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Background: Short-term exposures to increased CO, concentrations
in breathing air up to 5% are assumed to have only negligible behavioral
effects. In the present study it was examined to what extent prolonged
exposures to moderately elevated levels of CO, in the ambient air affect
human performance. Method: During two phases of 26 d of confinement
in a diving chamber a group of four subjects was exposed to two different
levels of CO, (0.7% and 1.2%). Cognitive, visuo-motor, and time-sharing
performance were assessed repeatedly before, during, and after the ex-
posure by means of a task battery including grammatical reasoning,
memory search, unstable tracking, and dual tasks. In addition, subjective
workload and mood ratings were collected. A second group of four
subjects served as a control group who performed the different tasks on
the same 26-d time schedule without being exposed to confinement
and elevated CO,. Results: During exposure to 0.7% CO, only tracking
performance was slightly disturbed compared with baseline levels,
whereas performance of the contro! group remained stable. The time
course of this effect suggested that it was related to chamber adaptation
rather than to increased levels of CO,. During exposure to 1.2% CO,,
tracking performance again was significantly impaired. In contrast to
the lower exposure condition, the time course of this effect appeared
to be related to the CO, load and covaried with a loss of subjective
alertness. Conclusions: The study indicates that at least visuomotor per-
formance might be affected by CO, concentrations in the ambient atmo-
sphere as small as 1.2% if subjects are chronically exposed to these
concentrations in a confined environment. The strength of these effects,
however, does not appear to be of operational relevance.

PACE VEHICLES and habitats are equipped with in-

tegrated life-support systems (LSS) which are de-
signed to provide environmental conditions enabling hu-
mans to live and work while at the same time preventing
adverse effects on their health and safety. Continuous
supply of oxygen and removal of carbon dioxide (CO,)
produced by cellular metabolism and exhaled by the sta-
tion crew is an important task of the LSS. Due to technical
limits, however, these systems are generally not able to
remove CO, down to levels of the “normal” ambient
atmosphere, i.e., in the range around 0.03%. Conse-
quently, the proportion of CO, in the breathing atmo-
sphere of space habitats must be expected to be much
higher and may vary between about 0.3% and 1.5% (19).
Within the design of the International Space Station, NA-
SA’s system specification requires that during normal
on-orbit operations the 24-h average exposure of crew-
members to CO, is at or below 0.7% which is equivalent
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to a partial pressure of 5.3 mmHg (22). This CO, concen-
tration is well below the level where, according to the
literature, a loss of performance might be expected. A
study by Sayers et al. (17) indicates that performance
decrements and mood changes may be observable only
with CO, concentrations above 5.5%. Sheehy et al. (18)
did not find any performance changes during a 16-min
period of breathing 5% CO,. Henning et al. (8) examined
the influence of short-term exposures (5-7 min) to 6%
CO, in normoxic and hyperoxic (100% O.) gas mixtures
and found simple and choice-reaction times not to be
affected. In a study focussing on interactive effects of
CO, and nitrogen narcosis, Fothergill et al. (6) examined
to what extent cognitive and psychomotor functions are
affected by end-tidal partial pressure of CO, in a range
between 29-57 mmHg induced by a re-breathing circuit.
Impairments of performance were found only at high
end-tidal CO, tensions (57 mmHg), and were primarily
reflected by a general slowing of performance. Accuracy
of processing was not affected by CO,. However, since
these few foregoing results were derived from rather
short-exposure times (7 to 80 min), they might underesti-
mate the impact of chronic exposures to moderatley ele-
vated CO, concentrations during prolonged stays in a
space habitat or any other environment with a closed
atmosphere. Early studies of Weybrew (20,21) and Fau-
cett and Newman (cf., 20) provide at least some hints that
during prolonged exposures subtle behavioral effects can
already be observed at CO, levels as small as 1.5% to
3%, but are difficult to interpret due to methodological
constraints.

