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ABSTRACT

In postcrash aircraft fires, only a few minutes are often available for
egress. To assess the potential of combustion gases to impair human escape, a
signalled avoidance task was developed for use with the juvenile baboon. After
a 5-minute exposure, the animal was required to select and depress the correct
Tever to open an escape door and exit into the adjacent compartment of a shut-
tlebox. With CO, the ECgy for escape failure was 6850 ppm. Acrolein (12 to
2780 ppm) neither preventeg escape nor affected escape times, despite irritant
effects at all concentrations. Similar results were obtained with HCY (190 to
17,200 ppm) in that, all animals successfully performed the escape task, even at
concentrations that produced severe post-exposure effects and lethality. With a
comparable shuttlebox and escape paradigm for rats, the ECgg of CO was 6780 ppm,
Five-minute exposures to HC1 (11,800 to 76,730 ppm) did not prevent escape but
severe post-exposure respiratory effects and lethality occurred at 15,000 ppm
and higher. In both species, HCl did not affect escape time but the number of
intertrial responses was significantly related to concentration. The results
indicate that the rat and the baboon have a comparable tolerance to €O and irri-
tant gases and that laboratory test methods of incapacitation of rodents may be
useful 1in evaluating the potential of combustion gas atmospheres containing CO
and irritant gases to prevent human escape.

INTRODUCTION

A1l commercial aircraft contain a wide variety of interior polymeric mate-
rials which, when combusted, evolve toxic decomposition products. The most
prevalent product is carbon monoxide (CO), but other toxicants may be formed,
depending on the chemical structure of the material and the combustion condi-
tions. The fire gases are often classified into two major classes, the asphyxi-
ants or hypoxia-producing toxicants and the irritants.

For passengers to survive a postcrash aircraft fire, their escape capability
must not be severely impaired by toxic combustion gases during the few minutes
available for egress. Our knowledge of the potential for these gases to impair
human escape performance is very limited. In studies of the hypoxia-producing
toxicants (CO and hydrogen cyanide [HCN]), Tlaboratory test methods generally
have utilized loss of gross locomotor function or of shock-avoidance response to
measure the incapacitating effects of these gases {1). Although the mechanisms
of action of both CO and HCN appear comparable in the rodent and man, the corre-
lation between incapacitation of rodents and loss of escape capability in humans
has not been established. As for the irritant combustion gases, studies with
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rodents have shown that sensory irritants cause a reflex inhibition of respira-
tory rate whereas a temporary increase in respiratory rate occurs upon inhala-
tion of pulmonary irritants (2). The relevance of these respiratory effects in
the rodent to human escape capability also has not been established.

These studies were conducted in order to assess the potential of asphyxiant
and irritant combustion gases to impair human escape performance, using a non-
human primate model and an operant escape task. A secondary objective was to
evaluate the usefulness of presently used laboratory methods with rodents to
predict the potential of these gases to prevent human escape.

METHODS
Effects of Gases on Escape Performance of Nonhuman Primates

Animal subjects. Male juvenile (ages 2 to 3 years) baboons (Superspecies
Papic cynocephalus) were obtained from a breeding colony at the Southwest Foun-

dation for Biomedical Research, San Antonio, Texas. All animals were healthy
and free of respiratory problems at the beginning of the study.

Exposure and escape performance test system. The system for exposure of
animals and measurement of escape performance {Figure 1) basically consisted of
three elements: (1) a gas mixing chamber and associated ducts and valves; (2) a
gas bypass Tloop; and (3) a primate escape performance test apparatus. Exposure
atmospheres were premixed in the gas mixing chamber and recirculated through the
gas bypass Toop until the desired concentrations were obtained. For exposure of
an animal, activation of appropriate valves removed the gas bypass loop from the
system and the atmosphere was recirculated between the gas mixing chamber and
one chamber of the primate escape performance test apparatus.

