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MUCH HAS BEEN PUBLISHED concerning possible 
untoward effects of the chronic inhalation of 
anaesthetic gases on operating room person- 
nel. 1-10 Articles have also appeared which sug- 
gest caution in accepting such implications.lJ'z3 
Nothing specific has been proven, but sufficient 
apprehension has been engendered to cause 
Scandinavian, British and North American 
specialists in anaesthesia to suggest that 
scavenging systems be regularly employed. Two 
considerations stimulated us to measure actual 
concentrations of nitrous oxide in the operating- 
room air during surgical procedures. The first 
was to obtain a comparison of the concentrations 
of nitrous oxide in the absence of scavenging and 
during low flows with levels reported to produce 
deleterious effects. The second was that data 
available concerning possible effects on health 
had been collected when high flows were used 
and in some cases where there had not been 
adequate air changes in operating rooms. Mea- 
surements have therefore been carried out em- 
ploying various rates of gas inflow and within 
current NIOSH recommendations 24 concerning 
frequency of changes of room air. 

METHODS 

Samples of air were collected during surgical 
procedures in three litre stoppered, evacuated, 
conductive neoprene breathing bags by removing 
the stopper and pulling the sides of the bag apart, 
then rapidly replacing the stopper. Collections 
were made at the following sites: 

1. Within 5 cm of the exhaust grill of the 
airflow system. 

2. Within 15 cm of the scrub nurse's face at her 
side. 

3. Within 15 cm of the surgeon's face at the 
side. 

4. Within 5 cm of the anaesthetist's face. 
5. Within 5 cm of the tracheal tube adaptor or 

the anaesthetic mask. 
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6. Within 5 cm o f  the anaesthetic circuit rel ief 
valve. 

Samples were taken during nitrous oxide flows 
of 2.5, !.0, 0.5, 0.2 and 0.1 I/min, with and with- 
out the use of scavengers. Sample size varied 
from 300 ml to 1.5 litres. One hundred samples 
were gathered at each site when scavengers were 
not in use, making 3000 such analyses. Fifteen 
samples were taken at each of the sites using 
scavengers. 

The nitrous oxide monitor was used to make 
continuous records at several places in the room. 
This was done at the side of the room and at the 
corners, as well as at the air conditioning grill. 
Measurements were made without scavenging 
using various gas flows. 

Fresh air circulated in the operating rooms to 
provide a change 20 times per hour. This flow was 
measured by an independent engineering firm. 
Consequently, when gas flows were changed 
during an operation, samples were not taken at 
the new flow sooner than 10 minutes after the 
change, thus allowing for complete room air 
changes. 

Samples were analyzed within three minutes of 
collection. Nitrous oxide concentrations were 
determined by putting the bag content through a 
gas-tight three-way stopcock into a Foregger ~ 
410 nitrous oxide trace gas monitor. This monitor 
has a 58 ml cell capacity. The samples contained 
a minimum volume of 300 ml, so they produced at 
least five volumes of the cell, and usually more. 
The inlet tube to the cell was shortened so that it 
contained approximately 0.5 ml. The monitor 
was calibrated daily with a standard sample con- 
taining 98 ppm of nitrous oxide. No variation 
greater than 2 ppm was found on any day. The 
standard value was confirmed by checking 
against a standard prepared in our laboratory by 
diluting medical nitrous oxide introduced from a 
calibrated syringe into an air-filled desiccator, the 
volume of which had been ascertained by filling it 
with water from a volumetric flask and a caB- 
brated syringe. 

