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Objective: Exposure to waste anaesthetic gas (WAG) is a rec-
ognised occupational hazard for health care professionals (HCP).
In recovery rooms, scavenging and ventilation systems differ from
those in the operating room, raising the question as to how effi-
cient they are. This study aims to measure the levels of ambient
sevoflurane over the course of consecutive workdays in the paedi-
atric recovery room of a tertiary academic centre.

Methods: The following is a descriptive-analytic study of ambi-
ent air sevoflurane levels measured using a MIRAN® 205B Series
SapphIRe portable ambient air analyser. Samples were obtained
between 7:30 am and 6:30 pm for two non-consecutive weeks on
consecutive weekdays in our paediatric recovery room area.

Results: The ambient air levels of sevoflurane exceeded the ceil-
ing concentration of 0.5 ppm recommended by the National
Institute for Occupational Safety and Health on all days of mea-
surement. The concentration of sevoflurane in ambient air cor-
relates directly with the number of patients present.

Conclusion: Even in a modern recovery room constructed according
to current building standard and code, ambient air levels of WAG
exceed the recommendations. Future research and practice standards
are needed to reduce this occupational exposure. Disregarding wheth-
er chronic exposure to WAG is harmful, we have shown that HCP
working in recovery rooms are chronically exposed to concentrations
which exceed recommended levels. Strategies are needed to reduce
ambient levels of WAG in post-anaesthesia care units.

Keywords: Inhalational anaesthesia, occupational exposure, re-
covery room, paediatric anaesthesia, sevoflurane, volatile anaes-
thetics

Introduction

Amag: Atk anestezik gaz (AAG) maruziyeti saglik calisanlart icin
tanimlanmis mesleki bir tehlikedir. Uyanma odalarinda, anestetik
gaz temizleme ve ventilasyon sistemleri ameliyathanedekilerden
farklidir ve bu da ne kadar etkili olduklarina dair bir soru olustur-
maktadir. Bu ¢aligma iigiincii basamak bir akademik merkezdeki
pediyatrik uyanma odasinda, ardisik calisma giinlerinde, ortamda-
ki sevofluran diizeylerini 6l¢meyi amaglamaktadir.

Yéntemler: Bu tanimlayici analitik calismada oda havasindaki se-
vofluran diizeyleri, MIRAN® 205B Series SapphIRe tasinabilir
ortam havast analizorii kullanilarak 6lgiildii. Numuneler ardisik
olmayan 2 haftada, ardisik isgiinlerinde saat 07.30 ile 18.30 aras:
pediyatrik uyanma odasinda alind:.

Bulgular: Ortam havasindaki sevofluran seviyeleri, tiim dl¢iim giin-
lerinde, Ulusal Mesleki Giivenlik ve Saglik Enstitiisii tarafindan 0,5
ppm olarak 6nerilen tist sinirt agmigtt. Ortam havasindaki sevofluran
seviyesi meveut bulunan hasta sayusi ile dogrudan iligkilidir.

Sonug: Giintimiiz standartlarina ve koduna gére insa edilen mo-
dern bir uyanma odasinda bile, ortam havasindaki AAG diizeyleri
onerilen degerleri agmaktadir. Bu mesleki maruziyeti azaltmak icin
baska arasgtirma ve uygulama standartlarina ihtiyag vardir. Kronik
AAG maruziyetinin zararlt olup olmamasini dikkate almaksizin,
uyanma odalarinda calisan saglik calisanlarinin siirekli olarak,
onerilen seviyeleri asan seviyelere maruz kaldiklarini ortaya koy-
duk. Anestezi sonrast bakim iinitelerinde ortamdaki AAG seviye-
lerini azaltmak icin stratejilere gereksinim vardir.

