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ABSTRACT 

Ten Alberta hospitals were monitored to assess the exposure of operating room personnel to 
nitrous o~ide, halothane and enflurane during the average work day. 

Exposure to these agents in operating rooms without scavenging systems was determined to 
be well above the recommended guidelines. Contaminants were significantly lower in operat- 
ing rooms with scavenging systems of either the wall suction type or the air-conditioning 
exhaust type. '~ 

In the majority of studies, leakage points of anaesthetic gases were found lhroughout the 
anaesthesia systems. Where maintenance programs for the anaesthesia equipment were 
designed for the detection and elimination of leakage, contaminant levels were significantly 
lower than in those hospitals where the maintenance programs were concerned solely with 
proper equipment function as it relates to patient care. 

A regular, frequent maintenance program for all anaesthesia and scavenging systems 
designed to identify and correct leakage points is therefore recommended. We consider a 
nitrous oxide monitor to be the ideal tool for detection of leakage. 
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SINCE THE MIO-1960S epidemiological studies 
have shown a wide range of  possible effects as- 
sociated with exposure of operating room per- 
sonnel to anaesthetic gases and vapours. These 
include increased risk of spontaneous abor- 
tion, ~-3 congen(tal abnormalities, 4 low birth- 
weight, ~ malignancies, 6 and renal and hepatic 
damage. 2 In addition, reductions in cognitive, 
perceptual and motor skills have also been dem- 
onstrated in human volunteers 7 exposed to 
anaesthetic agents. It should be noted, however,  
that other work-related factors may be associated 
with some of the health effects examined in the 
epidemiological studies. These factors include 
stress, exposure to X-ray, s and to hexachloro- 
phene in scrubbing agen t s )  

The National Institute for Occupational Safety 
and Health (N1OSH) in the United States has 
recommended a standard for nitrous oxide of 25 
parts per million (ppm) and 2 ppm for halogenated 
anaesthetics, including halothane and enflu- 
rane. j~ They consider these levels to be readily 
achievable, but there is no evidence to suggest 
that they are necessarily safe levels. 

A.M. Sass-Kortsak, B.Sc., I.P. Wheeler, Ph.D., and 
J.T. Purdham, Ph.D., M.C.I.C., Occupational Hygiene 
Branch, Occupational Health and Safety Division, Al- 
berta Workers' Health, Safety and Compensation. 

The purpose of the present study was to deter- 

mine to what extent Alberta operating room per- 
sonnel were exposed to anaesthetic gases and 
vapours during the typical working day. Since the 
hospitals used a variety of scavenging methods, it 
also allowed for observation of the effectiveness 
of  the different scavenging methods while in 
routine use. Further, where scavenging methods 
were in use, the impact of maintenance proce- 
dures on their effectiveness in reducing contami- 
nation to acceptable levels was investigated. 

SAMPLING PROCEDURE 

Thirty-six operating rooms in ten hospitals 
were selected for inclusion in this study, each 
room being surveyed for two consecutive days. 
In six of the 10 hospitals, four rooms were 
examined, while in the remaining four hospitals, 
three rooms were examined. 

A Miran 101 analyzer was used to measure 
concentrations of nitrous oxide in the operating 
room environment. A calibration chamber con- 
taining known concentrations of nitrous oxide 
was used to calibrate the instrument. It had been 
shown in a previous study that other operating 
room contaminants were unlikely to interfere 
with these measurements. 14 
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Approximately 20 readings were taken for ni- 
trous oxide in each operating room at random times 
throughout the working day. The sample probe 
was placed as close as possible to the anaes- 
thetist's breathing zone without interfering with 
his work. 

