in intensity with increasing concen-
trations of Halon 1301 up to about 15%. As for cardiac effects, neither
Call (8) nor Smith and Harris (10) detected any cardiac arrhythmias during
human exposure to CBrF3. In Call's study, human volunteers were exposed to
4 or 7% CBrF3 for 3 minutes in hypobaric chambers. Smith and Harris exposed
flight crews to 5 to 7% CBrF3 for five minutes at pressurized altitudes of
1,000-20,000 feet in aircraft flight tests. Hine et al. (6) monitored
cardiac electrical activity during exposure of human volunteers to nominal
concentrations of from 5 to 17% CBrF3. Cardiac arrhythmia was reported in
only one individual, who was exposed to CBrFj at 13% for 5 minutes.

Studies of the effects of prolonged exposure of CBrF3 in animals have
been limited in scope and have generally investigated only gross signs of
toxicity (11). The data from these studies indicate that a CBrF3 concentration
of 5% in air, under prolonged exposure conditions, would not produce effects
on blood chemistry nor cause pathologic alterations. In none of these
studies, however, were effects on the CNS or cardiovascular system investigated.

II. OBJECTIVES

The proposed research utilized nonhuman primates and operant techniques



to evaluate the potential of CBrFj, under prolonged exposure conditions,

to produce behavioral changes iind impairment of performance and to cause
abnormalities in cardiac rhythn during stress. The data from these studies
allows for an assessment of the risks associated with prolonged exposure
of crewmen to low concentrations of CBrF3 during their normal duties as
well as during unanticipated stressful situations.

The first objective of this study was to evaluate the potential of
C8rfF3, under continuous expnsure conditions, to cause behavioral changes
and to impair performance in crewmen during spacecraft missions. This
objective was accomplished utilizing a nonhuman primate model and sensitive
operant behavioral methodoiogy.

Studies in this laboratory have demonstrated that the selected primate
model (juvenile baboons) and operant. methodology (match-to-sample discrimina-
tion task) are most appropriate for accomplishing the first objective. The
baboon is recognized as a surrogate of man and an animal of choice for inhal-
ation toxicological problems because its lung structure, immunological system
and physiological systems closely approximate those of man. It is particu-
larly desirable for use fin behavioral studies because it is an intelligent
animal and, unlike many other primate species, has proven to be a rapid
Jearner and, under minimal food deprivation conditions, can be trained to
press a lever for food reinforcements. The juvenile baboon is nonaggressive,
relatively tame and can be handled without restraining devices, obviating
the necessity for harsh procedures which often upset primates emotionally
and influence behaviora! measurements.

The match-to-sample Jiscrimination task provides measures of mental
acuity, discrimination, memory and reaction fiime. This task also records
extra resporises or intertrial responses (responses made by the animal when
stimuli are not activated) which are considered to be an indication of the
state of "jitteriness"” of the animal. Once the animal ;s trained on this
discrimination task, a perfect discrimination score is almost invariably
maintained by the animial during subsequent daily testing sessions. Another
advantage of the anima!l model and methodology is that it is not necessary
to use separate experimental and control animals since each animal serves
as its own control. Large numbers of animals are not required because of
the extreme sensitivity of the behavioral task to disruption of CNS function
by low levels of CNS-active drugs and atmospheric contaminants.

Studies conducted by this laboratory have shown that this animal model
and methodology are excellent for extrapolation of behavioral effects to
man. In these studies, performance impairment by chemical agents and environ-
mental pollutants has been detected at concentrations equivalent to or below
those reported to affect human performance. For example, significant changes
in behavior on the match-to-sample task have been demonstrated for young
baboons exposed to one-half the threshold limit values (TLVs) of methy)
ethyl ketone, methyl isobutyl ketone or carbon monoxide.

The second, but equally important, objective of this study was to
evaluate the potential of continuous exposure to low concentrations of CBrfj3
to cause cardiac abnormalities in crewmen during spacecraft missions and,
particularly, during stressful situations, when the release of endogenous



epinephrine is stimulated. This objective was accomplished also utilizing
a nonhuman primate model and an operant behavioral method that has been
§h?wn to elicit a typical "alarm" or "fright" response in animals (12,13,
4).

In this phase of the study, cardiac electrical activity of cynomolgus
monkeys was monitored during continuous exposure to CBrf3 over a 30-day
period, during periods of normal animal activity as well as during periods
of induced stress. In our opinion, the conditioned emotional response (CER)
method proposed herein for inducing "typical" stress is physiologically
more valid in duplicating sympathoadrenal activity than the IV infusion of
epinephrine. In stressful situations, not only is epinephrine liberated
from the adrenal medulla, but also there is release of catecholamines from
sympathetic nerve endings within the heart. Also, the volumes of distribu-
tion of endogenous and exogenous catecholamines are not identical.

Cynomolgus monkeys were selected as the experimental animal for the
second objective because of our previous experience with the CER procedure
using these animals. In these studies, problems in the training of cyno-
malgus monkeys and in conducting the CER were minimal and the results were
excellent. In addition, for the proposed program, it was necessary to main-
tain the primates in restraining chairs during the experimental period. We
have conducted numercus studies that required the maintenance of primates
in restraining chairs and have found that cynomolqus monkeys readily accom-
modate to these chairs, can be trained to remain in these chairs for long
periods without struggling and violent reactions and perform behavioral
tasks in a manner comparable to unrestrained animals.

ITI. METHCDS
A. Exposures

Modification of our existing flow-through exposure chamber was required
in order to convert it to a recirculating system. This was accomplished
under a sub-contract to Southwest Research Institute. The modification
is described in detail in Appendix A.

The system used to produce the 2.8% atmosphere of CBrF3 consisted
of a flow controller attached to a cylinder of the gas equipped with a dual
stage pressure regulator. The gas, obtained in 99% purity from DuPont De
Nemours and Co., was directed through the flow controller to the air return
duct of the chamber recirculation system. The gas was turned off when
monitoring indicated that the proper concentration of CBrF3 in the chamber
had beer reached.

A Carle Instruments model 211S flame ionization gas chromatograph (GC)
was used to monitor the concentration of CBrf3 in the exposure chamber.
The valve sequencer on the instrument was programmed to automatically inject
and analyze chamber air samples every 15 minutes. The resulting chromato-
grams were compared with a standard curve and the concentration determined.
Appropriate action was taken as indicated by the results of these analyses.

During off duty times automatic monitoring was accomplished with the



aid of a Motorola M6800 microprocessor based computer system. The computer
system consisted of a Southwest Technical Produc’. ..rporation (SWTPC) 6800
computer with 12K bytes of random access memory, a SWTPC CT 64 interactive
display terminal, a Percom Data Corporation CIS 30 cassette/terminal inter-
face, a Teletype Caorporation model 33 teletype and an analog to digital
(A/D) converter. The function of the computer system was to sample the
signal output voltage of the gas chromatograph at the time when the chroma-
togram was being recorded, determine the peak height and based cn the value
obtained, take appropriate action. In addition, the computer als» storec
in a reserved area in memory a digital value equivalent to the peak height
of each peak recorded. A description of how the computer system was implemented
follows.

The A/D converter circuit is the same as used by Zimmer (15). The
circuit uses an Analog Devices AD571 integrated circuit to convert a 0 to
10 volt analog signal at its input to a digital value between 0 and 1024.
The digital value is directly proportional to the input voltage at the
time of conversion. The device is capable of performing a 10-bit A/D
conversion in as little as 25 microseconds. Also included in the circuit
is a LM31C operational amplifier used as a voltage follower and an Analog
Devices AD7501 multiplexer. The AD7501 allows the computer to select any
one of eight different signals to be sampled for A/D conversion. A Moterola
6821 peripheral interface adapter integrated circuit is used to interface
the AD571 A/D converter to the M6800 computer data bus lines. The components
were wire wrapped on a prototype board supplied by Micri Works of Del Mar,
California, which plugs directly into the Southwest Technical Products
Corporation microcomputer.

Interfacing the Carle Instruments gas chromatograph to the A/D converter
required an amplification stage to be included on the Micro Works prototype
board. A 741 operational amplifier was used to amplify the GC signal by a
factor of 11. The circuit used is shown below.

15 K 122 K
,;-nwvr»———'wwv——
NE\\\“ PN
Integration - ’,//”V ééDIgg::erter Channel
GC Output - .
r

The variable resistor allowed some adjustment of the gain provided by the
operational amplifier. Since the voltage used by the 741 was taken from
the integration output, this allowed the GC 1 mv output to be used in the
normal fashion, as an input to a strip chart recorder. This arrangement
also allowed the GC range setting switch to be used as an attenuator.
This last feature proved useful when testing the monitor computer program
for proper operation.

&2



A second modification was necessary in order to provide the computer
with the information necessary to determine when a peak was being recorded.
A simple two-pole, double throw, 110 volt relay was used for this purpose.
The GC value sequencer was programmed to activate the normally open contacts
of the relay 15 seconds after a sample was injected. One set of relay
contacts activated the strip chart recorder chart drive function while the
other set of contacts provided a +5 volt signal to input channel 01 of the
A/D converter. After the peak was recorded, power was removed from the
relay.

One final circuit was required to provide a computer controlled switch
closure, This circuit consisted of a computer compatible reed relay and a
clamping diode, The circuit is shown below.

—e®  To Automatic Telephone
Dialer

45y & QLA 2112 2A <  To (B2 Computer

Qutput Line

g

RCA SK 3081

Outputting a 0 to the CR2 line caused the normally open contacts of the
reed relay to close. The clamping diode bypasses voltage surges appearing
at the CB2 line when current through the relay coil is turned off.

A M6800 assembly language computer program, utilizing the hardware
circuits just described, was written to provide the computer with the
automatic monitoring function described earlier. The program starts by
sampling channel 01 at a rate of about 60 A/D conversions per second.
Approximately 15 seconds after the value sequencer injects a sample into
the GC the relay switch connected to channel 01 is activated. This causes
a +5 volt signal to be applied to the channel 01 input to the A/D converter.
As soon as the computer senses a voltage greater than 1 volt on channel 0]
it starts sampling channel 00 in addition to channel 01. The computer
also outputs a zero character to the display terminal after each conversion
indicating that channel 00 is being actively sampled. The program continues
in this manner until a voltage greater than 0.275 volts is detected on
channel 00. Any time the 0.275 volt threshold voltage is exceeded the zero
character display is terminated and the result of A/D conversion on channel
00 is stored in sequential locations in memory. The result is a memory
array of values corresponding to a digital representation of thre peak
recorde¢. After the peak is recorded the GC value sequencer switches to a



lU-minute waiting period before recycling. The relay is deactivated,
removing the +5 volt signal from channel Ul. The computer detects this
transition and searches the memory array for the largest value. The value
found corresponds to the peak heiyht of the chromatoyraphic peak just
recorded. (Using a calibration curve,peak height values can be directly
related to the CBrfy concentrations.) The program thern stores the peak
height value in a table and then tests it to determine if it is within
Jimits. If the value is within limits, the program returns to the start and
continues execution. If the value is not within limits, a flayg is set from
zaro to one indicating a first failure. The program then returns to the
start and continues exesution. If the very next peak is within limits, the
“lag is reset to zero. if the very next peak fails also, then the computer
oiitputs a zero to the CBZ line causing the computer controlled switch to
ciose. This action causes the automatic teiephone dialer to play a pre-
recorded message to security personnel notifying them that an emergency
condition exists in the exposure chamber. Security personnel, on duty 24
hours a day, then contact competent personnel who are on call to handle
einergency situations.

A graph ot the concentration protfile for a typical day of the first
exposure is ~hown in Figure 1. Fkach point represents the concentration of
CBrfFy at ib-minute intervals for a 24-hour period from 8:00 AM on one day
to 8:00 AM the following day. The variation seen during the normal work day
is a result of opening and closiny of the exposure chamber doors necessi-
tated by experimental procedures. The large drop in concentration noted in
the morning and late afternoon is due to the normal animal care yiven the
animals at these times. Such chores as providing food and water, removal of
wastes and general sanitation functions were performed daily at approxi-
mately 8:30 AM and 4:30 PM. Medical ~itention, when required, was adminis-
tered in the late afternoon. The cciicentration was raised about 10% high
at the end of the day and allowed to drop to about 10% low during the night.
After the morning animal care was provided the concentration was raised to
2.8% and maintained at that level during the day. Appendix B contains the
data used to plot Figure 1 and also data for the remaining 29 days of the
experiment. Figures 2 and 3 are yraphs of the average daily concentration
of CBrfy alotted versus day number. Each point is the arithmetic mean of
the lb-minute reading taken during each day of exposure. The vertical line
at each point represents the standard deviation in Figure 2 and the standard
error in Figure 3. The data used to plot these figures are also contained
in Appendix B.

For the first experiment, 72% of all readings were within 10% of the
¢.8% CBrFy concentration. Ninety-seven percent of the readings were
within Z0% of the same concentration value.

For the second experiment, similar information is provided by Figures
4, 5 and 6. Figure 4 is a graph of the concentration profile for a typical
day while Figures 5 and 6 are graphs of the average daily concentration
versus day number. The standard deviation at each point is depicted in
Figure b and the standard error at each point is shown in Figure 6. Data
used to obtain these plots is contained in Appendix B.

Seventy-nine percent of all concentration determinations during the
second exposure were within 1U% of the desired concentration value of 2.8%
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Figure 2
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Figure 3
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Figure 4
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Figure 5
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CBrF3. As in the first experiment, 97% of the determinations were within
20% of the desired concentration value.

Air contaiminants generated by the animals in the chamber were con-
trolled through the use of cannisters of solid absorbents. Animal odors
were removed using Purafil® Chemisorbant peliets. The pellets are self-
indicating, changing from purple to brown to black as they become deacti-
vated. The Purafil® was changed when the pellets in the upper layers of the
cannister were brown and those in the lower levels were black. For the
removal of carbon dioxide (COy) Baralyme®, a form of granulated barium
hydroxide, was used. Althougﬁ the Baralyme® does change color as it reacts
with C0p, special instruments were used to monitor the concentration of
C0y 1in the exposure chamber. During normal working hours a Carle mode}
2118 gas chromatograph was used. The technique is based on the conversion
of C0, to methane which can then be detected using a corventional flame
ionization detector. Initially the sampie is injected onto a silica
gel/Molecular Sieve bA column which separates carbon containing gases from
nitrogen and oxygen. As soon as the oxygen is detected (it appears as a
small artifact peak on the chromategram) the sample is backflushed through a
Carbosieve B column. The Carbosieve B column separates methane, carbon
monoxide and carbon dioxide before passing the gases to the instrument
methanizer. Tne methanizer contains catalyst maintained at 400°C which
converts carbon monoxide and carbon dioxide to methane which is then
detected by a flame ionization detector. The concentration was determined
by comparison with a standard curve. At other times, the concentration of
C0y was determined by Southwest Research Instijtute personnel using a
Horiba infrared analyzer model AlA23. A sample was withdrawn from the
chamber by a small vacuum pressure pump and passed into the instrument long
path infrared gas cell. The instrument output was recorded for 10 minutes
on a strip chart recorder. The concentration was determined by comparison
of the maximum reading recorded with a table of standard values. The
instrument was calibrated before and after each sample was taken using a
4,195 ppm standard sample.

The frequency of sampling was determined from the rate at which COy
was generated by the animals in the chamber in the absence of any Baralyme .
This determination was necessary because of a phenomenon known as chan-
neling. When channeling cccurs the air circulating through the cannister
bypasses the bulk of the Baralyme® absorbent and follows preferred paths
called channels. These channels, usually situated along the walls of the
cannister, are quickly deactivated resulting in a rapid build up of €Oy in
the exposure chamber. Since channeling can occur at any time, periodic
monitoring is necessary. For the exposure using the four juvenile baboons
the rate of COy build up was found to be 0.14% per hour. The maximum
allowable concentration of COy in the chamber was chosen as 0.5%. This
value was chosen because no eéfects have been observed in humans exposed to
this level of CO, for extended periods of time (16). Since the 0.5% level
would be exceeded in 4 hours, a sampling period with a safety factor of two
was chosen. Samples were analyzed every 2 hours and fresh Baralyme® added
when the concentration of COp in the chamber approached 0.40%. For the
exposure using the six cynomolgus monkeys the rate of COp build up was
0.10% per hour. Because of the satisfactory performance of the Baralyme
cannister during the first 30-day exposure, a sampling time of once every 4
hours was chosen for the second experiment. As an additional precaution,



Baralynie® was changed at a COp concentration of 0.15% instead of the 0.40%
value used for the first experiment. Should channeling occur, keeping the
C0y concentration at this low level would require at least 3-1/2 hours for
C0 generated at 0.10% per hour to reach the 0.5% value.

