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PREFACE

In the mid seventies a considerable volume of literature on health effects of
trace concentration of anaesthetic gases and vapours to the health of
operating theatre personnel, were published in the United States, United
Kingdom and Europe. The health hazards were defined as foetal wastage and
abnormalily, mutagenesis, liver disease and deterioration in skilled
performance of personnel. These claims were based mainly on epidemiological
studies and to a lesser extent on animal research.

In Australia, the National Health and Medical Research Council (NH&MRC)
acknowledged the existence of possible hazards to personnel in operating
theatres. In 1977, the NH&MRC established a Working Parly on the Hazards of
Exposure to Anaesthetic Agents, in collaboration with the Hospital and Allied
Services Advisory Council (HASAC).

The terms of reference for the Working Party were lo:
“Investigate and advise HASAC and the NH&MRC through the Medicine Advisory
Committee, on:

¥ the hazards to staff working in operating theatres and other areas
subject to atmospheric pollution by anaesthetic gases; and

* action which should be taken to safeguard such staff from those
hazards.”

‘In carrying out the above terms of reference, the extent of waste anaesthetic
gas pollution was examined by monitoring in hospital operating theatres,
dental and veterinary surgeries over a period of two years, from 1978 to 1979,
in South Australia.

In conjunction with the monitoring, the effectiveness of various scavenging
systems was assessed together with recommendations for controlling waste
emissions.

The data collected from this survey was used by the NH&MRC to establish
“target values” in Australia. The target values are based on what can be
achieved by good work practice and not on health effects. The “target
concentrations” are 25ppm nitrous oxide, and 0.5ppm halogenated anaesthetic
agents.
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SUMMARY

Evidence suggests that chronic exposure to trace concentrations of anaesthetic
vapours and gases constitute a health hazard to operating room personnel.

The South Australian Health Commission through the Operating Theatre
Pollution Advisory Committee, initiated a monitoring programme in order to:

- assess the occupational exposure to waste anaesthetic vapours and
gases in hospital operaling theatres, veterinary and dental surgeries in
South Australia and

- recommend “‘Control measures™ for the control of occupatlona] expo-
sure to waste anaesthetic agents to the lowest achievable concentration
until enough information is gathered to set a TLV (Threshold Limit
Value). The “achievable concentrations” adopted by South Australian .
Health Commission are:

¥ Nitrous Oxide 25 ppm
' Halothane (and other Halogenated anaesthetlc agents). 0. 5 ppm

A total of 40 hospitals (compnsmg of 155 operating theatres and labour
wards), 26 veterinary surgeries and 25 dental surgenes were monitored at least
once.

The most common administered inhalation anaesthetic agents are nitrous oxide
and halothane (2—bromo—2—chloro—1,1.1-trifluoroethane%. Therefore the.
measurements of pollution levels are based mainly on these substances.
Measurements were taken at the breathing zone of the person administering
the anaesthetics, as it was considered that this person would-be exposed to

the highest concentrations, due to his proximity to the source of the emission.

The concentration of these agents were measured using Wilks Infrared-
direct-reading Analysers.

In the Hospital Operating Theatres, breathing zone concentration of anaesthelic
agents ranged from 0.2 ppm ~ 26 ppm halothane and 10 ppm - 1100 ppm
nitrous oxide, depending on the extent of control measures adopted.

In Dental Surgeries, nitrous oxide concentration during the use of relative
analgesia, ranged from 180 ppm - 1800 ppm in the breathing zone of the
dentist under poor control measures (i.e., no scavenging and poor ventilation
in the room). Under scavenging condltlons the nitrous oxide concentration
was between 12 ppm and 180 ppm (using Brown Scavenging Mask). Another
scavenging system produced higher environmental concentrations.
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In the Veterinary Surgeries the concentration of wasie anaesthetic agents.in.
the breathing zone of the surgeon, under no scavenging conditions, ranged
from 0.3 ppm to 17 ppm halothane, and 200 ppm to > 300 ppm nitrous oxide.
The higher concentrations were measured in large animal practices. -With ’
scavenging (only 5 of the 26 surgeries) the halothane concentration ranged
from 0.4 ppm to 2 ppm.

Realising that our knowledge of the health hazards associated with, waste
anaesthetic agents may not be complete at this stage, the philosophy of good
occupational hygiene practice should be. adopted i.e., minimize the risk to
exposed personnel. A syslematic and practical approach to the problem as
outlined will reduce the exposure to waste anaesthetic agents to below the
“targel concentration” of 25 ppm nitrous oxide and 0.5 ppm halothane. The
correct approach is based on the following measures: :

i An efficient scavenging system.

2. Regular maintenance of the scavenging and anaesthetic equipment.

3 Co-operation from the anaesthetist in the application of efficient
techniques.- S

4. Effective room ventilation.

5. Air monitoring programme.

The study demonstrated that the most obvious causes of room-air contamina-
tion are related to work practice and attitudes of the persons directly involved
in administering the anaesthetic agents. Therefore a much more concerted
effort 1s required in the application of good work practices from these persons’
if anaesthetic pollution levels are to be maintained within “achievable levels.”



RECOMMENDATIONS

1. Scavenging equipment should be installed and used in operating
theatres and surgeries which administer anaesthetic agents.

2. A member of staff should be made responsible for the regular
maintenance of the scavenging equipment and anaesthetic machine, in
accordance with the “Manual for the Control of Anaesthetic Gas
Contamination in the Operating Theatre".

3. A greater awareness on health hazards associated with anaesthetic
pollution, should be undertaken by all staff involved with anaesthetics,
by introducing more extensive education programmes.

4, A more extensive survey should be conducted in order to determine Lhe

lime weighted average exposure by all personnel exposed to waste
anaesthelic agents.
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CHAPTER 1

HEALTH HAZARDS IN THE OPERATING THEATRE

11
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Introduction

In the past few years there has been considerable concern about
the health hazards associated with the exposure to waste anaes-
thetic gases.

The alleged health risks are infertility, foeto-toxicity, teragenicity,
carcinogenicily, hepatic renal disease and central nervous system
(CN.S.) lesions. (Ref. 1-13).

Evaluation of the potential hazards has been carried out by both
epidemiological and animal experimental research. Nitrous oxide
and halothane are the anaesthetic agents predominantly used.

_ A brief summary of the current studies on anaesthetic pollution.

Animal Studies

Farly animal studies indicated the possibility of teratogenic effects

~due to inhalation of anaesthetic dose concentrations:administered

lo pregnant animals during the gestation period.!1516

These studies reported increased foetal death rates and congenital
abnormalities. Further, animal experiments have shown:the
embryotoxicity of trace concentrations of nitrous oxide!” and a
decreased survival rate on exposure to trace concentrations of
fluroxene.'®

Animal studies also indicate hepatic and renal damage following
chronic exposure to subanaesthetic concentrations

(i.e. concentrations in the vicinity of those to which operating
theatre personnel may be exposed),!1920

Potential organ toxicity of inhalation anaesthetic doses is also well
documented in man.?-%

It has also been shown thal in animals exposed to low
concentrations of halothane (8-12 ppm for 8 hours per day, 5 days
per week) during their development significant behavioural
abnormalities and CN.S. damages occurred.®

Lane el al. (1979)* has shown thal exposure of pregnant rats to
high concentrations of nitrous oxide on the nineth day of gestation
causes foetal resorption (16%, cf control 3%), foetal malformation
(15%, cf control 1%5) and skeletal anomalies (37% cf 12% control).
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In summary there.is-convincing- ev1dence from animal _experiments.
that organ toxicity, fetotoxicity and carcinogenicity are caused by
exposure Lo high anaesthetic concentrations, however, experiments
at sub-anaesthetic concentrations are not as numerous nor as
convineing.

Human Stud_ies

Over the past 10 to 15 years, epidemiological studies of workers
exposed to waste anaesthetic gases, tend {o support the animal
evidence of foetal wastage, congenital abnormalities. and hepalic
and renal disease. Major surveys carried out in Europe,*87 the
United Kingdom3® and United States,!25101213 have provided suppor-
tive statistical evidence, without however, demonstrating a cause-
effect relationship.

The epidemiological evidence is based on retrospective surveys,

_ which are often crilicized because of the use of questionnaires

which tend to promote recall bias in the exposed respondents. The
response rates are also low (as low as 50%), hence the evidence is
not ideal in the stalistical sense.

The major studies concluded that the risk of spontaneous abortion

~and congenital abnormalities in-offspring to female workers associ-

ated with anaesthelic practice is increased, and suggest that the
first trimester of pregnancy is the most critical period.!-"%

~ Some studies have also observed a high incidence of congenital

abnormalities in children of exposed males (e. S anaesthetlsts and

‘ dentlsts) 181330

There are several reports of anaesthetists developing an increased

incidence of hepatic and renal disease followmg exposure to low
concentrations of anaesthetic gases.!”13

The Amerlcan Society of Anaesthetlst s study! suggests that there is
increased incidence of spontaneous abortion, congenital abnormali-
ties, cancer, hepatic and renal disease in female operatmg theatre
personnel.

The study on dentists®® by Cohen et al. (1980) which enlailed 61,000
study subjects, is possibly the most significant retrospective study.
It is the final report of the preliminary study (1975) which was
responsible for the NH. & M.R.C.'s conclusion that “anaesthetic
agents may be the causative factor.”



The findings of this study were as follows:

(1) increase in liver disease was 1.7 fold, kidney disease was 1.2
fold, and neurological disease was 1.9 fold, in male dentists
who were heavily exposed to anaesthetics;

(2)  increase of spontaneous abortion (1.5 fold) in the wives of
the male dentists;

(3)  increase of spontaneous abortion (2.3 fold) in the chairside
assistants. There was also an increase in liver disease (1.6
fold) and kidney disease (1.7 fold) among the female
assistants.

There was no convincing increase in the risk of congenital
malformations in children of dentists exposed to anaesthetic
- agents.

Response rate for this study was only 74%, therefore some bias
could have occurred.

Several studies have reported an increase in the incidence of

cancer in female anaesthetists.!®® However, recent in-vitro

mutagenicity studies of halogenated ether anaesthetics have been
negative except for fluroxene.!! '

Studies also indicate thal acute exposure of anaesthetic gases
effects the central nervous system. Vaisman ® in a survey of the
complaints of 303 female anaesthetists reported headaches, fatigue
and irritability. Bruce et al.3%33 showed that motor skills,
perception and memory can be impaired in operating theatre staff.
Although Smith and Shirley* (1977) could not reproduce these
results, further work by Bruce et al.3% (1976) reinforced their
original findings and have demonstrated that nitrous oxide and

. halothane, in concentrations as low as 50 ppm and 1.0 ppm
respectively, caused measurable decrease in performance in
psychological tests in healthy volunteers. These effects were absent
in subjects exposed to 25 ppm nitrous oxide and 0.5 ppm
halothane. Fink and Cullen® suggest that stress may play an
important role in the considered health hazards in operating
theatres.

Vessey® (1978) reviewed the eight controlled epidemiological studies
carried out to that time, and concluded that there was “reasonably
convincing evidence of a moderate increase in the risk of

abortion among exposed females, although it is
possible that even this result is atiributable to reporting bias.
There is no convincing evidence of any other hazard.” .

Also recent research studies have shown a significant increase in
the rate of drug metabolism in anaesthetists.® There is strong
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evidence thal the metabolism of fluorinated anaesthetics is respon-

- sible for direct renal toxicity!®, and increasing evidence points to

anaesthetic metabolism as a mechanism of toxicity.¥#" To date this
evidence is more convincing at anaesthelic doses.

Summary of Current Evidence

Summing up the evidence available at the present time, a firm
conclusion on the possible hazard to personnel.exposed to trace
concentrations of anaesthetic gases in the atmosphere of the work
place cannot yet be reached. However, many overseas investiga-
tions are still in progress.

Although a conclusive cause-effect relationship could take many
years to establish, one must conclude that a serious health hazard
may exist from the vast amount of information published, and the
health hazards discussed above can be attributed, at least in part,
to exposure to waste anaesthetic gases. The evidence from the
dental survey by Cohen et al.®® (1980) strongly suggests a dose-
response relationship and comes closer to establishing cause-effect.
In this study, the exposed and unexposed dentists had a similar
working environment and the only different factor was the use of
inhalation anaesthelic. The main criticism of previous epidemiol-
ogical studies aparl from the doubtful validity of the retrospective
study has been the large number of variables belween the exposed
and unexposed subjects, thus casting doubts on the validity of the
study.

On thé basis of the available animal and human data, the only
occupational hazard associated with anaesthetic gases for which

'there is reasonably convincing evidence is an increased risk of

The other reported hazards may be actual,
but, the evidence is madequate to be regarded as conclusive.
Serious. consideration must also be given to other factors found in
the operating theatre environment, such as stress, radiation, other
toxic materials and viral and bacterial infections.

The Australlan Situation

In Australla the National Heallh and Medical Research Council (N.H.
& MR.C.) acknowledged existence of a possible hazard to workers in
operating theatres, and took action to consider the “Australian
situation” by establishing a working party in 1977. The working
party comprised of consultants to the N.H. & M.R.C. and the Hospital
and Allied Services Advisory Committee (HASAC).



The working party had two terms of reference, namely:

(1)  lo define the hazards to staff employed in the operating
theatre and other work areas subject to atmospheric pollu-
tion by waste anaesthetic gases and vapours, and

(2)  whal action should be taken to safeguard them from such
hazards.

Following the investigalions by the working party the following
conclusions and recommendations were made by the NH. & MR.C.#

n “It is ethically, scientifically and economically justifiable to instal in
operating rooms, scavenging equipment of proper construction and reasona-
bly uniform design as soon as possible

) 4 moniloring programme, appropriale to the case load and size of the
institution, should also be adopled.

(3) Pregnant women should be informed that there may be a hazard Lo their
pregnancy in the operating theatre environment, and be enlitled to opl for
alternative employment elsewhere in the Hospital.

(4) Dental surgeries in which anaesthetic gases and vapours are regularly used
should also be scavenged.

{5) The levels of these agents shown lo be present in recovery areas adjacent lo
scavenged lheatres do nol appear lo constitule a significant hazard.”

The findings of the N.H. & M.R.C. working party led to the South
Australian Health Commission setting an Advisory Commitiee
(Operating Theatre Pollution Advisory Commitlee) to produce a
“Manual” for the control of anaesthetic gas contaminalion in the
operating theatre. The Committee consisted of Professor Michael
Cousins, the Head of the Department of Anaesthesia and Iniensive
Care, Flinders Medical Centre, and -member of the N.H. & M.R.C.
working party, specialist anaesthetists, scientists, members from
the Health Commission, Public Buildings Department, and equipment
officer from the Hospitals Department.

The manual*! is now in use in all South Australian Hospitals and
velerinary surgeries that use anaesthetic agents. This manual
discusses the factors contributing to anaesthetic gas pollution in
the operating theatre work area, presents a variety of methods for
the detection and elimination of leaks, and points out the require-
ments for monitoring trace gas leaks in all exposure situations.

A similar manual was produced by the Industrial Hygiene Section
of the Health Commission for dental surgeons who used nitrous
oxide for relative analgesia.



CHAPTER 2

ANAESTHETIC POLLUTION SURVEY

2.1

2.2

Introduction

During 1978-79, a waste anaesthetic gas monitoring programme was
initiated in this state in order to assess the occupational hazards in
the hospital operating theatres, veterinary and dental surgeries. All
hospitals were visited at least once by Mr. Colin Sandison, the
administrative officer of the Operating Theatre Pollution Advisory
Committee (OTPAC), on an educational programme, to advise about
the need for the reduction of anaesthetic gas pollution in operating
theatres. This initial educational programme was followed by a
monitoring programme which involved measurements of the waste
anaesthetic gases in the breathing zones of the operating theatre
staff. Similar measurements were made in veterinary and dental
surgeries.