Glass tubes containing activated charcoal were 

connected to BENDIX BDX-44 Super Sampler 
pumps calibrated to draw air through the tubes at 
approximately 200 ml/min. The exact volume of 
air drawn through the tube was determined from 
the calibrated flow rate and the time over which 
the sample was obtained. Two pumps were lo- 
cated in each operating room. One was placed 
near or on the anaesthetic machine and as close as 
possible to the anaesthetist's position. This sam- 
ple was intended to reflect the anaesthetist's ex- 
posure and to detect local leakage in the 
anaesthetic machine. The second pump was lo- 
cated to one side of the room, close to the wall to 
reflect the exposure received by personnel in the 
areas of the operating room not immediately ad- 
jacent to the anaesthetic equipment. 

In order to ascertain the time-weighted average 
exposure to halogenated anaesthetic vapours, the 
pumps were operated continuously from the be- 
ginning of the first operation to the closing of the 
operating room. After the samples had been ob- 
tained, the tubes were carefully sealed, labelled 
and returned to the laboratory for analysis. 
Halothane and enflurane were desorbed from the 
charcoal by shaking for 30 minutes with 1 ml of 
carbon disulphide. The solution was then 
analyzed for halothane and enflurane content by 
gas chromatography using a Hewlett Packard 
5800 gas chromatograph. A dual column tech- 
nique was used to obtain resolution between the 
two agents. The chromatographic conditions 
were: a 3 feet x ~- inch stainless steel column 
packed with 20 per cent FFAP on 80/100 mesh 
Chromosorb W., followed by a 3 feet • -~ inch 
stainless steel column packed with 10 per cent 
TCEP and 10 per cent FFAP on 80/100 mesh 
Chromosorb W. The columns were operated 
isothermally at 50 ~ C at a nitrogen carrier gas flow 
rate of 30 ml/minute. It was necessary to precon- 
dition the system for thirty minutes at 150 ~ C on 
each day of use. Detection was by a flame ioniza- 
tion detector, and the detection limits were 5 I.tg 
per ml of carbon disulphide for halothane and 6 
pg per ml of carbon disulphide for enflurane. 
Backup sections of the tubes were also analysed, 
and there was no evidence of halogenated 
anaesthetic breakthrough. 

RESULTS 

Scavenging systems were used in seven of the 
10 hospitals included in this study, and could be 
divided into two types based on the exhaust 
method. In four hospitals a wall suction (vacuum) 
system associated with some form of reservoir 
unit was used, but this suction unit was not al- 
ways used exclusively for scavenging. In three 
hospitals the exhaust vents of the non- 
recirculating air-conditioning system were used 
for the scavenging. In two of these three hospitals 
the waste gases were vented through the ceiling 
or walls into the exhaust ducts in the crawl space. 
In the third hospital metal, tubes were utilized to 
carry the gases directly into the exhaust grill lo- 
cated in an adjacent storage room. The remaining 
three hospitals included in the study did not have 
functioning scavenging systems. 

In each operating room 14 to 25 readings for 
nitrous oxide were taken per day at random inter- 
vals. The number of readings depended upon the 
length of time the room was in use. It has been 
shown that such air contaminant measurements 
follow a log-normal distribution for which the 
geometric mean best describes the central ten- 
dency, tt Consequently, daily means for each 
operating room were calculated as geometric 
means. The nitrous oxide analyzer used had a full 
scale reading of 300 ppm, and although several 
values were greater than this, they were assumed 
to be 300 ppm. Therefore, true geometric means 
for those rooms were actually somewhat greater 
than the values obtained. 

The results obtained from the sampling for 
nitrous oxide, halothane and enflurane in each 
hospital appear in Tables I, II and III. No values 
are given for enflurane or halothane when these 
agents were not used. Figure 1 graphically illus- 
trates the variation of nitrous oxide levels be- 
tween operating rooms equipped with different 
scavenging systems. Figure 2 illustrates the ef- 
fectiveness of a maintenance program in reducing 
airborne levels of nitrous oxide. 

