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-Exposure of midwives to nitrous oxide in four hospitals

A J MUNLEY, R RAILTON, W M GRAY, K B CARTER

Abstract

The exposure of midwives to nitrous oxide in four hospitals was
measured with personal samplers. In three of the four hospitals
the average exposure was not-significanty less than 100 parts per
million (ppm). In one hospitalthe average exposure was 360 ppm;
-this was reduced-by a factor of about 2.5 when a trial scavenging
system was used. Differences in working practices and in the
layout, size, and ventilation of the labour suites contributed to
the observeddifferences in average exposure.
-Midwives and other staff working in the labour room are

potentially -at risk- from excessive occupational exposure to
nitrous oxide.

Introduction

The possibility that chronic exposure to anaesthetic agents may be
harmful has been appreciated for some -time. Epidemiological
studies have observed an increased risk of certain disorders'; in
particular there is evidence ofan increased incidence ofspontaneous
abortion among female staff. I2

Nitrous oxide has been implicated as a causative factor,' 3 and
possible mechanisms have been described by several authors.
Sharer et al have suggested (from extrapolation of rat data) that
harmful effects in humans may occur with continuous exposures
above 450 parts per million (ppm) and propose a safe limit of the
order of 200 ppm.4 Sweeney et al found abnormalities in the bone
marrow ofcertain dentists who-experienced occupational exposures
above 1800 ppm and suggest a limit of400 ppm.5

West of- Scotland Health Boards, Department of Clinical Physics and Bio-

A J MUNLEY, ssc, Prm, senior physicist, Lnarkahire Area Medical Physics
Department

R RAILTON, PHD, FINSIP, area physicist, Lanarkshire Area Medical Physics
Department
WMGRAY, Bsc, PHD, principal physicist, university department of anaesthesia,
Westem Infirmary, Glasgow

KB CARTER, MSC, MIEE, principal physicist, university department ofsurgery,
Royal Infirmary, Glasgow

Correspondence to: DrA J Munley, Department ofMedical Physics, Monklands
District General Hospital, Airdrie ML6 OJS.

Sweden has adopted a legally enforceable limit for nitrous oxide
exposure of 100 ppm,6 while in the United States the recommended
limit is 25 ppm.7

Nitrous oxide concentrations of up to a few thousand ppm have
been experienced by staff working in unscavenged anaesthetic
rooms, operating theatres,'19 and dental surgeries,'0 while staff in
recovery rooms and other peripheral areas may experience con-
centrations ofup to 100 ppm.

Scavenging can reduce theatre pollution to around one tenth of
the unscavenged value,891' but achievement of acceptably low
pollution generally requires effective ventilation in addition to
scavenging."
The use of mixtures of half nitrous oxide and half oxygen

(Entonox, BOC Medical Gases Ltd) for obstetric analgesia might be
expected to lead to atmospheric pollution in delivery rooms. As
many midwives are women of childbearing age the occupational
exposure of this group to nitrous-oxide is of particular interest. We
conducted a survey of the exposure ofmidwives to nitrous oxide in
four hospitals.

Subjects and methods
Personal diffusive samplers'2 were used to make 76 measurements of the

exposure of midwives to nitrous oxide in four hospitals. Full details of the
calibration and performance of the samplers and of the method of analysis
are described elsewhere.'3 The samplers provided measurements of time
integrated nitrous oxide exposure (expressed in ppm.h) with acoefficient of
variation of 11%. The integrated exposure in ppm.h was-divided by the
duration of the subject's shift length or issue period to provide the average
exposure in ppm. Unexposed control samplers that accompanied the
exposed samplers during issue and collection were also analysed to check the
possibility of-erroneous results due to contamination or mishandling.
The table lists the number of delivery rooms, workload, midwives

studied, and oxygen-nitrous oxide consumption for each hospital in the
survey. A scavenging system consisting of asilenced receiving and disposal
system (Ohmeda Mk 1 AGSS) and a modified anaesthetic circuit as a
collecting and transfer system was in use in hospital D during part of our
survey. No other hospital had any form ofscavenging in the delivery rooms.