Method of Measurement

The most commonly administered inhalation anaesthetic agents are
nitrous oxide and halothane (2-bromo-2-chloro-1,1,1-
trifluoroethane), therefore the measurements of pollution levels are
based namely on these substances.

Measurements were conducted mainly in the breathing zone of the
anaesthetist, the dentist and the veterinary surgeon, as it was
considered that these would be exposed to the highest concentra-
tions, due to their proximity to the sources of emission.

The concentration of nitrous oxide and halothane were measured
using Wilks Miran Portable Infrared Analysers, because it allowed
continuous monitoring whereby the sampling and analysis 1s nearly
a simultaneous-operation: The exposed personnel are then given
immediate indication of their exposure and the efficiency of any
antipollution control system. The Infrared Analysers are also very
useful in detecting low and high pressure leaks in the anaesthetic
machine, and therefore immediate action can be taken to reclify
the problem.

The Infrared Analysers used for-this survey were as follows:
MIRAN-101-N,0 Analyser
This is a specific gas analyser. It contains a fixed filter
which sets the optical wavelength to a specific value (4.45

microns(u) for N,0), has a fixed pathlength and is factory
linearised and calibrated in parts per million (ppm) of



nitrous oxide. The two scale ranges are set at 0-30 ppm
and 0-300 ppm.

MIRAN-103-Halothane Analyser

The 103 range has the flexibility of interchangeable filters
and meters scale sets for measuring a wide variety of gases.
The Miran 103-Halothane analyser with a wavelength of 8.4
microns and pathlength of 13.5 metres, was set up to
measure -halothane in the range 0-10 ppm and 0-100 ppm.

MIRAN-1A Gas Analyser

It is a single beam, variable wavelength spectrophotometer,
which can automatically or manually scan the infrared
spectrum from 2.5 to 14.5 microns. The gas cell which is
5.6 litres in capacity, has variable optical pathlength of from
0.75 {o 21.75 metres.

Reference 47 contains a study on the evaluation of these infrared
analysers for monitoring waste anaesthetic concentrations, and
includes sensitivity and reliability measurements, and calibration
curves.

The Miran 101 and 103 were the analysers mainly used to monitor
the anaesthetic agents in the hospitals operating theatres and
velerinary surgeries. In the dental surgeries the Miran 1A was used
o measure the nitrous oxide concentrations because of its higher
concentration range.

The possibility of inlerference in gas analysis by Infrared speciros-
copy must be considered. Carbon dioxide presents a strong ab-
sorption peak at 4.43 u, which is close to the nitrous oxide peak at
4.45 u. Moreover, water vapour has an absorption plateau that
embraces the peaks from both the nitrous oxide and carbon
dioxide. Therefore, the analytical errors attributable to carbon
dioxide and water vapour were avoided by sampling away from the
expired air stream of the personnel. Representalive “breathing
zone samples” were therefore measured a few centimetres from the
side of the person's face. '

Another interference problem was encountered with the Miran 103 -
halothane analyser which has a fixed wavelength of 8.4 microns. At
this wavelength ethanol and isopropanol, which are used as cleaning
agents in the operating thealre, interfere with the measurements of
halothane. Nitrous oxide was also found to interfere with the
halothane measurement. All halothane measurements with the
Miran 103, were corrected for any interfering gas or vapour.
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23.1

R.3.2

2.3.3

Furthermore, the presence of other inhalation agents (e.g. ethrane,
methoxyflurane) will lead to higher than expected halothane
readings.

Sources of Anaesthetic Pollution

The main source of anaesthetic gas contamination in the hospital
operating theatre, veterinary and dental surgery is leakage associ-
ated with the anaesthetic equipment and with the work practices of
the person administering the anaesthesia. These pollution sources
are discussed in detail in the following manuals;

“A Manual for the Control of Anaesthetic Gas Contamination in the
Operating Theatre.”¥, and

“A Manual for the Control of Anaesthetic Gas Contamination in the
Dental Surgery."®

The main sources of anaesthetic pollution are summarised below:

Fxhale Valve or Ventilator Waste Gas Qutlet

The anaesthetic machine is adjusted to deliver more anaesthetic
gases than the patient can absorb; these excess gases escape from
the exhale value or ventilator waste gas outlet into the operating
room, generally at a rate of up to several litres/minute.

This 1s the major source of anaesthetic pollution in the absence of
scavenging.

Low Pressure Leaks

Leaks resulting from faulty, loose or worn fittings (e.g. connections
and tubing) in the anaesthetic or Relative Analgesia (RA) machine,
between the rotameter and patient.

High Pressure Leaks

These leaks may resull from faully joints and seals in the fitlings
between the source of nitrous oxide and the rotameter. Leaks from
Lhis area are responsible for elevated nitrous oxide levels even
before anaesthesia is commenced.
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2.34

2.3.5

.36

R.3.7

Technique Errors

These include:

*

turning the N,0 or halothane supply before the patient is
connected to the circuit;

using too high fresh gas flows, and high ventilation pressure

-while mechanically ventilating the patient;

h vp"oor mask fit;

faulty cuff or lack of pressure in the cuff;

at the end of an anaesthetic, the breathing system is
disconnected from the patient before the excess exhaled
anaesthetic gases are flushed out with pure oxygen.

Such poor techniques in anaesthetic practice are responsible for
the main contribution of the residual pollution after satisfactory
scavenging has been installed.

Patients

¥

Dental surgery

Because the only means of scavenging is from the nasal
mask, potentially high nitrous oxide concentration leaks can
result if the patient breathes through the mouth or is
involved in conversation or laughter. Furthermore, the gas
escaping from the patient's mouth is very close to the
breathing zone of the dentist.

Hospital - Recovery Rooms

‘Exhalation of patients recovering from anaesthesia is a

possible source of anaesthetic pollution. Significant levels
are detected only within 20 to 30 cm of the patient’s face,
and then only for short duration provided the room is air
conditioned. «

Spillage of halothane (or any other inhalation anaesthetic) while

- filling vapourisers.

The scavenging system, if improperly installed or maintained, may
be a source of gas leakage.



2.4

2.5

2.0.1

Methods for leak detections, correction, long term maintenance of
the high and low pressure portions of the anaesthetic machine, and
suggestions for minimizing pollution due to technique errors are
outlined in the two “Manuals™ mentioned above.

Occupational Health Standard for Nitrous Oxide and
Halothane

When the Operating Theatre Pollution Advisory Committee delivered
its report, it recommended the adoption of the NIOSH*® recommen-
dations, based on lowest achievable concentrations,

i.e. Nitrous Oxide 25 ppm
Halogenated Anaesthetics 0.5 ppm

As there is still inadequate data available on the dose-response
relationship for worker exposed to waste anaesthelic gases, the N.H.
& M.R.C. has not set or adopted a Threshold Limit Value for the two
gases, instead il recommends a ‘target concentration’ based on
what can be achieved by good practice. The target concentrations
are those initially proposed by NIOSH i.e. as above.

Methods of Anaesthetic Pollution Control

The concentration of waste anaesthetic gases and vapours, whether
in the hospital operating theatre, veterinary or dental surgery, can
only be reduced to below the achievable concentration levels (25
ppm N,0 and 0.5 halothane), by a combination of four methods:

Scavenging System

Most of the contaminant gases are released through the exhale
valve and ventilator in the anaesthelic machine, or the relief valve
of the nasal mask in the dental surgery. This effluent can be
collected and disposed from the working environment, by commer-
cially available equipment. Such collection and disposal is called

scavenging.

A scavenging system consists of three major components:

¥ Collecting Device (scavenging adaptor over exhale valve or
ventilator) o collect waste gases from the breathmg circuit

and conduct it to a disposal route.
' The Disposal Route

The waste gases can be disposed by two routes:

11
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Easm ve route: The collected gases are fed into the

exhaust of a non-recirculating air conditioning system
(100% fresh air intake).

With recirculating air conditioning systems (e.g. ducted

-or wall air-conditioner) the above elimination route

would contaminale all rooms on the common manifold.

- The collected gases can also be passively eliminated by

ductmg the collected gases to the open air. In this case
the gases are removed by creating a pressure gradient
between the patient’s lungs and the outside atmosphere,
along a low resistance pathway.

Active: The collected gases are removed by a suction
system which is attached {o a central or independant
evacuation system. (Nole: there are regulations against

- disposal of flammable agents into a central vacuum

‘  system).

In the redesigning of existing operating theatres or in
the design of a new operating theatre the OTPAC recom-
mends a separate or “dedicated” anaesthetic gas evacu-
ation system, with high volume (30-40 litres/min) flow
(not necessarily high vacuum), conveying the waste gases
to a point outside the building where no possibility of

. personne] exposure exists.

Interface

An “interface™ provides a means of physically separating
the patient circuit and the disposal system, which will
eliminate the possibility that either positive or negative
pressures could be applied to the patient's lungs.

A critical assessment of the commercially available
scavenging anaesthetic gas devices for use with the
anaesthetic procedure in hospitals and veterinary
surgeries, was made at Flinders Medical Centre and
published in the Journal of Anaesthesia and lntenswe
Care®.

~Scavenging systems encountered in the monitoring

survey are discussed in Appendix C.
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2.5.3

.54

Ventilation4!4245

The air conditioning system is very important in waste gas
scavenging. No anaesthetic machine is 100% leakproof, and the
only way of efficiently reducing any residual gases resulting from
anaesthetic machine leakage, technique errors or scavenging
malfunction is via an air conditioning system.

The air conditioning system which should be used in this purpose is
a non-recirculating system in which 100% of the intake air is
exhausted to the outside atmosphere. This is the air conditioning
system which we found in the South Australian hospitals visited.

With recirculating air—conditioning systems, the waste gases will be
recirculated back into the operating room and other areas.

In the dental and veterinary surgeries the type of air conditioning
system that exists is a recirculating type. Because a non-
recirculating air conditioning system is expensive to operate, we
have recommended the use of exhaust fans located as close as
possible to the source of waste gas emissions, and directed so that
the fan carries the waste gases away from the breathing zone of
personnel.#" This system is both economical and effective in
exhausting contaminated air from the surgery with minimal spread
throughout the rest of the building.

Techniques of the Anaesthetist

Anaesthetic gas pollution resulting from errors in technique,
(summarised earlier in the report - “Sources of Anaesthetic
Pollution”) are the principal contributors to high anaesthetic gas
concentrations in the operating room. Reduction of trace anaes-
thetic levels by variation in the anaesthetic technique is discussed
in detail in the “Manual for the Control of Anaesthetic Gas
Contamination in the Operating Theatre”.* This is of course
applicable to both hospitals and veterinary surgeries since the
anaesthetic procedure can be regarded as similar.

In the den'tafsurgeries surveyed, which administer relative
analgesia (R.A.), the suggestions outlined in the “Manual™! are also
applicable to the dentist.

Maintenance of Anaesthetic Equipment

The anaesthetic and R.A. machines, and the patient circuit, have a
large number of joints which are potential sites for leakage. Some
waste anaesthetic gases are expected to leak from these joints al a
slow rate even if the anaesthelic equipment is in good order.
Concentrations of waste gases resulting from these slow leak rates
are controlled by effective non-recirculating air conditioning or

13
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2.6

2.6.1

exhaust ventilation in the dental and veterinary surgeries, and no
build-up of waste gases in the room occurs.

However, this leak rate is difficult to control to an absolute mini-
mum unless regular “in-house” maintenance is carried out, as well
as the scheduled testing by the manufacturer's representatives.
The two “Manuals™ #4% outline maintenance procedures to control
traces of gas leakage from the high and low pressure portions of
the anaesthetic (and R.A.) machine.

Air Monitoring Programme

The main aim of the moniloring programme is to prove the success
of the adopted waste gas control measures, such as scavenging, the
co—-operation of the anaesthetist, effective ventilation and equip-
ment maintenance.

Air sampling, where possible, was performed:

¥ before the implementation of a control programme;
¥ after the implementation of a control programme and
' upon request by the concerned institutions.

Withoul Gas Scavenging Equipment

Anaesthetic gas concentrations in the operaling rooms, and dental

surgeries withoul apaesthetic gas scavenging equipment were found

to be influenced by a number of factors, such as:

v entrati fresh-gas flow ‘
gases e.g. the lower the fresh flow the less spillage will
occur, and therefore the lower the airborne gas concentra-
tions.

7 : helic breathi |
e.g. the dentists use an open breathing system, whereby the
gas machine delivers fresh gases (5-10 1/min) to the nasal
mask (i.e. rebreathing of gases does not occur).

Because of the high fresh gas flow required to maintain
relative analgesia by this system, the dentist and his assis-
tants are exposed to higher concentrations of anaesthetic
agents than anaesthetists and staff in operaling theatre
conditions, which use mainly a semi-closed circle system
and lower fresh gas flows (2-7 1/min).

The closed circle (rebreathing) system, as found in many

veterinary surgeries, uses lower gas flows than the circle-



system, and lherefore lower airborne anaesthelic gas con-
centrations are experienced.

—piece has its greatest application in
paediatric and small animal veterinary anaesthesia, since
circuit resistance and dead space are minimal. Gases from
the anaesthetic machine flow into a “T", where they are
inhaled through one branch and exhaled through the other.
All exhaled gases and excess fresh gases leave the system
through the tail of the bag. Rebreathing is reduced by a
high fresh gas flow of gases (5-15 1/min) for padiatrics and
{-3 1/min for small animals). '

0 ae ic_a

e.g. The anaesthetic pollution concentration levels are higher

with a mask than an endotracheal tube.
Ventilation in U

e.g. The lack of a suitable number of air changes (general
room ventilation) within the operating theatre will result in
a build-up of anaesthetic pollution within the theatre. This
will be more pronounced with operations of long duration.

This was discussed in an earlier section.

Under the conditions mentioned above, overseas studies
reported the following average concentrations of nitrous
oxide and halothane under UNSCAVENGED conditions®:

Nitrou?s oxide : 100 — 1000 ppm with a mean of about 500
ﬁgﬁ}thane 2 - 14 ppm with a mean of about 10 ppm
Dentists

Nitrous oxide 1000 - 6000 ppm

Veterinary personnel (using T-piece)

Nitrous oxide 300 ppm
Halothane 7 ppm.

15
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¥With Gas Scavenging Equipment ,
Using an effective scavenging system, together with other control

measures already discussed, overseas studies® demonstrated that
the TWA concentrations of nitrous oxide and halothane in the

~ breathing zone of theatre personnel, was controlled at 19 ppm and

0.24 ppm respectively. In the denial surgeries, using a scavenging
nasal mask (see appendix C), nitrous oxide exposure was re-
ported®3# to average 14 ppm in the dentist's breathing zone. In

-velerinary surgeries®, the anaesthetic gases were reduced to 7.8

ppm N;0 and 0.35 ppm halothane.

The results to follow, which were obtained in our monitoring survey
show similar range of concentrations in the unscavenged and
scavenged operating theatres, veterinary and dental surgeries.



CHAPTER 3

RESULTS AND DISCUSSIONS

3.1

3.2

J.2.1

Introduction

During the period 1978 to 1981, anaesthetic po]lution‘ monitoring
was conducted in 40 hospitals comprising of 155 operating theatres
and labour wards, 25 denlal surgeries and 26 veterinary surgeries.