GAS MIXING CIRCULATING
CHAMBER PUMP

ANIMAL

ANIMAL ESCAPE EXPOSURE,
CHAMBER DOOR AND TEST
EXHAUST CHAMBERS

FIGURE 1. Gas mixing/exposure system and escape performance test apparatus for
primate tests
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The primate escape performance test apparatus was a shuttlebox consisting of
two identical chambers separated by a vertically sliding escape door. Within
each chamber was a cage constructed of aluminum bars to which constant current
shockers could provide 4 to 8 milliamps of current. Two response levers were
mounted on the wall opposite the escape door in each chamber and, above each
lever, were two cue lights, one white and one red. During a trial, the white
light was activated over one lever and the red light was activated over the
other lever, with the sequence randomized by a computer control system. Depres-
sion of the lever over which the white light was "on" caused the escape door to
open; depression of the lever when its red 1ight was "on" had no effect.

Escape performance paradigm. The behavioral paradigm for measurement of
escape performance was a signalled avoidance task. An audio cue {(Sonalert
buzzer) signalled the start of a trial and, simultaneously, the white 1ight over
one lever and the red light over the other lever were turned on to indicate to
the subject which lever was the correct response, i.e., would open the escape
door. Ten seconds later, an electric shock was applied to the bars of the cage
and maintained for 20 seconds. If the subject pressed the correct lever and
moved through the door opening into the adjacent chamber within 10 seconds, the
response was designated an "avoidance." If the animal pressed the correct Jlever
and exited after 10 seconds, but within 30 seconds, the response was termed an
"escape.” The response was a "failure" if the subject did not exit the exposure
chamber or exited after 30 seconds. Both avoidance and escape responses were
considered escapes or successful performance in the treatment of the data.

A behavioral control system, consisting of a Data General Nova 3 minicom-
puter equipped with a BRS/LVE Corporation INTERACT System, was used to program
and control the escape performance equipment and paradigm and to record perform-
ance data. Performance data included: (1) time to first lever press; (2) time
to first correct Tever press; (3} time to chamber exit; (4) number of correct
and incorrect lever presses; (5) number of intertrial Tever presses (ITIs),
i.e., number of presses made prior to initiation of a trial; (6) cumulative
number of avoidances and escapes; and (7) number of shock pulses delivered.

Exposures. The effects on escape performance of a five-minute exposure to
each of three combustion gases, CO, acrolein and hydrogen chloride (HC1), were
investigated. In each experiment, the exposure of a subject was initiated after
the desired concentration of the gas was equilibrated in the gas mixing chamber,
thereby enabling the atmosphere to rapidly reach a stable concentration in the
exposure chamber. With C0, each of six subjects was exposed to each of four
concentrations in order to evaluate concentration-response relationships for the
escape performance measures and to derive an ECgy value for escape failure.
With acrolein and HC1, usually concentrations were increased in successive ex-
periments until post-exposure lethalities occurred, in an effort to determine a
threshold concentration for escape failure. Some animals exposed to lower con-
centrations were exposed to these gases a second time, with weeks to months
intervening and provided the subjects were asymptomatic.

Generation and analysis of exposure atmospheres. Compressed gas cylinders of
pure CO0 were used to generate CU atmospheres, by metering the gas through a
calibrated flowmeter into the gas recirculation system. Continuous analysis of
these atmospheres was accompiished by means of a Beckman 865 non-dispersive
infrared analyzer. For the experiments with acrolein, predetermined quantities
of Tiquid acrolein were injected directly into the recirculation system to ob-
tain the desired concentrations of exposure atmospheres. Continuous analysis of
these atmospheres was accomplished by means of a hydrocarbon analyzer calibrated
by gas chromatographic analyses of frequent syringe samples withdrawn from samp-
ling ports in the exposure chamber. Hydrogen chloride atmospheres were gener-
ated by the same procedure as for CO, using a compressed gas cylinder of pure
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HC1.. During each exposure, five one-minute samples of the atmosphere were ob-
tained using soda-lime aborption tubes; these samples were desorbed with water
and analyzed by titration with mercuric nitrate (3).

EFFECTS OF GASES ON ESCAPE PERFORMANCE OF THE RAT

Animal subjects. Male Sprague-Dawley rats (Timco Breeding Laboratories,
Houston, Texas), weighing between 340 and 500 grams, were used in these studies.