The graphs of CO, concentration as a function of time are shown in
figures 7 and 8. Altﬁough more readings were taken during the first experi-
ment, each point on both graphs represents a determination of CO» concen-
tration every 4 hours.

B. Behavioral

l. Experiment 1

Match-to-Sample Discrimination Task

A match-to-sample behavioral f,ask was used to assess the effects of
CBrf3 on behavior and performance and to provide measures of alterations
by CBrf3 on the animal's reaction time, perceptual acuity and discrimina-
tion performance. Etach animal was cested during a v0-minute session on
Monday through Friday of each week during the 30 days of exposure. In addi-
tion, animals were tested prior to exposure to obtain baseline performance
data and after exposure to follow any post-exposure effects. For this
behaviorai task, the juvenile baboons were trained to press one of two keys
as the correct match to a probe stimulus presented earlier on a third key in
order to obtain a solid food reward in the form of a banana pellet. The
three keys were translucent discs mounted on the wall of the experimental
panel. Behind each key was an electronic projectici device which was pro-
grammed to project cne of 12 possiblie symbols, such as a red circle, green
square, +, etc., on each key at any time. A variable interval (V1) tape
programmer was used to program the discrimination trials at irregular inter-
vals on the average of one every 3 minutes. This served to prevent learning
by the animal of the timing of trial presentations. Each trial beyan with
the projection of one of the stimuli on the center key (disc). This
stimulus was termineted automatically at the end of a 30-second period or
earlier by the animal's pressing of the key. At the end of the 30-second
period, a timer was activated for a fixed period of time, in this case 120
seconds (delay interval). At the end of the delay interval, two symbols,
one of which was identical to the symbol presented earlier on the center
key, were projected on the twe keys adjacent to the center key. The correct
matching stimulus (symbol) was varied between the two adjacent keys during
each trial in a mixed order. Pressing by the animal of the correct key
(stimulus matches center key stimulus) terminated the stimuli, activated the
feeder and produced a banana pellet food reward. Responses on the incorrect
key simply terminated the stimuli and set the VI programming tape in motion.
Correct, incorrect and intertrial responses and response times were auto-
matically recorded, compileid and analyzed by an MSI 6800 microcomputer
system.

Four juvenile male baboons were housed in individual stainless steel
cages to which a behavioral test panel was attached just prior to each
experimental session. The cages were kept in a cylindricai stainless steel
exposure chamber, Y feet in diameter and Y feet high. The chamber was
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modified from a flow-through into a recirculating system as already
described.

Behavioral data were obtained during 30-day pre-exposure control
period. The four baboons were then exposed to the CBrF3 at 2.8% for days.
Behavioral data were obtained during the exposure period as well as during a
30-day control period fcllowing the exposure.

Results and Discussion

Figure 9 shows the mean number of responses during the delay intervals
for each subject under the gas and during the pre- and post-exposure
periods. The effects were significant for all animals (two-tailed student
t). However, the changes in response rates were not systematic in that
[X-2409 and 1X-2706 showed increased response rates while 1X-2410 and
[X-2708 showed a decrease in rates. During the 30 days post exposure none
of the animals' baselines returned to the pre-gas control levels. Figure 10
shows the percent responses to the center probe stimulus. Under the gas the
mean responses to the center sample increased for all animals. This measure
increased further for IX-2708 during the 30-day post-exposure period. Data
for the otker animals indicate a return toward pre-exposure control levels.
Figure 11 shows that the animals improved in the number of correct responses
during the exposure and post-exposure periods. These data indicate an
improvement probably attributable to a practice effect. Figure 12 contains
data on the number of trials attempted by each animal. Under the gas, there
was a decrease in the number of trials attempted by all animals. This
effect was significant for IX-2410. Figure 13 contains data on the mean
duration times of the left and right samples. A slowing of the animals'
reaction times would be reflected in an increase in this measure. This
measure was increased for all animals during the exposure period. The
effect was significant for 1X-2409 and 1X-2410. During the post-exposure
period, these values decreased in the direction of the pre-exposure control
levels. Direct observation of the baboons throughout the course of the
study revelaed that the animals became less aggressive during exposure to
CBrF3.

It should be noted that a lTow level of ammonia was present in the
closed exposure chambers throughout both the controls and exposure periods.
However, it is doubtful that this had any effect on the behavior of the
animals in view of a previous report (17) that the health of acclimated
human workers was not adversely affected by exposures to 100-150 ppm
concentrations of ammonia. Expousure to these and higher concentrations did
not impair the workers' physical and mental abilities in the performance of
their jobs.

The observed slowing of reaction times in all animals is in agreement
with the data of Call (8) who found a significant increase in complex
reaction time to psychomotor tests in human subjects exposed to 4% or 7%
Halor 1301.

18
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Figure 10
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Figure 12
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¢. Experiment ¢

Effects of CBrf; on Cynomoigus Monkeys Trained on a Conditioned
tmotional Response (CER); Potential for the Production of Cardiac
Arrhythmias

The cynomolgus monkeys were trained to press a lever for a banana
pellet reward which was obtainable on a Z2-minute variable interval schedule
(2-min VI). MWhen lever pressing rates stablized the visual stimulus was
introduced (a red light flashing at a rate of 10 per second). The stimulus
of 3-minute duration was terminated contiguously with a 600 volt shock of
.25-seconds duration delivered to the animal's legs through 2 dime-sized
silver electrodes strapped to the gastrocnemius muscles. Records were kept
of the number of lever responses made by each subject during the stimulus
periods as well as during the 3-minute periods just preceding the onset of
the flashing light. Quantitation of the conditioned suppression (the amount
of "anxiety") was accomplished by calculating a ratio of the lever responses
during the tone periods in relation to the lever responses during the
3-minute pre-tone periods. When this value (suppression ratio) reached 0.10
or less for two consecutive days, the conditioned suppression was considered
to be established.

Six cynomolgus monkeys were sedated with ketamine/atropine and main-
tained under gaseous anesthesia (halothane/nitrous oxide/oxygen) for the
duration of surgery. The surgery was conducted by Alan Samuels, Ph.D., Gary
Moore, D.V.M., and Richard Haines, D.V.M. Approximately 1 week was required
for the completion of the surgery in all animals. Arterial and venous
catheters were implanted in the right common carotid artery and the right
internal jugular vein, respectively, through a 4 cm incision paraliel to the
right of the midline. For the EKG monitoring three ¢ cm incisions were
made: a. 1 cm above the right nipple, b. 8 cm lateral to the midline and
just below the rib caye and c. 8 ¢m lateral to the midline and 3 cm below
the rib cage on the right ventral surface. The material used was
teflon-coated stainless steel, 50 strands of 50 gauge. The internal end was
stripped for ca. 0.5 cm and the last 5 cm coiled to form a loop. The loop
of each wire was secured with 2-0 silk to skeletal muscle in the incision
site, and the respective leads tunneled subcutaneously to the neck incision
with a stainless steel sounu. The two catheters and the three EKG leads
were exteriorized via a trocar channeled S.C. exiting through the scalp 4-8
cm behind the brow through a single exit site. All implantation sites were
closed vivh continuous 4-0 gut S.C.

The first of the surgically implanted monkeys died within 48 hours
after surgery. The clinical diagnosis for this animal was cardiovascular
shock. A second animal died approximately 9 days after surgery during the
recovery period that followed the surgery. 1uis was believed to be due to a
clot formation in one of the cannulae which was inadvertently washed back
into the animal.

Four implanted animals and two non-implanted animals were used for the

30-day exposure tc CBrfz. Ail six monkeys were trained to criterion on
the CER procedure.
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Following the post-surgery period, the animals were transferred to
restraining chairs and were maintained on heparinized saline (5 IU/ml) at a
flow rate of 50 cc per catheter per day. The animals were kept in a large
recirculating exposure chamber where they were exposed to CBrf3 (2.8%) for
24 hr per day during a 30-day period. Sampling of the chamber atmosphere
was accemplished automatically every 15 minutes and the concentration levels
were determined by gas chromatography.

Arterial pressure was monitored through a Micron MP pressure trans-
ducer, with the dome modified to permit continuous flush. A modified lead
Il EKG was used for cardiac electrical monitoring, with an in-line 60-cycle
notch filter. Despite the use of the notch filter, the EKG signal quality
was lower than desired and frequently noisy. This is perhaps attributable
to animal movement (bar pressing), the shock electrodes and magnetic fields
of undetermined origin. Both signals were record¢d on an 8-channel Gould
3800 recorder. The pressure signal was received by a Gould blood pressure
computer, which allows the recording of pulsatile and mean pressure, as well
as filtered heart rate. The data were recorded at 2 mm/sec throughout each
CER, with high speed runs at 50 mm/sec for 20 sec before CER, during CER and
immediately after delivery of the shock. The beginning and end of the CER
were recorded on an additional channel to permit exact matching of
biological and behavioral data.

Blood samples were drawn throughout the course of the study to be used
for SMAC/CBC, catecholamine levels and levels of CBrf3.

Blood CBrf3 Analysis:

Blood concentrations of CBrf3 were determined using a modification of
the technique described by Mullin et al. (18). The indwelling venous
catheter was cleared by withdrawing 10 ml of blood, after which 0.2 ml of
blood was collected in a 1.0 ml tuberculin syringe and immediately placed in
a 12 x 150 miic tube containing 50 mg sodium chloride. The tube was tightly
stoppered and placed on ice until analysis (within 60 min).

To analyze the blood concentration of CBrfF3, 10 ml of pesticide grade
hexane was injected through the stopper, and the tube briefly vortexed. One
microliter aliquots of the organic phase were analyzed for CBrfj by elect-
ron capture gas chromatography undgr the following conditions: Varian 3700
gas chromatograph equipped with a 3Ni electron capture detector; column
4 ft x 2 mm i.d. nickel column packed with 3% OV-1 one 100/120 gas chrom Q;
methane (5%) in argon carrier gas flow rate of 30 ml/min; injector tempera-
ture 230°C; detector temperature 280°C; column temperature 55°C. With these
conditions the retention time of CBrF3 was 0.76 min and that of hexane
3.68 min.

Plasma Catecholamine Analysis:

Noradrenaline and adrenaline were extracted from plasma samples using
an alumina slurry technique. Two ml of plasma were added to a 5.0 ml Reacti
Vial® {Pierce Chemical Co.) containing 50 mg of acid washed alumina (19) and
2.5 mg of the internal standard, 3,4-dihydroxybenzylamine (Aldrich Chemical
Co). One ml of TRIS buffer (pH 8.6) was added, the vial vortexed briefly
and shaken immediately for a period of 5 min on a reciprocating shaker.
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After the catecholamines had adsorbed, the supernatant fluid was aspirated
and the alumina washed with two 5.0 m1 aliquots of distilled water. The
alumina was then suspended in 1.0 ml of water, transferred to a micro
centrifuge tube (Bio Analytical Systems) containing a 0.2 um filter assembly
and centrifuged to dryness (30 sec at 1,000 x g). Perchloric acid (200 yl,
0.1 N) was then added, the tubes vortexed briefly, allowed to stand for 5
min, vortexed again and then centrifuged at 1,000 x g for 1 win.

Aliquots (50 ul) of the 200 w1 perchloric acid eluate were then injected
into the SpectraPhysics 8000 liquid chromatograph for quantitative estima-
tion of catecholamine concentrations. The chromatographic conditions were:

Mobile phase: 0.15 M monochloracetic acid, 0.12 M sodium hydroxide,
0.1 M disodium EDTA, 100 mM sodium octylsulfonate

Column temperature: 35°C

Detector: Bas model LC-4A electrochemical detector: electrode
maintained at +0.75 V vs Ag/gCl reference electrode.

With these conditions the relative retention time (vs the internal standard)
was 0.69 for noradrenaline and 0.9 for adrenaline.

Results and Discussion

Figure 14 shows the blood CBrf3 concentrations obtained from 3
experimental subjects foliowing 29 days of continuous exposure to an atmo-
sphere containing 2.8 + 0.56% of the contaminant. Actual chamber concentra-
tions of CBrf3 are also represented in this Figure. As can be seen, blood
levels of the gas are lowest in the worning, corresponding to somewhat .
decreased chamber levels and increase during the day with the highest levels
observed between 1630 and 1700 hours.

Figure 15 shows the disappearance of CBrF3 from blood after the
chamber is cleared of the gas. The elevated levels at the 5-min time point
probably represent tissue efflux of CBrF3 in response to the changing air.
blood:tissue equilibrium. The rate of disappearance of C8rF3 from venous
blood is very rapid even after 30 days of continuous exposure; similar to
the results obtained by Mullin et al. (18) after 60-min exposure.

Mean blood pressure and heart rate data for individual animals are
shown in Appendix C. The dashed lines show heart rate expressed as beats
per min. The dotted lines show mean blood pressure expressed as mm of Hg.
Note that the two CER periods occurred during each experimental session at
15-18 min and at 45-48 min, with the shock being administered at 18 min and
at 48 min.

The pattern for each monkey is relatively constant but differs between
animals. In the case of animals X-96 and X-99 blood pressure and heart rate
fell durino the CER period, while for X-98 bliood pressure and heart rate
increased auring the CER period.

Other investigators have reported that during conditioning of a CER and
in the presence of the conditioned stimulus, heart rate, blood flow and
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Figure 14
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respiration increased in the monkey (14) and heart rate decreased in the rat
(20,21). Similarly, Brady et al. (22) found increases and decreases in
heart rate during training of monkeys on a CER procedure. The decrease in
heart rate occurred during the early stages of conditioning and once the CER
was established, it was followed by an acceleration of heart rate.

Comparison of the data of the present study with those of Brauy et al.
is not possible since our animals received extensive training on the CER
procedure prior to surgery and monitoring of their heart rate and blood
pressure. Nevertheless, several interesting relationships are evident when
one compares the heart rate and blood pressure data with the observed
catecholamine changes. These will be discussed below.

The raw data for the plasma NA and EPI concentrations obtained during
this experiment are presented in Tables 1-4 (Appendix D). During the CER
period, three blood samples were taken: one prior to the onset of the light
(sample 1); one during the three minutes the light was flashing (sample 2);
and one immediately after the shock was administered {sample 3?. It is
important to note that as the mechanics of the blood sampling procedure
(i.e., clearing the line, changing syringes, drawing sample) required 1 to 3
minutes, catecholamine concentrations cannot be considered to represent
instantaneous levels, but rather an average over the 1-3-min sampling
period. Therefore, a direct comparison of plasma catecholamine levels with
the real-time instantaneous blood pressure and heart rate measurements
cannot be made. While a nigh correlation of plasma catecholamine levels
with blood pressure and heart rate might reasonably be expected when blood
samples are taken during periods in which the BP and HR are stable, this
condition was not generally obtained during this study. The CER procedure
produced fluctuations in both BP and HR during the sampling period, and
therefore the plasma catecholamine values found represent, in some experi-
ments, the sum of short periods of hign and low levels of sympathetic
activity.

Nonetheless, when the percent change in plasma NA and EPI levels over
the three sampling periods (Figures 16-19) are compared with the average
change in BP and HR for that same period, the correspondence is excellent.
This is especially true for X-98 and X-99 for which the most BP and HR data
are available. Animal X-98, for example, shows increases in both BP and HR
over the CER-shock period and the catecholamine levels increase as well;
X-99, whose BP and HR decrease during the CER-shock period demonstrates
corresponding depression of plasma catecholamines. (On February 16, the
BP and HR increased, as did the catecholamines.)

This correlation between the average changes in BP and HR and the
alterations in plasma catecholamine levels (which are also "average" values)
indicates the involvement of the sympathetic system in producing the physio-
logic disturbances induced by the CER procedure. It is also evident that
under the conditions of this experiment the catecholamine concentrations
were not sufficient to induce cardiac arrhythmias even after 30 days expo-
sure to CByF3.

SMAC/CBC data are presented in Appendix E. No consistent changes were

found in the cellular or biochemical constituents of the blood. However,
there were variable changes in hepatic enzymes. The animals tended to have
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a low hematocrit throughout the study (high 20's to low 30's), but these
values are only slightly lower than the published normal values for this
species. Iron was administered to eliminate the possibility of iron
deficiency anemia, and was reflected in normal to elevated serum iron
values. It should be noted that no electrolyte changes which could
predispose to arrthymias (potassium, calcium) were noted. A slight
progressive rise in BUN was noted in X-99; BUN remained normal in the other
animals. Occasional elevations in glucose and triglycerides are found, and
may be attributable to infusions.

The EKG data were read blind by G. Musgrave, Ph.D., of the Uni,ursity
of Texas Health Science Center of San Antonio. Dr. Musgrave could not
detect any arrhythmias in these animals that would not be otheii;se observed
in the normal animal. He noted that occasional premature atrial contrac-
tions, sinus block, AV block with junctional escape and premature ventri-
cular contractions are all normdl events. Nothing in the EXG data suggests
that the treatment increased the frequency of these events. He also notes
ti.at QT prolongation usually occurs just prior to the oncet of hydrocarbon-
induced arrhythmias, and this was not observed in any of the tracings. He
therefore concluded that no indication of sensitization of the myocardium to
catecholamines was evident.