The measured time weighted average concentrations of the anaes-
thetic agents under a variety of conditions- are listed in the tables
A-1, A-2, and A-3 (Appendix A). The time weighted average
concentrations were calculated for the exposure period and not for
an eight hour equivalent period.

The tabulated results are summarised in bar graph form shown in
figures B-1, B-2 and B-3 (Appendix B).

(Appendix D contains a list of all abbreviations used in the
tabulated data, ie. table A-1, A-2 & A-3).

The results shown in tables A-1, A-2, A-3 and figures B-1, B-2,
B-3 may be summarised as follows:
Hospitals

No Scavenging (lable A-1, and fig. B-1a and B-1b)

o with no scavenging the concentrations of nitrous oxide and

halothane are well above the recommended levels of 25 ppm
and 0.5 ppm respectively. The highest concentrations of
nitrous oxide and halothane (>300 ppm N,0 and 26 ppm
Halothane) are obtained in operating theatres with no
scavenging and poor air conditioning. The highest nitrous
oxide concentration of 1100 ppm was measured during a
paediatric case in an operating theatre with effective air
conditioning. Therefore in operating theatres with poor or
no air conditioning and no scavenging, the anaesthetist can
possibly be expected lo experience nitrous oxide concentra-
tions of up to and greater than 1100 ppm.

' The other concentrations (as shown in fig. B-1a, B-1b) are
scattered between 20 - 300 ppm nitrous oxide and 0.6 - 8
ppm halothane. These varialions can be accounted for by
the large number of factors which control the magnitude of
anaesthetic pollution in the operating theatre, such as the
effectiveness of the air conditioning, technique errors by the

17
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anaesthetist, fresh gas flows, condition of the anaesthetic
machine, and the type of breathing circuit used.

Scavenging (lable A-1, fig. B-1a, B-1b)

¥

With scavenging the concentrations of the anaesthetic agents
are generally well below the levels measured under no
scavenging conditions;

The scavenging systems (SE, SB, DS - Appendix C) recom-
mended by the “Operating Thealre Pollution Advisory
Committee” (OTPAC) seem to be more effective than the
non-recommended scavenging system (SA,-SA,, SC,
Appendix C).

The proportion of operaling thealres monitored which had

anaesthetic pollution levels equal to or less than 30 ppm
nitrous oxide and 0.5 ppm halothane are as follows:

With Recommended Scavenging 33% N,0,
50% Halolhane

With Non-Recommended Scavenging €07% N,0,
28% Halothane

This difference in performance between the scavenging
syslems is well illustraled in figure B-1c. This figure also
demonstrates thatl effective air conditioning is also impor-
tant in the control of anaesthetic pollution.

A considerable amount of scatter in the measured concen-
{ralions of nitrous oxide and halothane is again evident,

demonstrating that scavenging alone does not provide

sufficient control of anaesthetic pollution in the operating

theatre.

Work Praclice

The following lable summarises some of the “human factors” which
contributed to unnecessary anaesthetic pollution in the operating
theatres which are equipped with the recommended control
procedures i.e. recommended scavenging system and non-
recirculation air conditioning.



TABLE 1

WORK PRACTICE CONTRIBUTION TO ANAESTHETIC POLLUTION LEVELS IN OPERATING
THEATRES

WORK PRACTICE TIME CONCENTRATION
(mins) (ppm)
NO  Hal

1a)  Faulty Y-swivel joint in 35 165 1.5
patient circuit.

b)  Following replacement of faulty 85 7 0.3
Y-swivel joint.

2 a)  Scavenging not connected 15 200 -
(forgot )

b)  After connecting scaveng- 38 20 -
ing system.

Ja). Nitmué oxide gas turned 3. 1600 . -
on before fitting mask to
patient’s face, during

b)  Average conc. for remain- 25 240 -
ing anaesthelic procedure.

4 a)  Paediatric circuit - not 13 1100 12
connected to scavenging (>2000)* (55)*
system (did not know how!)

b)  After connecting to 22 310 6
scavenging system.

5a)  High fresh gas flows 40 100
(ventilator used)

N,0/0, = 7-4/5-3 1/min.

b)  Lower gas flows 25 6
(ventilator used)
N,0/0, = 3/2 1/min,

6 Faulty cuff or lack of - (>2000)*
pressure in the cuff of
t_hg endotracheal tube.

7a)  Poor mask fit 13 350 6.0

b)  Good mask fit (held with 43 17 0.3

a strap)

The highest concentration measured during the particular sampling

period.



3.2.4

Recovery Room

Monitoring conducted in recovery rooms is summarised in
Table 2. ' - ‘

TABLE 2

RESULTS OF MONITORING CONDUCTED IN RECOVERY ROOMS

HOSPITAL CONC. (ppm) SITE MON. COMMENTS
N0 Hal
Hi (1 27 08 Env. close o bed No A/C, windows opened
(29/6/78) 60 12 12cm from patient
H1 2 65 - Edge of bed No A/C, windows opened
(29/9/79) €2 220 ~ 20cm from patienl 30 min after patient
15 - Between beds brought in
H17 80 - B.Z nurse close Non-recirculating 4/C
to patient
Hi8 8 - Between 2 beds Non-recirculaling A/C
80 1.0 (BH) 50cm from
patient
H26 1 50 - B.Z nurse close Non-recirculating A/C -
to patient fresh patient
CR 20 0.2 B.Z nurse close Patient Lhr in recovery
to palient
€3 10 - Env. close to bed

R0
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From the results presented in the above table, the following
conclusions may be drawn:

¥ The ambient concentration, measured next to the bed at
breathing height, is well below the recommended target
nitrous oxide concentration level of 25 ppm, provided the
recovery room is serviced with an effective non-recirculating
air conditioner (e.g. Table A-1, H18, H26). o

¥ With no air conditioning the concentrations of nitrous oxide
and halothane are above the recommended levels,-and the
concentration depends on the time the patient arrives in the
recovery area.

As can be seen in Table A-1, H1, C2, the concentralion of
nitrous oxide can still be significant 30 minutes after the
patient is brought in.

' High concentrations of nitrous oxide are detected in the
breathing zone of the nurse in the immediate vicinity of the
patient's face. However, these levels are reduced to below
recommended concentrations within 1 hour, provided that
the room is air conditioned at a high dilution rate.

Labour Wards

The following table summarises the nitrous oxide concentrations
measured in Labour wards. The nitrous oxide, which is mixed with
oxygen, is administered to the patient on demand. Nitrous oxide
concentration was measured as close as possible to the breathing
zone of the nurse. Environmental air samples at breathing-height
were also measured. '

21
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TABLE 3

RESULTS OF NITROUS OXIDE CONCENTRATIONS IN LABOUR WARDS

HOSPITAL CONC. NITROUS OXIDE ~ TIME COMMENTS
(ppm) (mins) .
H2 > 300 - B.Z Nurse
80 - Env.
H17 300 ~ B.Z Nurse
H18 580 - B.Z. Nurse; peak of
3000 ppm N,0
> 300 - Env., Miran 101 used
H26 (I 200 130 B.Z. Nurse, peak of
750 ppm N,0
C2 100 75 B.Z. Nurse, peak
of 950 ppm N,0
C3 o 300 65 B.Z. Nurse, peak of
1250 N,0

From table 3, it can be seen thal the nitrous oxide concentrations
in the breathing zone of the nurse and in ambient air, are well
above the recommended level of 25 ppm. These high concentra-
tions are attributed to two factors, namely,

¥ no scavenging equipment was used, and

¥ ineffective recirculating air conditioning system. e.g. in H18,
the breathing zone concentration look 90 minutes o drop
from 580 ppm to 25 ppm N,0 on completion of administering
the gas. .
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3.3.1

Dental Surgeries

No Scavenging (lable A-2, figure B-2)

Because of the open breathing system, and high fresh gas flow
rates, large leaks of nitrous oxide are expected from the exhalation
valve on the nasal mask. This, together with leaks through the
patient’s mouth and the close proximity to the patient’s head,
means that the dentist and the dental assistants are subject to
potentially higher nitrous oxide concentrations than those experi-
enced in a hospital operating theatre.

¥

Under normal, non-scavenging practice using Relative
Analgesia (RA), the nitrous oxide concentration in the :
breathing zone of the dentist ranged from 180 ppm to 1800
ppm (a mean of 700 ppm).

The majority of the nitrous oxide concentrations in the low
range of 180 ppm to about 650 ppm are due to RA admini-"
stered on children. Hence, the lower flow rate used, and the
fact that the rooms were much larger than the “typical”
dental rooms, resulted in these lower nitrous oxide concen-
trations. A more realistic average concentration measured
in the smaller ‘typical' dental surgery is approximately 900
ppm (an average of all the surgeries except DS 24 and DS 25
in Table A-2). :

Effect of Ventilation

The importance of room ventilation can be best demon-
straled by considering the monitoring performed at the
dental surgery, DS 24 (Table A-2). This surgery had limited
ventilation, namely a standard refrigerated wall air condi-
tioner and a window close to the dentist's chair.

These ventilation conditions, although not satisfactory, were
not considered inferior to those of the other dental surgeries
monitored. '

The following lable summarises the time weighted average
(TWA) concentrations measured in the dental surgery during

relative analgesia, using the normal conventional mask, with

the window either opened or. closed.

The TWA concentrations are the results of 23 RA cases on
children measured on the 19/9/78, 20/9/78 and 3/10/78,
using nitrous oxide gas flows of 1.5 litres/minute.
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The environmental concentration was measured with a Miran
101 infrared analyser, approximately I metre behind the
dentist. Breathing zone samples were measured with a Miran
1A Infrared analyser.

TABLE 4

EFFECT OF VENTILATION ON THE NITROUS OXIDE CONCENTRATION DURING RELATIVE
ANALGESIA (NO SCAVENGING)

CONCENTRATION OF NITROUS OXIDE VENTILATION
SESSION (ppm)
BREATHING ZONE DENTIST ENV.
19/9/78 350 210 Window open.
‘ 590 350 Window closed.
3/10/78 350 200 Window open.
26/9/78 460 300 Window closed.

The data in the table clearly demonstrates that with the
window open the environmental and breathing zone concen-
trations are about 30-40% lower than the values with the

ngjgw QlOSEd

Hence with more effective and controlled ventilation system
the nitrous oxide levels would be expected to be reduced
further. The fact that it took 110 minutes for the concen-
tration to drop from about 500 ppm to 25 ppm nilrous oxide
at the end of RA administration proves that air movement in
the room was not satisfactory. Hence, the longer RA is used,
the greater the build-up of nitrous oxide concentration
expected, since the gas is not dissipated and removed
quickly enough.

A similiar argument would apply to all madequately venti-
lated (i.e. most) surgeries momtored



3.32 Scavenging (table A-2, figure B-2)

¥ Under scavenging condilions using primarily the Brown
Scavenging mask with suction flows of 30-45 litres/min., the
nitrous oxide concentrations lie mainly between 12 ppm and
180 ppm, with a mean of about 65 ppm.

¥ The three values which lie outside this range (i.e. 580 ppm,
: 350 ppm and 1100 ppm) are a result of incorrect use of the
scavenging systems:- e.g,

- The value of 580 ppm in the breathing zone of the
dentist is a result of loose mask fit while using the
Quantiflex Anti-Pollution System (a leak in excess of
2000 ppm was measured around the seal of the mask).
The concentration of 350 ppm nitrous oxide was meas-
ured when the Quantiflex System was replaced with the
Brown scavenging mask under the same conditions and
with the same patient. Although a reduction in the
breathing zone level resulted, the major part of this
concentration is due to nitrous oxide build-up from the
previous session.

- The value of 1100 ppm nitrous oxide in the breathing
zone of the dentist is attributed to inadequate suction
flow in the Brown scavenging system used (i.e. 16-181/
min was used instead of 3545 /min.). A leak in excess
of 3000 ppm was measured close to the scavenging nasal
mask.

Other factors which contributed to this high concentration are
factors which were found in most dental surgeries monitored: e.g.

¥ Inadequate ventilation, therefore a build-up of nitrous oxide
~ occurs in the surgery. (Note: high levels were also measured
in the corridor, adjacent rooms and reception area).

¥ Leakage from an unsuitable rubber adoptor to the RA
machine. ‘
3.2.3 Evaluation of Brown Scavenging Mask
¥ ' Condition o

An evaluation of the Brown scavenging mask was made under
simulated experimental conditions, in order to define its
effectiveness during relative analgesia. [The Brown Mask was
the only available scavenging system at the time of testing].
Measurements were carried out under varying conditions of

suction flow rates, fresh gas flows, with a patient and
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without a patient. Figure B4 is a graphical representalion
of the experimental results shown in table A-2 dental
surgery DS 23.

From table A-2 and figure B-4, the following conclusions
may be drawn:

¥

¥

When mss.a.mnging_mdign was used the nitrous oxide

concentration was greater than 750 ppm. The concen-
tration increasing with increasing fresh gas flowrates.

With scavenging suction, and without a patient, (this
experiment demonstrated the worst possible case of
mask fit), the concentrations in the approximate
breathing.zone of the dentist, were markedly lower,
compared with the above experiment (i.e. no scavenging
suction).

Suction flowrate of 10 1/min. produced levels of 60-150
ppm, the inerease in concentration being proportional to
the nitrous oxide fresh gas flow. Increasing the suction
Lo 30 1/min. reduced the breathing zone concentration
to 40 ppm nitrous oxide, for total gas flows of 6 1/min.

AL total fresh gas flows of 12 1/min. (i.e. 3 1/min. N0, 9
I/min. 0,), the nitrous oxide concentration was 85 ppm
at 30 /mm scavenger suction flow rate. Increasing the
suction flow rate to 50 1/min. did not significantly
improve the breathing zone concentration for the whole
range of {resh gas flow values tested.

.JLb__LSQa_eﬂngg_SQQL&n_a_Dd_lih_a_llitlﬂnl a slight
reduction in concentration compared with the above
experiment, (i.e. scavenging suction without a patient)
was observed al 50 I/min. at a fresh gas flowrate of 12
1/min.

A further breathing zone reduction was observed at
lower fresh gas flowrates (6 1/min.), at both 30 1/min.
and 50 1/min. scavenging suction flows, this reduction
being atiributed to a closely fitted mask.

From this simple experiment the following conclusions
may be made:

- The mask fit is not very critical since scavenging
was- still efficient when the mask was not applied
to the patient's nose. However, a good face seal
will ensure that the nitrous oxide concentration
levels are kept to the lowest achievable concentra-
tion.



- The nitrous oxide concentration is expected to be
less than 50 ppm for total fresh gas flows of 6 1/
min. or less, and for flows of 3 1/min. or less of
nitrous oxide, if scavenging suction of a minimum
of 30 1/min. is used. Under this condition and
with effective ventilation the average room con-
centration of nitrous oxide would be expected to
be less than half this value (i.e. < 25 ppm, see
table A-2, DS 23). Al fresh gas flows greater than

6 1/min., higher scavenging suction should be used.

A further evaluation of the Brown mask was made under
normal working conditions. The tests were carried oul
on children ranging from 3 lo 6 years of age (see table
A-2, DS 25). The initial tests (8/8/81 and 25/8/81)
were conducted with an adult scavenging mask, because
of the unavailability of the paediatric mask.

General ventilation in the dental room was provided by
opened doors and windows, and a recirculating wall air
conditioner. :

The following table summarises the time weighted
average concentration (TWA) of nitrous oxide in the
breathing zone of the dentist, with and without the
Brown scavenging mask.