There was considerable variation in the man- 
ner in which each hospital maintained its 
anaesthetic equipment. For the purposes of this 
study a maintenance program was defined as one 
aimed at the detection and elimination of leakage 
of anaesthetic gases. In the four hospitals 
classified as having such a program, the mainte- 
nance of the equipment was carried out two to 
three times each year by hospital staff: in three 
cases by a trained technician and in the other by 



24 CANADIAN ANAESTHETISTS' SOCIETY JOURNAL 

TABLE 1 

NITROUS OXIDE." DAILY GEOMETRIC MEAN CONCENTRATIONS (AND RANGES) IN PPM 

Operating Room Operating Room Operating Room Operating Room 
Hospital Scave:lging I II III IV 

A* S] 18 (4-100) 6 (3--45) 6 (3-55) 48 (12-80) 
16 (3-23) 12 (3-30) 7 (1-140) 50 (9-250) 

B SI 14 (5-33) 29 (1-78) 49 (29-110) 32 (6->300) 
35 (1->300) 19 (2-110) 24 (1-220) 60 (12->300) 

C S1 21 (1-110) 15 (1-110) 48 (0-220) 19 (0-110) 
26 (2-55) 18 (1-250) 19 (I-88) 47 (10-120) 

D* SI 13 (0-200) 11 (0-100) 7 (0-50) 6 (1-28) 
5 (0--40) 11 (I-50) 

E* $2 2 (0-5) 48 (33-66) 16 (0--220) 12 (3-300) 
2 (0--22) 47 (33-61) 7 (0-> 300) 4 (1-20) 

F $2 22 (1-270) 10 (0--35) 5 (0-200) 
14 (1-90) 72 (1-> 300) 2 (0--60) 

G* $2 43 (3-250) 4 (0-240) 23 (2-110) 8 (2-95) 
39 (10-150) 9 (1-200) 17 (3-50) 10 (1-110) 

H NS 43 (4-> 300) 54 (2-130) 43 (3- > 300) 61 (2-> 300) 
28 (5-95) 51 (3-160) 

1 NS 147 (13->300) 60 (0->300) 36 (0-->300) 156 (40->300) 
63 (2->300) 115 (1%>300) 37 (0-200) 78 (23->300) 

J NS 63 (40-90) 55 (20->300) 87 (12-150) 
31 (7-100) 102 (10-270) 98 (30-180) 

SI-Wall Suction Scavenging, S2-Air Conditioning Exhaust Scavenging, NS-No Scavenging, *-Maintenance 
Program, GEN-General Room, ANA-Near Anaesthesia Machine, NU-Not Used. 

O~ty M ~  Statistical analysis for comparison between 
hospitals was carried out on the nitrous oxide 
data (Table l, Figures 1 and 2). The Mann- 
Whitney Test ~ z was used to make three compari- 
SOnS~ 

(l) scavenged versus non-scavenged operat- 
ing rooms; 

(2) wall suction scavenging versus air- 
conditioning exhaust scavenging; and 

(3) within scavenged operating rooms, those 
with some form of leakage maintenance program 
versus those without such a program. 

FJOUR~ I Daily Mean N20 Concentrations vs. 
Hospitals (Three Differe.nt Types of Scavenging). 

an anaesthetist. In some of those hospitals 
classified as not having a maintenance program, 
the equipment was checked periodically, but only 
for proper working order in terms of patient care. 

(1) Scavenging  versus non-s ca venging 
All of the daily geometric mean nitrous oxide 

concentrations found in Hospitals A through G 
(scavenged) were grouped together and tested 
against the levels in Hospitals H, I and J (un- 
scavenged). There was a statistically significant 
difference (p < 0.0001) in the degree of contami- 
nation between these two groups. Moreover, 
only 29 per cent of all daily geometric mean ni- 
trous oxide concentrations found in operating 
rooms with scavenging were over the recom- 
mended guideline of 25 ppm, whereas all rooms 
without scavenging were in excess of 25 ppm. 
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TABLE 1I 