Since the stress of the experiment caused two of the subjects to become
i11 toward the end of the 30-day exposure period, it was decided not to
attempt to induce arrhythmias through epinephrine administration but rather
to sacrifice the subjects for gross pathology and histopathology to look for
possible heart or other organ damage resulting from the exposure to CBrfj
during stress. These studies were conducted by Chester A. Gleiser, a board
certified veterina.y pathologist.

Pathologist's reports are included in Appendix F. The pathologic
changes generally associated with fluorinated hydrocarbon exposure include
myofibril fragmentation and vacuolization, loss of cross-striation,
depressed myocardial contractility, cardiac enlargement, pneumopericardium,
sinus bradycardia progressing to AV dissociation and escapc rhythms, with
termination in asystole or ventricular fibrillation. The analysis of the
experiment was complicated by unanticipated difficulties encountered during
the exposure. X-95, for example, managed to reach and sever his catheters,
causing hemorrhage, shock and death prior to gas exposure. Two animals, as
noted previously, had clotted catheters, which upon clearing, resulted in
apparent severe embolization with a loss of not only conditicned behavior
but also eating behavior; gastric intubation with force feeding was
necessary, but emaciation still occurred. Abrasion of the cheek pouch while
the animal was chaired resulted in production of a fistula, requiring the
removal of one animal from the chamber for 7 days. With the ahove observa-
tions noted, the more significant findings are:

1. X-92 and X-99 both were found to have widening of spaces between
myofibrils. Some myofibril fragmentation was observed in X-99,
while vacuoles were noted in myocardial fibers in X-92. These
could be related to gas exposure; however, such microscopic changes
may be observed in a variety of conditions.
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2. The “scattered discrete holes" in the cerebellum and basiiar
portion of the medulla reported in X-92 were probably secondary to
embolization, rather than gas exposure.
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I. GENERAL INFORMATION

A. Scope of Manual

This manual contains system description, specifications, operating
instructions, and acceptance test results. Instructions include pre-
parations for use and operating procedures. In conjunction with the
drawing ensemble, this manual is the principal document for the Life
Support System for the Environmental Test Chamber.

B. System Description

The life support system is designed to provide atmospheric life
support to an existing environmental test chamber, This system is a
single atmosphere, one-half man rated, unit capable of removing con-
taminants, replenishing oxygen, and controlling the temperature for the
occupants in the chamber.

The ailr is drawn through filtered plenums (2) near the floor of the
chamber and passes through the operating blower. A venturi is used to
sense the air flow. In the event of a pump failure, a pressure switch
sends a signal to the air control unit which switches electrically over
to the backup pump. Valving associated with pump switchover is pneu-
matically controlled from an air bottle. Status lamps on the air con-
trol panel indicate this switchover. Isolation valves facilitate re-
placement without shutdown to the system. (See Figure 1, System Block
Diagram).

This air is now routed to the base of the scrubber/filter stack
where its oxygen content is measured. As the air enters the scrubber
from the bottom, it enters the first canister. This canister is norm-

ally filled with activated charcoal, but for the Halon studies, the can~
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ister may be left empty. The second canister is normally filled with
Baralyme for CO; scrubbing. The top cenister maybe filled with silica
gel to remove moisture from the air as a backup to the air conditioner.
The three canisters are stacked vertically and held together with "v"
clamps to facilitate removal and subsequent replenishment of the above
consumables. Procedures to accomplish scrubber maintenance sre detailed
in Section IL, D. The scrubber unit has been generally designed for
three day operation st the one-half man rated biomass load, however,
with four baboons, it has a two day (48 hour) capacity.

Prior to reentry of the air into the chamber, fresh oxygen is in-
jected into the airstream. This is controlled by the oxygen control
unit which 1s monitoring the air before it enters the scrubber. The
combination of scrubbed, dehumidified air and the fresh oxygen is in-
jected into an air conditioner plenum near the top of the chamber., Here
it passes through the air conditioner chilling coils prior to entry into
the chamber. Cooled air enters at the top of the environmental chamber
and warm air is withdrawn at the base of the chamber for best circu-
lation. A water trap is located at the base of the air conditioning
plenum. A line from this trap goes to a bottle leccated near the blower
stand. As this fills, it may be discarded at the operators convenience.

As designed, the life support system was fabricated with ease of
use in mind. In case of failure of blowers, a back-up blower is on line
and ready to go.

A word of caution should be inserted at this point about the system
in general pertaining to the lack of waste removal. At the one-half man

rating, it is anticipated that the animals in the chambers will generate



about 2 pounds of urine, 0.2 pounds of feces, and 0.05 ft® of flatus ver
day. Under the requirement of the Halon 1301 study, the activated
charcczl bed will be omitted. The odor from the above will become
overpowering and it will be necessary to remove the feces and urine from
the floor of the chamber daily to reduce the inordinate load on the
scrubber. Because of the absence of the activated charcoal bed, it is
recommended that the silica gel as well as the Baralyme be discarded at
the end of its useful life. While silica gel is normally rechargeable
through heating, the lack of the activated charcoal places a much higher
load on the silica gel.

Without automatic waste removal, some of the urine will vaporize
creating a somewhat larger load on the silica gel and the refrigerative
air conditioning.

C. System Specifications

1. Chamber
Volume - 9 ft. high x 9 ft. dia. = 572.5 ft’
Material - Stainless steel
Biomass - 6 each 10-12 1lb. monkeys or one-half standard man
4 each 15-25 1b. baboons or 2 standard men
2. Plumbing
Pipe -~ PVC 2 inch and 4 inch
Pump - Cincinnati PB-10 (2 each)
Air Flow - 25 CFM (min)
Pipe Glue - THF (68%), Cyclohexanone (18%), Carbon Black (3%)
PVC Resin (11%)
3. Oxygen Replacement

Source - Medical grade oxygen bottle - SFRE

~3



Consumption - Approximately 2SCFH

Flow Capacity - 4SCFH

Concentratior Band - 182 low alarm, 20.85

injection set point
4. Carbon Dioxide Removal
Source - 6 monkeys or 4 baboons, 1 standard man - 0,385 ft.%/hr
or .794 ft¥/hr (262 liters/day or 524 liters CO;
generated)

Scrubber - passive filtration with dust filters
Active material - Baralyme
Absorption Rate - 15 liters/100 gms. - 8 lbs./day
Canister - Lucite - fabricated with acetone cement
Canister Size - 8 in. x 10-3/4 in. dia. - 924.5 in.'-4

gallons
Canister Weight - net 24 1lbs Baralyme
Capacity - 2-4 days/canister depending on biomass
Residence time -~ 1 second
Dust Filter - 20 mesh stainless steel
Flow Rate - 0.675 ft./sec.
5. Humidity Control

Source - 2 1lbs. H;0/day - one~half standard man
Desiccant - silica gel
Absorption Rate - 0.5 1lb., H,0/1b. gel
Canister Size - 924.5 in® - 4 gal.
Canister Weight - Net, 23,1 1lbs. silica gel
Capacity - 8 days/canister @ one-half standard man

Resldence Time - 1 second

r.{g



6. Temperature Control
Source - Animal heat generated = 235 BTU/hr.
Cooler - Commercial 5000 BTU air conditioner (modified)
Temperature range - 68-80°F (adjustable)
Cooling Coils - input plenum at top of chamber
Compressor - window mount
Thermostat location -~ Mounted inside chamber
7. Aerosol and Trace Contaminant Control
Halon concentration - chromatograph SFRE
Trace contaminants
Particulate filters -~ SFRE
Activated charcoal - not used in this study
8, Monitoring and Alarms
Bromotifluoromethane (Halon 1301) concentration - gas chroma-
tograph
p02 - Teledyne Model 323F 0, Controller
pCO0, - Gas chromatograph (SFRE)
Blower failure - fall-out switching to secondary blower
Alarms
Air low stoppage -~ visual and audible
Oxygen level - visual and audible
Blower failure - visual

D. Subsystem Description

1. Piping, Plenum, and Valve System
Al) piping used in the life support system is 2 and 4 inch PVC
material. Tt has been glued together with a cement consisting of Tetra-

hydrofuran (THF) (68%), Cyclohexanone (18%), PVC resin (13%), and
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Carbon Black (3%). Vendor certification has been provided and a copy is
enclosed in Appendix I1. The piping has been outgassed by flowing air
at a high rate through the system.

Valve functions have dictated the types of valves used to most
efficiently run the system. Manual valves are ball valves to insure
tight sealing when closed, Butterfly valves are used for blower switch-
ing as they are most easily remotely controlled. A diaphram valve is
used for flow control because of its sensitivity.

Plenum added to the existing system is stainless steel to match
existing chamber materials.

2. Blowexr System

Two Cincinnati PB-10 centrifugal blowers are used in this
system. (ne 1s used as the primary blower and is controlled from the
air control panel. In the event of failure of the primary blower, a
pressure switch senses the cessation of flow and commands the air con-
trol panel to electrically switch on blower II., Additionally, solenoids
actuate pneumatic actuators to seal off the pipe from blower 1 and open
the pipe on blower II. This will &llow for removal of blower I without

isturbing the system operation. Electrical overrides on the 220 volt
a.c, disconnect box permit operation of either blower manually if there
is a failure in the air control panel.

3. Air Control Panel

The air control panel, a 24 volt d.c¢. operated system, pro-
vides the control of the entire life support system (Figure 2). Blowers
are energized here, blower status, fall-out circuitry and alarms are
lucated on this panel, 1f an additional relay or solenoid is needed for
a specific experiment, twenty-four volts d.c. 1s available on the alr

control panel for use, (see Figure 2).
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Removal of trace contaminants, carbon
dioxide, and moisture is accomplished by a
Jertical 3 canister stack as shown in Figure 3.
Normal placement of ingredients are activated
charcoal on the bottom, Baralyme in the
middle, and silica gel on top. This se-
quence is determined by having the canister
removed most, on top.

Each canister is fabricated with a
permanent screen on the bottom, an eight
inch open area for material bed and a re-

movable screen at the top for containment

of material,.
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Fabrication of the Lucite canisters was accomplished with acetone
and Lucite material mixed in an empirically derived combination for
minimal toxicity because of outgassing during operation.

Each canister is held together with "V" clamps for ease of asscmbly
and disassembly. Since we are dealing with a single atmosphere system,
leakage is nonexistent.

5. Oxygen Control Panel

This panel contains the valves and gauges necessary to yegu-
late the air pressure and set the required flow rates for oxygen re-
plenishment. When the pressure begins to fall on the supply gauge,
replacement of the 0, bottle is indicated. Figure 4 illustrates the

oxygen control panel layout,

SUPPL;\ ®
SUP
P

REG,

Figure 4. OXYGEN CONTROL PANEL

6. Air Conditioner
A commercial 5000 BTU air conditioner was modifed to provide
chamber cooliang. The cooling coils were removed and installed in the
entrance plenum at the top of the chamber. The compressor is located in
the window behind the chamber and the thermostat is located inside the

chamber, A moisture trap at the base of the input plenum allows for
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water removal without insulting the integrity of the closed air system.

I1.  PREPARATION FOR USE

A, Air Control Panel

Preparation for use of this panel is minimal. Prior to use, the
operator pushes the STOT button on the lower right hand side of the
panel. This insures that the system is set. Insure that the valve on
the air cylinder is open. Next, the START button is depressed and held
for approximately 1 second. The priuwary blower should be running, (top
blower on stand).

B.  Oxygen Control Panel

To set up the oxygen bleed system, the valve on top of the 0
bottle located against the wall behind the chamber is opened. This
supplies the 0, tc the control panel. The supply valve (upper left) is
opened and the pressure is monitored on the supply gauge. The regulator
knob (center) is adjusted to provide a gauge pressure of approximately
20~-30 psig and is indicated on the reg. pressure gauge. The 0; injec-

tion rate is controlled by the INSERTION RATE needle valve and monitored

on the flow meter (extreme right). Since the chamber is large compared
to the biomass, the above settings are not critical. If the flow rate
is pinched down, the system will compensate by injecting longer.
C. Oxygen Controller

The preparation of the oxygen controller has been done by SwRI in
the set-up phase. These procedures are listed in the instruction manual
located in Appendix II. Thie preparation will not have to be repeated
until a new oxygen fuel cell is needed. See Section 5.2 in the in-

struction manual in Appendix II.



D. Scrubber

To prepare the scrubber for use, the unit must be disassembled and

the appropriate materials packed into the canisters. The procedure for

this is as follows:

1.

10.

11.

12.

Shut off the blower on the air control panel. Close the ball
valve at the base of the scrubber ptack.

Remove the "V" clamp from the top hemi-head of the scrubber.
Rotate the union located at shoulder height left of the
scrubber counterclockwise CCW. This assembly is now loose and
it can be removed and placed on the floor.

Loosen the remaining '"V" clamps on the scrubber stack and
remove each canister as needed.

Remove stainless steel screens from top of each canister.
Pour Baralyme or silica gel into the canister in small quan-
tities, shaking the material to insure a tight pack. Do not
tamp the material. Pour in additional material, shake to
settle, pour and shake until the bed is full.

Replace the screen over the bed material.

Fill as meny canisters as needed for the experiment with the
appropriate materials using the above procedures (5 & 6).
Restack canisters on scrubber base in ascending order making
sure not to crimp gaskein between canisters.

Replace "V" clamps connecting canisters and tighten.

Replace top hemi-head of the scrubber on top canister and fit
union together. Tighten union by rotating it clockwise CW.
Replace "V" clamp between top caniste: and scrubber hcad and

tighton,
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13, Open ball valve at the base of the sc¢rubber stack.
l4  Press START button on the air control panel to reenergize the
primary blower. The system is now in operation.
The above procedure should not take more than 10 to 30 minutes. The
capabilities of the system will easily allow for this system shutdowm
without detrimental effects to the fest subjects in the chamber.

E. Air Conditioner

The preparation of the air conditioner has been done by SwRI during
the installation phase and does not need attention unless a change of
temperature inside the chamber ig desired. If a change in temperature
is to be undertaken, set up the desired chamber tomperature by heating
or chilling and monitor this change with the chamber thermometer. Turn
the thermostat control up or down carefully to zero on the desired set
point. Run the system while monitoring the chamber thermometer to

verify that the air conditioner does trip at the set temperature.

III. OPERATING PROCEDURES

A, Introduction

The operating procedures for the life support system will be con-
structed as if an experiment is about to be undertaken and the system is
te be put into cperation. Several considerations must be made prior to
initiating the procedure, such as desired scrubbing materials, chamber
temperature, biomass load, duration of experiment, stress loads on the
test subjects, and oxygen concentration requirements,

If any of the requirements deviate from the one-half standard man
biomass and 20.9% oxygen concentration, new calculations must be made so

that the system can be adjusted to accommodate them. The remaining
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considerations listed above can be accommodated by referring to the

informatio: }‘emized in Section II,

Assuminug, therefore, a biomass »f one-half standard man and 20.92

oxygen councentration, the operating procedures ar: as follows,

B. Disassembly and Checkout

4]

Disasgemble scrubber stack (Section II.D).

Clean canisters with soap and water and wipe dry.

Open 3 inch ball valve leading to roof vent (Figure 1)

Depress START button on air control panel to start primary
blower. This is to flush chambers and air lines of foreigr
particles and cdust (Figure 2).

Open door on oxygen controller and turn power ON.

Monitor O, concentration on oxygen controller meter, Readings
should remain at 20.9% oxygen. Allow 24 hours for stabili-
zation. If readings appear erratic, replace the 0; fuel cell
as dictated in Section 5 of the instruction manual in Appendix
IT.

Open valve on top of oxygen bottle.

Open supply valve on oxygen control panel to check oxygen
supply (Figure 4)

Read oxygen regulated pressure gauge to check 1f 20-30 psig is
available. If not, adjust regulator to achieve this figure
(Figure 4).

When the above procedures have been run and deemed successful,

the system is ready to be reassembled for closed loop operation,



C. Assembly and Run

1. Depress STOP button on air control panel (Figure 2).

2. Close 3 inch ball valve leading to roof vent (Figure 1).

3. Fill canisters with scrubbing agents and desiccant using pro-
cedure outlined in Section II.D. Be sure to wear rubber
gloves and aspirator when handling these products.

4. Reassemble scrubber stack (Section II,D and Figure 4).

5. System is now ready for operation.

6. Insert animals in chamber, close chamber door.

7. Depress and hold for 1 second the START button on the air
control panel to energize the primary blower.

* SYSTEM IS NOW OPERATING

Iv. SCRUBBER MAINTENANCE

Proper monitoring of CO; levels and maintenance of the scrubber
stack will help to insure the well-being of the test subjents in the
chamber.