The present paper presents a study that particularly
aimed at assessing potential performance decrements
due to chronically elevated levels of CO, in the range
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expected in space habitats during prolonged confine-
ment. As a contribution to a collaborative international
study (19), two experiments were conducted, each in-
volving 26 d of confinement in an unpressurized hyper-
baric chamber. During these confinement periods, levels
of CO, in the ambient air were elevated to 0.7% (first
experiment) and 1.2% (second experiment) for 23 d. Per-
formance was assessed by means of a computerized bat-
tery of cognitive and visuo-motor tasks which in prior
field and laboratory experiments have been proven to be
sensitive to behavioral effects of environmental stressors
(1), and which have already been used for research in
space and space-analog environments (11-15). Pro-
cessing functions assessed were: a) complex cognitive
functions (speed and accuracy of logical reasoning); b)
elementary cognitive functions (speed and accuracy of
memory retrieval); ¢) visuo-motor functions (accuracy of
fine manual control movements); and d) time-sharing
functions (efficiency of dual-task performance). The bat-
tery also included mood rating scales (4), and the NASA
Task Load Index (NASA-TLX) for the evaluation of sub-
jective workload (7).

EXPERIMENT 1

METHODS
Subjects

The study involved two groups of healthy subjects,
the experimental group and a control group. The experi-
mental group consisted of four male university students,
aged 22-29 yr. They were selected from a pool of 30
volunteers who had applied for the study. Selection was
based on medical examination, personality question-
naires, and a 1 h psychological exploration, in order to
ensure good health and a sufficient amount of motivation
to participate in the study, as well as high level of psy-
chological compatibility between crewmembers. Subjects
were informed of possible discomfort and potential risks
and signed a consent form according to the Declaration
of Helsinki. The control group consisted of four male
university students aged 22-27 yr. They were trained
and tested according to the same time schedule as the
experimental group but continued to live according to
their normal pace of life. Both groups were paid for par-
ticipation in the study.

Performance Tasks and Subjective Measures

Performance tasks were selected from the AGARD bat-
tery of Standardized Tests for Research with Environ-
mental Stressors (STRES) (1). Four tasks were used.

Grammatical reasoning task (GRT): This task required
complex logical reasoning operations based on grammat-
ical transformations. Each trial consisted of two state-
ments describing a sequence of three symbols (e.g., &
BEFORE *; * AFTER #) presented together with a certain
set of three symbols (e.g., & * #). The subject had to
evaluate whether the two statements were true for the
given set of symbols. If the truth value of both statements
were the same, the subject had to press a key for “same.”
If the truth value differed (one statement true, the other
false) they had to press a key for “different.”” Mean cor-
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rect response times and percentage of errors were com-
puted for each 3-min run.

Memory search task (MS2; MS4): This task was used
to evaluate short-term memory functions by means of
reaction time data. Subjects had to memorize a set of
letters (the memory-set) and were then presented a series
of single letters. By pressing a key for either “yes” or
“no,” subjects had to indicate whether or not the letter
belongs to the memory set. Fixed memory sets of two
(MS2) and four (MS4) letters were used in separate 3-
min blocks of trials. Mean correct response times and
percentage of errors were computed as the performance
score for each block.

Unstable tracking task (UTT): In this task a horizontally
moving cursor had to be centered by means of a joystick
within a marked target located in the middle of the
screen. The inherent dynamics of the tracking loop in-
cluded a positive feedback of the tracking error resulting
in system instability which was further increased by a
divergent element (lambda = 2) (2,9). Deviating from the
AGARD protocol, an external disturbance input con-
sisting of the sum of five sinusoids was introduced into
the tracking loop in order to enhance and to homogenize
the difficulty of the task. Performance was quantified by
calculating the root-mean-square tracking error (RMSE)
integrated over blocks of 1 s and averaged across each
3-min run.