HALOTHANE: DAILY TIME WEIGHTED AVERAGE CONCENTRATIONS IN PPM 

25 

Operating Room Operating Room Operating Room Operating Room 
I II III IV 

Hospital Scavenging Gen Ana Gen Ana Gen Ana Gen Ana 

A* S1 <0.03 <0,03 0.07 0,10 0,11 0.10 0,45 0.98 
0,06 0,16 <0.03 0.56 0.05 0.07 0,07 0.14 

B SI 0.35 0,33 <0.02 <0.02 0,33 0.55 0,43 0.70 
0.33 0,44 <0.04 <0.04 <0,03 0,05 0,27 0,38 

C Sl o.19 0.20 o.19 0.44 0.64 4.45 0.31 0,70 
0.21 0,30 0.48 0.62 0.14 0.25 0.86 0,78 

D* SI 0.34 0,90 <0.003 0.04 0.05 0.08 0.05 0.70 
0.02 0.05 0.08 1,30 

E* $2 0.06 0,15 <0.07 <0.07 0.04 0.10 0.04 0.06 
0.10 0.19 0.03 0.06 0.12 0.31 <0.006 <0.006 

F $2 0.15 0,16 0.11 0.19 0,50 0.66 
0.29 0.31 0.30 0.44 0.25 0.42 

G* $2 0.76 7.30 0.50 0.64 0.54 0.72 0,44 0.65 
0.33 0.48 0.42 0.48 0.20 0.13 0.32 0.25 

H NS 1.46 1.61 0.67 0.65 0,17 0.22 0.22 0.14 
0.35 0.50 0.77 0.90 

I NS 1.34 1.04 3.50 6.13 0.72 1.19 0.05 
1.08 0.91 NU NU 3,80 4.80 1.17 1.52 

J NS 0.00l 0.20 0.01 0.05 0 0.04 
0.02 0.03 2,62 I. 25 0 0 

S1-Wall Suction Scavenging, S2-Air Conditioning Exhaust Scavenging, NS-No Scavenging, *-Maintenance 
Program, GEN-General Room, ANA-Near Anaesthesia Machine, NU-Not  Used, 

Dally Mean 
(2) Wall suction versus air-conditioning exhaust  N,oc~o. 0:*,m) 

No significant difference was found between so 
the two systems of scavenging. This is in agree- 
ment with NIOSH. =3 8o 

(3) Maintenance  versus non-main tenance  7o 

The operating rooms in hospitals with some 
form of effective maintenance had significantly 

6O 
lower (p < 0,01) levels of nitrous oxide than those 
without. 

5O 

DISCUSSION 

The most obvious source of contamination in 
some hospitals is the escape of waste anaesthetic 
gases from anaesthetic equipment into the room 
because of the lack of  an effective scavenging 
system. Figure I demonstrates  the dramatic re- 
duction in levels of contamination that were 
achieved through use of  an effective scavenging 
system. 

Where scavenging systems are installed it has 
been demonstrated that there are still numerous 
potential sources of contamination. =3 The 
scavenging system itself can allow anaesthetic 

Malnler~anr NO Malnlenance 

A O E G 
Hospitals 

FIGURE 2 Daily Mean N20 Concentrations vs. 
Hospitals With and Without Maintenance Programs. 
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TABLE III 

