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PRE FACE

This Report represents the first in a series of technical reprints
to be offered by USAF OEHL. Whe nev er we find a good reference which we
believe to be timely and of immediate use to bioen~i ronmental engineers
throughout the Air Force , we will do our best to put that information into
your hands.

Many bases are facing the problem of establishing some sort of waste
anesthetic scavenging system in medical and dental surgical suites. At the
present time , NIOSH has ~ub li shed a recommended standard for occupational
exposure to waste anesthetic gases and vapors , the draft of on AFOSH standard
is being reviewed , the draft of ~ revis ion of the Natiomi Fire Protection
Association NFPA 56-A is be ing reviewed , arid there is much confusion. ~ebelieve that this Report , prepared by Dr. Charles E. Wh it crer , Stanford
University Medical Center , and amended in accordance wit r his letter of
December 1977 to Major James C. Rock , USAF OEHL , represents the best advice
currently available on this subject.



FOREWORD

Control of waste anesthetic gases in the operating room environment
must be a team effort. The team shoul d include representatives from
the Environmental Health Section , the Medical Equi pment Repair Section
and the Anesthesiology Section of the hospital . Failure of any team
member to complete his task may negate the efforts of the team as a
whole. To emphasize this point , let me summarize from DHEW (NIOSH)
Publication No. 77- 140 , ‘Criteria for a Recomended Standard . . .
Occupational Exposure to Waste Anesthetic Gases and Vapors ,” March 1977.

A complete waste anesthetic gas management program inc luoe~- (1) application
of a wel l designed waste anestheti c gas scavenging system , (2) anesthetists
using work practices which minimi ze gas leakage , and (3) application of a
routine equipment maintenance program so gas leaks are minimi zed. Whitcher
et al (DHEW-NIOSH Publication No. 75-137 , Reference 14) estimated that work
practices of the anesthetists may contribute from 94% to 99% of all waste
anesthetic gases in an operating room equipped wi th properly designed and
maintained scavenging components . Improper practices , such as poor chc ce
of the face mask , insufficiently inflated cuffs on endotrache al tubes , and
spillage of volatile anesthetic agents when f i lling vaporizers , are the
chief contributors . Once the proper equipment has been instal led and
proper work practi ces have been established , the Environmental Health
Section should initiate a periodic monitoring program geared to detect
leaks and the Medical Equipment Section should initiate a compatibl e
p eventive maintenance program .

e. G~~ i~JAMES C. ROCK , Major , USAF , BSC
Chief , Special Projects Section
Occupational Safety and Heal th Branch
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CONTROL OF OCCUPATIONAL EXPOSURE TO

INHALATIO NAL ANESTHETICS - CURRENT STATUS

Charles E. Whitcher , M .D . Stanford , California

INTRODUCTION

The purpose of this course is to provide anesthesia -oriented personnel wi th
info rmation necessary to minimize occupational exposure to the inh alational
anesthetics . Such exposure may be hazardous to the health of exposed
personnel . Without contro l measures N20 may be present in the operating
room air in concentrations of 100-1000 ppm . The methods described have
reduced N20 to approximately 10 ppm ; halothane and enflurane to approximate l y
1/60 and T/30 respectively of the prevailing N20 concen trations. These
methods are compatible with modern , safe anesthe tic practices and are easily
employed by the anesthetist.

Evidence of health hazards in the operating room is based on epide rri ologica l
survey studies and laboratory experiments both in man and in animals. The
results of three large retrospective survey studies completed in this country
and in the United Kingdom have recently been comb’~ned and consistent findings
include: (1) A significant increase in spontaneous abortion among female
physicians who work in the operating room ; (2) A significant increase in
birth defects in live-born children of wonen physicians exposed to the oper-
ating room; (3) Male anesthetists compared to non-anesthetist physicians
show a significantly increased incidence of liver disease.