Anaesthetic machines and delivery hoses were 
tested for leaks by obtaining samples at various 
sites, including all connections, both during sur- 
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TABLE I 

PARTS PER MILLION OF NITROUS OXIDE IN OPERATING 
ROOMS. NO SCAVENGING 

CANADIAN ANAESTHETISTS' SOCIETY JOURNAL 

Site* Flow of NzO from anaesthetic machine, 
ml per minute 

2500 1000 500 200 100 

Outlet 
Mean 79.0 29.8 21.7 10.7 6.6 
SEre 5.1 2.7 1.8 0.59 0.46 

Nurse 
Mean 73.0 29.5 18.4 10.4 6.7 
SEre 5. I 3.4 1.4 0.49 0.49 

Surgeon 
Mean 92.0 42.0 21.8 14.5 7.6 
SEre 8.7 5 .0  3.1 1.6 0.53 

Anaesthetist 
Mean 143.0 98.0 31.0 21.0 10.5 
SEre 17.9 15.8 6 .0  3.0 0.99 

Patient 
Mean 280.0 172.0 46.4 40.1 41.0 
SEre 32.9 28.7 10.3 7.9 11.3 

Relief Valve 
Mean 321.0 280.0 125.0 66.0 53.0 
SEre 34.8 36.3 22.4 12.7 11.5 

*Samples taken within 15 cm of nurse or surgeon; 
within 5 cm at other sites. Each value is an average of 
100 determinations. 

TABLE II 

PARTS PER MILLION OF NITROUS OXIDE IN OPERATINO 
RooMs. SCAVeNGeR IN USZ 

Flow of N=O from anaesthetic machine, Site* 
ml per minute 

2500 1000 500 200 

Outlet 
Mean 5.1 4.6 3 .6  4.0 
SEre 0.82 0.61 0.84 0.94 

Nurse 
Mean 5.5 3.7 2.9 3.1 
SEre 1.2 0.66 0.58 0.62 

Surgeon 
Mean 4.7 4.3 5 .2  4 .0  
SEre 0.53 0.74 1.9 0.80 

Anaesthetist 
Mean 7.2 4.9 5.8 5.4 
SEm 2.1 0.72 2.0 1.5 

Patient 
Mean 7.5 10.9 16.3 28.1 
SEre 0.66 1.6 2.7 6.2 

Relief Valve 
Mean 15.8 8.5 6.9 8.5 
SEre 4.1 1.1 1.3 1.0 

*Samples take~a within 15 cm of nurse or surgeon; 
within 5 cm at other sites. Each value is an average of 
15 determinations. 

gical procedures  and on morn ings  when  the 
rooms  had not been in use  overnight ,  as sug- 
gested by NIOSH.  24 

Concentra t ions  of  ni trous oxide obtained in 
operat ing rooms before surgery  began were pro- 
cured at random,  including sites near  the  relief 
valves  of  the anaesthet ic  mach ines  and near  ni- 
t rous oxide hose connect ions .  

RESULTS 

Control values of nitrous oxide preoperatively 
were low. One hundred determinations averaged 
3.1 ppm. Standard error was 0.49. 

Table I presents values obtained without 
scavenging and shows that the area close to the 
relief valve contained the highest and most vari- 
able concentrations of nitrous oxide. Inasmuch 
as high flows demand exhaust from the circuit, 
this result is logical. The next highest values ap- 
peared near the patient's mouth. Of the working 
personnel, the anaesthetist inhaled the greatest 
concentrations of nitrous oxide, followed by the 
surgeon and nurse, whose inhaled levels ap- 
proximated those observed at the room outlet. 

Table 11 gives measurements made when 
scavengers  were in use and shows  that  concen-  
trations o f  ni trous oxide inhaled were well within 
O S H A  suggested limits o f  25 ppm.  24 All values  
were lower than  the  cor responding  data  o f  Table ! 
(p < 0.001, except  for the one  si tuation close to  
the mouth  of the patient at a ni t rous oxide flow of  
200 ml/min).  

The  cont inuous  recordings,  as well as the  grab 
samples  gathered in the corners  and at the  sides of  
the room, showed variat ions that  are equivalent  
to those  shown in Table I. They  gave  no evidence 
o f " h o t  spo t s" .  Values obtained from cont inuous  
sampling at the  outlet  of  the  room agree well with 
the figures o f  the Tables .  This  fact points  to the 
validity o f  this sampl ing  technique,  which is 
nearly identical with the grab sample  t echn ique3  s 

Measuremen t s  not presented here ,  us ing  flows 
o f  nitrous oxide greater  than  2..5 I/rain, without  
scavenging,  showed  higher values  throughout  the  
room than those given in Table 1. 