TABLE 5

NITROUS OXIDE CONCENTRATION IN THE BREATHING ZONE OF DENTIST WITH AND
WITHOUT SCAVENGING

CONDITION T.W.A. CONC. OF NITROUS OXIDE

(ppm)
Conventional mask (no scav.) 350 (> 3000)*

Brown scavenging mask 50 (400)*

Value in brackets is the highest recorded concentration during the
sampling period.
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With the conventional mask, the nitrous oxide concen-
tration in the breathing zone of the dentist ranged from
260-700 ppm, with a mean concentration of 350 ppm.
When the scavenging mask was used, with suction flows
of of 30-35 1/min., the -dentist was exposed to a TWA
concentration of 50 ppm. This represents an 85%
reduction from the original TWA exposure level.

The exposure levels could be reduced further if mouth
breathing by the children, and mask fit could be con-
trolled. Under these controlled conditions, concentra-
tions of about 30 ppm nitrous oxide were obtained in
two cases, as seen in table A-2, DS 25.

3.2.4 Conclusion

The nitrous oxide concentration levels can be reduced below 30
ppm, provided scavenging mask is used effectively and all potential
leak sources are controlled, and the fresh-gas flows are maintained
at the lowest effective setling.

These conditions are well demonstrated in table A-2, DS 5, 2nd
visit. A TWA concentration of 80 ppm nitrous oxide was measured
in the breathing zone of the dentist because of high fresh gas flows
(8 1/min. - adult patient) and poor scavenging mask fit (a leak of
about 300 ppm was measured on the side of the nasal mask).
The high fresh gas flows used by the dentist were a result of the
scavenging suction being sel al greater than 50 1/min. With Lhis
high suction, the fresh gases reaching the mask are rapidly ex-
{racted, and as a consequence, the patient does not receive an
adequate dosage of nitrous oxide. Upon adjusting the suction to
40-45 1/min., and reducing fresh gas flows to 4.5 1/min., the

- measured nitrous oxide concentration levels ranged from 12 ppm
to 18 ppm. . »

34 Velerinary Surgeries

Air sampling was carried out in 26 surgeries, two of which were

~ large animal practice only (i.e. horses, pigs). Halothane was the
major vapour anaesthetic used, with methoxyflurane and ethrane
being used in a small number of surgeries. Nitrous oxide in
combination with a vapour anaesthetic was also used in some
surgeries.



3.4.1

No-Scavenging (Lable A-3, figure B-3)

With no scavenging, the concentration of the anaesthetic agents in
the breathing zone of velerinary surgeon varied from 0.3 ppm to
17 ppm halothane, and 20 ppm to greater than 300 ppm nitrous
oxide. Methoxyflurane and ethrane concentrations of 0.6 ppm and
24 ppm were also measured in two surgeries. The wide variation in
the measured anaesthetic concentrations in the breathing zone of
the surgeon is atiributed to a number of factors discussed earlier,
namely:

¥ the type of breathing ciruit;
¥ the amount of fresh-gas flows;
¥ general ventilation;

¥ anaesthetic technique

The following table summarises the time weighted average concen-
trations of halothane using different breathing circuits and {resh
gas flow rales (laken from table A-3).

TABLE6

HALOTHANE CONCENTRATION USING DIFFERENT BREATHING CIRCUITS AND FRESH
GAS FLOW-RATES

ANIMAL SIZE BREATHING CIRCUIT TWA CONC.  FRESH GAS
HAL. FLOWS
(ppm) (1/min)
1. Small animals T-piece (non- 13 -
(e.g. cats) rebreathing)
2. a) Mixture of small Closed circuit 2 0.1-1.0

(cats) and medium (rebreathing)
(dogs) animals -
b) Larfe animals ‘ 16 75
pigs)

3. a) Mixture of small Circle-circuit 3 0.6-0.8
and medium (semi-open system)
animals
b) Large animals . 13 125
Fhorses)
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From table 6 il can be seen thal the use of the T-piece breathing
circuit resuits in the highest breathing zone concentrations of
anaesthetic gases, in small to medium animal practices. This
technique discharges all exhaled gases to the almosphere at 1.5 - 3
1/min., hence, high concentration levels are expected.

" In the large animal practice there is insufficient data to verify the

variation in-anaesthetic pollution concentrations due to the type of
breathing circuit. :

The close circuil (rebreathing) anaesthesia circuit, which is the
most commonly used system, produced the lowest airborne concen-
trations because of the lower fresh gas flows and recirculation of
the gases (table 6).

As animal size increases so does the oxygen and anaesthetic flow
rates to meet the animal's needs. Consequently, more exhaled gas
passes through the exhale value into the room air. This is also well
demonstrated in table 6.

The concentralion of halothane increases from about 2 - 3 ppm for
small Lo medium size animals with fresh gas flows of 0.1-1 1/min,
to 13-16 ppm for large animals with fresh gas flows of 7.5-12.5 1/
min.

Recirculating Air Conditioning (dilution ventilation) was used in
most of the surgeries monitored. This type of ventilation has little
significance in the control of waste anaesthetic gases in the

- breathing zone of the surgeon or assistants. The greatest sources
“of leakage from the breathing circuit and anaesthetic machine

occurred:

¥ at the unscavenged exhale values
* around poorly fitted endotracheal tubes and masks
' around seals of bottled vaporizers.

Leak concentrations al these sites are usually in excess of 10 to 60
ppm halothane (depending on the fresh gas flow rates). Since
surgical personnel typically stood very close to the anaesthetic
machine (i.e. within I lo 2 metres), and hence close to the source
of contamination, dilulion ventilation was unable to appreciably
reduce high concentrations prior {o their passage through the
breathing zone of the velerinary personnel.

Scavenging (table A-3, figure B-3)

Scavenging was only used in five of lhe 26 practices surveyed, but
resulted in marked reduction in waste anaesthetic gases concentra-

tions.



Four of the scavenged surgeries used ‘inhouse’ made scavenging
systems (SP, SQ, SR, SS, appendix C, figure 11, 12, 13, 14), while the
other practice used system SB (figure 4, appendix C) which is one
of the systems recommended by the “Operating Theatre Pollution
Advisory Committee” for hospital operating theatres.

From figure B-3 il can be seen that six out of the 14 cases using
scavenging devices, resulted in halothane concentrations in the
breathing zone of the surgeon on 0.5 ppm or less. Higher than
expected halothane levels resulted in the other 8 cases because of
the crudeness of the scavenging system (e.g. SP, SS) and leakages
from botlle vaporizers.

The most successful “inhouse” made scavenging system was SQ (see
figure 12 and appendix C).

The system consists simply of a perspex box which covers the
Stephen’s anaesthetic machine. The box is exhausted to the
outside atmosphere by the use of flexible corrugated ducting and a
centrifugal pump. The system was very efficient because it
controlled all the major leak sites from the old Stephen's machine,
such as exhale valve (> 10 ppm hal), bottle vapourizer (> 10 ppm
hal) and C0, absorbers (> 10 ppm hal). Using this system, concen-
trations of 0.4 ppm and 0.5 ppm halothane were obtained in the
breathing zone of the surgeon. Lower concentrations could have
been achieved if mouth leaks were reduced by placing the animal
closer to the opening in front of the perspex box (see figure 12).
Without scavenging, a lime weighled average concentration of 2.3
ppm halothane was measured.

Veterinarians utilize inhalation anaesthetics for only a small part of
their work week. Information gathered from the veterinarians
during the survey indicated thal about 1 to 15 hours each week are
spent by the veterinarians.performing surgery with inhalation
anaesthetics. The majority of the small practices use inhalation
anaesthetics for less than 8 hours per week, whereas the larger
surgeries or animal hospitals use inhalation anaesthetics every day
for an average of 3 to 4 hours per day. Compared to routine
exposure times in human hospital personnel, exposure times in
veterinary surgeries or hospitals are small.

Although exposures, when time weighted over a work day, are less
than reported in human hospitals, the use of scavenging equipment
should be encouraged to maintain exposures as low as possible
until more definite evidence concerning possible deleterious effects
becomes available. Properly scavenged small to medium animal

. surgeries can maintain waste halothane concentrations well below
0.5 ppm. :
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CHAPTER 4

CONCLUSION

The human and animal evidence available to date indicate that a health hazard:
affecting operating room personnel is probably related to chronic exposure to
trace concentrations of waste anaesthetic gases and vapours. Of all the
possible ill-effects caused by anaesthetic pollution, the increased risk of
spontaneous abortion is the most convincing. The other hazards; congenital
abnormalities in offspring among female workers and wives of male workers,
‘hepatic and renal disease, impaired psychological function and effects of the
central nervous system due to acute exposure (i.e. nausea, fatigue, irritability
elc.), may be actual, bul there is not yet sufficient ev1dence for that inference
to be drawn “beyond reasonable doubt”.

A "safe” concentration cannol be defined because the information on adverse
health effects is incomplete, therefore the most reasonable course to take is
Lo adop! the first commandament philosophy of good occupational hygiene
praclice and limit personnel exposure to as low as is reasonably praclicable. A
systematic approach to the problem includes the following:

1. Efficient scavenging system, which is well maintained in accordance
with the manufacturer’s recommendations.

2. - FEquipment maintenance lo reduce gas leakage.

3. Effective ventilation.

4. Co-operation from the anaesthetist in the application of éfﬁcieht
techniques.

5. Air monitoring programme.

If all these combined conditions are fulfilled, the concentration of waste
anaesthetic agents is reduced to less than 25 ppm nilrous oxide and 0.5 ppm
halothane in hospilal operating theatres and veterinary surgeries, and less
than 50 ppm nitrous oxide in denlal surgeries. (These values are the recom-
mended achievable concentrations adopted by the N.H. & M.R. C.). These
concentrations represent lime weighted average concentrations in the breath-
ing zone of the person administering the anaesthetics, who is€onsidered to be
the person who is exposed to the highest concentratlon as he is the closest lo
the source of emission.

The moniloring programme highlighted some common problems in the
scavenged operating theatres and velerinary and dental surgeries, which have

unnecessarily high concentrations of waste anaesthetic gases which negate the
effects of scavenging. These include:
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Low pressure leaks in defective hose fittings and corrugated .
breathing tubes, defective metal-to-metal joints and exhale valve.
Although the anaesthetic circuit cannol be made completely
leakproof, every effort should be made to keep these leaks to a

‘minimum by regular checks by the theatre staff, as well as the
scheduled testmg by the manufacturer s representative (see Ref. 41,

section 3)

Nitrous oxxde was lurned ‘Qn_b_efgr_e fitting the mask {o the patlent s

* face. Peak concentralion of nitrous oxide in the order 10003000
'ppm ‘Have beén measured in the breathing zone of the person-

administering the anaesthetics. This short, peak concentration
lakes a long time to be eliminaled, resulting in unacceptable .
concentrations for the remainder of the operating session. There-
fore, turning on of the nitrous oxide supply or the vaporizer should
be avoided until the mask is fitted to the patient's face or the
palient is intubated and connected to the circuit, as in operating
theatres and veterinary and dental surgeries. in this way all the

excess gas enters the scavenging system and unnecessary contamF :

nation is avoided (see Ref. 41, section 4).

Faulty cuff or lack of pressure in the cuff of the endotracheal tube
(hospitals and velerinary surgeries.only). This results in a leak -
through the mouth in excess of 2000 ppm nitrous oxide. The leak
is greatest when mechanically ventilating the patient. The pressure
in the cuff should be periodically checked during the operaling
session, since the pressure is drfflcult to maintain for any length of
time. T

High fresh gas flows and ventilation pressure, while mechanically
ventilating the patient (hospital operating theatres) resulted in-
spillage of waste gases through the exhale value and into scaveng-
ing interface (system SB) al a greater rate than the elimination
rate of the gases from the interface by the suction system. Hence, -

- some waste gases are “dumped” from the bottom of the interface .

mto the operatmg theatre atmosphere

Leaks of over 2000 ppm nitrous ox1de were recorded. Under these :
condilions the average nitrous oxide concentration in the breathing

- “zone of the anaesthelist was about 100 ppm; compared to 6 ppm
-when the ventilation pressure and fresh gas flows were reduced.

Therefore, as low as practicable gas flows should be.adopted if
anaesthelic pollution is 1o be controlled.

- In some hospitaklto‘perating th‘eatres. the brass sintered fi]terti'n’ the .
“head of the inlerface of the. scavenging. system SB, was blocked with

dust and fluff. The sinter could be partially blocked and the
pressure gauge on the head of the interface still shows a positive
functional reading. Therefore, since inadequate suction takes place
through the interface, the waste anaesthetic gases are once again
“dumped” into the operating theatre environment.



Hence, it is very important that the sinter is checked and cleaned
regularly in accordance with manufacturers’ specifications.

During some cases of paedialric anaesthesia, scavenging was not

undertaken from the bag of the Jackson-Rees T-piece apparatus, in

the fear that the suction from the scavenging system would be .
directed to the bag and hence endangering the patient. This is of
course incorrect and shows a lack of understanding on the function
of the scavenging system. The main criteria in the design of the
scavenging system is to ensure that negative pressure is not
directed to the patient circuit.

In some dental surgeries using the Brown scavenging nasal mask,
high nitrous oxide concentralions were recorded in the breathing
zone of the dentist and assistant due o the incorrect regulation of
the scavenging suction through the mask. This, once again, dem-
onstrates the lack of understanding on the correct function of the
scavenging system by the persons concerned. There is more {o
effective scavenging than just purchasing and installing the system.
The vacuum flow should be set at the optimum flow necessary to
prevent any significant leakage of nitrous oxide in the room air.
For example, a suction flow rate of 45 litres/minute should be used
with fresh gas flows of 4 litres/minute. The suction flow should
also be checked on a regular basis.

From the above examples it can be seen thal the most obvious
cause of room air contamination is related to the work practice
and atlitudes of the persons directly involved in administering the
anaesthetic agents, for example, the anaesthelist or the velerinary
surgeon or the dental surgeon, and their respective nursing
assistants.