Dugl-task (DT2; DT4): This task required to perform
the UTT simultaneously with MS2 or M54, respectively,
resulting in two versions of dual-task with different
memory-load. Subjects were instructed to equally divide
their attention between both tasks. Performance scores
were the same as for the single tasks.

Subjective measures included ratings of subjective
workload perceived during task performance and mood
ratings. The NASA Task-Load-Index (TLX) (7) was used
for subjective workload assessment. It consists of six dif-
ferent 2-point rating scales which require a subjective
evaluation of different workload dimensions (mental de-
mands, physical demands, time pressure, own perfor-
mance, effort, frustration). In addition, the subject has to
evaluate the contribution of each dimension to the over-
all workload by means of pairwise comparisons. Mood
ratings were recorded by 16 ten-point bipolar rating
scales which have originally been described by Bond and
Lader (4).

Presentation of subjective mood and workload scales,
performance tasks, as well as response recording and
scoring of performance data (reaction times, tracking er-
ror) were controlled by an IBM-compatible laptop (Uni-
sys Powerport 1386 SX). All performance tasks were gen-
erated using a commercially available code-generating
system (ERTS™, BeriSoft, Frankfurt/Main, Germany)
(5), and were presented on the screen of the laptop. Re-
sponses for MST and GRT had to be given with the left
hand by pressing one of two keys (“D” and “W”) on
the keyboard. The tracking task had to be controlled by
a joystick which was located on the right side of the

laptop.
Experimental Design and Procedure

The experiment included 16 experimental sessions.
The sessions for the experimental group included 3 pre-
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confinement sessions of baseline data collection (BDC),
12 sessions during the 26-d confinement period, and 1
post-confinement session. During the confinement pe-
riod experimental subjects lived together in an unpres-
surized hyperbaric chamber, which had already been
used as a space habitat analog for another ground-based
study, and which consisted of a man lock, a living/sleep-
ing chamber, a sanitary section, and a third chamber on
a lower level (19). CO, level in the chamber was as close
to normal as possible (<0.2%) on day 1, 2 and 26, and
at 0.7% on the other days. Data were collected on days
1,3,5,8,9,12,15,17, 19, 22, 24, 26. During these assess-
ments subjects worked on their own at a small table in
the man lock where disturbances by other crewmembers
or ongoing activities could be avoided. Pre-confinement
BDC sessions took place on days —7, —5, and —3 before
entering the hyperbaric chamber complex. One post-con-
finement BDC session took place 3 d after leaving the
chamber. BDC sessions were conducted in a room out-
side the chamber, but under otherwise comparable con-
ditions. Experimental sessions for control subjects were
distributed across 6 wk according to the time-line of ex-
perimental group, and were conducted in an university
laboratory.

Each experimental session lasted about 30 min. At the
beginning of each session all subjects completed the
mood ratings. Two schemes of task sequence were used
in order to control for possible effects of serial order.
Scheme A: GRT, MS2, DT2, UTT, MS4, DT4; scheme B:
UTT, MS54,DT4, GRT, MS2, DT2. In each group half of
the subjects worked on scheme A and on scheme B, re-
spectively. Within subjects the task sequence and time-
of-day of testing remained stable. Duration of a single
test run was fixed to 3 min for each task. The inter-
task interval was controlled by the subject and differed
between 20 s and 1 min. No performance feedback was
provided during the experimental sessions. On comple-
tion of the performance tasks subjects received the
NASA-TLX items.

In order to control for possible practice effects which
might mask decrements in the performance tasks, the
experimental phase was preceded by a practice phase.
Practice of the experimental group comprised a total
number of 15 sessions that started 6 wk before entering
the chamber complex. Training of control subjects was
conducted in a laboratory at their university and corre-
sponded in all relevant aspects to the training of the
experimental group.