Escape performance test apparatus and paradigm. A modified commercially
available shuttlebox (Lafayette Instrument Company, Model No. 85103), consisting
of two identical chambers separated by a vertically sliding partition driven by
an electric motor, was used to measure escape performance. Two levers were
mounted on each side of the partition in each chamber and a white cue Tight was
mounted above each lever., The floor and top of each chamber consisted of a grid
of electrically isolated bars for the administration of an electric shock to the
subjects. The escape performance paradigm and behavioral control system were
the same as for the primates except that the rat was not required to discrimin-
ate between red and white cue 1lights because of the lengthy training time re-
quired. Each trial was initiated with a tone (Sonalert buzzer) and the lighting
of the white Tight over each of the two levers. Pressing of either lever by the
rat opened the partition and allowed the animal to escape into the adjacent
chamber. Responses were designated "avoidance," "escape" or "failure" according
to the same criteria as in the primate studies.

Exposures. The effects on escape performance of five-minute exposures to CO
and HCl were investigated in the rat. With CO, each of four or six animals was
exposed to each of four concentrations in order to evaluate concentration-
response relationships for the escape performance measures and to derive an ECqg
value for escape failure. -For these exposures, the rodent shuttlebox was p]aceg
inside the exposure chamber of the primate test system and connected to the
computer control system. For the HC1 exposures, the rodent shuttlebox was
interfaced with a 300-1liter acrylic exposure chamber in a manner that allowed
the exposure cage to be located within the acrylic chamber and the escape cage
outside of this chamber. Each animal was exposed only once to HC1. The proce-
dures for the generation and analyses of CO and HC1 exposure atmospheres were
basically the same as for the primate studies.

RESULTS

Effects of carbon monoxide on escape performance of the baboon and the rat.
The results of the experiments with CO in Table 1 (baboons) and in Table 2
{rats) show a decreasing percentage of escaping animals, both baboons and rats,
with increasing average concentrations of CO0. Linear regression analysis of
performance data for the baboon did not show a statistically significant rela-
tionship between CO concentration and escape time or other performance param-
eters of those subjects that successfully performed the escape task. 1In rats,
however, escape time increased as CO concentration increased (p<0.05). None of
the other performance parameters of rats was affected by exposure to CO. The
concentration-response curves for escape performance of the two species (Fig-
ure 2) were obtained by plotting percentage of failures against the logarithm of
the mean CO concentration and deriving the best fitting 1ine by the probit
method of Finney (4). From these curves, EC50 values for escape failure were
determined to be 6850 ppm (95-percent confidence 1imits: 6043-7773) for the
Jjuvenile baboon and 6780 ppm (95 percent confidence limits: 6367-7271) for the
rat.

1136




TABLE 1. Effects of Carbon Monoxide on Escape Performance of the Baboon

*VALUES EXPRESSED AS MEAN = S.D, {N = NO. OF AVOID/ESCAPE ANIMALS!,

°TEST VALUES SIGRIFICANTLY (p < 0.05) RELATED TO CO CONCENTRATION,
°DATA NOT AVAILABLE DUE TO EQUIPMENT MALFUNCTION.
“ITl = INTERTRIAL INTERVAL.
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'AVERAGE CO CONCENTRATION (PPM) 6120 + 47 6840 = 30 7010 + 114 7520 £ 86
NUMBER OF AVOID/ESCAPE/FALL 4 AVOID 2 AVOID 2 AVOID 2 AVOID
RESPONSES 2 FAIL 1 ESCAPE 1 ESCAPE 4 FAIL
3 FAIL 3 FAIL

AVOID/ESCAPE TIME (SEC)*

PRE-EXPOSURE 74186 205 6.6 =08 79+ 18

TEST 42+15 8.5+ 3.6 9.4+ 31 5012
TIME TO FIRST LEVER PRESS (SEC)®

PRE-EXPOSURE 3.0 £07 2.4+ 0.4 2.2+ 1,0 2909

TEST 1.9+ 13 26+18 24+ 11 17 %04
TIME TO FIRST CORRECT LEVER PRESS {SEC)®

PRE-EXPOSURE 46=13 31+03 35+ 10 0.2

TEST 1.9+13 26+18 5.4 + 46 1704
NUMBER OF INCORRECT LEVER PRESSES®

PRE-EXPOSURE 0.5+ 03 0.4+ 03 0.9+03 0.6 x 0.6

TEST 0.0+ 00 306 20+ 1.0 0.0 = 0.0
NUMBER OF LEVER PRESSES/MIN DURING (TI*®

PRE-EXPOSURE 1.0+ 06 1.0+ 08 2 1.