Effective control of the anaesthetic pollution in the operatory
environment is not achieved simply by the installation of a
scavenging system, bul by a CQMB[NABQN of factors, which include,
low-leak work practice, regular “in-house” maintenance of the
anaesthelic machine and breathing circuil in order to control low
and high pressure leaks, and an effective ventilation system, as well
as an effective well maintained scavenging.system, and air
monitoring. To an important extent, the effectiveness of these
control measures will depend on the co-operation of the
anaesthetist (or the person administering the anaesthelics) and the
nursing staff. '

It is therefore recommended that all the personnel directly involved
with anaesthetics familiarize themselves on anaesthetic pollution
and control measures (see Refs. 41 and 42), and conscientiously put
them into practice.
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APPENDIX A

Table A-1
Anaesthetic Pollution Survey - Hospitals
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| | |FRESH GAS FLOW | WASTE GAS CONC:  |SAMP.|SITE |ANAES. | | scav. | |
| HOSPITAL | DATE [Nj0 : Op :HAL|NaO  HAL  Ethrane|[TIME [MON. [PROC. | AIR COND. | SYSTEN |  COMMENTS |
| { _1(i/m) (/m)(%) {{ppm) |(ppm) |{ppm) }(min)} ] | ] | =
i | | | { { | { i | ! |
1.4 i672/79 | | | | | | | | |
In., | | s 2 - 25 | - | | 50 |8.2.A.]1., C., C.C. |N.R )s8 |Goldman Vap |
| | | | ! | | | | i | [(Miran 103 out of |
| | | ! i | | | | | ) lorder). |
| I 1 | i | | | i | | |
fr3. ¢ | | 4 : 2 :05 50 | - | ] 20 }B.Z.A.JTI., C., C.C. N.R |s8 |Fluotec MKII vap. |
| Yo | | | | | | | | | | |
] [ | 4 : 2 08130 | - | {50 |B.Z.Sr1., C., C.C. |N.R. 18 |Sister close to |
! | | i | | | | | | | {leaky absorbers. |
{ | | | | | | | | | | | |
|12, C) | |o6-3: =150 3% | - | { 70 {B.Z.A.iI., C., C.C. |N.R. {s8 {Goldman Vap. {
- + 1 + F— + T Ju 1+ + i -
Lr4] 1275719 | | | | | | | | | | |
In. ¢ | ] 3 1.5 o~} 5% | -~ | | 8 |8.Z.A.|1., A., C.C. {N.R |SAy | |
| | | [ | | | | { { | ! |
| c2 ] | 4 :v5:-1 60 | ~ | |35 |B.Z.A.{I. A. C.C. |N.R |54, |H.P. leak behind |
| | | { | { | | | | | |machine. }
; } | | i | | | | | | |
jr2, © i | 4 2 050300 [ 5 | [ 37 [B.Z.A.{1., C., M.C.7{N.R |NS |*Maplieson B type |
| | | | | | | | I | } | circuit. |
| | | { I ! | | | | | } |
| c2 | [ 2 181300 | 3| | 10 [B.Z.ALL., C. . INR Ins | {
i | ] | ! ! | { | } | | i
| L | . | L ] | . ] i | ]
] | | | ! ! | | | I | | |
129 115/8/79 | | | | | | | ! | | |
in, o | | 4 2 -] 18 | 0.2} | 50 |B.Z.A.{1., C. . IN.R |s8 | |
| | | | ! i | | | | | | i
{12, c2 | | 4 2 :0.5] 43 | 0.5 | | 45 |B.2.A.]I., C. . INGR is.8. | |
| | | I | 1 | | | | | i |
1 T T T 1 T 1 i i ¥ ] | )
j130 12975019 | Eobo | ! | ‘
I, o | 13 2 ~ | 57 | 2.0" | | 17 |B.A.Z.{M.,C..C.C IN.R 8 |* due to error in |
! ! | { | | | ! | | | |£i1Ying vaporizer. |
c2 . 13 2 - | 48 0.7 | ] 45 {8.A.Z.|1.,C..C.C IN.R js8 | |
i | | | ] | ! | | | |
(3] | 13 ¢ 1.5: 3 | 306 |10.5 | | 60 18.A.2.}1.,A..C.C. [N.R |8 [Scav system not f
| | | ) | | | | | | loften used. (pump |
| | | | | | | | | i ftoo noisy) |
[16/8/79 | i | | ! | | | ! | |
12, Q1 | | 423 :2-1.5:0.5] 120 | 2 | 1 35 |8.2.A.{1., C., C.C. [N.R. BAC/H {s8 {Suction on scav {
I | | | | | | | | | |system too Vow |
! [ | I l o [ ! | 1(N20 >300 ppw i
f | | | | | | | | | |bottom of bassoon) |
i i | { | | | | | | ] |
mn, ¢ |  6-4 : 2 -tes ] o= |20 |B.z.AL., C,CoC IN.R.  GAC/H |s8 | |
! 1 t T t mi t il — t t —
{33 |7/6/79 | 4 :2:0.5-1.0] 19 | 0.3 | |00 |B.Z.A.]1., A., C.C. |N.R |s8 |Miran A used for |
i | ! | b ! ! ] ) | | N20 ]
|H32 [ | | i | | | | ] ! 1
1Gar 15767791 | ! ) | | ] | I | I |
in, & ! T} o6=3:3-vs: - 20 | -] | 23 |B.Z.A.|I., C., .C. |N.R jsB* [*Scav system not i
! ! | | | | | | | | | |connected. i
Imn, i | e | - | ] 50 |8.z.A.{1., C., C.C. |N.R {8 [Scav system i
i j ! | | | | | | | | |connected. |
| | i | | | | | | ] i |
T2, ¢y | | 8-3:4-1.5: ~ | M0 | - | | 25 |8.z.a.]1., C., C.C. |N.R is8 |High level due to |
| y | | ! | | | | | | {gas Teft ON after |
| ) ] I | | | | ! | | | |Induction. |
| > | | { | | { | | | | l
| o | b 2s | - | | 37 |B.Z.A.{I., C., C.C. |N.R |s8 | {
| Yoo | [ { | { | | | | } |
| ) | | | 32 | - | 114 |B.2S.|1.,C., C.C. INR is8 | |
| | i | | | ! I ‘ ‘ { | ]
i | 1 | | 1 [ 1
113, O 16/6/719  |6-3 :3-1.5:0.5%] 200 | - | | 5. ;a Z.A.]1., C., C.C. |N.R is8 |Scav. NOT ON |
| | ] I | i | | I | ! {(forgot) {
} | } | | | | ] | | | | |
| | | | 18 | 0.3} | 38 |8.ZA.|I., C., C.C. {N.R |s8 {Scav ON. |
| I | | | | | | | ! | | |
174, ¢y | [6-3 :2-1.5:0.5%{ 130 | 0.7} | 5 |B.Z.AL{I., C., C.C. N.R {s8 |*HAL used in i
| i | | | | | | I | | }Induction. High |
! | | | ! { | ! { { ! level due to N0 |
i ! | ! | ! | | | | | |teft QN during }
! ! ! | { { { [ I I ] !inducﬁon: |
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APPENDIX A

Table A-2
Anaesthelic Poliution Survey -Denlal Surgeries

| ODENTAL | {FRESH GAS FLOW | WASTE GAS CONC:  [SAMP.|{SITE |RATE | scav. | !
| SURGERY | ODATE | Np0 0 | N0 (ppm) |TIME [MON. |OF RA per| VENTILATION| SYSTEM | COMMENTS N
| | {(3/m} (i/m) | |{min)] Iwk_(hrsy | | | |
| | | | | | | | |
{08} 121/2/719 | 3.5 : 3 | 680 | 36 [8.2.0.] 3-5 [Re A/c (NU) |N.S. {Window closed. i
} ] | i | | | | |
| ] | | 450 | 5 ]8.2.D.| {Re A/c (NU) [N.S. [Window open. {
T s T e T T B B e o i |
|0S3 2nd | | [ | f I | |
jvisit 12979781 | 2.5 . 3 i 1100 | 32 }8.2.0.] |Re AZe (NU) |SL |Peak  3000ppm (suction flow|
| | | | | | | | | |rate too low, 15-181/m) |
- 4 3 - 1 _ J— 1 "l i 3 1 ]
t t —+- - ) I I — i t ~
jps2 |22s2/719 j 2 3 ] 280 | 5 8.2.0.] .5 |Re Afc IN.S. |Window open (No A/c inlet |
| | f ! | ! } | | fvent to surgery). !
[N 1 3 —t - ! b —1 I 4. ‘. i
F T T H T H LI T A T 1
{083 }29/2/79 | 3 3 | 1200 | 26 {8.2.0.] 3 |W.A/c* IN.S. |No exhaust route, H.P. Yeak}
{ | | { | ! ] | | | (eylinder) 1200 ppm. |
! I i ! I | | | | | |
| i ] | 900 | 8 |B.Z.N.| - {W.A/c* IN.S. {*A/¢ in corridor. |
e s B 1 t i +— } n
{084 12747719 | 3.5 3.5 | 1200 | 20 {8.2.0.] - |Re A/c IN.S, |No exhaust route. |
| | | | | i | | | | |
] | | | 180 | & 8.2.0.] - |Re AZc Ist |Suction on Scav system |
{ i { | | | { ! | 1501/m. }
- } + l PR } 1 J il { i i
T T T By T —l T T T T b
1088 1674779 | | | ! | | | | |
I sH | | 3-1.5: 3-4.5 | 550 | 12 1B.Z.0.] 30-35 |W.A/c IN.S, |AZc OFF - window opened. |
| ) | A | ! | { ! ! [(NO exhaust route) !
! ) | | | | | | | | | : |
| | B C 600 | 8 }8.2.D.] |w.A/c IN.S. |ac/ OFF - window closed. |
| i | | | | | | | J(NO exhaust route) |
f | | f o { { ! [ |
| s | (3 6 | 500 | 10 |8.2.0.| IW.A/¢ IN.S. |a/c ON. |
! : i | ! l | | | | ] ]
| ) | | 4-1.5: 445 | 850 | 20 {8.2.D.| |w.A/C IN. |a/c OFF. |
e S e i i o i M e BEERE Ao e b e e |
1085 2nd | | { | | | | | | |
|Visit 128/9/81 | i i | | | | { {
| Sz l 6-2 2-6 30 l 25 Ia.z n.l lw. Alc ‘SL A/c OFF (peak 70ppm)
1 | (gas turned ON before
! ! ] | | ! | | | Jconnecting mask) j
| | | 4-2 4-6 | 80" | 24 {8.2.0.} IW. Alc IsL |AZc ON (*high level due to |
i i | | | | ] | | |poor mask fit} |
! ! J f | | | | | }(peak 400ppm) I
| i | 4-3 4-5 | 18 { 12 {8.2.0.| W. A/c IsL {a/c OFF (peak 150ppm} |
i i | i | | | | | {(portable fan on) |
i | | 4-1.5: 4-3** | V2 | 10 18.2.0.] |W. Alc st {A/c OFF (peak 60ppm) |
{ f i | ! | | | | |{portable fan on) |
| | | 4-1.5: 4-3** | 15 | 8 8.2.0.] jw. A/c |st |a/¢c OFF, Portable fan off |
| | | | ] | | | | | (peak 100ppm) (**Note. |
] | | | | | | | | |Lower gas flows) |
- i3 i L - i i l ]l i i l
r T T T 1 1 T T 1 T 1
|86 18/5/78 | 4 1" | 300 | 22 |8.z.0.f 1 jNo A/c IN.§. {austox Anaestih Hachine |
| | | |+ 10ppm Tri | } | | | | - on demand only. |
f f | | | ! | ! | |HP Yeak, exhale valve and |
| | | | | | | f | |mouth region. *Trilene |
| | | | | | | | | lalso given. |
| - s i I } 1 } i i } 4
r T T T T T T T T 1 i
ips? 114/5/79 | 3 3 | 550 | 30 |B.2.0.| 2 |Re  A/c IN.S. 11 vent on wall (Air Inlet) |
I I | | | | | | | |~ Window ¢losed. |
! | | ] 300 | 15 {B.Z2.0.| {Re A/e IN.S. |Window open. |
= 4 { i i { ] i i —t g
T — T T 1 e T L T ¥ —t
jose 12767719 | 6 FE 300 | 25 |B.2.0.| 1-2  |Re Alc In.s. |Gen Angesth Given Intub |
i ) | | +10ppm HAL | | | | { | (through nose)*1.5% HAL |
I ! } J J | | ! ! lalso given: |
! T t t — 1 T f t ~{
1059 {13/78/79 | 3 4 | 1800 | 30 {8.2.0.] 2-3  |Air C.(Du) |N.S. |No exhaust route. |
IL l J | I | | i | | |
f —t 1 f t t 1 t t 1 ~
10810 27787719 | 2.5 : 3 | 1100 | 30 |8.2.0.| i - IN.S. | |
f 4 ] . 4 } I i H 1 4 ]
| T 1 1 1 i 1 i T 1 L
1ps1) 110/9/719 ) 2 4 | 350 j 30 j8.z.0.] 2-3 | - IN.S. | |
i 1 4 l i [l 1 1 3. - |
¥ 3 T T T T T 1 1 T 1
10512 24710779} 3 3-6 | 1000 {10 18.2.0.] 0.5 |Re A/c IN.S. |No exhaust route. (peak |
! | | I I | i I [af 2200ppm N0. i
| { . i I { i {. L. J
T T T + 1 L T —r T T +
jos13 1217979 f 2.5 & 3 [ 1700 | 18 {8.2.D.] 0.5 |Re A/c IN.S. {Peak of 3000 ppm Nn0. |
i ] i ] | | ] ] i i i
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| DENTAL | JFRESH GAS FLOW | WASTE GAS CONC:  |SAMP.|SITE = |RATE | | scav. | !
| SURGERY | DATE | N0 : 0 | N0 (ppm) [TINE {MON. |OF RA per| VENTILATION| SYSTEM | COMMENTS i
| ] i(/m)  (1/m) | {{min)] WK (hrs) | ] | |
1] 1 [ 1 ] ) + + 1 ] !
iDs14 121797719 | 3 : 3 ] 1000 |} v {8.2.0.] 5-6 [No A/c NS, |Peak of 2800 ppm NpO. |
t t e e e —o f t % + {
10818 12179779 | 4.5 : 3 | 1200 | 2508.2.0.] 2hrs |Re A/¢c IN.S. |Peak of 2000 ppm Na0. |
1 3 ] ‘_»M14, JR 4_{_,, J 1 } S l 1
~ T T T B T T T —
10816 (19/9/79 | 2-4 : 4-3 | 1200 | 22 {B.2.0.] 1-15 lase (Du)  |N.S. |Peak of 3000 ppm, * ]
I il } 1 4. | } I b 1 J
L e 1] ¥ - T h T T T ¥ Al Al
10512 167071913 ¢ 45 | 1100 | 35 08.2.0.] 1 {No A/c IN.S. {Peak of 3000 ppm. ™ |
b t } + 4 } } t + 4 —
108518 2179719 | 2 @ 3 | 1200 | 15 {B.2.0.] |p.C. IN.S. |Peak of 3000 ppm. * |
- t + e + t - t } } -4
jos19 fones79f 2 3 i 550 | 30 |B.2.D.| 6-7  |No A/c . |N.S. {peak of 1200 ppm. " |
1 i 4. - §. . A Fl 1 i )] } J
T L T T T T L L T T T
10820 .i5/2/80 | 1.5 @ 6 | 450 | 20 |8.2.0.} 1 {No A/c IN.S. |Peak of 950 ppm. ¢ |
1 4 I\ - 1 I b1 } [l [l . I )
Lo AJ T T T T T L T L 1
|ps2y, €Y |18/7/80 | 3-2 : 3 | 600 | 15 ]8.2.0.| 15-20  |Re A/c. IN.S. |Peak of 1200 ppm i
|1st visit | i | | i | {E.F.C. | | |
| | I | | | | | | | ) |
i 2 | |32 @3 | 600 | 20 |B.2.D.| |Re Asc. IN.S. |Peak of 1400 ppm " |
] | | | { { ! lE.F.C. ! l !
| | | 3-2 : 3 | 600 | 15 {8.2.0.] {Re A/c. IN.S. |Peak of 2000 ppm NyO ]
| | | | | | | |E.F.C. | ! |
| c4 | |2 4 | 600 } 15 18.2.0. |Re asc. NS, [Peak of 1600 ppm N2O |
| | | | | | | |E.F.C. | | |
[2nd Visit | | i | | ! | ! ! '
| €1 [30/6/81 | 3-2 3-2 | 90 | 60 [8.2.0.] 30-36 |Re Alc. |sM {Passive set up. |
| ] | | | | | {€.F.C. | | (Peak 700ppm). |
i 2 | | 3-2 -2 | 580" | 30 {8.z.0.] - |Re Alc. IsM |Passive and active set up. |
i | | | | | | |E.F.C. | {(peak 2000 ppm) ieak i
! | f ! ! | | | I {around face seal. |
| | | | 350 | 15 |B.2.0.| 30-36 [Re Alc. IsL |Replace (SM) with (SL) !
| | | i | | | JE.F.C. ] jduring dental session. 1
F 4~ } —— B B e I I —- t {
{ps22 [18/7780 | | | | | [ { | . |
i [ |5 3 | 800 | 7 |B.ZON| 5 |AZc. E.F.C. IN.S. {Peak 1700 ppm Np0 (door . |
| | | | | | | | | { opened) |
| o 15 3 | 1800 | 35 |B.2DN | |AZe. E.F.C. |N.S. jPeak 3000 ppm Np0 ]
! | | | | | | | ! ] (door shut) |
! (5 I |3 4 | 1800 | 15 {8.2ZDN | |A7¢. E.F.C. |N.S. |Peak 3000 ppm N0 |
S o 4 + e [N A A t } —+ 4
10523 | ! | | | | | | ] !
|EXPI, C1) |21/11/78) 2 2 j 950 | 10 |8.z.0.] - |Re Alc. iN.S. N |
M. not W) | I | 120 |- 10| 60P | 111 AC/H { b |
| ) | | | | ] ] | h |
) | | 40 { 1 |8.2.0.] - Re AZ¢ |se |)with S0 and 30 V/m |

) i | 20 | 10 | 60P | |11 AC/H ] {)suction. |

y | | | | | | | | M |

) | | | 55 | 10 (8.2.0.{ - {Re Afc Ist {Jwith 20 1/m suction. {

y i i ) { 10} 60p | {11 AC/H | ] |

) | | | | | | | D i

> ] ) 100 | 0 |8.2.0.) - |Re AZ¢ ISt )with 10 1/m suction. |

| | | 25 | 10 l 60P ‘ {11 AC/H | 1) i

[} ] i i i 1 I 1

€2y | |3 i3 | 35 | 1w |8.z.0.f - |Re A/c. Ist 1350 1/m suction. |

) | | 18 ] 10} sop | |1 AC/H ] N |

) | | I | | | | ] ] !