The CO0, level must be monitored at regular intervals (no longer
than four hours). Observation of the scrubber canister containing Bara-
lyme will assist in determination of CO; buildup. (Baralyme will
change from a pink color to purple as it becomes depleted). With four
baboons inside the chamber, the Baralyme must be changed every 48 hours.
A CO2 buildup occurring prior to 48 hours is an indication of channeling
inside the scrubber canister, Tapping the sicdes of the canister will
resettle the Baralyme and reduce or stop the channeling.

During disassembly, handle the canisters with care so not to chip

the retaining rings at each end and protect the gaskets that fit between



the canisters.

When filling the canisters with Baralyme, fill only with material
that has just been opened. The color should be a bright pink. Using
Baralyme that has been exposed to room air incurs the risk that it is

already partially or totally depleted.

V. TEST RESULTS

A. Oxygen Concentration

Preliminary tests were undertaken to determine the possibility of
maintaining the oxygen concentration between 192 and 21%. Using candles
to burn up 02 in the sealed chamber, the oxygen controller was calibra-

ted and the system tested to achieve the above requirements without

overshoot,
Required Ideal Achieved
Low Set Point 19% 20,852
High Set Point 217 20.9% 20.95%

B, C02 Buildup With no Scrubber - Four Baboons

A test was run to determine the CO; buildup in the system from the
metabolism of four baboons. The systeiz was closed with air running
through the scrubber but no scrubbing material (Baralyme) was used. A
straight line projection to 1% was utilized. As seen from Figure 5, thz
C02 buildup followed the projected line closely. It can Se assumed
that the COz will buildup to the 1% level in six hours in the event of
scrubber channeling or depletion.

C. COz Level Test With Scrubber - Four Baboons

A test of scrubber capacity (1 canister) was undertaken using four

15
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baboons to determine the capacity of the scrubber. Figure 6 illustrates
that the system has a 48 hour scrubber capacity., If two canisters are
used at all times, a four-day scrubber can be achieved.

D. Temperature/Relative Humidity - Four Baboons

A test was undertaken to determine the ability of the refrigerative
air conditioner to control temperature within a close tolerance and
determine if this unit would also control the relative humidity. Figure
7 shows the results of this test. When the air conditioner is operating
at the preset temperature set point span of +1°F, the relative humidity

is maintained at approximately 50%.
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COMMERCIAL SOURCES FOR CONSUMABLES

I. SILICA GEL ====crm=em=ec——cee DRIERITE #7-577-1B

Fisher Scientific Approx. Price $1.80/1b.
P.0. Box 1307
Houston, Tx 77001

ITI. BARALYME--~==~=-- BARIUM HYDROXIDE LIME, USP #4401-001

General Medical Approx. Price $0.90/1b.
1946 Shipman Drive
San Antonio, Tx 78219

I1I. ACTIVATED CHARCOAL-~-==w==== PURAFIL CHEMISORBENT

Mechanical Reps. Inc. Approx. Price $§2.55/1b.
618B West Rhapsody

San Antonio, Tx 78216

IV. MEDICAL GRADE OXYGEN ---===-- SFRE source
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INSTRUCTION MANUAL
FOR
OXYGEN CONTROLLER
MODEL 323 F

SERIAL NUMBER AAS56/

RANGE: Q=25 %o

CUSTOMER ORDER NO: 85009

SALES ORDER NO: 89¢¥08

TELEDYNE ANALYTICAL INSTRUMENTS
333 WEST MISSION DRIVE
SAN GABRIEL, CALIFORNIA 91776
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1. INTRODUCTION

Teledyne Analytical Instruments' Model 323 Solid State Oxygen
- Controller is an_ instrument designed for 'winitoring and
accurately controlling the concentration u{ 'xygen in a
confined area.

The muasuring cell is a "so0lid state", maintenance-free
structure, whoste performance and usable life are guaranteed by
TAI. Oxygen is consumed by the cell from the oxygen containing
atmosphere surrounding the cell. An electrical current pro-
portional to the oxygen concé¢ntration is produced by the cell;
this signal is amplified and fed into a solid state comparator
and switch, which in turn operates a high current capacity
relay (suitable for actuating solenoid valves, etc.). The
triggering level of the comparator is continuously adjustable
throughout the control range of the instrument.

The cell is housed in a probe assembly that is designed to

be located remotely from the unit. (There are no restrictions
on probe cable length.) The balance of the instrumentation is
located in a double sealed weatherproof enclosure suitable for
wall or bulkhead mounting. Four military standard (MS)
connectors located on the bottom of the 8" x 10" x 4" case

allow access to the electronics. Cables provide interconnection
of the probe and power inputs; control and recorder outputs.

2. DESCRIPTION

The Model 323 is an extremely versatile instrument. Several
optional configurations can be supplied as original equipment
or added to alrecady existing instruments. The Model 323 is
the basic instrument and has single control capability.

2.1 The (-2) option provides double control capability
with each control point being continuously adjustable over
the entire control range. Each relay can be wired to be
activated either above or below set pcint (as determined by
control logic).

2.2 The F option is similar teo the (-2) option, except

that the second control point is not adjustablce. The second
control point is sct internally at a pre-sclcected low level

(s ‘}



and is used as a "fail-safe" indicator. The control lights
associated with this second control point are red and green.
The red light illuminates whencver a cell failure occurs or
the oxygen level drops below the internally pre-selected level.
The second relay, if powered externally, can be usad to indi-
cate instrument power failure (primary or secondary).

2.3 The D option includes a completely independent channel
of oxygen monitoring capability, such as would be provided if
a separate analyzer were incorporated to independently monitor
the oxygen level being maintained by the controller. A second
cell, amplifier, and signal output are incoigorated. This
- second channel of detection can be used as a back-up for the
controller and can be switched into the controller in case of
component failure. Thus, the D option provides the added
reliability and back-up capability of two completely independent
channels of detection for those applications where improved :-
reliability and redundancy are a prime consideration. If external
monitoring is utilized, signal output 2 should be used. This will
provide meaningful monitoring of control integrity outside the con-
trol "loop".

All options can be provided simultaneously, except the (-2) and
F options. The modal number indicates the option or options
provided in a given instrument (e.g. 323D-2). Power options
for all instruments include 115 VAC, 230 VAC, 12 VDC or 28 VDC.

2.4 Description of Controls and Indicators.

2.4.1 Indicator Lights. A pair of lights indicate
whether the oxygen level is above or below the selected con-
trol point. Those units incorporating the F or (-2) option
have an additional pair of lights for the second channel of
control or alarm.

2.4.2 Meter. The meter is included in the Model 323
only as an indicating device. It does not interact with the
switching circuitry nor does it limit the accuracy of the
controller in any way. The meter indicates the oxygen level
of the atmosphere immediately surrounding the sensing probe.
The range covered by the meter is generally equivalent to the
range of control; however, when the controller is designed
to control in the range 0-10% O_, the meter indicates oxygen
- levels through 25%. In this ingtance, the indicating range
of the meter is extended to allow on-scale readings when the
probe is sensing the oxygen in atmospheric air. In the D

= 1



option, the meter is connected in the sensing circuit associated
with signal oucput 2 (cutside of the control "loop").

2.4.3 Control Point Adjustments. Either one or two
of these controls are present depending on the opticns selected.
"Control Pt. 1" is presernt in all options and “Control Pt. 2"
is used only in the (-2) option (double control point capabilxty)
These controls are ten %turn indicating dials. The desired level
of control (or alarm - in those instances where the controller
is being used as an alarm device) is set on the dial directly.

If the control range is 0-10%, each turn of the dial represents
1% oxygen. The number of complete turns is indicated in the
small window at the top of the dial. The face of the dial is
divided into 50 equal divisions allowing for the exact setting
of the desired oxygen level to three significant figures. For
example: to set the unit to control (or alarm) at an oxygen
concentration of 2.54%, set the dial so that the figure 2
appears in the window at th¢ top of the dial. Continue adjust-
ing the dial until the second division mark between 50 and 60
is brought in line with the index mark immediately below the
turns indicating window. Euach of the 50 divisions (in the case
" of the 0-10% range) is equivalent to 0.02% oxygen.

In the case of controllers covering the ranges 0-100% or 0-1000
mm Hg, values indicated on the dial must be multiplied by 10

or 100, respectively. Special ranges will require more com-
plicated conversion factors. 1In these instances, it is
suggested that a graph or tzble be constructed that includes
the oxygen concentrations and resultant control settings to

be utilized. This can be mounted inside the front cover of the
case for convenient reference.

2.4.4 Input Switch. This switch is only utilized in
the D option. It is used to program one of two separate channels
of sensing capability into the control circuits (see Par. 2.3).

2.4.5 Span Controls. Either one or two of these
controls are present depending upon the option selected. "Span
2" is present in all options and "Span 1" is used only in the
D option. The span controls are used to calibrate the instrument
(see Par. 4.3.1).

2.4.6 Selector Switch. This control is a three-position
rotery switch which can be adjusted to "OFF", "CAL" (used during
calibration - see Par. 4.3.1), or "ON",.




3. INSTALLATION

3.1 Location. The Model 323 is intended to be wall cor
bulkhead mounted (see Dwg. No. B-8504 for mounting dimensions).
The case is weather tight and is coated with a special epoxy
paint thet will resist corrosion and abrasion. The case and
electronics are designed to withstand temperatures from O
to 140°F. The cell and probe assembly are designed to be
mounted remotely from the main unit and can tolerate tempera-
tures in the range 30-125°F.

3.2 Electrical Connections. Electrical connections are
made through MS connectors. Both the probe and 115 VAC power
cables are supplied completely assembled. All other cables
must be made up by the customer and wired to the connector
plugs as described in the Interconnec‘ion Diagram.

3.2,1 Relay Connections. The Interconnection Diagram
describes how the relay (or relays) can be internally powered.
In general, if the relay is to be used to power a solenoid valve
-or similar device, the relay contacts should be internally
powered and fused externally, if a fuse ls required.’ (See
Dwg. No. A-8727).

If the relay is to be used to activate an alarm circuit, the

contacts should be powered externally. In this way, the external

alarm can act in the event of unit power failure. The F option

("Fail-Safe") is designed to be wired in this manner. (See

Dwg. No. A-8726). However, if a simple pilot light is to be

activated by the relay, and there are no fail-safe considerations,
it would be reasonable to power the relay contacts internally.

Although the drawings giving recommended wiring diagrams show
Relay 1 as being powered and Relay 2 as unpowered, this does not
mean that under specific applications, they cannot be otherwise
utilized. : '

If two relays are used and require interconnection externzlly,
a single unshielded cable must be used. (The number of conduc-
tors will depend upon the manner 1n whlch the relay contacts
_are to be utilized.)
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Unless otherwise specified, the relays come from the factory un-
powered.

The control logic in a given application will ultimately determine
" whether a relay should be activated above or below the control
point and whether or not its contacts should be powered. This

is most often determined prior to receiving the customer's order.
However , occasionally erroneous assumptions or misunderstandings
will cause the incorrect légic to be incorporated into the con-
trols of a given instrument. If this occurs or any questions
regarding possible alternatives arise, our engineering department
shouvld be consulted.

4.3 Probe Mounting. The Model 323 probe assembly is designed
to be mounted on a wall or bulkhead ggmotely from the main unit.
The probe is not position sensitive , therefore, can be mounted
in any direction. Refer to the Probe Outline Diagram for mounting
dimensions.

The measuring cel)l should not be installed in the probe assembly
-until- the probe cable has been installed and the probe assembly
has been mounted in place.

4. STARTUP

4.1 Préliminary

4.1.1 Check to make certain that all external connec-
tions are made to solenoid walves, recorders, alarm circuits,
etc. Activate audible alarm bypass switches, if applicable,
"prior to connecting external alarm power.

+4.1.2 1If D. C. power is being used, protective diodes
must be present across all coils of solencids, alarm horns, etc.
to prevent arcing.

4.1.7 Check to see that the fuse in the front panel is
intact and in place. The size of the fuse is determined by the
power optlon ' -

1/4 amp

115 VAC -

230 VAC - 1/8 amp

12 VDC - 2 amp {".;( (*(

28 VDC -~ 1 amp N )m,, ;}i f 1 6!;

Ty



4.1.4 Place selector switch in the "OFF" position.
4.1.5 Connect primary power.

4.2 Measyring Cell Iésgallagigg. The Micro-fuel Cell is

aupplied in a controlled atmosphere package and must be customer
‘installed. To install the. cell, uoe the following procedure.

1) Unscrew the probe aasembly cap of the probe asaembly.

‘{2) Open the cell package and remove the shorting clip.
' Care should be taken not to puncture the thin
membrane covering the gold sensing surface.

3) Place the cell, contact end facing inwards, into the
exposed cavity of the probe assembly. Use no tools
for this procedure.

4) Replace the probe assembly cap.

$) Once the cell is in place, the instrument is ready
for its initial calibration and run-in period.

4:3> Initial Calibraticn and Warm-Up. After removal from
its controlled atmosphere package, and before stablc service
can be assured, the Micro-fuel Cell will require a period of
time to stabilize. One-half to one hour is normally sufficient.
However, to insure absolute stability, the cell should be allowed
24 hours to eguilibrate.

Before proceeding with calibration, it is important to make cer-
tain that the probe is in atmospheric air containing 20.9% oxygen.
Paragraph 4.3.3 deals with calibration in other atmospheres.

Meteyx readings should be ignored during all calibration proce-
dures.

4.3.1 Calibration {(for instruments without the D option).
Set the selector switch to the "CAL" position. In this position,
the relays are bypassed and only the "above" and "below" indica-
tor lights above the "Control Pt. 1" dial are in the circuit.
Unlock the span control. If the "below" light is on, rotate the
span control clockwise (cw) until the "below" light turns off and
the "above" light turns on. If the "above" light is on originally



rotate the span control counterclockwise (ccw) until the “"above"
light turns off and the "below" light turns on. Reverse the
direction of rotation of the span control slowly back and forth
sufficiently to cause the lights to alternately turn on and off.

A dead band, associated with the hysteresis of the comparator will
be noted (that range of rotation where no switching occurs).

The span control should be set in the center of this band. The
span control should then be locked in this position.

4.3.2 calibration {for inst;umenggjg;th the_g,obtion).

These instruments have two span controls, dual sensing probes

and an input switch. The input switch determines which of the
two sensor circuits is driving the control or switching cir-
cuits., "Span 1" is associated with "Input 1" and "Span 2" is
associated with "Input 2". The same procedure detailed in
Paragraph 4.3.1 1is followed; however, both inputs must be
calibrated. Therefore, with the input switch in the "Input 1°
position, follow the calibration procedure using "Span 1".
Then, with the input switch in the "Input 2" position, repeat
the calibration procedure, using "Span 2".

"The input not driving the control circuits is available at the

second recorder output terminals (terminals 1 and 2 of terminal
strip 2). 1In the event of cell failure, the input switch can be
thrown and the "back-up" cell will be programmed into the control
circuits. This, of course, results in the malfunctioning cell
appearing in the auxillary output circuit and no reliance on the
readings at the second recorder output can be made. This cell,
however, can be repluced without interrupting the control operation,
except for the short interval of time when the replacement cell
will require calibration. The replacement cell should be allowed

.to run-in before calibration is attmpted (see Par. 4.3).

4.3.3 Calibration in Atmospheres other than Air.
Calibration can be accomplished in atmospheres other than air,
providing the oxygen concentration (partial pressure) is known.
Set the known oxygen concentration on the "Control Pt. 1" dial.
Set the selector switch to the "ON" position. Adjust the span
control(s) as in 4.3.1 or 4.3.2. The relays are not bypassed
when the selector switch is in the "ON" pos;txon.

.4.3.4 ggequgpcy of Calibration. Calibration should
be accomplished every two to four weeks. Longer intervals can
be permitted, providing the user is convinced that the required
accuracy is being achieved.




5. MAINTENANCE

*5.1 Routine Maintenance. The Model 323 is essentially
maintenance free requiring only periodic calibration checks
(as indicated in Paragraph 4.3. 4) and occasxonal cell replace-
ment. ‘ .

fq 5 2 ‘Cell Reglacement. When the micro-fuel cell nears the
end of its useful life, output readings will become erratic:;
shortly thereafter, the cell output will drop off sharply to
‘zero.

To offset the possibility of not having a replacement cell avail-
able when it is needed, TAl recommends thlhiat a spare cell be order-
ed shortly after the analyzer is placed in service, and each time
the cell is replaced thereafter. Do not attempt to stockpile

spare cells.