Experimental evidence is supportive of the suggestion that health hazards
are actually caused by anesthetic exposure . Rats and other animals show
decreased survival upon chronic exposure to trace con~..øntrations of variousanesthetics. Rats exposed to trace concentrations of halothane during
gestation show decreased performance in solving maze problems . Ul tra-
structural changes have been described in rat brain , liver and kidney a~ aresult of a single ma ternal exposure to halothane during fetal life . Exposure
to 20% N20 causes testicular damage in rats . Skeletal abnormalities are
regularly caused by chronic exposure to anesthetic concentrations of various
i nhalational anesthetics . Performance of humans in completing comp lex tasks
is compromised upon acute exposure to trace concentrations of N20, and
mixtures of this gas wi th potent agents .

Not all investigators are convinced that the health hazards of the operating
room are caused by anesthetic exposure . Stress has been cited as a possi ble
alternate cause. Attempts to repeat the performance studies mentioned above
have been unsuccessful , but methods employed were different.

The evidence of toxic ity has proved sufficient to recommend the use of control
measures to hold occupationa l exposure to the l owest feasible levels. Such 

. i~,_ .~ _,.~
__ _ . _
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a recommendation has previously been made by pertinent ao hoc committees
of the ASA and the ADA . JCAH is also concerned . The National Institute
for Occupational Safety and Health has drafted a standards criteria document
which is presently under review by the Occupational Safety and Health
Administration (OSHA). If approved , control measures will be required by
1 aw.

SOURCES OF GASES, DISTRIBUTIO N , CONCENTRATIONS

Anesthetic gases are present in the operating room air whenever they are
administered to the patient. In the absence of control measures , the most
important leak sources are the relief valve of the absorber and the
ventilator. When effective control measures are in use , other leak sources
become more noticeable. These include the high pressure N20 system which
is comprised of the wall connector and various components of the anesthenia
machine up to the fl owmeters . Further leakage is present in the low pressure
components , comprised of the flowmeters , absorber and breathing tubing . An
important leak source relates to careless handling of anesthetics , such as ,
turn i ng the gases on , then engaging in unnecessary conversation wi th the
patient prior to application of the facemask.

Whatever gases leak into the room are quickly distributed by the air
conditioning system. Air conditioning systems of two main types are in use
including the one—pass or nonrec i rculating system in which fresh air is taken
in from the outside and circulated through the room ; 100% is returned outside.
With such systems waste gases can be disposed of at the exhaust grille.

Recirculating systems return part of the exhaust air to the intake. With
recirculating systems waste gases cannot be disposed of at the exhaust
grille. Recirculatior i is practiced to increase operating economy . However
economy can be achieved by other means. For example nonrecirculating systems
can include heat exchangers . When anesthetic gases are released into the
room a i r , they are stirred by the air conditioning system . The heavier
agents do not settle to floor l evel . When leakage is well controlled , m i x i n g
of anesthetic gases wi th room air may be efficient , and air samples obtained
anywhere in the room may contain similar concentrations of anesthetic agents.
In thi s ci rcumstance , concentrations of gases are predictable and depend on
the rate of leakage in relation to room volume and fresh air dilution by the
air conditioning system. For example , when 100 cc/mm of a gas leaks into a
typical operating room, 20 x 20 x 10 feet provided wi th 10 fresh air exchanges!
hour , the concentration of gas at equilibrium is 5.3 ppm . If the fresh air
exchange rate Is doubled the gas concentration is halved .

In the absence of control measures , N20 may be present in the operating room
in concentrations of 100-1000 ppm ; haTothane 1.5-15 ppm . With an effective
control program it is feasible to hold N2O concentrations in the operating
room below 5-10 ppm , and halothane below 0.1-0.2 ppm . In the dental operatory
N20 may be held slightly higher. OSHA standards presently under consideration
aTlow N20 up to 25 ppm in the operating room , 50 ppm in the dental operatory ;
potent agents up to 1 ppm .