Dependent Variables and Statistical Analyses

Mood scores for each subject and experimental session
were calculated for three different dimensions: alertness,
contentedness, and relaxation. These dimensions were
derived from a factor analysis (principal components) of
the 16 subjective mood rating scales across subjects and
experimental sessions and correspond to the underlying
factor structure of these scales reported by Bond and
Lader (4). Mood scores were calculated by summing
across rating scales which clearly load on only one of
the different mood factors. Overall indices of subjective
workload associated with task performance were de-
rived from the NASA-TLX scales by computing subjec-
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tive weighted workload (WWL) scores as described by
Hart and Staveland (7). Performance measures for all
tasks and each experimental session were derived from
reaction times, error rates and RMSE, respectively. In
order to reduce skewness usually found in the distribu-
tion of reaction times and to homogenize variances, prior
to statistical analysis each single reaction time for correct
responses (RTc) of GRT, MS2, and M54 was transformed
by a reciprocal transformation into its corresponding re-
sponse rate value RR = 60000/RTc (msec). Subjective
measures and mean response rates, error rates, and
RMSE for each 3-min trial of a task were statistically
analyzed by repeated measures ANOVA with groups
(experimental vs. control) defined as between-subject
factor, and other variables like session (day of testing),
memory load (two letters vs. four letters) or task-mode
(single-task vs. dual-task) defined as within-subject fac-
tors. All tests involving within-subject factors were ad-
justed for correlations inherent in repeated measures de-
signs by the Huynh and Feldt formulas (cf., 10). Specific
hypotheses concerning CO,-related performance decre-
ments were tested by orthogonal pairwise contrasts.

RESULTS
Subjective Data

Mood: The time course of average alertness, contended-
ness, and relaxation scores for both groups are shown in
the top, middle, and bottom graphs of Fig. 1a. Visual
inspection of the graphs suggests that subjective alert-
ness of the experimental group (open circles) decreased
on reaching the mid-confinement period followed by er-
ratical changes during later stages with two distinct
drops (day 17 and day 22). This pattern differed from
the fairly stable alertness scores obtained by the control
group (filled circles). Subjective contentedness remained
rather stable in both groups interrupted by a distinct
drop in the mid-confinement session (day 12) for the
experimental group. The relaxation state smoothly in-
creased in both groups during the first 2 weeks of the
experimental phase and subsequently returned gradu-
ally to baseline values. However, none of these effects
could be confirmed statistically by 2 (Group) X 16 (Ses-
sion) ANOV As performed separately on the three mood
variables. These analyses only revealed a significant dif-
ference between both groups in average relaxation level
(main effect group: F (1,6) = 6,61; p < 0.05).

Workload: Subjective workload associated with task
performance did not differ between groups and did not
change across sessions for both groups (all F-ratios < 1).

Performance Data

Grammatical reasoning: Average response rates and er-
ror rates on consecutive sessions are shown for both
groups in Fig, 2a (top graph). As becomes evident, mean
response rates of the experimental group increased
steadily across sessions, whereas the performance of the
control group remained stable on a lower level. These
effects were confirmed by a 2 (Group) X 16 (Session)
ANOVA which revealed a significant main effect Session
(F (15,90)=2,72; p < 0.01), and a significant Group X
Session interaction (F (15,90)=2,29; p < 0.01). No signifi-
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cant main effect was found for the between-subject
Group factor. Mean error rates varied between 0.5% and
8.5% across groups and sessions. None of the experimen-
tal factors had a systematic effect on this measure (all
p(F) >0.10).