) | ! 40 | w0 gz - {Re Alc. IsL 1130 V/m suction. |

)| | | 22 | 10 { 60P | |11 AC/H | 1 |

) i ! | | | { | {) |

> | | | 150 | 16 [8.2.0.] - IRe A/c. isL [310 1/m suction. |

y | | | 25 | 10 | 60 | |3V AC/H | b |

{ | | ! 1 | } | } |

€3y | . 1 | 750 | w0 8.2.0.| - |Re AZc IN.S. i) - |

)y | | 80 | 10 | 60P | |1 AC/H | 1 |

y o | | | | | | ] |

| | | 40 | w0 {82000 - {Re A/c fst {130 1/m Suction. |

) | | 20 | 10| 6op | V1 AC/H | ] i

) | i | | | | | [ |

) | ! 60 | 10 {8.2.0.} - {Re AJc Jst 1310 V/m Suction, |

) | | 22 | 10 | s0p | 11 AC/H | B |

| | A | | | | | | |

-ta) | }3 9 ] 45 | 1w {8.z.0.} - |Re A/c Ist 150 1/m Suction. |

) | | | 20 | 10| 60F | 11 AC/H | ) {

)| | | | | | i | b |

)y [ ! 85 | 10 [8.2.0.] - {Re Alc Ist [)30 1/m Suction !

I | i 20 | 10| 60f | 11t ACH | b }
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| DENTAL | [FRESH GAS FLOM- | WASTE GAS CONC:  [SAMP.|SITE [RATE | scav. | |
| SURGERY | DATE' | N0 0; | N0 (ppm) JTIME |MON. [OF RA per| VENTILATION] SYSTEM | COMMENTS |
{ | lm)  (im) | [{min}| WK (hrs) | | |
M. P | | | i i ! | | |
i ¢ | |3 9 i 35 | w0 {s.z.0.] - |Re A/c IsL {)50 1/m Suction. i
| ) | | 30 | 10| Env. | 1V AC/H | 1) |
| ) | | | | | | | | 3] |
| ) | | 95 | 10 8.2.0.] - |Re A/c ISt 130 /& Suction. |
] b [ | 85 | 10| v | froacm | |
| c2) | s 4.5 | 30 | 10 {8.2.0.] - |Re A/¢ ist 1150 1/m Suction. |
| Yo | | 30 | 10 | Enav. | |31 AC/H | | i
| yo | | | | | | | i |
| ) | | 30 | 10 {8.2.0.] - |Re A/c jsL 1330 1/m Suction. |
| U | | 27 | 0 | Eav. | |1} AC/H ] | |
5 t t - { + t } 1 t { {
10824 119/9/78 | | | | | | | f |
2.0 O B |2 3 i 280 | 18 {8.2.D.] 15-25  |wd. A/c IN.S. |Peak 1100 ppm. Window. open.|
| I | | 190 | 18| Eav. | I ] | I
| | | | | | | | | | |
1(Chd.) C2 | i 1.8 2.5 360 i 15 |8.2.0.f - | 2AC/H NS {Peak 950 ppm. Window open. |
} | | | 180 | 15 Eav. | | | | |
i i | | | [ | | ! | 'I
i a3 | | 1.8 4.5 | 450 | 21 |8.z.0.] - | 2ACH NS |Peak 1300 ppm. Window l
| | | | 260 | 21 | eav. | i | {open |
| | | | | | | ] | | |
| cs | | 1.5 2.5 | 360 | 16 {B.2.0.] ~ | 2AC/H NS {Peak 980 ppm. Window |
! | | | 230 | 16 | Env. | | | jopen ]
i | | | | | | | | i |
j s | | 1.5 2.5 | 310 | 18 |B.Z.0.| =~ | 2acm (NS [Peak 750 ppm. Window |
I ! | | 200 | 18 €. | | | jopen |
[ | | | | | | | { | |
| 6 | 11.5-2.5:2.5-4.5| 530 | 20 {8.2.0.] - | 2ACM NS, |Peak 1150 ppm. Window i
! | | | 300 | 20 | Env. | | i |eVosed. |
i | | | | | | | | ] |
| cr | | vs 2.5 | 720 | 15 ]8.2.0.} ~ | 2 AC/H NS [Peak 1900 ppm. Window |
| | | | 300 | 15§ v, | | | |closed. |
| | | i | | | | | |
| | [ 1.5 2.5 | 570 | 10 {8.2.0.1 - | 2acm NS |Peak 1070 ppm. Window |
| | | | 300 | 10 | Env. | | | Jclosed. |
1 | | | | | | | | | |
| 9 | | 1.5 2.5 | 530 | 10 {8.2.0.1 - | 2AC/H NS |Peak. 950 ppm. Window |
! | | | 300 | 10| Env. | | | |closed. ]
| | | | | | | | | | |
| C1  126/9/78 | 1.5 2.5 | 180 | 1) ]8.2.0.] - | 24aC/H NS |Peak: 550 ppm. Window |
| } | | 150 | N Eav. | J | |closed. |
{ i | | { | | | | | |
| 2 | | 1.5 2.5 | 380 | 18 |8.2.0.| - | 24CH NS |Peak 1250 ppm. Window }
| 1 | | 280 | 18] €av. | | | {elosed. |
! | | | | | | | | | : |
i [ B | 1.5 2.5 | 480 | 14 |B.2.D.] - | 2actm NS, [Peak 1200 ppm. Window |
| ! | | 300 { 14| Env. | | ! jclosed. |
| | | | | - | | | |
! ca ! | 1.5 2.5 | 420 | 18 {8.2.0.] -~ | 2ACH NS, [Peak 3000 ppm. Window |
} i | | 300 | 18 | env.'| | flctosed. |

i | | | | | | | R | |
| ¢ | } 1.8 2.5 | 280 | 1z |s.z.of - | 2 AC/H NS, |Peak 580 ppm. Window }
| | | i 240 | 12| €av. | i | {closed. |
i I | | | | | i | | - |
| c6 | 1.5 2.5 | 390 | 14 (8.2.0.{ - | 2acm NS, jPeak 1030 ppm. Window |
| | ] | 300 | 14 | gav. | | | Jelosed. i
i ! | | | [ | | | |
| cr o |1.5-2.5:3.5-4.5] 400 | n |B.z.0.] - | 2 AC/H NS, {Peak 2700 ppm. Window }
] | | | 300 ] 11| Eav. | | | |closed. |
| | I | | | | | | | |
i c8 | 115 3.5 | 430 | 35 {B.2.0.] - | 2ac/H NS, {Peak 2250 ppm. Window |
] | | | 300 |35 ] Eav. | | } {closed. |
| I | | | |- | | | |
] o | [0.5-1.5:2.5-3.5] 580 | 26 [B.2.0.] - | 2AC/H NS, |Peak 1000 ppm. Window |
| | | ] 300 | 26| Env. | | { {closed. |
| | | | | ! | i ] | |
i o | | 1.5 2.5 870 | 20 |B.2.0.| - | 2AaC/H NS |Peak 5000 ppm. Window |
i | | | 300 | 20 | Env. | | | jclosed. |
i o | | | | | I | |
| A [1.6-2 : 2.5-4 | 350 | 15 (8.2.0.| - | 2AC/H NS, |Peak 2120 ppm. Window |
] | | i 270 | 5 | Env. | | | |closed. |
U NS DA L. | | | l | I |

53



| DENTAL | | FRESH GAS FLOW | WASTE GAS CONC:  |SAMP.|SITE . |RATE | ooseav. |
| SURGERY | DATE | Ny0 0p | . N0 (ppm) |TIME |MON. [OF RA per| VENTILATION| SYSTEM | COMMENTS T
| | [(1/my  (1/m) ) I{min)] 1WK_(hrs) | i ! ]
i ! ! | | | | | | |
| cr f3/10/78 | 1.5 2.5 | .20 | 20 ]B.2.0.f - | 3ac/m NS, {Peak 1800 ppm. Window |
| | | | , 140 | 20 | Env. | | } jopen. }
f [ ! I I I | | | ! i
| c2 | {1 1.5 2.5 | 260 | 26 ]6.2.8.} - | 3 AC/H NS |Peak 870 ppm. Window |
i | | | 140 | 16 ] Env. | | | |open. |
! | | | | | | ! t ]
{ €3 | | 1.5 2.5 | 450 | 51 8.z.0.} - | 3 AC/H NS, |Peak 1450 ppm. Window |
L L 1 | 250 1 51 | Env. | | | jopen. ]
10825 | | I I | | | 1 ! |
{EXPT P | | | | | | | |
|(Chd.) €V |15/2/80 | 1-1.5: 2.5-3 | 360 | 25 |B.2.0.] - | W.A/c IN.S. |Peak 1400 ppm. |
| | | | | ! I | | | |
| | ! ! | | f | I | |
t €2 | | 1-1.5: 2.5-3 | 230 | 7 |B.Z.N.| - | W.A/C IN.S. |Peak 600 ppm. |
| | | ! | ! | I | | !
1 c3 | ti-1.5: 2.5-3 | 260 | 27 |8.2.0.]| - | W.A/¢ IN.S. {Peak 900 ppm. |
! R A g | | | | | | I
| |8s8/81 | | I | I | |
i [ I | 2=1 2-2.5 | 360 { 20 |B.2.D.{ - | W.A/c ]N.S. |Peak 1700 ppm. |
i [ | ! | ! ! f | | |
| e | | -1 2-2.5 | 35 | 30 {8.2.0.] ~ | W.A/c |sL* {Peak 350 ppm. |
} { | | | ] ! | ] {*Adult mask only available |
b | ! I | | | | | |when did test. ]
| | ! J | | | | | | |
| j25/8/81 | | | | | | ! | ]
| (4] | |2 : 2 | 3 | 35 |8.2.0. - | W.A/¢ IsL |Peak 350 ppm. |
| | | | | | I | | |
| €2 | | 4-1.5: 2-2.5 | 160 | 5 {B.2.D.} - | W.A/C st |Peak 400 ppm. (patient {
j | | ] | | | | | |exhaled through mouth). |
i ! | ! | | | | | i |
] €y | 1.5 2.5 i 55 | w2820} - | W.A/c |sL* |Peak 400 ppm. |
10525 [ti/e/81 | | | | | i | | |
JExPT. €1 | | 4-1 2-2.5 | 75 | 20 |8.2.0.] W, A/¢ |SLee |**Paediatric mask used 1
! | i | | | | | | jpeak 450ppm (Exhaled ]
| | | | | f | | | |through mouth often) i
| ! ! f ] ! | I | | |
} c2 | | 4-1 2-2.5 | 70 {18 [B.Z.D.| W. A/c |SL=> |peak 250ppm |
f i | i | | | | | |
| C1) [22/9/8) | 4 02 | 1500 |} s [8.2.0.] W, A/¢ IN.S |peak>3000ppm (Conventional |
| )| | } | ] ] | | {Mask held away from nose) |
| I |2 i 2 | 700 | 5 |8.2.0.] 1w, Al¢ NS |peak » 3000ppm (Scavenging |
| )t | | | | | | | |Mask held gver nose) |
| ) | 1.5 2.5 | 70 | 17 |8.2.0.} fw. Az¢ |SLen |peak 200 ppm |
| | ! | { | I ] | | |
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APPENDIX A

Anaesthelic Potlution Survey - Velerinary Surgeries

Dther |TIME |MON.
(opm) [(mimd| |

| Scav.
| SYSTEM

18.2.5.|1,6,°T.p. %"

{8.2.5.1, C, T.p.

(8.2.5.J1,€,C1.C.*

|
|

IN.S.

{
J
!

N.s.

I

In.s.
. ,.t__.,_,,_w [ v___;,

!
|
!
!
|
|
/
|
!
!

]
{
}

|
% COMHENTS
|
!

|*C= Spontaneous

N.S.

N.S.

N.S.

[** 1-Piece

|

|

|

]

|

§

Ll

|*C1. C. = closed

]urcunt FAN SETTING
JON FULL window
[always left slightly
|opened.

|FAN OFF.

|
|Komesaroff An.
jHachine

!
FAN OFF

}
|
|
|
Is

S

*Goldman Vap.

1l
f
|

»

i
|
!
|
|
i

|
!
{
i

N.S.

N.S.

=

|
IN.s.

N.S.

N.S.

I
{
T
|
|
I
|
|
T
!

|)*A/c not usually ON|
| Has exhaust fan in |
|)window. Yurned ON.|
P

b

}

{)*A/¢c not usually
[JQN. Has exhaust
{)fan in window.
[) Turned ON.

)
)
)

@

m

}
!
]
I
!
|
|
|
|
|

|
|
!

N.S.

N.S.

N.5.

N.S.