TEST 25x17 1819 1.7 2

*VALUES REPRESENT MEAN = $.D. N = NO. OF AVOID/ESCAPE ANIMALS}

®IT| = INTERTRIAL INTERVAL.
TABLE 2. Effects of Carbon Monoxide on Escape Performance of the Rat
AVERAGE CO CONCENTRATION (PPM} 6150 + 48 6730 + 46 6990 =+ 47 7220 + 195
NUMBER OF AVOID/ESCAPE/FAIL 3 ESCAPE 4 ESCAPE 1 AVOID 1 ESCAPE
RESPONSES 1 FAIL 2 FAIL 1 ESCAPE 3 FAIL

4 FAIL

AVOID/ESCAPE TIME (SEC)

PRE-EXPOSURE 64 % 4.3 63+18  33x16 11.3£ 54

TEST® 12212 8655  87x 16 18.9
TIME TO FIRST LEVER PRESS {SEC)®

PRE-EXPOSURE ¢ 4819 22zx15 ¢

TEST ¢ 14435 8354 ¢
NUMBER OF LEVER PRESSES®

PRE-EXPOSURE 12x 1.0 0.1 0+ 0.0 1.2% 04

TEST 20 % 1.0+ 0.0 0.7 1.0
NUMBER OF LEVER PRESSES/MIN DURING [T

PRE-EXPOSURE 0203 0.1 0.3+ 06

TEST 06406 1.2 09+08
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FIGURE 2. Concentration-response curves and ECgq values for escape failure of
the baboon and the rat by carbon monoxide

Effects of acrolein on escape performance of the baboon. In nine experi-
ments 1in which baboons were exposed for five minutes to acrolein at average
concentrations of 12 to 2780 ppm (Table 3), all subjects except one made avoid-
ance responses. In the one exception (95 ppm), the subject was mobile and did
not exhibit signs of incapacitation but did not perform the escape task. The
result is not considered meaningful, however, because the shock stimulus did not
operate 1in this experiment and, in addition, animals exposed to much higher
concentrations were able to perform the task. In most experiments, test escape
times were less than pre-exposure mean escape times, suggesting that the animals
were attempting to escape from the irritant environment, but the difference was
not statistically significant. Nor did statistical analyses of the data
indicate any effect of acrolein on other performance parameters. Although
escape performance was not impaired, irritant effects were evident at all
concentrations of acrolein, increasing in severity from blinking and closure of
the eyes and rubbing of the eyes/nose at lower concentrations to salivation,
nasal discharge, violent shaking of the head and nausea at higher concentra-
tions. The animals exposed to the two highest concentrations (1025 and
2780 ppm) expired at 24 and 1.5 hours, respectively, following exposure, with
severe pulmonary edema and hemorrhage as the most significant histopathologic
findings.