Determinat ions  in recovery room,  lounge,  lab- 
oratory,  and corridor all gave values under  
10ppm,  except  for the samples  taken within 
15 cm of  the  mou th  o f  the patient who had jus t  
come  from the operat ing room. 

Figures 1 and 3 present  con t inuous  records  of  
the  wide fluctuations in concent ra t ion  o f  ni trous 
oxide at the room outlet when  high flows 
(2.5 I/rain) without scavenging were employed.  
Figures l and 2 show the s teadiness  o f  the lesser  
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FIGURE I Vertical values are parts per million of 
nitrous oxide measured continuously at room air ex- 
change outlet. Right to left. No scavenging. Note fluc- 
tuations of concentration at higher values. Change from 
2.5 I/min of nitrous oxide to 1.0 l/rain. 

FIGURE 3 Vertical values are parts per million of 
nitrous oxide measured continuously at room air ex- 
change outlet. Right to left. No scavenging. Nitrous 
oxide flow was 3 I/rain. Ventilator rate = 8/min. Dots 
indicate instant of ventilator positive pressure. Note: 
Correlation of ventilator positive pressure with higher 
recorded values. Also. large fluctuations of concentra- 
tions with this flow rate. 

FIGURE 2 Vertical values are parts per million of 
nitrous oxide measured continuously at room air ex- 
change outlet. Right to left. No scavenging. Note 
greater fluctuations at higher flows. Change from 
I I/min flow of nitrous oxide to 500 ml/min. 

values when lower flows were used.  Relative val- 
ues for the SEm (Standard Error) in Tables  I and 
II illustrate this same phenomenon .  With higher 
flows and slow artificial ventilatory rates, outlet 
values could be seen to rise and fall in rhy thm 
with alternating pressure  of  the ventilator (Figure 
3). With low flows, use of the ventilator produced 
little change of nitrous oxide concentrat ion from 
minute to minute (see Figure 2). 

Cont inuous  records presented in Figures 1 and 
2 show that changes  in concentrat ion at the room 
outlet consis tent ly  reached the new levels within 
eight minutes  after altering flows from the 
anaesthet ic  machine.  These  data also correspond 
well with the levels obtained on analysis  of  the 
"grab  samples" .  

DISCUSSION 

Collection of  samples was made into conduc-  
tive neoprene bags,  which have been found to 
have a very small diffusion leakage 26 that can be 
measured  in parts per billion. The grab samples 

(100 in each location) have been described as a 
"viable  method of  t ime-weighting".2s 

The method used for sampling was less dis- 
turbing to the operating room personnel  than 
either a syringe collection or that of  carrying a bag 
to collect cont inuously.  It is a more accurate  
method of collecting what is inhaled than that of  
taking samples  behind one ' s  head. 

Lecky ~v and Whitcher ,  et  al .  2~ have described 
procedures  necessary  to avoid unrecognized 
leaks of  nitrous oxide. These  were under taken 
before collection of  our data. Two machines  had 
internal washers  that were worn, so that some 
nitrous oxide was found when only oxygen was 
supposed to be flowing. Quick-disconnect  adap- 
tors required replacement  in one room. 

Not all scavenging sys t ems  are efficient. For 
example,  Beyman,  Knopp and Rehder,  2s using 
nitrous oxide flows generally higher than ours,  
found average values,  using scavenging,  of  22, 
63, and t44ppm.  Complicat ions  from use of 
scavengers  have been reported by Hagerdal and 
Lecky 29 and by Sharrock and Gabel; 3~ therefore 
any  scavenging sys tem to be used must  be prop- 
erly evaluated.  One can hardly share the opinion 
of  Sharrock that lack of  odour of  halothane with 
scavenging should receive the primary blame as 
the cause  of an inadvertent  overdose  of the agent.  