Anahtar Kelimeler: 1nhalasyon anestezisi, mesleki maruziyet,
uyanma odast, pediatrik anestezi, sevofluran, volatil anestetikler

aste anaesthetic gas (WAG) is defined as an anaesthetic gas that is released or leaks during medical procedures (1).
Ever since Vaisman reported a link between the exposure to WAG and adverse health outcomes in 1967 (2), the
topic has been of interest to all those exposed on a regular basis. Early research into the topic consisted mainly of

questionnaires, distributed among exposed workers of institutions or members of professional societies (3-5). The American

Society of Anesthesiologists (ASA) conducted one study in 1974 (6), which linked a long-term exposure to WAG to spon-
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taneous abortion, congenital abnormalities, infertility, prema-
ture births, cancer and renal and hepatic disease. In light of
this, the National Institute for Occupational Safety and Health
(NIOSH) published recommendations in 1977 (7), setting a
Recommended Exposure Limit (REL) for anaesthetic gas.
While no major health care system has binding guidelines for
occupational exposure limits to WAG, recommendations exist
to reduce the health care workers” exposure to WAG as much
as possible. The REL set by NIOSH remains the standard from
which recommendations around the world have been derived.
Specifically, NIOSH recommends that in a period of 8 hours,
the concentration for nitrous oxide not exceed 50 ppm and
the halogenated ethers sevoflurane, desflurane and isoflurane
not exceed 2 ppm. When nitrous oxide is used in combination
with a halogenated ether, these limits are reduced to 25 ppm
for nitrous oxide and to 0.5 ppm for halogenated ethers.

The scientific foundation of the REL by NIOSH has been
subject to criticism. The studies employed were question-
naires, which suffered from the two main known limitations
of questionnaires, that is, leading questions and insufficient
response rates. The previously mentioned study by ASA had
around 75,000 responses-which was still less than 50% of the
people the survey was sent to. Furthermore, the three volatile
anaesthetics most frequently used today-sevoflurane, desflu-
rane and isoflurane-were not available when the studies lead-
ing to the creation of the REL were conducted. Nevertheless,
the increased awareness of WAG led to many improvements
in the operating room (OR) ventilation systems: for example,
scavenging of anaesthetic gas from the patient and worksta-
tion, positive pressure gradient from the OR to surrounding
rooms, standards for the air exchange rates in an OR, and a
laminar flow pattern of ventilation in the work zone of an
OR. Measurements taken at the author’s institution show the
OR environment to be essentially uncontaminated by WAG.

Research within the last decade has focused mainly around
the WAG genotoxicity. One study demonstrated that re-
covery room nurses have detectible amounts of isoflurane in
their breath even after 2 days away from hospital (8). In an-
other study, increased genotoxicity in anaesthesiologists was
reversed after a 2-month vacation (9), whereas the reversal
only took 5 days for a patient who had undergone surgery
under general anaesthesia (10). Because of the long elimi-
nation half-life of volatile anaesthetics in the peripheral fat
compartment (11), bioaccumulation most notably occurs in
HCP who are repeatedly exposed.

Waste anaesthetic gas in post-anaesthesia care units (PACU)
is generated by patients exhaling gases and vapours they have
received during surgery. PACU units in hospitals in North
America are built differently from ORs with regard to venti-
lation standards. We report results of the daily measurement
of WAG in a paediatric PACU over 2 non-consecutive weeks
separated by 4 months. This is an expansion of preliminary
data previously reported (12).

Ozelsel et al. Flevated WAG in the Paediatric PACU

As a general disclaimer, the authors are well aware of the in-
accuracy of the term WAG. Nitrous oxide is the only gas in
the group, and sevoflurane, desflurane and isoflurane are all
halogenated ethers. For simplicity purposes and in keeping
with the term being used widely in scientific nomenclature,
we will include all of the inhalational anaesthetics under the
blanket term of WAG.

Methods

Description of locations

Ambient air concentrations of sevoflurane were measured
on 5 consecutive workdays (Monday through Friday) in the
PACU of a paediatric operating room. Measurements were
performed in 2 different time periods-1 week in July 2014
and 1 week in October 2014. These two time periods also
reflect two different workloads and thus patient loads in
PACU, with the July week representing a period of reduced
OR activity and the October week representing a period of
regular OR activity.

The PACU is designed to accommodate up to six paediatric
patients at a time. Total air exchanges per hour are 9.5 of
which 6 (minimum) are fresh gas air exchanges. There is a
positive pressure gradient relative to adjacent areas, the tem-
perature is kept within a range of 18 to 26°C, and relative
humidity between 20% and 60%.