—_—— e —

|*Circle circuit.
| (dog)

|)*T-piece (cat).
|)Jackson-Rees
|Yassembly,

1

[INote: cat induced
[)with ether in box.
i :

i}

| {FRESH GAS FLOW | WASTE GAS CONC:
|VETERINARY | DATE [N;0 SHALINZO  HAL
| SURGERY | [Q/m) (1/m)(%) |(ppm) |(ppm). .
| ] | ]
vs2 126/6/78 | |
1. [ | :5-1.5} 300 |
| ! { | |
| | | | |
| | ! | |
| 2 | { :5-1.5{ 360 |
i | | | |
| €3 | | 15-1.5] 308 |
| + t - i
jvs2 |z7/7/7a | | |
f [S I } :0.2:0.5) |
| | ! | |
} ! | | |
| ! | | I
| | ! i i
| | | | |
i cz | i 20.2 :0.5] - |
| | | f |
| | | i |
| | | | I
| | | | i
{ [« I { c 6.2 050 - |
k- — gt
1v§3 1317278 | |
| [ I 10.5 :0.25 :MAX*{ 26 |
| o | |
| [ 10.5 :0.25 :Max*| 28 |
= —f— + -t
|V54 |16/8/78 | |
| [T | 0.5 :0.4:2-0.5] 200 |
| 1 | | |
| | | | |
| | [ | I
| 4 | 0.5 :0.4:2-0.5] 170 |
{ I { | |
| 2 | :0.5) 170 |
| | | i !
| ¢ | (0.5 90 |
! ] ] | ]
| | | |
| c4 | } $1.0f 220 |
| | | | |
| | | 1.0 70 |
b = | + 4
jvss |22/11778] } |
] [ B | 0.4 : t2 ] 45 |
i | | | |
! | | ! |
{ c2 | } 0.8 :0.8: 2| 140 |
{ ! | | |
| | | | |
! ! ] } J
| 3 | r2 s |
| | | | |
| | | | |
| ¢4 | | 0. 2 e |
H t +- % 4
jvsé 128/11778| | |
| o f x| - |
| | | | |
f f | | 1
| e | | M| -
! { | | |
| | | | |
| | | | |
P -t 1
| 130/11/78) | |
jys? | { v6 ] - |
1 | 1 | |
| a | | 6-31 - |
| | | | |
| . |

w

+
!
-
!
’,
-

i
I
!
I

N.S.

N.S.

{

|

{Komesaroff
|Anagsth. Machine
|

{AZ¢ & Fan QN. High |
|1eaks - mouth of dog|
|and vapour (>0 ppm|

———— e

m

m

|
f
1
!
!
!

=

N.S.

fan). |
- {
i |
{Induction |
| ]
[Bottle Vap (leaky |
§ > 10ppm HAL). |
|* a/¢ OFF |
: ‘
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} | |FRESH GAS FLOW | WASTE GAS CONC:  JSAMP.jSITE |  ANAES. | | scav. | |
{VETERINARY | OATE [NaD : 0z :MAL|Nz0  HAL  Other |TIME [MON. |PROC. | * AIR COND. | SYSTEM . | COMMENTS |
|SURGERY | [(/m) (1/m) (%)i(pom) {{ppm} |{ppm) |(min}} 1 | | 4 : : |
| i | | i | | ! | | | ! |
{vs13 12072779 | | i | | i } | | |*A/c usually not on. |
| [T | - :0.2:3su} - | 23] - | 9 |B.2.5.]1, C, CI. C.|W. A/c* IN.S |AZc on for this test|
| | | | i | i | | | | | STEPHENS ANAEST. i
| | [ i | | | | | | | | MACHINE . |
{ | { | ! | | | | ! ! J !
| 16712719 | | | | | | | | | |MIRAN 1A used. |
| | i i | | | | | | | | |
i i ! | ! | i | | | | [MIRAN 1A ysed. |
| 1 | | | | | | i ! | } ]
| o | - :0.2:Ye I 0.5) - | 30B.2.5.)1, C, Cl. C.|W.A/c** |sQ~ |*Scav system made by]
| i | - Vayj | | | | | | | {Surgeon |
| | | | | | | | | | | | |
| €2 | io- 0.2:M20 - | 0.4f - | 20 {8.2.5.41, C, Cl. C.[W.A/c** {SQ* [vap on MAX for |
| | | - 3gy) I | | | | | | |induction. |
] | | i | | | | ! | | [**A/¢ not used. |
T T 1 T T T ] T [ 7 T T 1
|¥$14 309 | | f | | | | | | |
] Qo | - :0.6:2-2.5] - | 5 | - | 50 {B.2.5.]M, C, C. C. |No A/c IN.S. |No exhaust. |
! | | | | | | | ! | | ]
! c2 | | - :0.6:2-2.5] -~ | 8.5 - | 30/8.2.5.|M, C, C.C. [No A/c IN.S {C.1.6. Midget An |
i | | | | | | | | | [ |Machine. |
e t 1 t e e t 1 + —
|v815 116/2/79 | | | | } | | | | !
| o } - . v.e:3sul - | 2.8 - ) 37 |B.Z.S.|I,C, C1.C. |Wd A/c, E.F.* |N.S. |STEPHENS Ansesth |
| i ! | | | i | | | | |Machine. *Next |
I i | | | i | | | { | | room. |
P t 4 -t t t+ L S + t i 1 —
jvsig as2019 | } I ) ) } | | | ! !
| A I | - :0.25:2| - | 0.6] - | 18|B.2.5.]1,C, C.C. [Re A/c (Dw) IN.S. {Window slightly i
| | ! | ! | I | | | Y4AC/H | fopened. |
| | ] f ] | | | | | | | |
t 2 | | - 025:2] - | 0.8] - | 37]B.2.5.01,¢C C.C. |Re A/c (Du) IN.S JC.1.G.~MIDGET an |
I | | | | | | | | | 14AC/H | |Machine. |
| i | | | ! ! | | | | | |
| o I f - :0.25: 2] - | 0.6} - | 23|B.2.S.]I., C., C.C. |Re Asc (Du) IN.S |(Leaky exhale valve |
| [ { I | | ! ] 1 114AC/H ] li.e. >10 ppm). |
| | | | | | | | I | | | I
| ca | | - :0.25: 2| - | 0.7} - | 15 [B.2.5.]1., C., C.C. |Re A/c (Du) IN.S. | |
I f | | ! | | I | [14AC/H | ! |
I } t S e e I t t t 1
jvs1z {1973/79 | | | | | | ] ] | |C.1.6.~T.M.41 An |
| | | i ! | | | | | | {Machine. |
| | | | | | | { | | | |
| | | | | | | { | { i [HIRAN 1A used |
Yo | 1 | | | | | ! i | I {
1% I B | - :90:4] - | 15 | - | 18 |B.2.5.)1,C, C.C. [Re A/c (Du) IN.S. |circle Cireuit - |
| J | | | | | | | JE.F.W. | {high flow rates,high|
! | ! | | | ] ! | | { [1eaks from mouth |
| | | . | | | | | | | |{ ~60ppm) patched |
| | | | | | | | | i | |breathing bag)( >80 |
I | J | | | | | | | | {ppm) exhale valve |
| | | | | | | | | | | 1(30 ppm) {
| | } | | | | | | | | | |
| (w3 j - :9.0:3.5] - | 14 | - | 55 8.2.5.|1,C, C.C. |Re A/c (Ou) IN.§ |(Oper. on Horse) |
! b ] | ] } | | | JE.F.W. ] | |
| i | | | | | | | | | : !
| | | - :6.0:3.50 - | M | - | s {ex 1., C., C.C. |Re A/c {Du) IN.S. [*Exh Gril} give |
| | | j | | } | Gr | |E.F.W. | jroom av. conc. {
| | | I ! I ] | | ] | | ]
| €3 | I - +9.0:35] - | 1 | - | % [8.2.5.]1., C., C.C. |Re A/c (Du) IN.S |(Oper. on Horse) |
| | | | | | | | | |E.F.W. | | ]
i | ! | ! ! | | | | | | |
{s7, C1 {21/3/19 | - : 8.0 :1.5) - | 2.8/ - | 80 |8.2.5.]1., C., C.C. |Re A/c (Du} IN.S Jone Anaesth Machine |
| | | | | | { | | | | {used in the two I
I | | | | | | | | | i |theatres. i
t 1 t | —— 1 t i T t - t 1
1¥818 (2973779 | - w72 - | 2.5 - { 40 {8.2.5.(I., C.. C.C. [No A/c. No IN.S {aZ¢ in reception |
| | | f [ J | ! f |E.F. | |area. |
[ | | | ] | ] | | | ! | |
| ! ! i | .I | | | | | | (MIRAN 1A used) !
+ i i) 3 1 1 i 4 1
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! !

/
|

|peak, 35ppm HAL.,

| [FRESH GAS FLOW | WASTE GAS CONC:  |SAMP.|SITE |  ANAES. | | scav. | |
[VETERINARY | DATE |[NpO : 0p :HAL|NyO Other |TIME {MON. |PROC. | AIR COND. | SYSTEM | COMMENTS |
|SURGERY | 11 /m) (1/m) (%)|(ppm) |(ppm) |(ppm) §(min)} | ] | | |
lvs2s {16/9/80 | | | | | | | | | |anaesth Machine |
| ! | ! i | | | | | | [buiit by H26. |
| | | | i | | i { | | {Hospital {
! | } ] | | | | | I f | ]
| ci | o5 01 4 240 | ]24.0 | 130 [B.Z.S.|M, C., [Ne A/c. IN.S. |Ethrane Vap. |
| | | Ethrane| | } | | i JE.F.C. | {peak values,»300 ppm|
J | | ! | | | | i | | INz0, |
! | i | | I | | | | | |60 ppm Ethrane. |
e o B R I S N { t -
{ys26 !29/6/10 | | i { | | | | ! | |
jmt, C1 i | 0.25:0.5:4-2.5 28 | | - | 40 |Eav |M, C, C1. C. |Re A/c. IN.S. |Injecting rats. |
i ! | ! | i | I | I | |
| | | [ { - | 60 |8.2.5.]M, C, C1. C. |Re A/c. IN.S |Injecting rats. {
i i ] | J | | I | | |
I | ] 0.25: 0.5 : 2] 45 | | - | 35 [B.Z.S.{M, C, C1. C. |Re A/c. |ss |Operating on rats. |
i [ | i | I | | | |
| | ] 0.25: 0.5 . 2| 40 | | = | 30 {B.Z.A.{M, C, C1. C. |Re A/c. 1s$ |Operating on rats. |
! | i | | | | | | | I |
ur, C1 J ] 0.5 : 1.2 :4-2} 100 | | -~ | 35 |Env M, C, €V. C. |Re A/c IN.S. |Operating on rats. |
i | { | ! | | |
| | | | | f | |
| ] I | | | | |

!
|
]

! I
| |

| ¥300ppm Ny0
|
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FREQUENCY

19

ANAESTHETIC POLLUTION SURVEY: APPENDIX B
HOSPITALS NITROUS OXIDE RESULTS

FIGURE B-1 (a) Taken FROM TABLE Al

KEY: 1 RECOMMENDED SCAVENGING SYSTEM; === NO SCAVENGING;
== NON RECOMMENDED SCAVENGING SYSTEM

——

T I 1 1 T T T T T T T T T T T T T
20 40 60 80 100 120 140 10 180 200 220 240 260 280 300 320 340 360 560 580 1090 1110
CnN,0 (ppm)
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APPENDIX C DESCRIPTION OF SCAVENGING SYSTEMS

HOSPITALS
DESCRIPTION
SYSTEM
SAl CIG-Medishield Scavenging System MK I (1st system released

(See Figure 1)

Original CIG system - adaptor fits over the Exhale Valve of
the anaesthetic apparatus or the ventilator. The adaptor is
fitted with a wide bore outlet, plus a nipple for connection
of standard suction tubing. The wide bore outlet is fitted
with a 1.5 metre length of corrugated tubing which acts as a
reservoir for waste anaesthetic gases released from the
exhale valve.

Waste gases are removed continuously from the reservoir by

suction app11ed to the nipple and vented to the outs1de
atmosphere via a suitable suction system.

Recommended suction air flow is 30 litres/min.

Disadvantage : scavenging can only be applied at either the
exhale valve or the ventilator. Therefore when the
ventilator is used, considerable leakage occurs from the
unscavenged exhale valve (although it is closed).

Modification of Medishield Scavenq1nq System MK I
(See Figure 2)

Similar to system MKI except the suction is divided into 2
sections via a Y piece in order to scavenge from both the
Exhale Valve and the Ventilator: .

Disadvantage : the suction flowrate, originally about
301/min, is halved at each site of scavenging. Therefore
pollutants are "dumped" into the theatre environment because
the suction (of 15 litres/min) cannot cope.

Medishield Scavenging System MK I - Modified for use with
Paediatric Circuit (See Figure 7)

The Interface was provided by a trailing piece of a 22mm
corrugated clear tubing. The narrow bore rubber tubing leads
from the tail of the paediatric breathing bag to the
interface (about 20cm into the corrugated tube).
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The other end of the interface is connected to an adaptor
which fits over the ventilator or exhale valve. The adaptor
ijs fitted with a nipple for connection of standard suction
tubing. The suction tubing in turn is connected to suction
system which vents outside the hospital.

SA4 CIG -Medishield Scavenging System MKI Modified to Pass1ve
System (See Figure 8)
Using the CIG—Medishie]d scavenging system, MKI, except that
the suction nipple on the adaptor over the exhale valve is
blocked, and the reservoir tube is connected to a hole in the
wall. The waste gases are removed from the threatre

'passively' relying on the pressure gradient between the

patient's lungs and the outside atmosphere to generate flow
along a low resistance pathway.

SB CIG-Medishield Scavenging System MKII (See Figure 4)

68

Consists of the following sections :

1.. Gas Capturing Assembly : This is located in the
breathing circuit, by means of :

(a) a shroud to cover the CIG-Medishield range of
"DF" Type exhale valves on the circle
absorber Units.

(b)  "Heidbrink" type exhale valve fitted to
circle absorber unit on the anaesthetic
machine.

(c) Various adaptors attached to the exhale port
of the automatic ventilators (e.g. Bird,
-Bennett, etc.)

2. Interface Assembly : located in between the
breathing circuit and the suction disposal unit.

The unit is constructed of clear polycarbonate
having a capacity of two litres, with relief holes
at the base, thus preventing suction build-up.



The head, made of high density plastic, has a
suction-flow gauge, entry ports for attaching
corrogated tubing (19mm) from the expiratory valve on
the absorber unit and exhaust part of the ventilator
unit, and a nipple for connection to standard suction
tubing.

3. Dedicated Evacuation System : The interface is
connected to the suction system via the standard gas
disposal assembly tube. The system should provide a
volume flow of 30-40 litres/min (not necessarily high
vacuum), in order to convey the waste gases to a
disposable site outside the operating theatre work area
in such a manner that occupational re-exposure does not
occur.

Note : A 'silencer' is 1nc1uded in the head of the
interface, in order to reduce the noise produced by air
through the interface. ‘

(Commercially approved system).

Drager Rubber Interface (as supplied inb April 1976 to
Hospital .
(See Figure 3)

Drager active scavenging system based on the venturi
principle. It evacuates the surplus anaesthetic gases and
vapours away from the operating theatre through a vent pipe
of up to 30 metres length to the outside atmosphere or into
an exhaust duct. The anaesthetic waste-gas socket is built
into a ceiling mounted column and connected with the outlet.
nozzle of the anaesthetic apparatus by means of a hose and an
adaptor. The rubber part of the adaptor which has three
relief holes, does NOT include an adequate reservoir facility.

Disadvantage : it lacks an'interface'resérvoir, and therefore
considerable 'dumping' of pollutants results through the
rubber adaptor.

Note : This system is no longer used.
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Drager's Universal Antipollution System *(See Figure 5)

The Interface consists of two Sections :

(1N Two standard 22mm tapers which accept hose from the
breathing circuit (including ventilator), and the
expiratory valve. The latter can be fully closed when
the ventilator is included in the circuit.

(2) The collecting and disposal section which includes :

(a) a reservoir bag (capacity 500m1) to accept
transient peak flows.

(b) safefy gravity loaded valve, to allow venting of
excessive pressure in the collecting chamber to
atmosphere. :

(c) Leaf valve to allow ingress of room air to
compensate for the excess of suction over the
spill from the expiratory valve or ventilator.