Safe and efficient scavenging sys t ems  consis t  
essentially of  a chamber  around the relief valve 
which is connected  to suction that removes  the 
excess  gases  from the room. The suct ion tube is 
equipped with a one-way inlet valve through 
which air may  be drawn in case suction might 
otherwise be great enough to draw gas fi'om the 
patient.  There is also an outlet to the suction tube 
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(connected to a reservoir) so any back pressure 
that might build up will not be transmitted to the 
patient. It is desirable to have a regulatory valve 
in the suction line distal to both inlet and outlet 
valves. 

The tube-within-a-tube system has just one 
opening in the suction line. This opening is inside 
a large outer tube which is open at the distal end, 
or connected to a large-bore open tube that holds 
a considerable volume. This arrangement per- 
mits air to flow in if suction is high, and gas to flow 
out if pressure should build up. The large outer 
tube can hold some of  the gas that might be 
exhaled faster than suction can withdraw it. Suc- 
tion can then remove gas from the outer tube 
during the inhalation and apnoeic phases of the 
respiratory cycle. 

Suction must be capable of withdrawing as 
much gas in a unit of time as the tidal volume plus 
the volume of gases coming from the machine 
during that period. For example, one respiratory 
cycle might put out 500 ml (tidal volume) exhaled 
plus 500 ml of gas from the machine. This as- 
sumes a 5 I/min flow and ten breaths per minute. 
On this basis the suction would need to aspirate 
10 I/min of gas. The reservoir bag or outer tube 
should hold the volume produced by an energetic 
compression of the breathing bag. A practical 
capability for suction systems in today's operat- 
ing rooms might be 20 I/min. Our own system, 
measured with a Wright ventilation meter, ranged 
from 35 to 51 I/rain and has a control valve in the 
system. 

Without scavenging, exposure of our nurses 
and surgeons was close to concentrations found 
at room exhaust grills, which was to be expected 
with good room air exchange) ' but the anaes- 
thetist inhaled somewhat higher concentrations. 
This is undoubtedly because he was closer to the 
relief valve, which must necessarily open during 
high flows. Highest values, accordingly, were 
those near the relief valves. With nitrous oxide 
flows of 500 ml/min, the anaesthetist inhaled con- 
centrations (31 ppm, Table 1) which were less 
than the lowest value that has been suggested 
(50 ppm I~ as having any deleterious effect. Ef- 
forts to confirm this value of 50 ppm have been 
unsuccessful, ts.=~.2o it is significant that frequent 
changes of room air cleared nitrous oxide rapidly 
enough so that nurses and surgeons had no undue 
exposure, and the anaesthetist's exposure was 
markedly lower than that which was found near 
the valve. Nitrous oxide concentrations near the 
patient's face were greater than those inhaled by 
the anaesthetist. Factors producing this situation 

were diffusion through tracheal tube cuffs in both 
directions, occasional imperfect fit between 
tracheal tube and adaptor, and prevention of 
fresh air circulation during operations when the 
head was draped. Most samples were obtained in 
situations where tracheal tubes were used. We 
were pleased to find that mask fits were adequate. 
Samples taken near the masks of patients without 
tracheal tubes were not noticeably different fi'om 
those procured near tracheal tube connections. 
The concentrations as determined seem quite 
reasonable and certainly presented no extra 
hazard to the patient when one considers that the 
patient was inhaling at least 500,000 ppm of ni- 
trous oxide. 

Department of Health, Education and Welfare 
(U.S.) (DHEW) Publication 77-14024 sum- 
marizes reported levels of nitrous oxide found by 
various workers. Values ranging from zero to 
9700 ppm are given. However, those which gave 
a few values of zero showed m e a n  concentrations 
of 130, 177 and 525 ppm. Size of room, air ex- 
change, and flows of nitrous oxide were not 
given. Obviously, data gathered under such con- 
ditions cannot be used for comparison with 
events in modern operating suites. 

