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NOTICES

When US Government drawings, specifications, or other data are used for

any purpose other than a definitely related Government procurement
operation, the Government thereby incurs no responsibility nor any
obligation whatsoever, and the fact that the Government may have form-
ulated, furnished, or in any way supplied the said drawings, specifications,
or other data, is not to be regarded by implication or otherwise, as in

any manner licensing the holder or any other person or corporation, or
conveying any rights or permission to manufacture, use, or sell any
patented invention that may in any way be related thereto.

The mention of trade names or commercial products in this publication is
for illustration purposes and does not constitute endorsement or recom-
mendation for use by the United States Air Force.

Do not return this copy. Retain or destroy.

Please do not request copies of this report from the USAF Occupational
and Environmental Health Laboratory. Additional copies may be purchased
from:

National Technical Informatijon Service
5285 Port Royal Road
Springfield, Virginia 22161

Federal Government Agencies and their contractors registered with the
(DDC) should direct requests for copies of this report to:

Defense Technical Information Center (DTIC)
Cameron Station
Alexandria, Virginia 22314

This report has been reviewed by the Public Affairs Office and is
releasable to the National Technical Information Service (NTIS). At
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PREFACE

This article was originally printed in: "“Trace Substances In Environmental

Health-XIV", D.D. Hemphill, ed., Univ. Missouri, 1980.

It was edited for reprint as a USAF OEHL Technical Reprint by Lt Col Joseph E.

‘ Milligan, with permission from the original publisher.

This article represents the first documentation of methoxyflurane levels 4
g— in veterinary surgeries under controlled conditions, and the effects of

scavenging on those waste gas Tevels.




INTRODUCTION

We live in an age of increasing awareness and concern about occupational
health and diseases associated with environmental pollution. Attention has
been called to the possible adverse effects of trace anesthetic gases in human
surgeries (12). Veterinarians, their assistants, and animal researchers who
use gaseous anesthetics on a regular basis should also consider the potential
environmental hazards posed by these chemicals.

Interest in trace anesthetic gases was stimulated in 1967 by a survey of
303 Russian anesthesiologists who reported a high incidence of nausea, irrita-
bility, headache, fatigue and pruritus, and an alarming rate of spontaneous
abortions (32). Subsequent to this report, a number of human epidemiologic
studies, and laboratory animal experiments have been conducted in an attempt to
identify any prominent health effects associated with chronic exposure to waste
anesthetic gases.

The major adverse human health effects identified by the epidemio]og%c
surveys were abortion and congenital abnormalities. An increased incidence of
spontaneous abortion in exposed female workers (1, 6, 7, 8, 14, 18, 19) and of
congenital abnormalities among their children (9, 10, 11, 18, 19) were found.
The same increases among the unexposed wives and children of exposed men were
also noticed (1, 7, 8, 19). These human epidemiologic surveys, furthermore,
described effects on fertility (18), hepatic and renal diseases (9, 10. 31),
the central nervous system (31, 32) and the risk of cancer (3, 7, 11) following
exposure to anesthetic gases.

Experimental evidence from laboratory animal studies is supportive of the
suggestion that health hazards are actually caused by methoxyflurane exposure.

Higher embryonic death rates and an increased percentage of fetal anomalies
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have occurred following exposure of chick eggs to methoxyflurane (28). High
subanesthetic concentrations of methoxyflurane have also caused fetal growth
retardation in rats (25). Hepatomegaly and histologic changes of the liver
have been demonstrated in rats following chronic exposure to low concentrations
of methoxyflurane (5). Furthermore, methoxyflurane has been found to alter the
immune response in mice (15), and it has been suggested that interference with
immune mechanisms by anesthetics would be expected to influence the course of
tumor development (4). Still another potentially hazardous effect of methoxy-
flurane is enzyme induction. Enzyme induction by subanesthetic doses of
methoxyflurane has been demonstrated in the rat (2).

Concentrations of methoxyflurane in human operating rooms have been reported
to be 1.3-9.8 parts per million (ppm) around the anesthetist and 1.0-2.0 ppm
around the surgeon (9). However, is breathing trace amounts of methoxyflurane
in veterinary and animal research facilities a personal or perscnnel hazard?
The evidence for or against is scanty. There have been few scientifically
documented reports of measurements of methoxyflurane in veterinary surgeries.
An uncontrolled survey of small animal vetarinary hospitais reported methoxy-
flurane concentrations of 1.0-2.6 ppm at the breathing zone of the veterinary
surgeon, and 1.3-3.2 ppm at the breathing zone of the animal technician (26).
Another report shows the methoxyflurane concentration in a small animal surgery
to be 6.9 ppm (34).