Effects of hydrogen chloride on escape performance of the baboon and the
rat. In eight experiments 1in which baboons were exposed for five minutes to
average HC1 concentrations of 190 to 17,290 ppm (Table 4), all animals performed
the escape task, with avoidance responses by six subjects and escape responses
by two subjects. Statistical analyses of the data did not indicate a signifi-
cant relationship between acrolein concentration and escape time or other per-
formance parameters except for intertrial responses, which showed a significant
increase with increasing concentrations (p<0.05). Irritant effects were ob-
served at all concentrations except the lowest, increasing in severity from
coughing and frothing at the mouth at Tower concentrations to profuse saliva-
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TABLE 3. Effects of acrolein on escape performance of the baboon
Average Avoid/Escape Time to tat Time to 1st Cor- No. of Incorract No. Lever Prosses/
Acrolein Teat Tine (sec)® tever Press (sec)®  rect Lever Prese (ssc)® Lever Presses Min During et
Canc. {pom) Response Pre-Exposure/Teat Pre-Exposure/Tast. Pra-Exposure/Teat Pre-Exposure/Test Pre-Exposure/Test
12 Avoid 6.3 ¢+ 2.8/ 4.9 1.740.9/11 04 2.4/1.5 1321771 1.6+ 1.4/ 2.6
25 Avold 5.0 + 0.4 / 6.5 1.8 + 0.4 / 3.2 1.8 ¢ 0.4/ 3.1 0.040.0/0 0.04+00/90
959 Fail ele e/e e/e e/e e/e
100 Avoid 5.9+ 1.2/ 5.8 2,7 +1.3/ 34 2.7 ¢+ 1.3/ 3.4 0.0+0.0/0 0.8 ¢ 1.1/ 0.6
250 Avoid 5.0 ¢ 1.8 / 5.2 23318721 2.3 ¢ 1.4/ 2.1 0.0£0.0/0 0.04£0.0/0
505 Avold 6.8+ 1.8/ 5.1 2.6 £ 1.5/ 1.7 374197 1.7 1.3¢1.7/0 0.0 + 0.2 / 0.4
5054 Avoid 6.6+ 1.7/ 8.7 1.2 0.6/ 0.9 1.7:1.4/09 1.0£0.9/0 1.9 ¢ 1.7/ 3.6
10259 Avoid 5.9+ 1.7/ 4.0 1.74 0.9/ 1.1 2.6+ 1.3/11 6.9:0.9/0 2.8+ 0.8/4
2760° Avold 6.6 4 1.7/ 43 2.4 41.8/1.8 2.4 4+ 1.8/ 1.8 0.0+ 0.0/ 1 1.5+ 2.3/ 1.8
Mean
+ S.D. 6.1 £ 0.6/5.1 ¢ 0.8 2.0 ¢ 0.5/1.9 £ 0.9 2.5 3 0.6/1.9 ¢ 0.9 0.6 + 0.6/0.3 £ 0.5 1.0 £ 1.0/1.4 + 1.6
®  pre-exposure value for esch concentration expressed ¢ Subjects not previously exposed to acrolein.

wa mean 3 5.0. (N = 10-12); test valve (N = 1).

b ITI = Intertrial Interval. e Animel exposed to 100 ppm acrolein 5 weeks earlier,
€ Equipment malfunction, dsta not included.
TABLE 4, Effects of hydrogen chloride on escape performance of the baboon
Average Avold/Escape Time to 18t Time to 1st Cor- No. of Incorrect No. Lever Presses/
HCE Test Time (sec) Lever Pross (sec)®  rect Lever Prese (sec)® Lever Presses” Min During 111%/°
Conc. (ppm) Reaponse Pre-Exposure/Test Pre-Exposure/Test Pre-Exposure/Test Pre-Exposure/Test Pre-Exposure/Test®
1% Avold 5.0 4 1.6/ 4.5 1.5 5 0.9 / 0.9 1.8 4 1.2/ 0.9 0.8+ 0.7/1 3.0 + 3.0/ 2.8
810 Avotd 5.0 3 1.0/ 4.4 154 0.2/ 1.5 1.5 0.2/ 1.5 0.0 0.0/ 0 0.0 £ 0.0/ 1.8
8% Avold 7.9+ 1.7/ 5.2 2611/ 1.8 354 1.8/ 1.8 0.9+1.2/2 1.0+ 2.0/ 2.6
940 Avold 5.04 2.4/ 4.2 [P Y 2.2:1.9/ 1.4 0.9 1089/ 1 2.6 + 2.2/ 1.2
2,7807 Avotd 60: 1.3/ 1.8 2.0¢ 1.3/ 3.5 281 1.2/ 3.7 144 1.0/ 1 2.8 1 1.3/ 9.2
11,6008 Escape 6.7 1 2.1/ 16.3 2.1 3 1.0/ 18,0 3.9 4 2.1/ 13.4 L33/ 6 8.2¢5.4/ 11
16,570 Avotd 8.3 2 3.6 /5.9 1.4+ 0.4/ 2.4 3.913.8/ 2.4 2.6324/0 0.0 4 0.1/ 1.4
17,290 Escaps 8.2 & 3.5 7 10.9 823 2.0/ 1.9 NS NVAR 2252671 0.320.7/ 9.6
Moan
50, 654 TA/TA AT 13 LO/29 £ 30 3Tg L3602 83 134 0.8/1.5 3 1.9 2.2 4 2.7/5.0 ¢ 4.2
®  Pre-exposurs value for esch concentration sxpressed ss mean 4 5.0. 9 Subfects exposed to HCI one time.
(N = 10-12)5 test value (N=1).
b

