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Effects of trace levels of nitrous oxide on 
psychomotor performance 

by Helen Venables, BSc,' Nicola Cherry, PhD,' Harry A Waldron, MD,' 
Leslie Buck, PhD,* Christer Edling, MD,3 Hugh K Wilson, PhD4 

VENABLES H, CHERRY N, WALDRON HA, BUCK L, EDLING C, WILSON HK. 
Effects of trace levels of nitrous oxide on psychomotor performance. Scand j work 
environ health 9 (1983) 391-396. Twenty-four male student volunteers were exposed to 
50 pprn of nitrous oxide or air in an exposure chamber for 4 h in two experimental ses- 
sions. The subjects completed a battery of psychomotor tests during the final 40 min of the 
exposure sessions. Nitrous oxide, at this low concentration, did not produce any sta- 
tistically significant changes in performance. 
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During the last ten years, several studies 
have shown different health hazards for 
operating theater personnel (10). In the 
setting of hygienic standards or other 
hygiene control limits, the level at which 
nitrous oxide causes a decrement in per- 
formance has been the subject of much 
debate. High levels of nitrous oxide, 20 % 
and above, cause a deterioration on tests 
of reaction time (9, 13). After exposing 
volunteers to a range of concentrations, 
Allinson et a1 (2) concluded that the thresh- 
old at which nitrous oxide started to affect 
performance lay between 8 and 12 9%. 

Controversy exists over the effects, if 
any, of trace levels of anesthetic gases on 
performance. Gamberale & Svensson (12) 
and Snyder et a1 (15) found no acute be- 
havioral effects of trace levels of anesthetic 
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gases on theater personnel. Bruce et a1 (5) 
and Bruce & Bach (3), on the other hand, 
found that 500 pprn (0.05 %) affected per- 
formance on the digit-span test for short- 
term memory. In  a later study the same 
authors (4) found that 50 pprn (0.005 %) of 
nitrous oxide caused a deterioration in the 
performance of an audiovisual task and 
that 500 pprn also caused a deterioration 
in the performance of vigilance and 
tachistoscopic tasks and the digit-span 
test. It is of interest to note that, in their 
earlier studies, these authors did not find 
any effect of 500 pprn of nitrous oxide on 
the performance of an almost identical 
task. Other studies (11, 14) have failed to 
replicate the results of Bruce & Bach (4) 
using a test battery which included an 
audiovisual task very similar to that used 
by Bruce et a1 (5). 

Hygienic standards and control limits 
for the level of nitrous oxide in operating 
threaters have recently been set at new low 
values in several countries (100 pprn in 
Denmark, Norway and Sweden, 5 pprn in 
Yugoslavia). These levels have apparently 
been based on Bruce & Bach's findings 
(4), despite the failure of others to replicate 
them. The aim of the experiment re- 
ported in the present communication was 
to substantiate whether or not 50 pprn of 
nitrous oxide causes a deterioration in 
psychomotor performance with an audio- 



Pe~ormance tests visual task similar to that used by Bruce & 
Bach (4). A short battery of other tests was 
also included. 

Methods 

Subjects 

Twenty-four undergraduate and post- 
graduate students (mean age 25.2 years) 
were the subjects of this experiment. All 
of the subjects were in good health, and 
none of them were taking any drugs. 

Treatments 

Each subject received a placebo or 50 ppm 
of nitrous oxide, in a design balanced for 
order effects, over two experimental ses- 
sions in an exposure chamber. The ses- 
sions were 4 h in duration, and perform- 
ance testing took place during the final 
40 min in the chamber. 

Exposure chamber 

The volunteers were seated in a 2.5-m3 
chamber constructed from perspex sheet 
on a metal frame, with air passing from 
ceiling vents down to extraction vents 
below a perforated false floor. A supply 
of clean air (50 m3/h with temperature and 
humidity controlled at 23 + 0.5"C and 52 -+ 
2 %, respectively) was introduced into the 
chamber. Nitrous oxide (medical grade) 
was fed into the air inlet duct through a 
regulator and adjusted to give 50 + 2 ppm. 
The concentration of nitrous oxide in the 
chamber was monitored continuously 
with a Miran 1A infrared spectrophoto- 
meter. 

Four subjects were in the chamber 
during each session. Each group of sub- 
jects was tested at the same time of day 
(morning or afternoon) and on the same 
day of the week for both sessions. The sub- 
jects were provided with orange juice but 
were not allowed to drink coffee in the 
chamber. At the conclusion of the experi- 
ment the subjects' assessment of whether 
or not they had been exposed showed no 
relation to the actual conditions; it seems 
reasonable to conclude that the experi- 
ment was unbiased by the subjects' aware- 
ness of exposure. 

The subjects were fully briefed and trained 
to reach a plateau of performance on three 
of the four tests before the exposure ses- 
sions began. The audiovisual task was 
learned in the exposure chamber during 
the first exposure session. This procedure 
had to be used because of unexpected 
delays in the development of the test. For 
both sessions the subjects performed the 
four tests in the same order, the order of 
testing among the group of four subjects 
in the chamber being allocated according 
to a Latin square design. 