5.3 Cell Warranty. The detection cell carries a warranty
that cnvers its normal life expecctancy. Two types of cells can
_be used with the Model 323, and each type carries its own
warranty. They are as follows:

I ST

Class C-3. The Class C-3 cells are ‘employed in applications
where the response time is least critical (90% response time is
20 seconds). Extremely long life (approximately 18 months in air
at 75°F) is provided with the Class C-3 cells., They carry a
warranty of 240,000 percent-hours or one year, whichever occurs
first.

Class B-1. The Class B-l cells are used where fast rise
- time is desirable and shorter life can be tolerated (approxi-
mately 6 months in air at 75°F). The response time of the
B-1 cell is 90% in 10 seconds. They carry a warranty of 80,000
percent~hours or one year, whichever occurs first.

Customers having warranty claims must return the cell in ques-
tion to the factory for evaluation. . If it is determined that - /
failure is due to faulty workmansth or parts, the cell will be
‘replaced at no cost to the customer. WARNING: Any evidence of

" tampering, or damage through mlshandllng, will render th. cell
‘warranty null and void. :

If a cell was working satisfactorily, but ceases to function



before the warranty period expires, the customer will receive
credit, on a pro-~rated basis, towards the purchase of a new
cell. ' '

6. TECENICAL INFORMATION

6.1 Background Gas Considerations. Whenever the background
gas is varied in oxygen analyses employing any class of micro-fuel
cell, it is important to take the following into consideration.

'If the new background gas is to be one of lower density (e.g.
changing from nitrogen to helium or hycdrogen) and exposure is to
be of long Quration (greater than 1 or 2 hours), the following
preconditioning should be accomplished.

The cell should be placed in pure oxy‘n for a period of 1 or 2
days (a longer period may be required for cells nearing the end
of their expected life). This can be most easily accomplished in
one of the two following ways:

1. flow oxygen from a gas cylinder through the
instrument or flow-through adapter for the
required interval. 100 to 200 cc/min flow
rate is easily sufficient; or

<. remove the cell from the instrument or probe,
replace the shorting clip and seal the cell in
a plastic bag containing pure oxygen. The bag
should have an internal capacity of at least
100 cc. '

"After conditioning the cell, as described above for the prescribed
interval, return the cell to the instrument or probe (if proccdure
2 has been followed). The new background gas can now be introduced.

This preconditioning is required since the cell is completely sezled,
and the lower density background gas diffuses through the membrane
and into the cell faster than the higher density background gas can
diffuse out of the cell. This results in an increase in the internal
volume of the cell which in turn (if the expansion is sufficient) can
cause .the membrane to separate from the gold cathode. This results
in a marked drop in output and response time of the cell and in most
instances, the i:strument will no longer be capable of being spanned.

These considerations are not relevant in instances where the cell
is being operated under hyperbaric pressurces due to the fact that
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the resulting internal volume changes become insignificuat.

6.2 Transduction and Temgefdtﬁre COmgensation. The fAI

323 Series Oxygen Controllers utilize a unique electrochemical
transducer wiose featu:es include:

o "1) Specificity for oxygen.
'”ﬂ“,z) Maintenanc2 free operation. :
" :'3) Long calibration interval and life.
4) Disposable conflguratxon.
5) Low cost.

The transducer functions as a fuel cell; in this instance, the
fuel is oxygen. Oxygen diffusing into the cell reacts chemi-
cally to produce an electrical current that is proportional

to the oxygen concentration in the g‘ phase immediately adja-
cent to thes cells sensing surface. :

Since the cell has a positive temperature coefficient, this
variable must be eliminated. Temperature compensation using

- thermistor circuits has been used from 30 to 125°F. . This
compensation results in an accuracy specification of plus or
minus 1% of full scale or * 5% of reading, whichever is greater.

6.3 Integral Cell Protection. An N-channel field effect
transistor (FET) is incorporated in the circuitry across the
cell to short circuit the cell whenever the power to the in-
strument is off. The FET switches to a very high resistance
instantly when power is supplied to the analyzer, and is
essentially no longer part of the circuit.

The FET is necessary because of the characteristics of the
cell and the operational amplifier. When in operation, the
amplifier input circuit looks like a short to the cell (approxi-
mately one ohm). If the power were interrupted, without some
means of short circuiting the cell, the amplifier would appear
as an open circuit to the cell. Since the cell is a current
generatlng device, these two circuit extremes (short circuit -
open circuit) would necessitate a prolonged period of equili-

" bration. With the incorporation of the FET in the cell
circuit, tbe cell looks into essentxally a short circuit at
‘all times and the instrument responds immediately when power
is restored to the circuit.

el d
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7. SPECIFICATION DATA
7.1 TAI SALES OKDER NUMBER: 89408
7.2 INSTRUMEN'® MODEL NUMBER: 323.F
7.3 INSTRUMENT SERIAL NUMBER: 2256l
7.4 MICRO-FUEL CELL CLASS: B-|
7.5 RANGE: 0-2 5% ATMOSPHERES pO,
7.6 ACCURACY: + 1% OF FULL SCALE AT CONSTANT TEMPERATURE,
+ 5% OF READING OR * 1% OF FULL SCALE,
WHICHEVER IS GREAMER, THROUGHOUT THE
X OPERATING TEMPERATURE RANGE.
7.7 OPERATING TEMPERATURE RANGE: 30-125°F,

{ i 7.8 REQUIRED POWER: 115 'VAC, 50-60 Hz.

{‘ 7.9 HYSTERESIS: 0.1% OF FULL SCALE
7.10 SENSITIVITY: 0.2% OF FULL SCALE

’ 7.11 CONTROLLER OUTPUT: TWO SPDT RELAYS RATED AT S AMP RESISTIVE.

7.11.1 THE CONTACTS OF RELAY NO. 1 ARE INTERNALLY POWERED.
THE CONTACTS OF RELAY NO. 2 ARE UNPOWERED,

-

'THE INTERNALLY POWERED RELAY CONTACT PLUG IS FURNISHED AS
AN ACCESSORY. THE PLUG HAS BEEN SUPPLIED WIRED TO INTERNALLY
POWER THE RELAY CONTACTS OF RELAY NO. 1.

4
O

o
| |

¥
1%

7.11.2 RELAY NO., 1 IS ACTIVATED BELOW CONTROL POINT.“//
r RELAY NO. 2 IS ACTIVATED ABOVE CONTROL POINT.:

r O ‘ E URKHNAL

OF Poog - TAGE I

QUAL 1TV

{« - 12 -



44443

- :J»‘/v =K

8

-+

4 4§

FER Y

[=

3.

4.

5

6.

<+
1
4 5 —J‘ —1&.4».1

This curve assumes continuoug exposure.
Intermittant exposure will extend life.
In general, the CO, effect ip cumla-
concentration

tive and the average CO
should be used to find

cell life.

Cell: can be ured to make

high concent:atio%o of €O
The instrumen

and more).

returned to a C0

. 88 & constant reg

istic of cells operated as ind
2 and 3.

Kotes 1,

fhe predicted

spot chick
' measurements of O, in the presence of

¢

(up to SO%
should de

free sample as soon
ding is obtained.
Adnormally slow recovery to air calibra~-
tion point (5-30 minutes) is character-

icated in

The reduction in cell life is primarily
This reduces
to a point where the instrument can no

4ue to a drop in output,.

longer be spanned.

Instruments using

B-1 cells in CO, atmospherss should
be spanned more frequently.(at inter-
vals 10-20% of the predicted life).

The CO, effect on B-1 cells
independent of the O, level.

is
The

reduction in cell life due to “heir
being used in co, atmospheres is
therefore limiting, and takes precedmnt
over the normal 80,000 %-hr warrantee.

¢ C-3 cells can be expected .to last
at least twice as long. '

1T

L

.—-i»«H

3

Y

{
See s
Ji-

u

URIGINAL PAGE Is

| OF POOR QUATITY

t~

i

sny
]

H_
4
-
-

Oy

1

Predicted Weeks of Cell Life

Y

20

-NJ
&




R T A e oo Lo T Mm-w-—wwa

: TAY SLRITS 323

: o . SPARE_PARTS LIST ' '
[ QUANTITY PART NO. DESCRIPTION
2 _ L32 Lamp, GE {1327
* k%D rso .Microfuse,.l/B.dmp.
* kKD F39 o ﬁicrpfuse, 1/4 amp.
C k%D , rsé Microfuse, 1 amp.
*kkD F51 . Microfuse, 2 amp.
- \ R179 | Relay, P & B KHP17D1ll, 24V
.o%l C-6689 . Cell Asserily
i . glggg Color Code
' . C-3 Red
{ . ‘ ' B-1 Tan

f % 'Orders for.TAI éell assemblies must include the ciass of the cell
~ specified in Section 7 of the instruction manual, and the serial number
of the analyzer in shich the cell is to be used.

r« . v o !

**+*Fuse size 1s determined by power option:
230 VAC-1/8 Amp.
115 vac-1/4 Amp.
28 VDC~ 1 Amp.
12 vpC- 2 Amp.

IMPORTANT: Orders for replacément parts should include the above par
number, and the model and serlal nuMber of the analyzer for whlch the
parts are intended. :

Orders should be sent to: TELEDYNE ANALYTICAL INSTRUMENTS
v 333 West Mission Drive
San Gabriel, CA 91776

' URIGINAL PAGE I8
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B~8504

. B=8847

B-9806
C~9805
A-9807
18-9804
B-8880

DRAWING LIST
MDL 323F

Controlier Outline Diagram
Probe Outline Diagram
Interconnecticn Niagram
Schematic

Relay Interconnection Schematic

Wiring Diagram

‘Probe Wiring Diagram
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OME No. 44-R

Occupational Safety.and Health Administration

MATERIAL SAFETY DATA SHEET

U.S. DEPARTMENT OF LABOR Form Asareves

-7

Required under USD}. Safety and Health leqtiom tor Ship Repairing,
Shipbuilding, and Shipbreaking (29 CFR 1915, 1918, 1917)

SECTION |

MANUFACTUARR'S NAME EMERGENCY TELEPHONE NO.

R & G _SLOANE ‘ (213) 875-0160
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Q
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SECTION IV - FIRE AND EXPLOSION HAZARD DATA
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EXFINGUISHING MEDIA
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| o SECTION V - HEALTH HAZARD DATA - |

THAESHMOLO LIMIT VALUE

CTS OF OVEREX '.(
EADACH CAN CAUSE ANACOSIS RRI

D
R EORYCE CTLATIVE . 1 JUR VR RERFATERLE AUFORRER THRQUGH SKIN TN
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.
—
[

- -
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- -
K&

-
- -
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SECTION VII - SPILL OR LEAK PROCEDURES

Pre——— e e R e o sm—
STEPS TO BE TAKEN |N CASE MATERIAL IS RELEASED OR SRILLED
[E GNITION SO!

LIQUID OUT OF EYES AND AVOID CONTI_\_Q:I ﬂ SEIE‘__H,LLS_H_M_____
VOLUME OF WATER.

WASTE QISPOSAL METHOD

INCINERATE - EXCESSIVE QUANTITI HOULD NOT BE
PERMITTED TO ENTER DRAINS WHERE THERE IS DANGER OF VAPOR BECOMING
IGNITED.

SECTION VIt - SPECIAL PROTECTION INFORMATION
~AESPIRATORY PROTECTION [Spcety rvpel 1
AN

I\ AN .
MINF SAFETY

£ 0 5 NETX AS o g “nE=3
VEnTicarion | | SOCAL EXRAUS . SPESIALTRESP. CAT #85332 |
- MECHANICAL [Genen:l, . 0 OTHER '
QU FOTRT "“YIR_CHANGES PER_HOUR
PROTECTIVE GLOVE EVYE PROTECT
RUBBER OR PVa GLOVES ARE SUITABLE |CHFMICAL SAFETY GOGGLES TO PREVIIT
FUFERVEOUS ABRON""" SPLASHING IN EYFS.

SECTION IX - SPECIAL PRECAUTIONS

- oA g2?
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WWMEN 40 & 110°F.

OTHER PRECAUTIONS
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Daily Concentrations of CBrF3 for Experiments 1 and 2
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FREON 1381 CONCENTRAVION IN THE CHAMBER
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M
M
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]
M
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M
1Tk
M
AN
AM
AM
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AM
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A1 15-MINUIE INVERVALY

ya sane 0sb sabe veeh eiw Ueee CheaRbE s d
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.00
.82
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2.9%
$.00
:.'?.0‘74
oAy
$.43
$.40
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4,02
2.9%
8.2
3.6
3.49
3.4%
3.04
2.93
2.97
2.87
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)

<o sew so

2.0
2.76
o, 47
2,47
3,00
2,63
2.74
2.87
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3.49
3.42
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3,06
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.43
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3.04
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2.99
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.97
$.u0
2,0

KE-At

4. 24
%, 40
BLo00
A A
@, 89
L L
2,86



©8:00
9:00
1i0:00
11:00

AM
AM
AM
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12 NOON

1:00
2:00
3:00
4:00
S:00
6:00
7:00
g:00
9:00
10:00
11:00
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FM
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M
PM
]
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12 MNILE

1:00
2:00
3:00
4:00
5:00
6:00
7:00

PM
AM
AM
AM
AM
AM
AM

Al

DAY
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FREON $3B4 CONCENTRATION IN THE CHAMBER

MINUTES PAST THE HOUR

2.74
2,80
2.73
2,69
$.06
2.93
2.74
Q.73
2.87
2.80
3.2
3.19
$.23
3.10
S$.410
3.12
3.02
3.00
.87
2.86
2.76
2.69
2,65
2,67

1%
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.08
3,04
2.94
.02
2.87
.78
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3,00
.26
3.43
3.15
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3.00
3.06
2.82
2.84
2.80
2.h6Y
2.67
2.5%8
2.5%6
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2.43
3.02
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2.97
2.78
2.76
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5.3
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3.47
3.02
2.97
2.9%
2.87
2.82
2.76
2.74
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FREON 13B1 CONCENTRATION IN THE CHAMBER
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8:00
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MINUTES PAST THE HOUR
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2.93
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2.74
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2.91 2,93
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3.30 3.26
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FREON 13B1 CONCENTRATION IN THE CHAMBER
A1 15-MINUTE INVERVALS

MINUTES PAST THE HOUR

0 i% KX 4%
8:00 AM 2,39 2. 9% A, 43 2.67
2:00 AM 3.15% 349 3:17 3.4%5
10:00 AM 2.91 2.93 2,86 © .49
11:00 AM 2.56 2.95 2.97 2.97
12 NOON 2.9% .99 2. 84 e.94
1:00 PM 2.806 2.78 2.6% 2.9
2:00 VM 2. 86 o, 61 2.69 2.9%
S:00 PM 2.89 2.80 2.04 1.9¢8
4:00 FM 2.4% $.00 5.36 3.5
S:00 PH 3.26 3.23 3.19 5,24
6:00 PM 3.47 3,15 $.47 3.45
7:00 PM 3.145 3.48 5.30 3.28
8:00 P S 32 3. 54 3,30 o34
9:00 PM 3.354 3.34 3,30 J.30
10:00 PM % .50 3.¢% 3.¢5 A.2b
14:00 PM 3.21 3.19 5.147 3.21
12 MNINE 3. 1Y 3.19 3.1% g
1:00 PM 3,10 3.3 3.19 3.4%
2:00 AR 3.4 KR 3.06 5.04
3:00 AM 2.99 3.04 2.99 2.93
4:00 AM 2.99 2.3 e.v? 2.87
S:C0 AM 2.89 2.34 2.89 2.8
6:00 AM 2.86 <. .86 2.84 Q.78
72:046 AM 2.84 2.748 2,67 2.7
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9:00
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FREON 13B1 CONCENTRATION IN THE CHAMEER
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d
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P
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!
M
M
M
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PM
AM
AM
AM
AM
AN
AM

A1 15-MINUTE INTERVALS
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2.86
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2.69
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3.4%
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MINUTES PAST THE HOUR
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Thee brae 7ine caee 9090 00py Saee seve
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d.ee
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2.89
.86
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@74
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e.74
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30 4%
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3.40 3.4%
3.40 .06
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2.93 2.97
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10:00
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FREON 13B4 CONCENTRATION IN THE CHAMBER
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]
]
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]
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)
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AM

AT 15~
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&.99
.74
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2079
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FREON 13B4 CONCENTRATION IN THE CHAMHBER
AT 15-MINUIE INIERVALS

MINUTES PAST THE HOUR
0 1% 30 4%

B HES4 abes ABD PG BIGH $HI) MU0 -4 SeKS Bebe ems T RS VRSN Bheb BT 18 SRR BFEL WRHE (DO 1L GeNE 9101 bede se) Dhat