ITI = Intertrial Interval,

Test values significantly (p<D.05) incrossed
with Increasing concentrations.
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tion, blinking/rubbing of eyes, and shaking of head at higher concentrations.
In animals exposed to the two highest concentrations (16,570 and 17,290 ppm),
severe dyspnea persisted after exposure, with death at 18 and 76 days, respec-
tively, post exposure. Histopathologic examination revealed pneumonia, pulmo-
nary edema and tracheitis with epithelial erosion.

In twelve experiments in which rats were exposed for 5 minutes to HC1 at
concentrations of 11,800 to 87,660 ppm (Table 5), all animals performed the
escape task, except at the highest concentration which resulted in death during
exposure. Statistical analyses of the data did not indicate any effect of HC1
on escape time or other performance parameters, except for the number of inter-
trial responses which significantly (p<0.05) increased with increasing concen-
tration. All concentrations produced signs of severe irritation (respiratory
tract and/or eyes), with persistent respiratory effects and post-exposure letha-
1ity produced by exposure to concentrations of 15,250 ppm and greater. The
times at which post-exposure deaths occurred ranged from 3 minutes to 13 days
following exposure, and were correlated inversely with HC1 concentration.

TABLE 5. Effects of hydrogen chloride on escape performance of the rat

Average Time to First Nunber of .
HC1 Test Escape Time (sec)® Lever Press (sec)® Lever Presses” " M';:"V;Zr:z;“;‘;i/uv
Conc. (ppm) Response Pre-Exposure/Test Pre-Exposure/Test Pre-Exposure/Test Pre-Exposure/Test®
11,800 Escape 15.5 + 5.1/ 25.7 11.6 £ 1.3/ 14.4 L1048/ 1 0.0 ¢ 0.6 / 0.6
14,410 Escape 13.3 ¢ 1.2/ 13.9 1.3 3 1.6 / 131 1,204/ 2 0.8 3+ 1.0/ 2.8
15,250 Escape 13.5 ¢+ 1.7 / 15.3 10.8 ¢ 1.2 / 10.0 1.4+ 05/ 6 0.0 4 0.0/ 5.2
18,430 Avoid 10,0 + 3.7/ 7.0 9.5 ¢ 3.8/ 6.3 10400/ 1 0.5 3 1.0/ 4.6
22,260 Escape 13.5 ¢ 5.3/ 21.5 13.7 + 5.5 / 13.0 1.1403/ 2 0.0 + 0.0 / 2.4
25,300 Eacape 13.6 + 4.5 / 16.1 131+ 85/ 1.9 1.04+00/ 1 0.2 ; 0.6 / 3.2
25,850 Escape 15.1 £ 5.8 / 14.0 4.5+ 5.2/ 134 1.5+0.9/7 1 0.1+ 0.3/ 8.2
27,690 £scape 16.8 + 4.6 / 16.6 12.5 ¢ 3.8 / 10.2 1.5+ 0.8/ 13 0.3 4+ 6.8/ 3.4
50,910 Escape 12.2 & 2.5 / 147 10.9 ¢ 1.1/ 14.0 1507/ 1 0.1+ 0.3/ 7.0
iz,;gg Avoid 13.3 4 2.3/ 2.9 12.7 ¢ 2.2/ 2.4 114037 1 0.0 + 0.0/ 2.8
, Escape 12,13 3.9/ 21,8 6% 2. . «
o7 660 Dledp .j /2 7?_6 + 2.9/ 10,2 1.0 f—U.U /N 0.2 f‘D.G /5.8
Hesn

+ §.0, 13.5 ¢+ 1.8/15.48 + 6.4 1.0 ¢ 2.5/10.5 ¢ 3.7 1.2 4 0.2/3.6 3 4.4 0.2 3 0.2/4.2 ¢ 3.3

8 pre-exposure value expressed as mean + S.D. (N = 10-12); test value (N = 1).
b 171 = Intertrisl Interval

c
Test veluss significantly (p<0.05) incrsased with increasing concentration.