ENFLURANE; DAILY TIME WEIGHTED AVERAGE CONCENTRATION IN PPM 

Operating Room Operating Room Operating Room Operating Room 
I II III IV 

Hospital Scavenging Gen Ann Gen Ann Gen Ann Gen Ann 

A* St 0.03 <0.03 0.11 0.17 0.07 0.07 0+08 0.16 
0.19 0.28 

B S1 0.21 0.24 0.34 0.60 0.18 0.34 0.22 0.45 
0.32 0.33 0.80 2.16 0.21 0.43 1.13 1.53 

C SI 0.41 0.46 0.07 0.10 0.15 0.26 <0.01 <0.01 
0.63 0.98 0.20 0.67 <0.01 <0.01 <0.01 <0.01 

D* S! NU <0.003 <0.003 NU NU 

E* $2 NU NU NU NU 

F $2 NU NU NU NU 

G* $2 NU NU NU NU 

H NS NU NU 0.37 0.53 0.18 0.10 

I NS NU NU 
2.05 1.87 3.27 5.16 NU NU 

J NS 0.94 2.92 1.02 2.58 1.25 2.53 
0.81 0.92 0.88 3.36 2.08 3.58 

SI-Wall Suction Scavenging, S2-Air Conditioning Exhaust Scavenging, NS-No Scavenging, *-Maintenance 
Program, GEN-General Room, ANA-Near Anaesthesia Machine, NU-Not Used. 

gases and vapours to leak from pop-off valves, 
reservoir units or holes within the system, Leaks 
at connections, or in the lines of  the high pressure 
nitrous oxide system, even if small, can lead to a 
considerable increase in the level of this con- 
taminant in the operating room. Probably the most 
frequently encountered source of  contamination 
is the low pressure system, particularly mechani- 
cal ventilators and carbon dioxide absorption cir- 
cle units. In addition, respiratory hoses and tub- 
ing are vulnerable. 

Contamination is also generated through 
poorly fitted masks and improperly inflated 
tracheal tube cuffs. Levels  of  halogenated 
anaesthetic agents can be increased by leakage 
from vapourizers, or from spills occurring while 
they are being filled. 

The statistical comparison of  the results ob- 
tained in hospitals using scavenging systems with 
those without them demonstrated that a 
scavenging system is effective in reducing con- 
tamination from anaesthetic gases significantly in 
operating rooms. A good general ventilation 
system alone was not sufficient to reduce this 
contamination to an acceptable level. This was 
illustrated in the case of Hospital H,  where the 
general ventilation (15-17 air changes per hour) 
was superior to that in Hospitals I and J (4-14 air 
changes per hour), while the levels of  contami- 

nants were marginally less. Therefore, scavenging 
is still required to reduce the contaminants to 
levels below the recommended guidelines. 

The statistical comparison of the results from 
those hospitals with maintenance programs to 
those without also showed a significant differ- 
ence. Operating rooms were monitored under 
typical conditions, and it was not possible to ac- 
count for every possible variable. For  example, 
the use of mask techniques or especially high flow 
rates are liable to give rise to high levels of 
anaesthetic agents emitted from the machines. 
However ,  in order to cast doubt on the above 
result, hospitals without maintenance programs 
would have to use these techniques consistently 
more often than hospitals with maintenance pro- 
grams. This was not found to be the case, and we 
are therefore confident in the validity of the re- 
suit. 

It is interesting to note that even in hospitals 
where mean nitrous oxide levels were below the 
guidelines, excursions beyond 300 ppm some- 
times occurred. To some extent, these excur- 
sions could be attributed to leakage. A number of 
additional factors were important. In some eases 
relatively high total flow rates were used by the 
anaesthetists and the wall suction units were not 
necessarily capable of  exhausting such large vol- 
umes. Often, in these cases, the excess gases 
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flowed into a reservoir unit (bag, hose, metal 
tube). If these units were open ended and excess 
gas volumes were sufficiently large, some gas 
may have been vented directly into the theater. 
Extra tubing or a larger reservoir bag may be used 

to increase the capacity of the system and thereby 
to alleviate the problem. The use of mechanical 
ventilators often contributed to these excesses. 
Small leaks could be exaggerated and new ones 
develop at weakened points, due to the positive 
pressure generated during the inspiratory phase. 

With either type of scavenging system, consid- 
eration must be given to the fact that there are two 
different exhaust valves: one on the ventilator 
and one for the circle system. In some hospitals a 
Y-piece is used to connect both of these exhausts 
simultaneously to the scavenging system. Under 
these conditions the system should be designed 
so that the waste gases do not leak from one side 
(for example the circle system) directly into the 
unused ventilator. If a Y-piece is not used, the 
anaesthetists must remember to connect the 
scavenging system to the correct exhaust outlet. 