3:00 AM 2,69 .69 B3 -1
7:00 AM 2.24 2.30 2.78 2.84
10:00 AM .84 2,60 4.0 & 86
14:00 AM 2.89 2.76 2,67 2,67
12 NUON 2.60 .73 i “, 86
1:00 PM 2,94 2.74 2,69 3.00
2:00 M a.9, 2,69 2.73 8,67
3100 PM .76 2.7% 1.7¢ 1.80
4:00 ¢M 1.96 -1 ¢ bd 2,80
S5:00 PM .76 2.7% 2,49 3.2%
H:00 M 3.3 3.2 3.2 B, 0h
700 PH 3.2% 3.2% 3.26 4,47
65100 M 3,045 3,25 Aay B4
?:00 PM 3.143 3.12 3,47 3,43
50:00 PM 3. 06 3.40 3.40 06
14:00 PM J.42 3.04 3.42 .97
12 MNLE 3.06 @.99 3.00 “ah
1:00 PM 2.9 2.97 2.93 2.93
2:00 AM &8y Q.74 2,094 .o/
J:00 AM 2.82 2.80 2.82 A - ¥
4:00 AM &.82 .78 w76 74
5:00 AM 2.69 2,69 &, 67 #0714
6:00 AM 2.69 2.69 S| 2,063
7:00 AM - 2.64 2,61 2.6 2,58
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PM
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MINUTES PAST THE HOUR

0 1H
& . ha Q. "6
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2.74 2.76
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3.¢% 3.47
3.00 2.97
.87 .67
Q.54 2.56
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3,49 3,40
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3.10 3.47
3,48 3.04
.02 3,02
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2,99 s.02
2.89 2.9
.87 .87
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2.7 2.78
g1 2.74
2.5%8 2.67
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2.,6%
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e .8y
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342
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.93
2.89
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10:00
12:00
12 N
1:00
2:00
3:00
4:00
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6:00
7:00
8:00
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10:00
14:00

DAY 114

FREON 13B1 CUNCENTRATION [N THE

AM
AM
AM
AM
00N
PM
FM
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PM
PM
)
PM
M
PM
)
PM

12 MNINE

1:00
2:00
3:00
4:00
S5:00
6:00
7:00
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AM
AM
AM
AM
AM
AM

A1 15-MINUTE LINITERVALS

s S ) B e R S e e

2,64
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@78
2.54
@.82
2,78
& 67
2.,6%
3.06
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3,06
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@82
2,82
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2.67
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2.48
2.45%
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. e 1SS eah ey R e W A W
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2.5 4
2.54
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Q.69
2,67
2,60
2.9%
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.99
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Q.94
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2,60
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#.%90
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e -

2,590
3.00
2.78
2.82
Q.H69
.67
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FREON 13B1 CONCENVRATION IN THE CHAMBER
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b
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M
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M
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i
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MINUTES PAST THE HOUR

0 1 8- Y\
2,399 A § ) .39
2.73 2.86 2.86
.74 2.67 2,74
2.50 3.06 3.02
2.99 2.9% 3,00
2.89 2.82 2.82
2,67 eohe 2,86
.97 2.89 1.74
3.08 J.4e 3.0
3.00 3.00 .04
.97 2. 7% d.94
2.99 2.93 .93
2.94 2. 89 2.87
2.93 .93 2.89
.87 2.64 e 64
2.76 2.80 2.84
2.82 # .84 2 .84
2.74 2.69 2.78
2,74 2.6% 274
2.67 2,60 .61
2,96 2.4 2,60
2.52 2.%6 2.4%
2,47 2,94 Y
.43 Q.47 2,44
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FREON 1381 CONCENTRATION IN THE CHAMRER
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P
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]
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AM
AM
AM
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AM
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£ AN ae seas e .
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FREON 13E1 CONCENTRATION IN THE CHAMBER
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AM
AM
AM
AM
AM
AM
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§ U e G A
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.42
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46 AN S s e e e e e e
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3.0
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2056

40

D L

¢.HY
.63
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$,02
.99
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$:00
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FREON 1381 CONCENTRATION IN
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)
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PM
AM
AM
AM
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DAY 15

IHE CHAMBER

AT AS=-MINUTE INIEKRVALS

4%

2. e
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2.87
2.9
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@ 80
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S.42
3.06
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2.97
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2.9 QiHe - Y
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.89 Q.89 2.8y
Q.86 e, 6% 2.73
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.76 2. H4e -8 4
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J.40 3.08 S.08
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3.04 3.08 £.97
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FREON 135B1 CONCENTESTION IN THE CHAMBER
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AM
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MINUTES PAST THE HOUR
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2.4% 2.39 2.37
e.32 2,32 e. 37

(D

2.1%
2,69
?046
2,74
2.7
Q.74
.79
.34
A 00
2.9%
3,00
&,9%
e .37
22
2.6
¢ .84
774
274
2,%¢
2,60
2.2
.37

“a
(5

4

e
b




68:00
P:00
10:00
11:00

DAY 17

FREON 13B1 CONCENTRATION IN THE

AM
AM
AM
AM

12 NOON

1:00
2:00
3:00
4:00
5:00
6:00
72:00
8:00
9:00
10:00
11:00
12 MN
1:00
2:00
3:00
4:00
$:00
6:00
7:00

(]
¥M
PM
)
PM
4
PM
FM
PM
FM
PM
1NE

Al 15-MINUITE LINIERVALS

SN T VY
NN edoN

] 0

MINUTEE PAST
1%

¢.28
2,99
3.9
2.87
2.86
2.54
a.?s
2 69
3.02
3.00
3.25
5,23
3.42
3.08
9,08
3.00
2.93
2.89
2.82
.76
2.73%
2,76
2.6%
2.54

CHAMBER

THE HOUR
$0

.

1.%4
3.00
2.93
2.80
3.02
2.74
2.43
.04
3,23
.17
3.13
4.19
3.08
3.00
2.99
.93
e.89
2,80
2.82
&.80
2.67
2.60
2,60

4%

1.97
2.80
4.04
2.87
o7
3.91
e.80
2,19
$.04
3.23
3,26
J.24
$. 06
3.04
$.04
4,00
2.93
2.87
2.62
2'8;‘-‘
2.7
'P’rl?i
2,58
2,63



8:00
92:00
10:00
$1:00
i2 N
1:00
2:00
3:00
4:00
9:00
6:00
7:00
8:00
?:00
10:00
11:00
12 MN
1:00
2:00
3:00
4:00
$:00
6:00
7:00

DAY

168

FREON 13B1 CONCENTRATION IN THE CHAMBER

AM
AM
AM
AM
00N
(]
FM
PM
L)
PM
4]
PM
KM
PM
PM
PH
ME
PM
AM
AM
AM
AM
AM
AM

A1 15=-MINUIE INTERVALS

MINUTES PAST THE HOUR

B e - -

¢.%0
3.04
2,67
2,60
2.89
2.78
3.02
2.76
2.6%
J.06
3.04
3.06
2,97
2.67
2.869
2.87
e.73
2.69
&by
2.58
2,60
2.45
2,37
2.43

(0l

1%

-

2,41
e.87
2.74
294
2.86
3,02
Q.86
2.76
3,15
3.42
3.10
2.99
2.%93
2093
Q.94

2.76
2.74
2.67
.71

2.61
2.%6
2,37
2.37
2.32

50

W .

-

4%

¢ 10
2,67
©.47
2,93
2,82
3.06
e.76
2,24
4,13
3.18
.97
2,99
2,93
Q.93
¢ .84
.73
e.74
2,63

.60
e.A4b
e, 37
.37
2,30

-



83:00
2:00
10:00
11:00

DAY 19

FREON 13B1 CONCEWTRATION IN THE CHAMBER

AM
AM
AM
AM

12 NOON

1:00
2:00
3:00
4:00
S5:00
6:00
7:00
8:00
?2:00
10:00
11:00
12 MN
1:00
2:00
3:00
4:00
S:00
6:00
7100

PM
iy
PM
]
PM
|
PM
)
PM
PM
PM
2V
PM
AM
AM
AM
AM
AM
AM

A1 1S-MINUTE INTERVALS

PP ——

PUN T C o Ce D 0T e m N NN
NP2V UVINSD NI CDLIT DD

PRI NERNNRNROWY NN

3.06
3.04
3.00
.97
2. 86
Q.87
2.82

EOE TR

MINUTES PAST THE HOUR

1%

PRGN
SO N
SN U= Ul

2.84

$0

TS oo mR QN
COUGECE D= OO

RN N NN WNONDY =T

- e e

2,92
2.63
3, 2%
3.45
3.04
2.99
2,94
5,06
3.02
2,99
2.8y
2.87
P 1
¢ .80
2.7
3,19
d.4%
3,04
$.02
2,94
Q.62
2,84
.78
2,69



DAY 20

FREON 13B4 CONCENTRATION IN THE CHAMBER
AT 15-MINUIE INVERVALS

MINUTES PAST THE HOUR

0 1% 40 4%
B8:00 AM 2.09 2,67 @67 2,69
?:00 AM 2.06 2.43 3.4% a.45
10:00 AM 3.195 .02 e.99 4. 04
11:00 AM 3.10 .97 3.02 3.04
1€ NOON 2.9% .89 e.99 2.9%
1:00 PM e, %4 2.87 2,84 .89
2:00 M 2.76 2,82 2,76 2,64
A:00 PM 2.76 2.73 ;a7 2.73
4:00 ¥¢n ¢.87 2.69 2.%6 Q.96
5:00 PM 2.%4 e.69 2,56 2.,%6
6:00 VM &.596 2.9 2,47 .47
7:60 PM 2.47 2.48 Q.47 Q.39
8:00 MM 2.4% Q.39 e, A% @9y
?2:00 PM 2,39 e.32 2.3y 2.4
10:00 FM 2,37 2.3% e, 82 2,94
11:00 PM 2. 32 2.24 2.30 2,30
12 MNLTE 2,34 2,74 2,32 286
1:00 PM 3.32 3.2% 3,34 3.26
2:00 AM 3.28 3.19 3.23 3,24
3:00 AM $.30 3.19 3.17 3.10
4:00 AM 3.40 3.4% 3,19 318
9:00 AM 3.42 3.02 3.10 2.94
6:00 AM 2.0e 3.06 5.06 @95
7:00 AM 2. 2.9% 2.9% 2,71

[0F



DAY 21

FREON 13B1 CONCENTRATION IN THME CHAMBER
AT 15-MINUTE INTERVALS

MINUTES PAST THE HUOUR

0 15 30 4%
B3:00 AM & 87 Q. Hue ¢ H6 2. 6a
?:00 AM 2.80 2.80 2.76 2.78
10:00 AM 2,614 3.47 4.10 3.04
11:00 AM 3.02 3.00 3,39 3.28
12 NOON 3.36 3,36 3.36 3. "5
1:00 PM 3.26 3.2% 3.26 3.143
2:00 ¢ 3.24 3.19 $.24 $.40
3:00 PM 3.23 3.08 3.08 3.00
4:00 PFM 3.08 3.04 .06 s.06
5:00 PM 3.00 2.%% 2.%3 Q.99
£:00 FM 2.9 2.93 Q.86 o 62
7:00 PM 224 2.86 e.80 Q.82
8:00 FM e.6e Q.86 e.78 2,80
?:00 PM 2.78 2.76 2.76 3.08
10:00 ¥M .43 KT 3] s$.06 3.40
11:00 PM 3.40 3.19 3.04 $.10
12 MNITE 3.02 3.02 $.08 4.10
1:00 FM 2,98 3.00 3.00 @97
2:00 AM 2.86 e.93 2. 64 2.9%
3:00 AM 2.93 2.93 e.82 2.84
4:00 AM 2.86 2.76 2.74 2.80
95100 AM e.69 .74 2.67 2,69
6100 AM .74 2.73 ¢.714 2.63
7:00 AM 2.67 2,61 2.60 Q.58

109



8:00
?2:00
10:00
11:00
12 N
1:00
2:00
3:00
4:00
9100
6:00
2:00
8:00
?:00
10:00
14:00
12 MN
1:00
2:00
S:00
4:00
5:00
6:00
7:00

DAY 22

FREON 13B1 CONCENTRATION IN THE CHAMBER

AM
AM
AM
AM
00N
PM
FM
PM
L
PM
rM
PM
rM
PM
PM
PM
41K
PM
AM
AM
AM
AM
AM
AM

A1 A5-MINUTE LINTERVALS

2.5
2.60
e
.50
3,00
2.87
&9
2,64
Q.62
3.17
3,32
3.23
3,26
3.21
3.42
3.04
.97
2.87
297
2.80
.82
.73
2.74
2.%8

MINUTES PAST THE HOUR

15

@54
3.00
2.73
2.%0
a.9%
.87
&.86
2,65
3.45
3.42
3.34
3.23
3,15
3.43
.47
2.99
3,06
2.9%
Q.87
2.76
&, 69
&7y
2. 69
2.58

30

2.%4
2.93
2,74
2.%0
2.99
Q.69
&.63
e.60
3.47
3.08
.47
3.47
d.A7
3.43
$. 13
e.9%
.02
e.89
&.80
2,82
2.74
Q.67
¢.60
2,56

L

4.2%
$.47
R
I Rt
e:99
2.93
275



8:00
2:00
10:00
11:00
12 N
1:00
2100
3:00
4:00
5:00
6100
7:00
B8:00
2:00
10:00
11:00
12 MN
1:00
2:00
$:00
4:00
S:00
6:00
7:00

DAY

23

FREON 13B1 CONCENTRATION IN THE CHAMBER

AM
A
AM
AM
OO0ON
PM
PM
PM
FM
PM
PM
PM
MM
PM
FM
PM
INE
PM
AM
AM
AM
AM
AM

AM:

A A15=-MINUTE LINVLZRVALS

MINUTES PAST THE HOUR

D

“.56
2.147
By
e.71
3.10
3.10
2.87
Q.78
2:9%
3.49
3.34
3.36
S,
3.28
3.2%
3.30
3.143
3.3
43,02
2.97
2.9%
.93
2.93
2.76

i% 30 4%
2, 4% Y | 2.0
3.42 3,43 3,42
2.94 2,47 2.9%
2.67 c.8?7 3.4
3.04 3.42 S, 06
2.80 2,84 2.80
2.7 IR Y .74
Q.84 2.78 P B
3. 4% $.43 B, 43
3,34 3.37 3,45
X.44 KRR Y B89
3.36 3.28 %, 30
3,30 3,28 4,30
3.23 3.26 5.28
3,23 IR ad 2 3. 30
3,26 J.21 3.8%
3.149 R S,08
3,17 J.42 3.42
d.42 3.42 s.04
3.00 3.00 .00
2,93 Q.97 293
.89 2.84 Q.82
Q.62 Q.89 2. u4
2.74 .78 .76

1]



800
9100
10:00
14:00
12 N
1:00
2100
3:00
4:00
S:00
6:00
2100
8:00
9100
10:00
14:00
12 MN
1:00
@100
5:00
4:00
$:100
6100
7:00

DAY 24

FREON 13B1 CONCENTRATION IN THE CHAMBER

AM
AM
AM
AM
00N
PM
)]
PM
iy
PM
HM
PM
M
PM
FM
PM
118
PM
AM
AM
AM
AM
AM
AM

A1 15-MINUTE INITERVALS

.73
2.37
2,89
e.76
2.9
2.6%
2.79
2.02
3.06
3.1%
d.24
3.2
3.140
3.06
79
2.:%4
2,684
2.74
e:7%
2.64
20
2,50
2,92
2,44

LA

MINUTES PAST THE HOUK

ib

2.67
3.08
2.87
2,54
2,97
2,73
.76
2,60

76
3.26
3.2
3.24
5,08
3.00
Q.97
Q.91
e e
2,78
.76
2,60
2,596
&.58
2.37
2.37

50

B T

4%

e.74
3.40
a3
5.00
.87
2,89
2,73

95
$.19
$.82%
S542
3,45
3,06
2.9%
2.9
&L 86
oA e A
2,69
.74
2,98
2.,.h2
2.47
2.09%

A.30



8:00
9:00
10:00
14:00

DAY

2%

FREON 13B% CONCENTRATION IN THE CHAMBER

AM
AM
AM
AM

12 NOON

1:00
2:00
3:00
4:00
100
6100
7:00
8:00
9:00
10:00
14:00
12 MN
1:00
2:00
J:00
4:00
S:00
6:00
7:00

PM
M
PM
*M
PM
iy
PM
4
PM
FM
PM
1NE
PM
AM
AM
AM
AM
AM
AM

A AS-MINUTE INIERVALS

MINUTES PAST

R S

¢, A1
3.24
.78
2.58
2.v9
2.87
Q.69
7t
3.49
3.19
.49
3.42
3.04
.08
8'95
2.93
2.86
2.80
e.78
2.74
e.67
e.58
2,47
2.5