Results
The figure shows the results obtained during the survey. The results for

hospital D with and without scavenging are shown separately. Control
samplers exposed to a non-polluted atmosphere (normal room air) showed a
background exposure of about 0 1 ppm, while others that were taken into
the labour wards but left unexposed-that is, closed as for transport-
provided insigniicantly small measurements.
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In a one tailed Wilcoxon signed ranks test with a confidence limit of 0-05
the average concentrations for hospitals A, B, and D (with scavenging) were
significantly less than 200 ppm but not less than 100 ppm. Only hospital C
had concentrations of significantly less than 100 ppm. The concentration in
hospital D without scavenging was not significantly less than 450 ppm.

Discussion

In each hospital the average nitrous oxide exposure exceeded the
recommendations of the National Institute of Occupational Safety
and Health of 25 ppm,' while individual midwives experienced
exposures in excess of the Swedish legal limit of 100 ppm.6 The
highest average exposure (363 ppm) was found in hospital D.

Study groups, workload, and oxygen-nitrs oxide consunptionfor hospitals in study

No(%) ofdeliveries/year Meanvolumeof Meanvolumeof
Noof Noof Average Noof Total withoxygen-nitrous Total volumeof oxygen-nitrous oxygen-nitrous

midwives samples durationof delivery deliveries/year oxide, notincluding oxygen-nitrous oxideused/patient oxideused/room/
Hospital studied taken exposure rooms for 1984/1985 epidurals,sections,etc oxide(x 104 litres) (litres) year(x 104 litres)

A 13 14 7 h 18 min 8 4000 2400(60) 220 917 27-5
B 4 5 6 h I8 min 2 208 208 (100) 4 192 2-0
C 21 21 7 h 54 min 10 4000 1600(40) 62 388 6-2
D 26 36* 7 h 0 min 4 1550 1340 (89) 160 1194 40 0

*13 with scavenging.

100

0~~~~~~

100 ;t t125 * 4

C~~~~~~~~~

1001

Mean (SO) 98 ±120 59±40 41±70 363±264 150±112

Range (5-364) (10-121) (1-330) (42-953) (42-441)
A B C D D (scvenging)

Hospital

Average nitrous oxide exposure for each hospital (vertical bars are SD). Small
numbers refer to coincident data points.

Hospitals A, B, and D all had individual exposures above the 200
ppm limit suggested by Sharer et al,4 but only in hospital D was the
400 ppm limit suggested by Sweeney et aP exceeded. To explain the
high exposures found in hospital D we considered workload,
working practices, and the working environment.

hospital D than in hospital A or C is a possible factor. The average
volume of oxygen-nitrous oxide used per patient and per room a
year (table) may also affect, the average exposure of staff; these
volumes are greatest for hospital D.
The volumes of the delivery rooms in each hospital are similar

(between 45 m3 and 60 m3); none have appreciable active venti-
lation. In hospitals A, B, and C the rooms open to wide, well
ventilated corridors. Hospitals A and B have separate nursing
stations, hospitalC does not have a nursing station within the labour
suite, but hospital D has a very compact labour suite with all four
delivery rooms opening directly on to a small nursing station. Thus
less effective dilution and dispersion of waste gases plus the
pollution of the nursing station by spillage from the delivery rooms
contributes to the higher average exposures in hospital D. An active

Workload does not appear to be a contributing factor as hospitals
A and B exceed hospital D in this respect (table). The smaller
proportion of deliveries performed under epidural analgesia in
scavenging system in hospital D was found-to reduce the average
exposure; an, active ventilation system would probably have the
same effect.
Our results indicate that the use of oxygen-nitrous oxide in

delivery rooms that do not have adequate ventilition or scavenging
can cause staff to receive undesirably high exposure to nitrous
oxide. Midwives-and by implication all staff working in the
delivery room and labour ward-should be regarded as a group
potentially at risk from occupational exposure to nitrous oxide
pollution, and steps should be taken to reduce the concentration of
nitrous oxide in their working environment.

We ank all the staff of the hospitals that participated in this study.
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