Memory search: Mean response rates and error rates for
MST pooled across setsizes and task mode (single vs.dual)
are shown in Fig. 2a (middle graph). MST data were ana-
lyzed by a 2 (Group) X 2 (Setsize) X 2 (Mode) X 16 (Ses-
sion) ANOVA for both, response and error rates. Mean
response rates were significantly higher in the lower mem-
ory load condition (Setsize two) and higher under single-
task than under dual-task conditions (main effect Setsize:
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F (1,6)=1185; p < 0.01; main effect Modus: F (1,6)=45.81;
p < 0.01). No other significant main effect was found. Nei-
ther the interaction effect Group X Session, nor any other
interaction became significant. MST error rates varied be-
tween 0.65% and 6.8% across groups and experimental con-
ditions. The ANOVA of error rates revealed only two sig-
nificant effects, a main effect Setsize (F (1,6)= 1532, p <
0.01), and a significant Setsize X Session interaction (F
(1590)= 1,92; p < 0.05). Mean error rates were higher for
the higher memory load condition (setsize four: 3,9%, set-
size two: 3.4%), and this difference varied across sessions
without displaying a systematic pattern. No differences be-
tween groups were found.
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26; t (45)= 7,58; p < 0.01). Subjective contentedness was
also significantly affected by the session factor (F
(15,45)= 4,09; p < 0.01), and exibited a time-course with
clear drops in the mid-period of confinement. Bonferroni
t-tests showed that the ratings at days 9, 12, and 17 were
significantly lower than values averaged across all pre-
and post-BDC sessions (t (45)=3,55, t (45)= 5,18, t
(45)=3,06; all p < 0.05). Subjective relaxation also
changed significantly across sessions (F (15,45) = 2.93; p
< 0.01). Orthogonal pairwise comparisons correspond-
ing to the comparisons for the alertness ratings revealed
that subjective relaxation was higher inside the chamber
than outside (t (45)=3.55; p < 0.01), and was higher with
CO; load than without (t (45)= 4.00; p < 0.01).
Workload: Subjective workload associated with task
performance did not differ between groups and did not
change across sessions for both groups (all F-ratios < 1).

Performance

Grammatical reasoning: The time-courses of response
and error rates are shown in Fig. 2b (top graph). Mean
response rates further increased steadily across sessions
resulting in a significant main effect session (F
(15,45)=3.83, p < 0.01). Error rates varied between 2.5%
and 7.5%, and were not affected by session.

Memory search: The time course of the memory-search
performance (averages pooled across setsizes and task-
mode) is shown in Fig. 2b (middle graph). As becomes
evident from this figure, speed and accuracy of short-
term memory search remained stable on baseline level
across all experimental sessions. A 2 (Setsize) X 2 (Mode)
X 16 (Session) repeated measures ANOVA revealed only
a significant main effect of Setsize (F (1,3)=47.97; p <
0.01 for response rates), indicating a higher performance
with the lower memory load. In addition, single-task
memory search tended to be faster than dual-task mem-
ory search (main effect Mode: F (1,3)=596; p < 0.10).
No interaction was found between experimental factors.

Tracking: The statistical analysis of the time course of

tracking error by a 3 (Mode) X 16 (Session) ANOVA
only revealed a significant main effect of session (F
(15,45)= 2.61; p < 0.05). As can be inferred from Fig.
2b (bottom graph) mean tracking performance (pooled
across single- and dual-task conditions) started to de-
crease 2 d after elevation of CO, concentration in the
chamber (day 5) and remained below baseline level until
reaching day 17. Another decrease in tracking perfor-
mance was observed at day 22. Pairwise comparisons
confirmed a relationship of these tracking effects to the
COs,-load in the chamber. Tracking performance aver-
aged across in-chamber sessions did not differ signifi-
cantly from average tracking performance during out-
side-sessions (t (45)= 1.45; one-tailed p > 0.10). How-
ever, within in-chamber sessions the average tracking
error was higher for sessions with CO, load (days 3
through 24) than for sessions without CO, load (days 1
and 26, t (45)= 1.68; one-tailed p < 0.05). Inspection of
individual tracking data revealed that three of the four
experimental subjects showed considerable first drops in
tracking performance at days 5 or 8, respectively.
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DISCUSSION