1%

R R Y

TNy
SUIVIR W =i

&.69

B

THE HOUR
50 4%
1.%% 2. ha
3.24 e.86
2.76 .74
2,48 e.99
e 87 o -4
2.76 .95
2.74 @74
1.93 2,60
3. 4% B
3. 19 $.17
3.4Q .42
3.06 3.2
9,09 S, 08
2.99 3,00
2.9 2.94
2.99 2.9
2.84 LR
2.78 2. 84
2.76 274
2,63 2,69
@, 6% 2,60
2.%4 2,54
P V4 w47
L V4 e, 43



00
@:00
10:00
14:00
12 N
1:00
2:00
3:00
4:00
%100
6:00
72:00
B:00
9:00
10:00
11:00
12 MN
1:00
2:00
3:00
4:00
$:00
6:00
7:00

DAY 26

FREON 13E1 CONCENTRATION IN THE CHAMERER

AM
AM
AM
AM
00N
PM
M
PM
M
PM
iy
PM
M
PM
PM
PM
1NE
PM
AM
AM
AM
AM
AM
AM

AT A5=-MINNE INTERVALS

- - -

©.43
Q.28
Q.78
Q.78
e.99
2,97
2.80
2.76
Q.23
3.8%
347
3.47
3.08
5012
340
3.06
2.94
2.89
Q.67
221
2,69
2.649
2,69
2.54

MINUTES PAST THE HOUR

(R

15

A A S S A (T B SR e

2.4
3.2
ol o ol
a.5%2
3.06
2.89
2.76
2.74%
Q.88
3.8%
317
4.49
J.45
3.08
3.04
2.99
2.89
273
R.82
2.76
2,67
.74
2.94
2.50

e

S0

Q.87
3.42
&.u0
.99
3.0¢
2.76
876
2.6%
330
3.47
3,45
8. 29
.42
3.43
$.06
.99
2.99
2,84
.79
.69
.74
2,60
2.61
2.43

S e e . e

4%

" -

<00
3.43
@74
.97
S.00
2.76
e.6%
2. .73
R Y}
349
3.3
a1
d.4P
3,448
d.08
3.04
o B6
e.86
Q.80
2,73
2.73
.6\
2.5

&, A47



DAY 27

FREON 13B4 CONCENTRATION IN THE CHAMBER
AT A5=MINUTE INTERVALS

MINUTES PAST THE HOUR

0 1% a0 4%
8:00 AM 2,49 £.43 2,43 K
2:00 AM 2.43 2.34 1.76 2,30
10:00 AM 4.04 d.21 I | $.21
11:00 AM 3.24 3.47 3.1% 3.142
12 NOON KRS §-) d.a2 3.08 3.10
1:00 PM J.02 3.02 3.06 3.00
2:00 FM J.00 2,99 293 2095
J:00 PM a.99 &.87 2,44 ¢ .86
4:00 FM 2. .82 Q.89 e.87 .76
S:00 PM 2.76 e.74 .76 2.76
6:00 PM 2.69 2.6% @74 2,63
7:00 PM 2.65 2.69 .74 2,63
8:00 M e.74 2,614 “. b 2,63
?2:00 PM 2,60 2,60 2.67 2.99
10:00 FM 3.24 3. 26 488 519
11:00 PM $.47 3.8% 3.47 3,49
12 MNLIE 3.23 3.1% .12 3.47
1:00 PM 3.06 3.00 3.06 J.04
2100 AM .00 <. 99 .99 3.04
3:00 AM 2.93 .87 2.91 2,99
4:00 AM 2.82 2,89 2,864 2.4
S5:00 AM 2.87 2.89 Q.74 2,78
6:00 AM .76 2.8 ¢.80 .69
7:00 AM 2.78 2,65 2.63 2.63



DAY 28

FREON 13B1 CONCENTRATION IN THE CHAMBER

8:00 AM
P:00 AM
10:00 AM
11:00 AM
12 NOON
1:00 PM
2100 PM
3:00 PM
4:00 FM
S:00 PM
6:00 FM
7:00 PM
8:00 FM
?:00 PM
10:00 PM
14:00 PM
12 MNIVE
1:00 PM
2:00 AM
5:00 AM
4:00 AM
S:00 AM
6:00 AM
7:00 AM

A1 15-MINUTE LINITERVALS

- 8
-2
2.
e,
a‘
3.
3‘
3.
a2,
2.
2.
-

2

-
4.
3,
:s.
A,
3.

l,|

69
64
73
Be
82
13
i%
0
Y9
87
84
74
74

73

63
30
4)
2
10
00

.93

2.
e,

2.

80
860
67

MINUTES PAST THE HOUK

| 3 [

%

&.60
Q.21
2,86
2.84
2.74
3,42
.04
2.99
2.9%
e.82
@69
.73
& Ho
2.67
.65
5.25%
4,49
J.24
K N
3.06
2.9
e
2.78
2.76

. s .

PN

S0

2.%4
2,89
e.87
2.74
2.76
3.143
.04
av7
2Y9
2,86
2,64
2.76
ol - Tl
21724
2,65
3.23
$.e6
.04
.02
3.02
e - V4
&.78
2.74
2,78

?061
2.91
2. 134
2.80
.73
317
A6
Q.95
“2.93
2,84
o AT
2.76
.76
2,67
¢ 99
$.28
T b
3.08
$,00
2.9%
A L
©. 8%
2,40
2.6%



DAY

a9

FREON 1381 CONCENTRATION IN THE CHAMBER

H$:00 AM
?2:00 AM
10:00 AM
14:00 AM
12 NOON
1100 PM
2:00 ¢FM
S:00 PM
4:00 MM
H:100 PM
6H:00 PN
7:00 PM
B8:00 PM
9:00 Ph
10:00 PM
14100 PM
12 MNLITE
1:00 PM
2:00 AM
3:00 AM
4:00 AM
5100 AM
6:00 AM
7:00 AM

AT A5-MINUITE INTERVALS

B T

e.67
2.04
2,69
2,67
.89
2.84
3.37
3.36
2,49
3.47
3,40
$.10
5.04
2,93
2,94
1.7
e, 8¢
Q.73
2.61
2,68
.58
2,54
2.5
2,39

MINUTES PAST THE HOUR

 §

2.6
2.63
e.74
Q.48
w7
2.69
3,74
e.84
1.6%
3.47
A.06
$.06
h.04
.93
295
2.80
2,80
e.74
276
2.63
2.%94
2.%0
.43
2.43

A0

.19
2.97
“:’.'/3
2.87
o .84
2. 6%
Y. 4y
2.%6
¢ He
35.40
S.06
3.42
$.08
2.9%
e L
2.87
“.87
2,69
.67
2,65
2.%0
2.‘7
2.4
2.43

4%

B

¢.04
297
2.69
2,99

N e
o
= ¢

21
-1
76
2
N6
Né

-
-

g
N

(it
R A%
Al
74
78
-3 )
b4
60
44
AL

L]

NN NN N NS

BN

C RN RN

L2t
=
EN



6:00
?2:00
16G.00
14:00
12 N
1:00
2100
J3:00
4:00
100
6:00
7:00
8:00
9:00
10:00
11:00
12 MN
1:00
2:00
3:00
4:00
$:00
6:00
7:00

DA

Y 30

FREON 13B1 CONCENTRATION IN THE CHAME

AM
AM
AM
AM
OON
PM
rh
PM
FM
PM
4]
PM
PM
PM
FM
PM
&
PM
AM
AM
AM
AM
AM
AM

AT 15-MINUIE INTEKRVALS

A .

¢, 84
2.48
2.80
2,74
3.10
2.99
2.86
2.37

1Yy

MINUTES PAST THE HOUR

1%

"

-

o

A0

2,30
3.13
.74
2.48
2.:92
2.74
2.60

s cmme cam eoa
o -
- -

- -

- -
o o e e
o - -

- - e

Rl L

4%

2,86
4.02
@74
.73
2,00
2,86
o, 50

-
- -
-
-

- -
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Experiment 2



S DNV D Gy e

10
11

13
14
is
16
§7
18
19
20
el
22
23
24
2%

a7
ey
29
S0

N

FREUN 15K1 GAS CONCENTKATION

DALLY S1A1161CH

AVERAGE
CONC (X%

)

) DEVIAY LON

M b e N e W AR S e e W SRR A AR WS AR MRS SRR BN BSK R e

Y1
e
V6
96
96
96
96
vé6
9%
26
l’b
Y6
76
76
96
76
26
vé6
96
v6
Y6
V6
26
Y6
Y6
26
26
26
26
J4

2.78
2.64
2.69
2.76
.79
2.83
2.82
.73
.90
2.52
e,
2.90
2,80
2,90
2.86
.79
2.,8%
2.8
2.69
2.88
2. 7%
2.7%
2,80
2,89
@80
2.82
“.84
2.80
2 .86
2.7?
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READINGS OUISLIDE
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v 0

TANDARD STANDLARD
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27 04
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bAY

FREON 13B1 CONCENTRATION IN THE CHAMEER
A1 15-MINUTE INTERVALS

MINUTES PABT THE HOUR

0 1% 50 4%
8:00 AM - - 14 1.%6
2:00 AM 1.952 2,45 e.82 2.8%
10:00 AM 2.72 2.82 ¢.80 2.66
11:00 AM 2,61 2.77 2,614 Q. 4%
12 NOON 2,80 P Y @.70 Q72
1:00 PM 2.74 2,56 e e o v
2100 PM - 3.16 e.93 .04
3:00 PM 3,42 $.42 2,98 .86
4:00 PM 3,47 3.47 3.09 2.72
S:00 P Q.67 .94 3.04 4,02
6:00 PM 3.07 440 “.94 2.9y
7:00 PM 3.02 e.94 2.93 4.0
B:00 PM “.88 2.96 o .84 286
?:00 PM 2.96 2.86 2.9 2 80
10:00 PM 2,866 2.74 2,86 2.7t
14:00 PM P - ) e.82 2,93 45,04
12 MNITE 5,04 3.0 Q.94 ¢ 98
1:00 PM 2.906 2.94 2.94 i - I
2:00 AM 2,99 2.90 ?2.94 90
3:00 AM 2.86 2,90 2.86 2,82
4:10 AM 2.86 Q17 .86 ¢ .74
S:00 AM 2,727 2.80 .74 2.,7%
6:00 AM 2.7% 2.74 .70 7%
7:00 AM 2,69 2.64 1.70 2.19




DAY &

FREON 13581 CONCENTRATION IN THE CHAMBER
AT 15-MINUTE INTEKVALS

MINUTES PAST THE HUUR

0 1% 30 4%
8:00 AM 2,22 1.94 1.79 2.e1
?2:00 AM 2.614 2.69 1.89 1.86
10:00 AM 2,34 2.40 2.74 &, 68
11:00 AM 2.8% 2.69 e.78 2.80
12 NOON ¢.8e b i 0 o - o o
1:00 PM e Lo 2,53 2,42 2,58
2:00 Pr &.67 e, he 2.%6 e.67
J:00 PM 2,66 2.4% 2,61 2.7%
4:00 PM @77 2,61 2,88 ¢, 34
S5:00 PM 2.14 2.16 2.%8 291
6:00 PM 2.94 @94 &.974 2,96
7:00 PM 2,94 2.98 2,82 2.90
B8:00 PM 2.90 e.82 2. 8% e, uH
?:00 PM .77 2,82 2.72 8,77
16:00 PM 277 2.74 .77 e.6Y
11:00 PM .72 2.83 2.88 2.80
12 MNITE 2,68 -1 - .77
1:00 PM 2.83 g ) 2.80 2,78
2:00 AM ¢.74 2.7% e.7e 2.7
J:00 AM .70 .77 2.70 .69
4:00 AM e 2.61 2.62 “. 64
S5:00 AM 2,99 2.64 2.%6 -1
6:00 AM 2.%4 2.5%3 2,94 ¢ %0
7:00 AM 2.596 2,93 2.A8 290

133



DAY

FREUN 13BY CUNCENTRATION IN fHE CHAMBER
AT 1%-MINUTE LINVERVALS

MINUTES PAST THE MHUUR

0 1% 30 4%
8:00 AM @, ah .90 2,40 2,46
v:i00 AM 2.4% 2.4% 2.26 &0
10:00 AM 1.98 ¢.43 .74 2,61
11:00 AM 2.77 2.7% &.82 2.80
12 NOON e.74 @77 .74 2,69
1:00 PM 2.69 2.69 2,56 2.80
2:00 PM .93 - K .74 &,
J:00 PM : 2.78 2.74 2.74 e.72
4:00 PM g.72 2,67 Q.64 w64
5100 PN 2.9 2,%9 2.%% .67
6:00 FM 2.6 2,66 &, be @, b4
2:00 PM 2.66 2.61 Q.64 &.62
8:00 PH Q.%Y 2,61 e,5%y 2,54
?2:00 PM 2.5%4 2.%6 2.%Y 2,85
10:00 PM @82 .76 2.6y .90
11:00 PM ey 2.90 Q.94 J.02
12 MN1TE 2,94 e.94 @88 e.99
1:00 PM 2.83 2.86 2.7% 2.8%
2:00 AM 2.7 2.86 .80 ¢ 86
3100 AM e.7% 2.82 2.7% R27
4:00 AM .78 e /e 2.7% &, 69
5:00 AM e.72 2,67 2,69 2,62
6:00 AM 2,69 .64 2.6 2.6
2:00 AM 2.%6 2.62 2.54 £ 64

1375



DAY 4

FREON 13B1 CONCENTRATION IN THE CHAMBER
A1 15=-MINUTE LINTERVALS

MINUTES PAST THE HOUR

0 15 30 4%
8:00 AM &.50 2.5%3 2.%0 2,54
v:00 AM 2,46 2.50 2.%50 Q.46
10:00 AM e.02 1.644 .16 2.%0
11:00 AM 2.42 2,98 2.96 S$.014
12 NOON 5,04 .99 $.02 &4
1:00 PM 2,98 2,94 2,90 - 1
2:00 FM &.8% .82 2.860 2,78
3:00 PM 2.7% 2.7% 2.69 2.70
4:00 PM 2,66 Y Y &.66 ohe
S:100 PM 2.64 2.62 2,64 &, 508
6:00 PM 2,61 &.5hy 2.62 2.6
J100 PM 2.64 2,614 2,614 2,58
8:00 FM 2.5 2.9 £ 90 2,93
?:00 PM 2,53 2,43 2.48 Q.48
10:00 PM 2,48 2,43 ¢.40 o, 42
11:00 #M 2.34 2.59 2.90 $.4%
12 MNITE 3.14 3.8 .40 L B
1:00 PH 3.2% $.07 3.14 $.10
2:00 AM 3.10 A48 $.06 3.09
$:00 AM 2.9 3.140 3.06 S.02
4:00 AM 3.06 2,96 3.06 “.96
95:00 AM 2.99 2.93 2.93 $.02
6:00 AM .86 £.96 .4 2. 68
7:00 AM 2% 2.78 2.82 2 86

[y




8:00
2:00
10:00
11:00
12 N
1:00
2:00
S$:00
4:00
S:100
6:00
7:00
8:00
9:00
10:00
11:00
12 MN
1:00
2:00
J:00
4:00
$:00
6:00
7:00

DAY O

FREON 13581 CONUCENTRATION IN THE CHAMBER

AM
AM
AM
AM

00N
PM
KM
PM
PM
PM
rH
PM
PM
PM
PM
PM

1k
PM
AM
AM
AM
AM
AM
AM

AT 15-MINUTE INVERVALS

L

&7
2.80
2. 40
2.69
Q.85
2,69
- K
2.70
¢.98
2.7
2,86
.88
¢ . 8y
.88
2.89
2.80
2.%8
2.v8
2.96
2.93
2.90
2.78
e.74
e.72

MINUTES FAST THE HOUR

L §

B R

2.,3%
Q.62
2.74
2.67
©.74
2.%6
2,599
2.%14
2.%6
2‘83
2.8
2.8%
2.8
2.90
A - M
Q.74
2,99
2,96
2,91
2,93
2.74
2.80
2.7¢
2,69

K11

Q.26
2.70
2.6%
2.64
2. 70
2.%54
@, b6
2.88
2,54
2,83
2,86
2,8%
©.88
2.8%
@ .80
3.04
3.0
2.94
©2.94
2.8
e .89
2,80
2.7¢
2.70

- - -



DAY &

FREUN 1381 CUNCENTRATION IN THE CHAMBER
A1 15-MINUTE LINVTERVALS

MINUTES PASIT THE HOUR

0 15 30 as
8100 AM 2.9y 2.2 @, .6y
9:00 AM 2,99 2,94 2,69 2.54

10100 AM 2,6 2, 8% 3.09 2. 86
11100 AM 2,78 2,72 2,70 2.74

12 NOON @, He .77 2.8 2. ha
1100 PM 2,56 2,34 2,64 2. 61
2:00 PM 2.7 S .64 .70
3:00 PH 2,67 2,80 2,59 2,58
4:00 PM -1 -1 AL ) e
5:00 PH 2,19 2,48 2,72 2.91
6:00 KM .93 Q.99 2. 94 2.9
2:00 PM 2,94 2.914 2,93 e.94
8:00 PM .90 294 291 2.9
v:00 PM 2,93 2,90 3.42 2.93