Until the present, therefore, we have looked only at data gathered in
human surgeries, along with a few lTimited surveys conducted in veterinary
surgeries, and concluded that efforts should be made to depoliute veterinary

and animal research preparation, operating and recovery rooms. Consequently,

the following study of methoxyflurane concentrations in the operating room air




of a veterinary surgery was conducted under controlled conditions. The primary

emphasis of this study was to establish analytically determined values of
exposure concentrations of methoxyflurane at the breathing zone of veterinary

personnel, both during scavenging and not scavenging of the waste anesthetic

gas.




! MATERIALS AND METHODS

Twelve dogs, ranging in weight from 17.7-23.0 kg, were anesthetized for
two hours each. The dogs were initially anesthetized with an injectable
anesthetic, with maintenance anesthesia produced through inhalational tech-
niques as described by Short (27). Methoxyflurane was delivered via a semi-
closed system using Copper Kettle and Vernitrol vaporizers. Gas flow rates and
vaporizer settings were: 3%/min O,; 0.5% methoxyflurane. The dogs' ventilatory
patterns were assisted by intermediate positive pressure breathing. The
anesthetist judged the depth of anesthesia by monitoring an electrocardiogram.

Methoxyflurane concentrations in the operating room air were determined
directly by infrared spectrophotometry using a Wilks Miran-1A General Purpose
Gas Analyzer (Wilks/Foxboro Analytical, Norwalk, CT). The sampling parameters
using the infrared spectrophotometer were: wavelength, 9.1 um; slit setting,
1.0 mm; absorbance range, 0-0.25 units; pathlength, 14.25 m; volume, 5.6 ;
windows, Na C1. Calibration of the infrared spectrophotometer, construction of
standard curves and calculations were based on che operation, maintenance and
service manual for the instrument (24).

The 12 dogs were randomly placed into two groups. One group of six dogs

was anesthetized while practicing waste anesthetic gas scavenging techniques,
as described by Whitcher and Rock (35), and Manley and McDonell (20). The
other group of six dogs was anesthetized without the employment of a waste
anesthetic gas scavenging system. Methoxyflurane measurements were taken at
four time intervals (4, 36, 68, 100 minutes after the start of the procedure)
and at the following four locations in the operating room: breathing zone,
anesthetist; breathing zone, surgeon; breathing zone, dog; and at the operating

room exhaust vent. The data collected were statistically evaluated by analysis




of variance, and the 95 percent upper confidence limit was determined for each

group mean (29).




RESULTS

The data collected in this study are shown in Table I. Results of tne
statistical analyses are summarized in Table II. The range of methoxyflurane
concentrations in 96 air samples measured during scavenging wis 0-1.25 ppm,
while the range of 90 measurements during not scavenging was 0.25-75.00 ppm.

The mean methoxyfiurane concentration during scavenging {0.58 ppm) was signi-
ficantly different (p<.05) from the mean during not scavenging (4.75 ppm).
Furthermore, the 95 percent upper confidence 1imit for the mean of the scavenged
group (0.91 ppm) was within the Mational Institute for Occupational Safety and
Health (NIOSH) recommended standard for methoxyflurane of 2 ppm (13). However,
the 95 percent upper confidence limit for the mean of the not scavenged group
(17.24 ppm) was weil above that NIOSH recommended standard. There was no
significant difference in methoxyflurane concentrations due to time of measure-
ment. There was, however, a significant difference between the overall position
means (p<.05), as well as a group X position interaction (p<.05). The highest
mean concentration of methoxyflurane during not scavenging (12.08 ppm) was at
the breathing zone, dog (D). In terms of personnel exposure during not scav-
enging, the surgeon (S) was exposed to a mean of 4.05 ppm methoxyflurane, while
the anesthetist (A) was exposed to a mean of 1.36 ppm methoxyflurane. The mean
methoxyflurane concentration at the exhaust vent (V) during not scavenging was
1.53 ppm. There was no significant difference between the position means of the

scavenged group (D, 0.63 ppm; S, 0.61 ppm; A, 0.52 ppm; V, 0.57 ppm). There

were no group X time, position X time, or group X position X time interactions.
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TABLE 11. GROUP AND POSITION MEANS OF METHOXYFLURANE
CONCENTRATIONS (ppm) IN VETERINARY OPERATING ROOM AIR