The U.S. government has banned the use of 
chlorofluorocarbons in aerosols, effective De- 
cember 1978, because of their decomposition and 
deleterious effect on the protective ozone layer of 
the stratosphere. 32-34 Scavenging of halothane, 
methoxyflurane, isoflurane, and enflurane from 
operating theaters into the atmosphere causes 
exposure of the entire population to the effects of 
these materials. For the welfare of all people, 
should we not employ as little as possible of tbesr 
substances that are generally used in combination 
with nitrous oxide, rather than just scavenging 
them from operating theaters? In other words, 
should we not use low flows to carry these sub- 
stances? 

Our data indicate that concentrations of 
anaesthetic agents in operating-room atmo- 
spheres can be materially lessened by using low 
flow rates which are safe and practical 3s-~9 Rela- 
tively low flows have been in use in some areas 
for 25 years/~ The cost of anaesthetic agents 
can be reduced by as much as 80 per cent by the 
avoidance of waste. 4z These data appear to war- 
rant serious consideration of the use of low flow 
anaesthesia. 

SUMMARY 

Monitoring of nitrous oxide concentrations in 
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operating rooms disclosed some leaks that had 
hitherto been unrecognized. Because nitrous 
oxide concentrations reported before 1967 had 
been obtained for the most part with high flows of 
the gas and without information concerning room 
air exchange, measurements  were made of ni- 
trous oxide levels during operations with an 
infra-red analyzer, after correction of leaks. 
Measurements were made at six sites in the 
operating-room suite, with and without sca- 
venging. Flows that varied from 0.1 to 2.5 litres 
of nitrous oxide were used in rooms that had 
20 changes per hour of fresh air. Without 
scavenging, the highest time-weighted average 
value inhaled by any of the personnel (anaes- 
thetists) was 31 ppm, when flow of 500rnl of ni- 
trous oxide per minute were employed. The low- 
est reported deleterious concentration (un- 
confirmed) is 50pprn. Lower flows produced 
lower values. With good scavenging, using flows 
as high as 2.5 I/rain of nitrous oxide, the highest 
average value (anaesthetist) was 7.2 ppm. A short 
discussion is given concerning reasons for using 
low flows, including the cost' of  wasting agents 
and pollution of the entire atmosphere. 

R ~ s u M [  

La mesure des concentrations de protoxyde 
d'azole dans I'a:hmosph~re de nos salles 
d'op6ration a perrnis de rnettre en 6vidence des 
fultes de gaz insoupgonn~es au niveau de nos 
appareils d'anesth6sie. Les concentrations de 
protoxyde rapport~es avant 1967 provenaient 
pour la plupart de mesures effectu6es alors que 
['on utilisait de hauts d6bits gazeux et ces r~sul- 
tats ~taient rapport~s sans faire mention de la 
ventilation des salles d'op~ration. 

Nous avons effectu6 des rnesures de concen- 
tration de cet agent ~ six endroits de nos salles 
d'op6ration au moyen d'un analyseur h I'infra- 
rouge et ce, apr~s correction des fuites d6cel6es 
au niveau de nos appareils d'anesth6sie et de 
leurs raccords, Les d6bits de protoxyde utilis6s 
s'~chelonnaient de 0. I/l 2.5 Ilmin. dans des salles 
off le syst6me de ventilation fournissait 20 
changements d'air/~ l'heure. Les mesures ont 6t6 
effectu6es avec ou sans vidange des gaz 
anesth6siques, 

Sans syst6me de vidange, les valeurs les plus 
61ev6es (31 p,p.m,) observ6es Font 6t6 pr/~s de 
I'anesth6siste Iorsque I'on utilisait des d6bits de 
gaz de 500 rnl/min, On salt que les r nuisibles 
(non confirm6s) commenceraient h des taux de 
50 p.p,m. Avec un bon syst~me de vidange des 

gaz et avec des d6bits de 2.5 I/min., les valeurs 
maximaies observ6es (pr/:s de I'anesth6siste) 
6talent de 7.2 p.p.rn. 

En terminant, les auteurs discutent des avan- 
rages de I'emploi de petits d6bits gazeux, tant du 
point de rue du co~t des agents anesth6siques 
que du point de rue de poll ution de I'athmosphb.re 
des salles d'op6ration. 
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