DISCUSSION

The similarity of 5-minute ECgy values for C0-induced escape failure in the
baboon and rat suggests that the rat may be a useful model for evaluating the
potential of CO atmospheres to cause 1oss of escape capability in nonhuman pri-
mates and, possibly, in man. Additional insight into the utility of the rat as
a model for man may be obtained from Kimmerle's (5) human toxicity data which
indicate that symptoms produced in some individuals at between 30 and 40 percent
carboxyhemoglobin (COHb) may be sufficiently severe as to prevent escape. Using
the Stewart-Peterson equation ({6) with a respiratory minute volume (RMV) of 20
liters (1light activity), this range of COHb saturation may be anticipated in man
after a 5-minute exposure to from 7,000 to 9,000 ppm C0. These exposures equate
to a concentration-time product (Ct), i.e., accumulated dose, of 35,000 to
45,000 ppm-minutes. The 5-minute EC 0 Ct values obtained for the baboon (34,250
ppm-min) and the rat (33,900 ppm—min? are near this range, providing support for
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the usefulness of the the rat and baboon (with the shuttlebox) for estimating
the potential of CO atmospheres to prevent human escape. Comparable Ct values
reported for incapacitation of rats by CO using other methods, such as the rota-
rod (7), the motor-driven exercise wheel (8) and leg-flexion shock avoidance
(9), indicate that these methods, also, may have utility in estimating the
effects of CO-containing atmospheres on human escape capability.

In the experiments with acrolein, a five-minute exposure did not prevent the
baboon from performing the escape task, even at concentrations (1025 and
2780 ppm) that cause post-exposure lethality. These results do not appear to be
consistent with claims that the RDgy concentration of an irritant gas will in-
capacitate man within a.few minutes (10, 11), in view of the reported RD g con-
centration of only 1.7 ppm of acrolein in mice (12). The effects of acrolein on
escape performance of the rat were not investigated in these studies nor are
experimental data for acrolein using other methods for measuring incapacitation
of rodents available in the Titerature, Unpublished data provided by the
FAA/CAMI laboratory, however, indicate that 5-minute exposures to approximately
5000 to 10,000 ppm of acrolein incapacitate the rat in the motor-driven exercise
wheel and cause post-exposure lethality (13). It is possible that these concen-
trations would produce sufficient pulmonary damage in the baboon within 5 min-
utes to prevent performance of the escape task. Thus, both the rat and the
baboon appear to be highly tolerant of the incapacitating effects of acrolein.

The results obtained with HC1 in baboons were similar to those with acrolein
in that 5-minute exposures to HC1 did not prevent the baboon from performing the
escape task, even at concentrations (approximately 17,000 ppm) that caused se-
vere post-exposure respiratory effects and lethality. These results also do not
appear to be consistent with the prediction that man will be incapacitated with-
in a few minutes by the RDgy concentration (309 ppm in mice [12]) of HC1. Rats,
also, tolerated high concentrations of HC1 (11,800 to 76,730 ppm) without loss
of performance of the escape task, although post-exposure lethalities occurred
at concentrations above approximately 15,000 ppm. These results are in accord
with those of experiments conducted by the FAA/CAMI 1laboratory (13) in which
approximately 5 to 7 minutes of exposure to 65,000 to 100,000 ppm incapacitated
rats in the motor-driven exercise wheel, with subsequent lethality.

From the results of these studies and those of Crane (13), the rat and ba-
boon appear to be capable of enduring high concentrations of acrolein or HCI
without dincapacitation or Toss of escape capability. These results are not
consistent with the conclusions of Henderson and Haggard (14) that a concentra-
tion of 24 ppm of acrolein is unbearable and of 10 ppm and above is lethal to
man in a short time and that inhalation of 1000 ppm of HC1 is dangerous. It is
possible that this inconsistency is due to species differences in sensitivity to
irritant gases. However, it is also possible that man can tolerate higher con-
centrations of irritant gases than anticipated, when unavoidable, without com-
plete loss of escape capability.
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