In contrast to Experiment 1, the second experiment
provides several hints to detrimental behavioral effects
of a prolonged exposure to a CO, concentration of 1.2%
in the ambient atmosphere. Whereas performance in the
GRT and MST, dual-task efficiency, and perceived work-
load remained unchanged on baseline level during expo-
sure to 1.2% CO,, the time-course of both subjective alert-
ness ratings as well as tracking performance displayed
a clear relationship to the introduction of CO,-load that
was not observed with the lower CO, concentration in
Experiment 1. Compared with baseline val:ies, subjective
alertness was significantly reduced at da:s 3 and 5 in
the chamber. Tracking performance did it vary from
pre-BDC level at the first and third day i the chamber,
but showed a considerable decrement at ¢ .v 5, 2 d after
CO, elevation, and remained worse than I --eline perfor-
mance for most of the in-chamber asses -nents under
CO, load.

These behavioral effects challenge the cur ‘ent assump-
tion derived from earlier studies that oniy CO, concen-
trations beyond 5.5% in the ambient atmosphere will en-
tail disturbing effects on behavioral functicns (17). Most
of the earlier studies were conducted with much smaller
exposure times (e.g., 8, 17, 18) or intermittent exposure
schedules (e.g., 21). That the tracking decrements in Ex-
periment 2 were not seen during the morning assess-
ments of in-chamber day 3, which were conducted 3 to
4 h after elevation of CO,, suggests that they reflect no
acute, but rather accumulative or delayed effects of long-
term exposure to CO,. This would be in accordance with
results from early submarine research, which has shown
that, “with regard to the behavioral changes expected in
humans exposed to abnormal high levels of CO, (1-1.5%)
it appears that there may be some subtle, but no acute
effects, as indicated by performance decrements during
simulated dives ... and during protracted submerged
missions’’ (21, p. 1).

Given the small elevation of CO, concentration in the
present experiment, it appears unlikely that the tracking
effects observed indicate any direct effects of CO, on
visuo-motor functions. More likely, the tracking effects
are associated with the decrease in alertness under CO,
load which became evident from the subjective mood
ratings. This is suggested by the high covariation in the
time-courses of alertness and tracking performance in
Experiment 2. It may be suggested that the raised CO,-
level in the chamber caused a reduction of alertness by
affecting central activation mechanisms. These reduc-
tions in alertness might have lead to a slowing of perfor-
mance, which particularly became evident in the tracking
task because this task is specifically sensitive to varia-
tions in the effective response time-delay of subjects (2).
Such an interpretation would be in accordance with sev-
eral other studies where a close association between
alertness, fatigue effects and tracking decrements were
found using an unstable tracking task (e.g., 3, 12, 14,
15). Furthermore it would converge with results from
Fothergill et al. (6) who found raised end-tidal CO, ten-
sions particularly affecting response speed in different
cognitive and psychomotor tasks.