Audiovisual task. This test was designed 
to replicate the task created by Bruce & 
Bach (4) as closely as possible. The subject 
was presented simultaneously with an 
auditory and a visual stimulus. The visual 
stimulus was either a horizontal line or a 
sine wave presented on an oscilloscope. 
The auditory stimulus was either a slow 
clicking (120 clickslmin) or a fast clicking 
(180 clickslmin) presented through head- 
phones. Hence there were four combina- 
tions of stimuli: flat line, fast clicking; flat 
line, slow clicking; sine wave, slow click- 
ing; sine wave, fast clicking. The combina- 
tion of stimuli changed after 4.5 s, the com- 
binations being presented in a predeter- 
mined, but random sequence. The sub- 
ject's task was to indicate as quickly as 
possible each time there was a change of 
stimulus combination by pressing the 
appropriate button on a response panel. 
The test period was 7.5 min, during which 
100 changes of stimulus combination took 
place, 25 each of the four combinations. 
There was an initial training period of 
15 min during the first session in the cham- 
ber, and during the second session the 
subjects were given 7.5 min of practice on 
the task. 

The time taken from the change of stim- 
ulus combination to the subject's pressing 
of the correct response button was mea- 
sured for all 100 changes, and the overall 
mean reaction time was computed. 

Simple reaction time. Simple reaction time 
was measured for 8 min with a modified 
cassette recorder designed by Wilkinson & 
Houghton (17). The subject's task was to 
press a white button in response to a red 
light which appeared in a stimulus win- 



dow. In this experiment the test was 
modified so that the subject did not have 
feedback of his reaction time after each 
response. This situation was achieved by 
the placing of a frosted glass slide over the 
stimulus window. [For further details see 
the report of Cherry et a1 (7).] The mean 
reaction time was computed from the indi- 
vidual responses recorded. 

Four-choice reaction time. The subjects 
also performed a four-choice reaction time 
test for 8 min. The task is one of speeded 
repetitive decision making, and perform- 
ance is measured on a piece of equipment 
similar to that used for measuring simple 
reaction time (16). The stimulus panel con- 
sists of four lights in a square configura- 
tion, the four response buttons being ar- 
ranged in the same way beneath the lights. 
In order to extinguish the light, which is 
on, the subject has to press the response 
button which corresponds to it geometri- 
cally. If the wrong button is pressed, the 
light will still be extinguished, but an error 
response will be recorded. When a light 
has been extinguished, correctly or in- 
correctly, another or the same light will 
come on after 120 ms according to a ran- 
dom sequence. 

The mean correct reaction time was 
computed together with two other vari- 
ables, percentage of error responses and 
blocks (number of individual correct reac- 
tion times which were longer than 1.5 
times the mean correct time). 

Stressalyzer. The stressalyzer is a subject- 
paced pursuit tracking task. [See the re- 
port of Buck et al (6) for a full account.] 
Several components of the subject's re- 
sponse on this task can be analyzed; these 
include reaction time, movement time, and 
errors. The subject has to align a pointer 
with one of five lights on a display. Accu- 
rate alignment causes the light to be extin- 
guished and one of the other four to light 
up according to a random sequence. 

A trial consists of a sequence of 100 stim- 
uli and responses. During the exposure the 
subjects completed three trials after 2 h in 
the chamber and another three trials dur- 
ing the final testing session. 

There were six variables for the stressa- 
lyzer: (i) correct reaction time, (ii) non- 
overshoot movement time, (iii) overshoot 

movement time, (iv) total reaction time, 
(v) errors, and (vi) overshoots. 

Visual analogue scales 

At the beginning and end of each exposure 
session the subjects were given visual 
analogue scales (18) on which to rate them- 
selves along the dimensions of sleepiness, 
physical and mental tiredness, and general 
good health. The scales were lines, 10 cm 
in length, the ends of which were labeled 
as the two extremes of the dimensions. The 
subjects were instructed to put a cross on 
the line to indicate how they felt at that 
point in the exposure session. 

The raw visual analogue scores were 
arc sin transformed (I), the difference be- 
tween the scores at the beginning and the 
end of the exposure sessions forming the 
variable for analysis. 

Times of the exposure sessions 

The exposure sessions lasted 4 h, which 
could be divided into the following phases: 

00.00 Subjects entered the chamber and 
completed the visual analogue 
scales. 

02.00 Subjects performed three trials on 
the stressalyzer and spent 15 min 
training (first session) or 7.5 min 
(second session) on the audio- 
visual task. 

03.20 Performance testing began. 

04.00 Subjects completed the final 
visual analogue scales and left the 
chamber. 

Results 

One subject did not attend the session in 
which he would have received the placebo 
treatment. His results for the other session 
have been included in the analysis how- 
ever. 

Mean scores on the pe~orrnance tests 

Table 1 shows the mean performance 
scores on the four psychomotor tests at 



Table 1. Mean performance scores for 11 perfor- 
mance variables for 0 and 50 ppm of nitrous oxide. 

nitrous oxide; the differences were not, 
however, statistically significant. 