(d) Two entry ports, one connected to a dedicated
evacuation system, and the other is connected to
the Ventilator.

(Commercially approved system).
* SAUNDERS, J.M., "A Versatile Antipollution

Device™ Anaesthesia and Intensive Care, Vol V11,
No. 1, 1979.

Paediatric - Holland Scavenging System (See Figure 6)

Interface - an Underwater Drainage Bottie (Tuta Meraseal)
modified to act as an interface for scavenging the
Jackson-Rees modification of the Ayre's T-piece.

The conversion.is effected by drilling eight one centimetre
relief holes, connecting one nipple ('patient') to the tail-
of the bag and the other nipple to the dedicated scavenging
system. Volume of the reservoir is 1.5 litres.



IU) 2]
(nd —<

SM

=

APPENDIX C DESCRIPTION OF SCAVENGING SYSTEMS

DENTAL SURGERIES
DESCRIPTION

Brown Nitrous Oxide Scavenging Mask for Re1at1ve Analgesia
(See Figure 9)

Consists of a doub1e mask system. The inner mask is contained
within the slightly larger outer mask, and a slight vaccuum
is present in the space between masks.

This vacuum, scavenges the waste nitrous oxide exhaled by the
patient as we]] as any leakages around the edges of the inner
and outer masks.

Two larger hoses (9.5 mm (I.D.) supply the anaesthetic gases
to the inner mask. The two smaller hoses (6.5mm I.D.), open
into the space between layers, and are used for scavenging.

Quantiflex Dental Anti-Po]]ution Systems For Relative
Analgesia

Passive System ( See Figure 10a)

The passive anti~pol1ution system consists of :

1. a nose piece with an air inlet valve on top. One side
: of the nose piece is fitted with a clear 22mm
inspiratory corrugated tube, with a non-return valve.
The other side is fitted with a exp1ratory tube with a
" non-return valve. The expiratory tube is directed to
the outside atmosphere. :

Active System (See Figure 10b)

Similar to the passive system, except that the expiratory

tube is connected to an interface. The interface is a clear
polycarbonate cylinder with relief holes at the base to

prevent suction build up.

The head has a pressure gauge, an entry port for attaching
the expiratory tube, and a nipple for connection of standard
suction tubing. The suction tubing is connected to a suct1on
1ine which exhausts. to the outside atmosphere.
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VETERINARY SURGERIES

DESCRIPTION

Inhouse Made Scavenging System - Tyge I (See F1gure 1M

The exhaled gases pass through a non- return valve via a
narrow bore tube into a 22mm corrugated tube which acts as
the INTERFACE. The other side of the corrugated tube is
connected to a suct1on system wh1ch vents into the outside
atmosphere.

Inhouse Made Scavenging System : Tune II (See FigurefiZ)

Consists of :

~ (a) a perspex box covering the anaesthetit-machine.

(b) a flexible corrugated pipe (10cm I.D.) connected from
the top of the box to a pump above the ceiling which
vents to the outside atmosphere.

(c) a small lid.on top of the box provides easy access to
the anaesthet1c machine.

(d) an opening infront of the box facing the animéi on the

operating table ensures that any leak from the mouth
area is readily exhausted.

Passive System (See Figure 13)

Corrugated tube fitted over Exhale valve of Komesaroff
anaesthetic machine. The corrugated tube is connected to the
grill of the Exhaust fan in the window.

Inhouse Made Scavenging Mask (See Figure'14)

The mask consisted of a cup-within a'cup. The fresh'gas was
connected to the inner mask. A suction hose is connected on-
top of the outer mask. The waste gases coming out of the

- inner mask pass through vents situated on the outside of the
- outer mask, and f1na11y through the suct1on system to the
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‘outside atmsophere

CIG - Medishield Scaveng1ng System MK11
(same system which is used in hospital operating theatres -

see figure 4).



CIG. - Medishield Scavenging System-MK I

Pollution control Adaptor
fitted over Exhale valve
or ventilator

Wall suction

Suction tube venting outsider
hospital
Anaesthetic P
Ventilator
or

C02 Absorber

Corrugated Reservoir tube

Pollutants 'dump’ into reservoir

. tube ang t?‘re co;l‘tlnuously i - Air continuously entrained
removed by suc on by action of suction at adaptor
Fig.No. 1
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Adaptor over Exhale ,

Mod|f|cat|on of -
CIG Medishield Scavenging System
MK |

Wall Suction
(30-40 L/min)

Y- piece splitting the suction

Vglvo\ )
‘ ™ {Flowrate . '
16-20 L/min)

l Abéorber

(Flowrate 15-20 L/min)

Ventilator

. : Reservqir tube. \( rmm( .

Adaptor connected
to ventilator.

Fig.No. 2
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|

Venturi suction

Drager Rubber Interface.

Relief holes

|

LT

M’_””({( 0O (5 o Anaesthesia

\\m ; : | Machine

Interface.

Fig.No. 3
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Paediatric-Holland Interface

Waste .gases from a
Paediatric breathing bag

f—__(___ . | . : , To suction
T T

e ] ' 0
Reservoir bag Scaﬁenging
Meraseal
350-075

. _| . Paediatric -
. |breathing bag

) O O Oncief holes

Fig.No. 6
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Brown Nitrous Oxide Scavenging Mask

Exhaled gases Exhaled gases

Exhaled gases

/ 7 To vacuum
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To Vacuum <

Anaesthetic

Fig.No.9
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| ~ The Passive |
Quantlﬂex Antl— Pollution System

Air Inlet Valve

Connector

N Nosepiece \ |

" | Non-return
Expiratory -—— Inspiratory tube
{clear 22mm  corrugated)
A
~—
é, —a———— Fresh gases to patient
Ao Spent gas . flow.
> Corrugated tube. Pink.
)) —— ' ————— ) To Atmosphere
\», ; » i . Via 1, Oponlng in fioor
\ : 2. Opening in wall

Expiratofy tube

] 3. Through wlndow
{clear 22mm corrugated)

Fig.No10a|
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The Active .
Quantiflex Anti—Pollution System

Air Inlet Valve

\

' Nosepiece

Connector

Non- return

Expiratory Valve Fresh gas flow.

(K

Inspiratory Tube
(clear 22mm corrugated)

T

.
—-s-——— Fresh gases to patient

(

Interface

Spent gas flow. ' ‘

g ——— . = ] =

Corrugated Tube

] To suction
. Pink which ven
Tube U ' v ts
: to outside
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atmosphere

interface vent holes

Updraft caused by Suction Line
Vent holes MUST NOT be obstructed

Fig.No10bj
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Type 1

ingpiration Expiration
non-return valve non-return valve

/

Fresh gases

Scavenging System used in: Veterinary Surgery

Dumping of
To endotrachael tube exhaust gases

Corrugated tube

. Wall
suction
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Fig.No.11
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Type I

Scavenging System used in Veterinary Surgery

Out through

eaves.

p— N

Roof area

Pump

Ceiling

 Flexible
corrugated pipe

M -

Lid \r=
Perspex box —

Head position
of animal .

\ Kesp close

//

Anaesthetic
/ machine.

to box air
) flow

Operating Table | I
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Fig.No.12
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- Passive Scavenging System
used in Veterinary Surgery

Komesaraf
Anaesthetic
Machine

Window
Exhaust valve
—
' Exhaust
MHM ) / Fan
/
_ Corrugated tube
Breathing
bag
Fig.No.13
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Scavenging Mask used
in Veterinary Surgery

Suction

Fresh gas—w— ——» w \\

-

1 A
(—\ _\ —e——+ Inner Plastic ‘cup’

T Outer Plastic ‘cup’

‘\/ \/‘ Exhausted
waste gases.

Fig.No.14
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APPENDIX D

GLOSSARY OF ABBREVIATIONS USED _IN HOSPITAL DATA (TABLE’A—I)

COLUMN HEADINGS:

HAL. = Halothane

NoO = Nitrous oxide

02 = Oxygen

1/m - Litres per minute
% = Percentage

ppm = parts per million

WASTE GAS CONC. = Waste Gas Concentration

SAMP. TIME = sampling time
min = minutes
SITE MON. = Site of Monitoring

ANAES PROC. = Anaesthetic Procedures

AIR COND. = _ir Conditioning
SCAV. SYST. = Scavenging System

COLUMN 1 ABBREVIATIONS

Hn = Hospital

Tn = Theatre number
Cn = Case number

R. Rm = Recovery Room
L. Wd. = Labour Ward

M.T. = Major Theatre

GYN = Gynaecology

mT = Minor theatre

OBT = Obstetrics Theatre
I. Rm = Intubation Room
Ma. Wd. = Maternity Ward
Am. H. = Animal House
R.R. = Recovery Room

Gn. T. = General Theatres
CYI = Cystoscopy I

E.T. = Eye theatre

C. Th. = Cardio Thorasic

E.N.T. Ear, Nose, Throat

T (B) = Theatre B

T (A) = Theatre A

Nu. S. = Neuro Surgery

E.S.S. = Emergency Surgery Suite
0.P.T. = Orthopaedic theatre
0.S.T7. =.0ral Surgery Theatre
X-R.T. = X-ray Theatres

COLUMN 3

intm. = intermittent
U = Units setting on the Vaporizer
MAX

= maximum
M.0.F. = Methoxy Fluorane
ETH = Ethrane- :

(Used to identify the
hospital, location in the
hospital, and possibly the
type of surgery performed).

Describes gas meter settings,
and identifies gases other
than halothane.
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COLUMN 5 v Describes the location of the
) i"sampling probe during the
B.Z.A. breath1ng zone of monitoring.
Anaesthetist - ' '
= Environmental - at breathing he1ght
2 cm from patient's face
P. = Breathing zone of Nurse and patient
- Breathlng zone of Surgeon
= Breathing zone of Nurse
= Between 2 Beds - at Breathing height
= 50 cm from patient's face
Z.Sr. = Breathing zone of Sister
B. = Edge of Bed
P = 20 cm from Patient's face
P = 60cm from Patient's face

SN M OO WO —m
N e e NS
. ;zo-—-

OO

COLUMN 6 - The type of anaesthet1c
procedure used

Intubation

Assisted

. = Circle Circuit

= Mask

= Mapleson Circuit

= Controlled (using Auto. Ventilator)
Paediatric Circuit

Bain Circuit

1. C. = Closed Circuit

OWUOXTEZO>H
[eXe] w (@}
1 n

The nature of air condition
in the operating theatre.

]
O
=
-
=
=
~J

N.R. = Non Recirculating
= Air changes per hour
Air C. = Air Cooler
Win. A/c = Window Air Conditioner
EXH = Exhaust
Re = Recirculating
Duc. = Ducted
Wall A/c = Wall air Conditioner

COLUMN 8

N.S. = no scavenging
(Refer to separate sheet for description of scav. systems)
SAq -~ CIG - MEDISHIELD SCAVENGING SYSTEM (MK ID
SAs - CIG - MEDISHIELD SCAVENGING SYSTEM TYPE II
(Modification of Type I by splitting suction
into 2 sections)

SA3 - CIG - MEDISHIELD SCEVENGING SYSTEM (Modification of
' o Type I for use with paediatric T-piece)
SA4 + = CIG - MEDISHIELD SCAVINGING SYSTEM (Modification
- of type I - for use "passively").
SB - CIG - MEDISHIELD SCAVENGING SYSTEM - MKII -
Approved system
SC DRAGER INTERFACE
SD DRAGER UNIVERSAL ANTIPOLLUTION SYSTEM
SE , PAEDIATRIC HOLLANT SCAVENGING SYSTEM
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GLOSSARY:-OF ABBREVIATIONS USED IN DENTAL SURGERIES (TABLE A-2)

COLUMN HEADINGS:

NoO - Nitrous Oxide

02 = Oxygen

1/m = Litres per minute _
WASTE GAS CONC. = waste gas concentration
ppm = parts per million

SAMP. TIME = sampling time

min. = minutes

SITE OF MON. = Site of Monitoring
R.A. = Relative Analgesia

hrs = hours

SCAV. SYSTEM = Scavenging System

COLUMN 1 (Used to identify the Dental Surgery
S and experimental

DS = Dental Surgery conditions used in the testing

Sn = Surgery of the scavenging system).

Cn = case number

Vis. = Visit

M. not W. = Mask not Horn

M.W.P. = Mask worn by adult Patient
EXPT. = Experimental

chd. = Children

COLUMN 4 o (results of the waste gas concentrations)

Tri = Trilene

HAL =. Halothane

COLUMN 5 (Describes the location of the
sampling probe during

B.Z.D. = Breathing zone of dentist monitoring).

B.Z.A. = Breathing zone of Anaesthetist:
B.Z.D.N. = Between Breathing zone of Dentist and Nurse
B.Z.N. = Breathing zone of Nurse

COLUMN 7 (The nature of Ventilation in
the Dental Surgery).

Re = Recirculating

N.U. = Not Used

W.A/c = Wall Air Conditioner

Air C. = Air Cooler

Du. = Ducted

P.C. = Portably cooler

E.F.C. = Exhaust fan on ceiling

Wd. A/c = Window Air conditioner

COLUMN 8

N.S. = No scavenging

(see separate notes for description of the systems).
SL = Brown, Nitrous Oxide Scavenging Mask

SM = Quanti-flex nitrous oxide Antipollution system
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GLOSSARY: OF ABBREVIATIONS USED IN VETERINARY: SURGERIE
(TABLE A-3)

COLUMN _HEADINGS :

HAL. = Halothane

N2oO = Nitrous oxide

1/m = Litres per minute

% = Percentage

ppm = Parts per million

WASTE GAS CONC. = HWaste Gas Concentration
SAMP. TIME = sampling time

min. = minutes

SITE OF MON.
ANAES. PROC.
SCAV. SYSTEM

[

site of Monitoring
Anaesthetic Procedure
Scaveng1ng System

COLUMN 1 ABBREVIATIONS (Used to 1dent1fy the veterinary
' surgery and

VSn = Veterinary Surgery location in the surgery).

Cn = Case number

Large Theatre

Small Theatre

Minor Theatre

Major Theatre

B % &

-l—'l-—%-1

L.
S.
m.
M.
COLUMN 2 (Describes the gas meter setting)
u.

= number of units setting
on Vaporizer

COLUMN 5 (Describes the location of the sampling
probe during

B.Z.S. = Breathing zone of monitoring)

‘Veterinary Surgeon

EXH. Gr. = Exhaust Grill :

Env. = Environmental (at Breathing he1ght)

B.Z. A. = Breathing zone of Assistant

B.Z.N. = Breathing zone of Nurse '

COLUMN 6 (The type of anaesthetic procedure used)

Intubation

Controlled (Spontaneous)
= Open Circuit

. C. = Closed Circuit
Assisted (using bag)
Mask

. = Jackson Rees T-piece
= Circle Circuit

{1 | p

O—=X>O00

O‘U
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COLUMN 7 (The nature of Ventilation in
the Veterinary Surgery)

Re. = Recirculating
Ev. C. = Evaporative Cooler
Du. = Ducted

W. A/c = Wall Air Conditioning

E.F. Wd. = Exhaust fan in Window

E.F.W. = Exhaust fan in Wall

E.F. = Exhaust Fan

Wd. A/c = Window Air Conditioner
= Air charges per hour

Wd. = Window

E.F.C. = Exhause fan on Ceiling

COLUMN 8

N.S. = No Scavenging
(see separate sheet for a description of the scavenging system).

SP = Inhouse made scavenging system Type I
SQ = Inhouse made scavenging system Type II
SR = Passive system

SS = Inhouse made scavinging mask
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