Before accepting the conclusion that the results of

Aviation, Space, and Environmental Medicine « Vol. 69, No. 5 « May 1998



PART THREE: ELEVATED CO, & PERFORMANCE—MANZEY & LORENZ

alertness and tracking data in Experiment 2 indeed re-
flect CO,-related behavioral effects, at least two other
possible interpretations of the data should be considered.
Firstly, the fact that the subjects were informed not only
about the elevation of CO, but also about when this envi-
ronmental stressor was introduced, might have biased
their responses toward the observed direction. Whereas
this hypothesis might explain the decrement in alertness
ratings at day 3, it is neither in accordance with the stabil-
ity of tracking performance at this critical day, nor with
the general stability of all other performance indicators
(speed and accuracy of different cognitive functions,
time-sharing efficiency) after the CO,-load had been in-
troduced. Therefore, it appears unlikely that the ob-
served effects were due to the demand characteristics of
the experiment. Secondly, it could be argued that even
though the experimental subjects had prior experience
with the hyperbaric chamber and the study protocol,
there was still an inevitable confounding between effects
of CO, and the specific living conditions in the chamber.
Consequently, the observed behavioral effects in Experi-
ment 2 again might not be related to CO, load but to
difficulties with adapting to the confined chamber envi-
ronment. This hypothesis is suggested by both the drop
of contentedness in the midterm of the chamber stay,
which probably reflects a confinement effect like the one
observed in Experiment 1, as well as the time-courses
of subjective alertness ratings and tracking performance
after day 12, which also closely resemble the ones ob-
served in the first experiment. However, the hypothesis
conflicts with the obvious stability of tracking perfor-
mance at the first and third day in the chamber, which
marks a clear contrast to Experiment 1. This stability
clearly points to the pre-experience of the subjects and
the absence of problems to adapt to the chamber environ-
ment in the second run. Therefore, although the behav-
ioral effects observed after day 12 in the chamber might
be related to other effects than CO,, there are good rea-
sons to interpret at least the effects observed between
days 3 and 12 as direct (alertness) or indirect effects
(tracking performance) of the elevated CO, concentra-
tion.

However, the strength of these effects is weak and
their practical significance, particularly for prolonged
manned spaceflights, might be questioned. This becomes
evident from comparing the results of Experiment 2 with
those obtained in other field settings with the same task
battery. For example the performance tasks used in the
present study have also been used before for perfor-
mance monitoring during a 60-d confinement study (12),
two experiments during a short-term (8 d) and long-term
(14 mo) space mission (13,14,15), and a 30-d simulated
deep-sea saturation dive (11). In these experiments, dec-
rements of tracking performance and/or subjective alert-
ness were found during adaptation to the extreme envi-
ronmental conditions. However, apart from the con-
finement study (12), the observed performance effects
were much stronger than in the present experiment. This
applied specifically for the space experiments. In these
experiments large impariments of tracking performance
were found during the first 8 to 10 d in space which
appeared to be related to combined effects of micrograv-
ity and fatigue. During the short-term space mission,

Aviation, Space, and Environmental Medicine « Vol. 69, No. 5 » May 1998

these decrements were even accompanied by clear im-
pairments of dual-task efficiency which point to possible
attentional selectivity effects during the adaptation to the
space environment (14). Compared with these perfor-
mance disturbances, the CO,-related behavioral effects
observed in Experiment 2 are very mild. Therefore, it
can be assumed that mood effects and performance dec-
rements caused by a CO, load around 1.2% in a space
station will most probably not be of operational signifi-
cance in the overall assembly of stressor effects in this
extreme environment.

SUMMARY AND CONCLUSIONS

In order to evaluate potential performance deficits that
can be attributed to increased CO, exposure during long-
duration spaceflights, two simulation experiments were
performed. Both experiments required the same crew of
four male volunteers to live confined in an unpressurized
hyperbaric chamber complex for 26 d. The experiments
differed in the level of chronic CO, load imposed on the
crew, 0.7% and 1.2%, respectively. Comparing mood and
performance under CO, load with mood and perfor-
mance observed under baseline conditions, indications
of CO,-related behavioral effects were only found with
the higher CO, concentration. What are the implications
of these results with regard to acceptance levels of chron-
ically increased CO, inhalation in confined environments
like space-habitats? Firstly, it can be stated that chronic
exposure to CO, concentrations up to 0.7% in the ambient
atmosphere do not cause any detrimental effects on hu-
man subjective mood or performance. Secondly, the be-
havioral effects observed in the present study during
chronic exposure to 1.2% CO, were limited to subjec-
tively perceived reductions in alertness and slight perfor-
mance decrements in a tracking task. According to their
pattern and strength, these-behavioral effects are similar
to those that have been found before during confinement,
but are much weaker than those provoked by other stres-
sors of the space environment. Therefore, even pro-
longed exposures to CO, concentrations as high as 1.2%
appear to be tolerable with regard to their behavioral
effects.
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