Variable 

Audiovisual task 
Overall mean of 
reaction time (s) 

Simple reaction time 
Overall mean (ms) 

Four-choice reaction 
time 

Overall mean of 
correct reaction time 
(ms) 
Errors (%) 
Blocks 

Stressalyzer 
Score for correct 
reaction time (ms) 
Score for nonover- 
shoot movement 
time (ms) 
Score for overshoot 
movement time (ms) 
Score for total 
reaction time (ms) 
Score for errors (%) 
Score for overshoots 
("/.) 

Mean SD Mean SD 

Table 2. Mean changes in the visual analogue 
scores for 0 and 50 ppm of nitrous oxide. (A higher 
score indicates a greater deterioration over 
the exposure session.) 

Variable 
0 ppm 50 ppm 

(N = 23) (N = 23) 

Mean SD Mean SD 

Sleepiness 27 59 50 55 
Physical tiredness 17 51 34 47 
Mental tiredness 22 54 33 41 
General good health 10 55 17 28 

exposure levels of 0 and 50 ppm of nitrous 
oxide. I t  is clear that there was no dif- 
ference in performance between the two 
conditions. I t  is particularly worth noting 
that, in the case of the audiovisual task, 
the mean reaction time is exactly the 
same for both treatments. 

Visual analogue scores 

Table 2 shows the mean change in the 
visual analogue scores over the exposure 
sessions. It can be seen that there was a 
greater deterioration in mood on all four 
dimensions with exposure to 50 ppm of 
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Analysis of variance 

An analysis of variance was carried out 
for 11 performance variables. It was 
decided that nitrous oxide should be 
regarded as a fixed effect. The subjects 
were treated as though they were a random 
sample and entered into the analysis as a 
random effect. 

The main effects of the subjects and 
the nitrous oxide and the twoway interac- 
tions between nitrous oxide x subjects 
were assessed, and the results are sum- 
marized in table 3. Intersubject variation, 
which was tested against the residual 
variance, was statistically significant for 
all 11 performance variables. The effect 
of nitrous oxide, which was tested against 
the nitrous oxide x subjects interac- 
tion, was not statistically significant 
for any of the performance measures. 
The twoway interactions between nitrous 
oxide x subjects, which were tested 
against the residual variance, were signif- 
icant for all the variables except overshoot 
movement time. 

The error scores on the stressalyzer 
did not follow a normal distribution, and 
therefore differences in error scores 
between the two conditions were com- 
puted and subjected to a normal deviate 
test. The difference in error scores be- 
tween the two conditions was not statis- 
tically significant (t = 0.58, degrees of free- 
dom 23). 

Discussion 

This experiment was set up in an attempt 
to replicate the influential report by 
Bruce & Bach (4). This replication, using 
the audiovisual test described by Bruce & 
Bach, was required since these authors 
(3, 5) had failed to find effects at exposure 
levels of 500 ppm of nitrous oxide, using 
an almost identical test. A replication of 
Bruce & Bach's positive results using the 
audiovisual test might have been impor- 
tant for the setting of standards for ex- 
posure in operating theaters. However the 
present results, taken together with Bruce 
& Bach's earlier findings and those of 
Smith & Shirley (14) and Frankhuizen 



Table 3. Summary table of the main effects of subjects and nitrous oxide and the twoway interactions 
between subjects x nitrous oxide for 11 performance variables. ( N S  = not significant) 

F 

Nitrous oxide Nitrous oxide 
Variable Subjects x subjects (50 PPm) 

Audiovisual task 6.8 p < 0.001 8.4 p < 0.001 0.1 NS 

S im~ le  reaction time 21.9 p < 0.001 2.2 p < 0.01 0.8 NS 
Four-choice reaction time 

Correct reaction time 
Errors 
Blocks 

Stressalyzer 
Correct reaction time 82.7 p < 0.001 5.1 p < 0.001 0.1 NS 
Nonovershoot movement time 201.9 p < 0.001 6.5 p i 0.001 0.1 NS 
Overshoot movement time 16.1 p < 0.001 1.2 NS 2.1 NS 
Total reaction time 40.2 p < 0.001 2.8 p < 0.05 0.0 NS 
Overshoot 106.1 p < O.OC1 3.8 p < 0.001 1.8 NS 

Visual analogue scales 8.9 p < 0.001 12.5 p < 0.001 1.2 NS 

et a1 (ll), suggest that it is unlikely that 
trace levels of nitrous oxide produce a 
measurable deterioration i n  psychomotor 
performance. 

Although we found no  changes in 
performance in this experiment, the visual 
analogue scales showed a nonsignificant 
trend for mood to deteriorate more after 
4 h of exposure to nitrous oxide than to 
air. This trend is similar to that consist- 
ently found for men exposed to low levels 
of organic solvents (8). As conditions of 
work improve and expectations increase, 
it may be  that such changes in mood will 
have to be  taken into account when 
hygienic standards and other hygiene 
control limits are set, even when perform- 
ance is not affected. 
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