Measurement

A MIRAN® 205B Series SapphlRe portable ambient air
analyser (Thermo Electron Corporation, Waltham, MA)
was used to measure the concentration of sevoflurane. This
device can measure a wide range of chemical substances, in-
cluding anaesthetic gases using infrared spectroscopy. As per
the manufacturer, it has an accuracy of £10% and a detec-
tion limit of 0.04 ppm for the main volatile anaesthetics. We
calibrated the analyser outside the OR suite each day prior
to measurement. The analyser was set up beside the nursing
desk, which is the central location of PACU, that is, not in
the patient zones. Measurements were taken between 7:30
am and 6:30 pm for all days of the study period. The MIRAN
can be used in a multi-gas or a single-gas application mode. It
is more accurate when used in single-gas mode (factor of 10).
Nitrous oxide was often used as part of mask induction and
was demonstrable on a test measurement in PACU. With
sevoflurane being the volatile anaesthetic administered in the
majority of cases, we decided to measure ambient air levels of
sevoflurane as a single agent with higher accuracy vs. doing
a multi-gas analysis with desflurane and nitrous oxide. Mea-
surements were taken every 3 minutes throughout the day.
Fresh gas flows in between 0.5 and 1.0 L min™ are generally
used in our department.

Patient data collection
Institutional ethics board approval was obtained. Individ-
ual informed consent was not obtained for the purposes of
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this study. Patient data were collected retrospectively from
PACU nursing admission records. Patient name, identifica-
tion number, time of admission and discharge from PACU
were recorded. Further patient information, such as the an-
aesthetic agent used, was taken from the anaesthesia record.

Statistical analysis

The ambient sevoflurane concentrations were interpreted
as time series for the 5 days from each measurement period
(July and October). Using the ‘forecast’ package (13) for R
(14), time series polynomial models of degree 2 were fit to
each time series to predict the sevoflurane concentration in
dependency on the number of patients in the room having
received sevoflurane, the number of patients in the room not
having received sevoflurane, and the total number of patients
who already had left the room on the day of measurement.
In a final step, both time series were jointly analysed to assess
differences.

The predictive power of the resulting models was judged
using the adjusted coefficient of determination (adjusted

R-squared, adjusted R?) measuring how much of the variance
in the sevoflurane concentration can be explained through
the model, while adjusting for the number of variables in-
cluded. Models were checked with a residual analysis for de-
viations from the model assumptions. A significance level of
5% was assumed for all tests. The model used for analysis is
listed in supplementary materials.

Results

Measurement of sevoflurane concentrations in PACU
from 7 July-11 July 2014

Looking at an 8-hour work period from 8:30 to 16:30, the
recommended ceiling concentration of 0.5 ppm was exceed-
ed on each day for 87, 69, 114, 75 and 78 minutes respec-
tively from Monday to Friday (See Supplementary Figure A).

A correlation was observed between the level of WAG in am-
bient air and the patient load, that is patients admitted to
PACU over time. Figure 1 provides a graphical comparison
between ambient sevoflurane concentration and patient load
for the week of 7-11 July. With a load of at least 2 patients in
PACU, the sevoflurane concentration very often exceeds the

REL of 0.5 ppm.

Measurement of sevoflurane concentrations

in PACU from 20 October-24 October, 2014

The ceiling concentration of 0.5 ppm was exceeded for 243,
111, 66, 345 and 99 minutes, respectively, from Monday
to Friday, from 8:30-16:30. These measurements are higher
than in July (See Supplementary Figure B).

There was a correlation between the patient load and the level
of sevoflurane in ambient air. Figure 2 provides a graphical
comparison between ambient WAG concentration and pa-
tient load for the week of 20-24 October.

The mean ambient sevoflurane concentration in July (0.31
ppm, SD=0.20 ppm) was significantly lower than in Octo-
ber (0.42 ppm, SD=0.40) (t(1544.7)=8.3382, p<2.2e-16).
In October, more patients were admitted to PACU than in
July, of which a higher percentage had received sevoflurane.
In July, in 85 of 99 (86%) procedures and in October in 112
of 126 (89%) procedures, sevoflurane was employed. The
number of measurements exceeding 0.5 ppm was 141 in July
versus 288 in October (x*(1)=63.225, p=1.843¢-15).

For both sets of measurements, July and October, polynomi-
al regressions of degree 2 revealed that the number of patients
in the room having received sevoflurane, the number of pa-
tients in the room not having received sevoflurane, and the
total number of patients who already had left the room on
the day of measurement contributed to ambient sevoflurane
contamination (Tables 1 and 2).