Inspection of Tables II and 111 reveals that 
elevated levels of halothane and enflurane oc- 
curred primarily in those hospitals without 
scavenging systems. Particularly notable are 
Hospitals I and J which frequently exceeded 2 
ppm, both in the anaesthetist's breathing zone 
and at the operating room periphery. 

For the hospitals with scavenging systems 
there were only three occasions during this study 
where the guideline was exceeded. In all three 
cases the elevated levels were found near the 
anaesthetic machines, while the room periphery 
concentrations remained unremarkable. There 
are two possible explanations for these isolated 
peaks; either the vapourizers in question had de- 
veloped leaks, or the vapourizers were filled 
during the sampling period and some spillage oc- 
curred. The latter may be eliminated by filling 
vapourizers after the daily slate of operations is 
completed, whenever possible, so that any con- 
tamination resulting from spillage is removed 
overnight by the general ventilation system. Al- 
ternatively, free standing vapourizers could be 
filled in a separate room. 

It is apparent from the results that if nitrous 
oxide contamination is controlled to acceptable 
levels, then the concentration of the halogenated 
anaesthetic agents will, under typical conditions, 
also be within the guidelines unless significant 
vapourizer leakage occurs. Consequently, mea- 
surements of nitrous oxide levels are normally 
sufficient to determine the effectiveness of the 

scavenging system or the existence of leaks 
within the anaesthetic equipment. It should be 
noted, however, that this procedure will not 
identify leaks of halogenated anaesthetic agents 
from vapourizers. 

Personnel employed in operating rooms with- 

out scavenging systems are being exposed to un- 
acceptably high concentrations of anaesthetic 
agents. Under typical conditions in Alberta hos- 
pitals, exposure still exceeds recommended 
guidelines on occasion, even when scavenging 
systems are in place. This is especially true when 
an effective maintenance program which pays 
attention to leakage is not in place. Since expo- 
sure to anaesthetic agents may pose a potential 
health risk to these personnel, effective 
scavenging devices should be installed in all 
operating rooms and these devices, together with 
the anaesthetic equipment, should be properly 
maintained and regularly checked for leakage, 
preferably with a nitrous oxide monitor. 
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RI~SUM~ 

La contamination de I'atmosph~re des salles d'op6ration par le protoxyde d'azote, 
I'halothane et I'enflurane au cours d'une journ6e de travail moyenne a 6t6 6tudi6e dans dix 
hopitaux d'Alberta. Dans les endroits o/1 il n'y avait pas de syst~me d'6vacuation des gazet 
des vapeurs anesth6siques, les taux de contamination 6taient bien au-dessus des minima 
recommand6s, alors que la contamination de l'air ambiant 6tait significativement inf6rieure 
dans les endroits oh un syst~:me de vidange 6tait utilis6 (succion murale ou remplacement de 
I'air dans un syst~me /t air conditionn6 sans recirculation). La v&ification des appareils 
d'anesth6sie a permis de d6celer des fuites de gaz darts la majorit6 des cas. Les taux de 
contamination de I'atmosph~re des salles d'op6ration &aient significativement inf6rieurs dans 
les hbpitaux ofl une v~rificati0n syst6matique des fuites au niveau des appareils d'anesth6sie 
6talt effectu6e darts le cadre d'un programme d'entretien et de v6rification de I'~:quipement 
d'anesth6sie. 

Un programme r6gulier et fr6quent de verification et correction des fuites au niveau des 
appareils d'anesth6sie et des syst~mes de vidange des gaz et vapeurs anesth6siques est 
recommand6. Un moniteur de protoxyde d'azote nous apparalt comme I'appareil id6al pourla 
d6tection des fuites. 