Group Scavenged Not Scavenged

Position meandsP

D 0.63+.05 12.08+4.67¢

A 6.52+.01 1.36:0.114

S 0.61+.195 4.051.54€

v 0.57+.04 1.53+0.09F
Group mean9sh 0.58+.01 4,75+1.29
957, upper confidence limit 0.91 17.24

of the group mean

dgreathing zone, dog (D); breathing zone, anesthetist (A);
breathing zone, surgeon (S); exhaust vent (V)

bEach value is the mean of 24 observations, + standard
error of the mean, and averaged across four time intervals
with no interactions

c>d,e,fMeans having different superscripts in the same
column are significantly different (p<.05)

9tach value is the mean of 96 observations, * standard
error of the mean, and averaged across four positions and
four time intervais. There was a group X position inter-
action (p<.05). There were no group X time, position X
time, or group X position X time interactions

hGroup means are significantly different (p<.05)
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DISCUSSTON

Evidence that occupational exposure to methoxyflurane constitutes a

health hazard is circumstantial, being based on human epidemiologic surveys and

laboratory animal studies. A cause and effrnct relationship in humans has not
been documented. Other factors affecting medical personnel, such as stress,
fatigue, and unfavorable working hours nay be involved. MNevertheless, the
potential harm of the long-term exposure to methoxyflurane should not be
ignored. Methoxyflurane has been detected in end-expired air of anesthesiol-
ogists for as long as 30 hours after exposure (9). Furthermore, methoxyflurane
is not an inert compound, and as much as 50 percent may be metabolized (17).
Biotransformation of methoxyflurane, unlike many drugs, does not result in
reduced toxicity since its metaboiites are hepatctoxic {30) and nephrotoxic
(22, 23, 30). An increased concentration of fluoride ion, a nephrotoxic methoxy-
flurane metabolite, has been found in an anesthesiologist following 6 1/2 hours
of occupational exposure to methoxyflurane {39). The high fat-solubility of
methoxyfliurane, therefore, results in availability of a depot of drug for
prolonged postexposure biotransformation {17) and possibie long-term suscep-
tibility to the toxic effects of methoxyflurane and its metabolites (9).

To insure personnel satety, NIOSH has recommended in its Criteria Document
on Waste Anesthetic Gases and Vapers (12) that a concentration level of 2 ppm
should not be exceeded for methoxyflurane. The results of this experiment
show, decisively, that veterinary and animal research personnel are subjected
to concentrations of methoxyflurane in excess of the standard recommended by
NIOSH. However, since there are some indications that the toxic effects of
methoxyflurane are dose related (16, 21), and since the log time between

exposure and disease may be as lonc as 20 years (36), there may be no safe




level of exposure to methoxyflurane. 1t, therefore, seems prudent to limit
personnel exposure to methoxyflurane to as low a concentration as possible.

It has been shown that dilution ventilation, alone, has no significant
effect on reducing waste methoxyflurane concentrations in veterinary surgeries
(26). However, one study demonstrated a tenfold reduction in anesthetic gas
concentrations in human operating rooms with scavenging (33), while another
study achieved a 50 percent reduction of methoxyflurane concentrations in human
delivery rooms using a scavenging apparatus (13). Two limited surveys have
indicated the potential ability of scavenging techniques to depollute veterinary
operating room air. In a small animal survey using a semi-closed anesthetic
system, scavenging reduced methoxyflurane concentrations to 0.3-0.4 ppm (26).

In another small animal surgery, a dramatic reduction of the methoxyflurane

concentration was also achieved when scavenging was instituted (34). The
results of this study confirm these reports and clearly demonstrate the effec-
tiveness of anesthetic gas scavenging techniques in reducing methoxyflurane
concentrations in veterinary surgeries.

The highest methoxyflurane concentrations were detected at the dogs'
breathing zone. These high readings were probably due to an incomplete seal
around the endotracheal tube. The group X position interaction, therefore,
demonstrates the efficacy of scavenging in eliminating this particular leak

hazard.
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CONCLUSIONS

Without waste anesthetic gas scavenging, methoxyflurane concentrations in
veterinary surgeries are well above the NIOSH recommended standard of 2 ppm.
With waste anesthetic gas scavenging, methoxyflurane concentrations in veterinary
surgeries are within the NIOSH recommended standard of 2 ppm. Protection of

veterinary personnel and animal researchers from chronic exposure to methoxy-

flurane vapors, therefore, seems both advisable and achievable. Complete waste

anesthetic gas management and periodic monitoring programs should be established

to protect personnel involved.
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