A polynomial regression of degree 2 for the combined data-
sets confirmed that the number of patients in the room hav-



ing received sevoflurane, the number of patients in the room
not having received sevoflurane, and the total number of pa-
tients who had already been discharged and the month of
measurement all affected the measured sevoflurane concen-
tration (Table 3). The mean ambient sevoflurane concentra-
tion was higher in October after correcting for the respective
numbers of patient subgroups. The model fit the data with an
adjusted R-squared of 41.1%. Residual analyses showed the
data to be consistent with all fitted models.

Discussion

There were two main findings in our study. Firstly, the WAG
levels in ambient air exceed the NIOSH recommendations at
various points throughout the regular work day, which was
even more pronounced with the higher patient loads seen
outside the less busy summertime. There was a direct cor-
relation between the number of patients admitted to PACU
per hour and increases in the WAG levels in ambient air.
This correlation was also seen in our mathematical regression
model when considering the number of patients admitted to
PACU, discharged from PACU and having either received
sevoflurane or not. The adjusted R? in our mathematical
model indicates that the number of patients admitted to
and discharged from PACU are strong predictors of ambient
sevoflurane concentrations. It is obvious that the ventilation
of our PACU is not sufficient to eliminate WAG produced
by more than 2 patients per hour to a degree that sevoflurane
levels are kept below 0.5 ppm. Krenzischek et al. (15) showed
that concentrations of WAG in a patient’s breathing zone
usually peak 1 hour after admission. Their interpretation
is that this was due to patients wakening progressively and
improving their ventilation, while at the same time, oxygen
masks which would initially have diluted WAG on a patient’s
breath, would be removed at some point.

Waste anaesthetic gas and their potential harmful effects on
exposed HCP have been a contentious topic over the last de-
cades. Even in the absence of scientific evidence for toxicity
of WAG on HCP, it is understood that the highly lipophilic
nature of WAG is a reason for concern, since no such sub-
strates exist in nature and thus the human defence system is
not inherently equipped to deal with them. The recommen-
dation to reduce HCP’s exposure to WAG should therefore
be taken seriously.

The REL have not changed since 1977, even after anaesthetic
practice has almost entirely shifted away from halothane or
enflurane and moved on to isoflurane, sevoflurane and des-
flurane. In 1994, NIOSH released a bulletin update warning
that researchers had not been able to identify a safe level of
exposure, and it recommended periodic monitoring of the
WAG level conducted by an industrial hygienist (16).

The paediatric patient population and the type of anaesthet-
ics administered offer distinct differences from the adult pa-
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tient population. From these differences, it may be inferred
that the load of WAG coming from the patient should be
lower in a paediatric PACU versus an adult PACU.

In our series, measurements were carried out at the central
desk in an area outside of the direct working zone of our
nurses. We can thus only report general levels of WAG in
ambient air and not how these may differ in the direct vicin-
ity of patients. In paediatric PACU, it is also very common
for nurses to take children into their arms and to hold them
while they recover from anaesthesia. Accordingly, exposure
of the individual nurse to WAG may be well above what we
have measured.

One limitation with respect to drawing conclusions is that
concentrations measured in our PACU are not necessarily
valid for PACU units in other hospitals. The presence or ab-
sence of laminar air flow patterns alone influence the total
cleaning capacity of a ventilation system to a degree not as
easily quantifiable as air exchange rates.

When looking at hospital building standards (17), it is
apparent that PACU areas are not afforded the same ven-
tilation standards as operating rooms in regard to overall
and to fresh air gas exchanges. Further and potentially even
more important is how airflow patterns are created in a
room. A laminar flow from up to down with an active ex-
haust just above the ground level will provide steady turn-
over and exchange of air, while a central air diffuser with
side vents could lead to turbulences with more air churning
than exchange, the more so the higher the rate of air ex-
changes is.

Conclusion

Our data show that recommended levels of WAG in ambient
air are exceeded daily, despite ventilation standards in our
PACU meeting or exceeding the building standards. While
we do not know if these exposure levels actually place HCP
working in PACU at risk for any long-term morbidity, we do
know that we need to find ways to reduce the amount of gas
they are exposed to.

Future research will hopefully help us understand the impact
of WAG on health more clearly and how to limit the ex-
posure of health care workers to WAG when working in a
PACU environment.

SEE
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