10:00 PM 2,94 2,90 2,90 2,94
11:00 PN 2.96 e v3 $.14 326

12 MNLTER 3,2 3.20 3.4% $.04
1160 PM 3.14 3.42 3.45 5.09
2100 AM 3.04 3.09 3.14 2.94
3100 AM 3.04 3.07 2,98 2.94
4:00 AM 3,02 2.96 2.9 ©.96
5:00 AM 2,94 2.85 2,91 2.80
6:00 AM .82 2,94 2,80 2. 86
7:00 AM 2.8% 2,72 2.82 2,82

Ry




8:00
2:00
10:00
11:00
12 N
1:00
2:00
4:00
4:00
$:00
6:00
7:00
8:00
2:00
10:00
11:00
12 MN
1:00
2:00
$:00
4:00
$:100
6:00
72:00

DAY 7

FREON 13B4 CONCENTRATION IN THE CHAMBER
A1 15=MINUTE INTEKRVALS

AM
AM
AM
AM
00N
PM
PM
PM
FM
PM
PM
PM
FM
PM
PM
PM
1Tk
PM
AM
AM
AM
AM
AM
AM

MINUTES PAST THE HOUR

1%

a0

4%

A A S WA WS S BESH SN BRS ISSR SRS B WAL AESR AR SRS MW Nt SRR 4SRN MR MBS BN SR VN MR W A B SN SO MR WS L

Q.7
2.96
£.%6
2.72
@ 0%
2.94
.74
2,66
2.89
e.78
2.4
2,74
3.0
J.04
3.07
.02
2.94
.07
3.06
2.94
2.8%
2.3
e.86
.72

[

e.4%
2.%6
2.974
Q.69
X )
2.61
2.9
Q.58
2.%0
2. 4%
2. 4%
2.99
3.04
4.06
3.06
3.014
3.09
3.09
.71
&.98
&, 68
Q.82
2. 8h

2.78

&, 98
2.98
£.94
.72
@20
<. 83
&, 66
Q.42
2,64
2.78
2,87
J.02
3.0
$.04
3.04
3!01
3.06
3.07
&.91
2.96
.94
B
L - 1

2,72

62
54
78
Ibb
78
82
74

C L RGO RN

oo e
oS>

mo
<



8:00
9:00
10:00
11:00

DAY o

FREON 1381 CUNCENTRATION IN THE CHAMBER

AM
AM
AM
AM

12 NOON

1:00
2:00
3:00
4:00
S:00
6:00
72:00
8:00
v:i00
10:00
11:00

PH
PM
PM
)
PM
bM
PM
KM
PM
P
PM

12 MNIE

1:00
2:00
$:00
4:00
$:00
6:00
72:00

PM

A1 15-MINUTE INTERVALS

.70
2.86
a.67
2.80
.64
2.9y
2.98
a.72
2.974
2.30
2.8%
Q.78
2,77
a2.78
2,74
2.90
2.88
2.80
2.60
2.74
2.6%
2.69
2. 6e
2,958

MINUTES PAST THE HOUR

PR

FY]

15

B R

2.38%
.85
2.64
2.78
3.04
2.80
.90
2.69
.66
2,46
2.HY
2.7%
2.7%
2.7?
.86
2.914
<. 6y
2.83
2.74
.72
2,66
2,62
2,64
2,58

30

.40
2.66
2,58
2.74
2.99
3.40
2.70
2.43
2.64
2,86
e - 1\
Q.78
2.4
2.7%
2,45
2.8%
2.6%
2.80
.77
Q.69
2,69
Q.64
2.6
2,37

4%

A . - e

2.8%
2.70
2.7?7
2.6
@98
3.06
2. 720
Q.69
2,38
2.86
.77
2.7%
©e.79
2.74
@89
2.83%
- K
2.83
2,74
2.70
K .Y
2,59
2.%9
224



DAY 9

FREUN 1384 CONCENTRATION IN IHE CHAMBER

A 15-MINUTE INTERVALS !
MINUTES PAST THE HOUR
0 1% 30 45
8:00 AM 2,42 Y 1.96 2.74 J
9100 AM 2.94 2.90 2.82 Q.77
10:00 AM 2,70 et 2,61 Y
11:00 AM 2,69 2.93 2,98 2,82 i
12  NOON 2,82 8.9 2.77 2.7% ,
1:00 PM 2.72 2.42 2.50 2,94
2:00 FM 2.94 FNLS 2.86 .80
3:00 PM 2.7% 2,62 2.62 2,64
2:00 PM 2,64 2,66 2,40 2,10
S:00 PM 2,22 2,30 2.77 5.09
6:00 PM 3,20 3.20 .20 .20
2:00 PM .23 3.2% 3.26 g, 0%
8:00 PM 3,09 3. 26 A.50 3,06
9:00 PM 3,29 3,28 3,30 3.28
10:00 PM 3.28 3,28 3.40 wil?
14:00 PM 3,20 3,22 3.29 3,06 i ]
12 MNITE 3.42 3.07 3.48 3.1y |
1:00 PM 3.04 3,06 3.06 s.14 i
2:00 AM ©.99 3.0 3.07 3,09 !
3:00 AM 2,94 2.98 3.04 2.99 i
4:00 AM @ .66 2.94 .98 @9y i
5100 AM 2.8% 2.8% 2,88 Q.82 g
6:00 AM 2,80 P82 2.86 2.7e
7:00 AM 2,78 “, 860 2,82 2.70




DAY 10

FREON 13B1 CONCENTRATION IN THE CHAMBER

AT 15-MINUTE INVERVALS

MINUTES PAST THE HOUR

0 15 a0 4%
8:00 AM g.7¢ ¢.69 2.%94 2,46
2:00 AM 2.%6 2.48 2.43 2,56
10:00 AM 2.70 e.7¢ Q.67 .4
11:00 AM 3.145 3.14 4.09 4.04
12 NOON 4.014 $.0e 3,04 ©.94
1:00 PM 2,90 .93 2.96 2,88
2:00 PM 2.%0 223 .68 <. 8%
3:00 PM 2.83 2.80 2.74 2.7?
4:00 PM ¢.80 2,78 e.?7 2.74
5100 PM 2.74 Q.74 2,69 &.70
6:00 PM 2.70 2,67 &, 64 2,64
7:00 PM 2.62 &.64 2,59 2,62
B8:00 FM 2,64 2,62 2.9y 2.H
v:00 PM 2.5%3 2,46 2,48 Q.48
10:00 PM e.50 2,46 A K ¢, A
11:00 PM 2.40 2,38 2.40 & .37
12 MN1TE 2.3% 2,37 2,30 2. 80
1:00 PM .30 2.9 2,30 2,27
2:00 AM 2.24 Q.19 2,2 &ad
S:00 AM e.22 2.114 .13 d.18
4:00 AM 2.4 @1 A 2.4
9100 AM 2.8 2.08 e.02 2.0%
6:00 AM 2.0% 2,03 @06 @00
7:00 AM 1.29 1.98 2.00 2,00




8:00
9:00
10:00
11: 00

FREON 1381 CUNCENTRATION IN FHE CHAMBER

AM
AM
AM
AM

12 NOON

1:00
2:00
J3:00
4:00
$:00
6:00
7:00
8:00
9:00
10:00
11:00
12 MN
1:00
2:00
J3:00
4:00
5:00
6:00
7:00

rM
M
PM
M
PM
M
PM
M
PM
M
PM
1k
PM
AM
AM
AM
AM
AM
AM

A1 15-MINUTE INTERVALS

DAY 11

MINUTES PASI THE HOUR

1%

0

R Gk Vet e A Wh SAAs AR S e S NS AR WA MSe NGRS WS MR WSS e CHNE ENE BNER WS SRS (O MEER SEB B RS SO CORE OB NN B

2.1“
4.18
3.14
3.14
3.06
2,94
2.83
2.78
.82
3.09
3.10
3.06
3.04
3.04
2.96
2.86
3.02
3.06
2.86
2.83
Q.83
2.82
2.66
2,062

%

3.14

$.07
3,02

1."3
$.20
$.09
4.10
2.99
Q.94
2.6%
2.7%
3.14
J.ia
.07
- 06
.06
2.98
.79
3.09
2.74
2.98
20“0
2.80
A
2.70
&.62
2,62

2,67
$.17
3,12
$.07
.94
2,88
2,860
.69
3.14
\‘O“
$. 09
&.90
O
2.90
.71
2.99
3.0
2.88
“. 86
.74
2.74
2.72%
.70
2,64




8:00
2:00
10:00
114:00

FREUN 1381 CONCENTRATION IN THE CHAMBER

AM
AM
AM
AM

12 NOON

1:00
2:00
$:00
4:00
%100
6:00
7:00
8:00
2:00
iv:00
11:00
12 MN
1:00
2:00
J:00
4:00
5:00
6:00
7:00

PM
(]
PM
M
PM
M
PM
M
PM
M
PM
11k
PM
AM
AM

DAY (¥

AV AH-MINUTE INTEKRVALS

MINUTES PAST THE HUOUR

1%

50

4%

WS W W eSS SR G R M SRR MRS MR BB AN SR WS BB MA NS WS W S AW RS W SR BT e WA I W S N SRS N B

e.87
J.04
£.89
2.74
&.77
2.58
.9

2.74
2.%6
4.18
$.20
5022
3.4%
NER Y-
2.96
2.98
3.02
3.014
2.94
.93
<. 8Y
2.86
.77
2:7%

7082

CoTCoOVINVNEN
CNSDHDIINL S

<
~N

LY GNNRNTNNNNISI
o
= =

3.1%
$.04
2.9
2.91
3.1%
3.06
a.02
2.94
2.u8
2.90
ol - I
2.82

2,43
2.86
2,61
2.7%
2,69
2.94
@, 7
2.59
2.77
$.23
3,26
3.12
3.04
3.02
3.06
3.12
5.06
2.98
2,90
3.02
©.4%
2.7%
2.74
2.70

>

LM G 9 O OV
g\'oom&v\'

s.014
g.22
$.29
4$.40
3.09
d.14
2,91
$.47
.14
4.0
.99
2,94
@.91
¢ .88
e - )
.‘!.70

-



8:00
?:00
10:00
11:00

DAY 13

FREON 13B4 CUNCENTRATIUN IN rHE CHAMBER

AM
AM
AM
AN

12 NOON

1:00
2:00
J5:00
4:00
$:00
6:00
2:00
8:00
?:00
10:00
114:00
12 MN
1:00
2:00
$:00
4:00
100
6:00
72:00

PM
FM
PM
FM
PM
PM
PM
M
PM
M
PM
ATk
PM
AM
AM
AM
AM
AM
AM

AT 15=MINUYE INTERVALS

MINUTES PAST THE HOUR

ib

30

W G A N A A S e BASR W SR W ERE WA B G SRS LeN. Bt B SRS AR SRR SBER S SANS 0 Sem B NS B BHTE 36T SR S S

2.74
4.04
3.04
2.94
¢.98
2,90
2.69
2.70
¢.80
J.4¢
d.02
3.04
3.06
2.85
2.88
2.80
2.8
2.78
2.’,‘
2,69
2.64
2.%8
2.%4
2.56

o

VNSOl oICenNrriveg s ow
erh:&o-G‘Q&fbibtaohbeagtroiﬁ:gu

CRRNRNRNRNNRNNNROG LGNNI NN

>
<

2'43
2.82
2.64
2,66
4.014
2,83
e.7¢
2.54
2.4
4.18
3.06
2.98
293
2.88
.93
2.90
2.78
2.77
&.7%
2,69
2.%hy
2.64
2.%0
2.4%



B8:00
9:00
10:00
11:00
12 N
1:00
2:00
3:00
4:00
$:00
6:00
7:00
8:00
9:00
10:00
114:00
12 MN
1:00
2:00
3:00
4:00
$:00
6:00
7:00

DAY 14

FREON 1381 CUNCENTRATION IN rHE CHAMBER

AM
AM
AM
AM
00N
Ph
(4]
PM
PM
PM
4]
PM
FM
PM
KM
PM
1Mk
)
AN
AM
AM
AM
AM
AM

AT 15%-MINUTE INTERVALS

MINUTES PAST THE HOUR

1%

30

44

AL Y . A AN WA N S G N W R R ) A A WS R W W e S S S

2.69
2.78
2.91
3.02
2.8%
2.94
2,71
e.7%
.02
2:7%
3.39
3.23
$.01
3.07
3,014
a.98
2.9Y
2.86
&.93
2.82
2.93
2.72
2,67
2,64

W

¢.40
2.74
&.63
3.07
$.02
e.72
2,80
2.67
¢.98
2.?7
3,22
4.07
3.14
30‘7
3.04
3.04
2.94
2.%96
2,88
2.85
2.74
2.78
2,64
2.67

.88
2.72
2.66
J.10
3.07
2.80
2'83
3.07
e.7¢
3.26
3018
3.18
$.4H
2.99
3.07
2.90
¢.96
2,86
¢.8%
2.72
2.7
2.64
2.74
2,48

.74
2.98
3.07
i‘!-ﬂh
$,07
2.90
2.69
4,04
e, 6Y
4.33
8. @
J.26
3,06
$.06
e.94
4.00
.91
.90
2.84
2.80
2,77
2.74
2.62
2.5



DAY 1%
FREON 1381 CONCENTRATION IN THE CHAMBER
AT 15-MINUTE LINTEKRVALS

MINUTES PAST THE HOUR
0 ih 30 4%

8:00 AM 2.4 2.%0 2.2 ¢.74
?:00 AM 3.04 J.42 3.06 &.86
10:00 AM 2.86 “.90 ¢.866 ¢.b66
11:00 AM 2.93 2.96 2.96 2,75
12 NOON 2.74 2,80 2.%% 2,98
1:00 PM 2.3? 2.7% 2.70 2.7%
2:00 PM ¢.82 .77 2,72 3.09
3:00 PM 3.47 3.28 4.36 $.20
4:00 M s.42 3.e% .90 2.7¢
5100 PH 3.07 4,39 3,44 S.23
6:00 FM ¢.98 3.20 d.ae $.1%
7:00 PM 3.14 3.04 J.18 4.0
8:00 PM 4.04 4,07 2.96 d.42
:00 PM 2.96 2,98 3.04 2,94
10:00 FM $.04 a.91 £.94 2.94
14:00 PM 2.89 3.04 e.82 2.90
12 MN1ITE &.90 2.82 2.93 2,60
1:00 PHM 2.82 2.85% 2.82 2.90
2:00 AM 2.74 &.7% .80 2.6Y
3:00 AM 2.80 2.69 2.72 877
4:00 AM 2,62 2.7% 2,66 2.69
S5:00 AM 2.66 2.5%6 2.67 2,62
6:00 AM 2.5 2.64 2,53 2,96
7:00 AM 2.56 2.%6 2.,%6 2.9

{ 2Y



8:00
200
10:00
11:00

DAY 16

FREON 13B1 CUNCENTRATION IN THE CHAMBER

AM
AM
AM
AM

12 NOON

1:00
2:00
$:00
4:00
5100
6:00
7:00
8:00
2:00
10:00
11:00
12 MN
1:00
2:00
3:00
4:00
S5:00
6:00
7:00

PM
KM
PM
4]
PM
PM
PM
FM
PM
i
PM
1Tk
PM
AM
AM
AM
AM
AM
AM

A1 15=-MINUTE LINVTERVALS

T e p—p—

2.4
2.88
2.91
2.86
3.1‘
4.12
e.74
2.67
2.69
2,16
$.40
3.14
¢.974
J.02
2.u8
2.0
2,88
Q.74
2.8
2.70
2,64
2,70
2.9
2.93

o

MINUTES PAS(
1%

e.87
2.75
:’00‘
2.86
3.04
2.727
878
2.74
2.77
2.48
$.42
$.45
3.0
2.94
e .6
2.86
¢.84
2.78
2,67
2.74
2.69
2.%9
2,64
2.%6

THE HOUR
“0 4%
2.4 2,48
2,90 .88
2,69 e.67
- 4 2,98
.12 3.14
.77 .77
- Tl 2.80
2.82 2,64
AR Yo 249
2,614 $.23
8,22 $.07
3.02 .07
$.0% 2,970
J.04 2.99
2.89 “.94
2.7 .80
.80 - )
2.78 2.7%
2.7% “.7e
2.64 2.7%
2,69 e.62
2,62 299
2. %94 .61
2.46 2,593




DAY iv

FREON 13B1 CONCENTRATION IN (HE CHAMBER
A1 AH-MIN<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>