2
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CONTROL MEASURE S

To reduce concentr at i ,n5 of inhalational a rc- sthet ics in the operating room
to a minimum , no single ..ontrol ~asure by itself is suf f ic ient .  Scaveng ing
is one of the essent ial measures and is defined as the co ll ec tion of waste
anesthetic gases at the various breathing systems and their disposal outside
the bu i l d ing . Carelessness  in  handl i ng anes the t i c  gases must  be avoided .
Preventive maintenance standards for the anesthetic equipment must be higher
than in the past and supplemented by frequent leak testing procedures by
in-house personnel

Even the above procedures do nnt assure the l owest achievable i ’tr aled
concentra tions. Leakage , es pecia l ly of N20, is pron e to occur unex pecte d
locat i ons where detection is d iff~cul t. Assurance of effective . ‘rt rO l is
p rov i ded in  the a i r  mon it or ing  p rog rar~ in  wh ic h ga s concen trat ions pre sen t
in the operating room air are actually measured .

Low-Leakage Anesthe tic Equipment

Anes thetic equipment should be designed not onl y for tile s~3fe , effecti’~eadministration of anesthesia but also wi th the intent of minimizing
occupational exposure . Certain equipment presently in use is inLo m p at ible
wi th minimal env ironmental gas concentr ?tions , particularly olcer relief
(popoff) valves and certain ventilators . App ropriate equipment has been
cited; a performance standard presently under development (ANSI) should
further protec t the purchaser.

Equipment Maintenance

Periodic preventive maintenance of anesthetic equipment by qualified
serv icing personnel is essential . Leakage in the absorber system
follow ing preventive maintenance can be held to less than 20 cc/mm at
a pressure of 30 cm H20. Proposed OSHA standard calls for preventive
maintenance at least quarterly f o l l o w i n g wh i ch leaka ge i n the absor ber
is to be hel d to less than 100 cc/mm at a pressure of 30 cm H20.

Leak Test for Absorber

Leakage in the CO2 absorber systi~i l occurs frequently. As a replacemen t
for the usual relativel y crude , qualitative pressurization test a more
sensitive quantitative test can be per furnc J with almost equal speed and
ease. The new test depends on the principle that a relatively gastight
absorber system leaks less than 100 cc per minute at a constant pressure
of 30 cm H20 . To perform th i s test the absorber i s assem ble d for clinical
use , with breathing hoses , bag and Y-piece attached . A flow rate of
100 cc/mm , is establishe d on a low-range fl owmeter. With the Y-piece
occluded the flush valve is opened until a pressure of approximately 30 cm
H20 shoul d either hold or slightly increase during a few seconds of obser-
vat ion. If desired the fl owrate of 02 can be ad jus ted to hold cons tant
pressure thus precisely quantitating the leak rate .

.4
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Scavenging

Collection of Waste Gases CU2 Absorption System; Ventilator.
Because the anesthetist often sw f~ hes between ha~~T.breathTng and ventilator ,
we suggest the use of a Y to receive the overf’ow simultaneously from th e
ventilator and the absorber (Figure 1). This arran gement permi ts all
connecti ons before anesthesia i s induce d , and reduces r~h~ possi bil i ty of
pollution due to overs ight in changing connections .

Pediatric Breathing Systems.
Pediatric breathing systems present
a challenging scavenging problem .
Several devices have been marketed
without documentation of scaveng ing
performance. An exception is a
nonrebreathing valve wi th scavenging
attachment (Dupaco) which is ~~~~~~~~~

tight. The devices which we ho’e ~~~~~~~~~~~~~~~~

developed for use with the Jackson-- .

Reese system are also gas tight. They .
~

offer a high degree of protection
against accidental occlusion of the
outflow tract due to twisting of the
tail of the bag The fi rst arrange- 

~~ment (Figure 2) prevents outflow ~~~~ .~~~~~

occlusion by means of a plastic ~wafer which is inserted through the
bag tail. For intermittent posi tive
pressure breathing the tail is easily
compressed either with the fingers
or with a clamp . We have also Figur e 1

described the use of a length of
plastic tubing (Fi gure 3) inserted
through the L~g tail . Intentional• occlusion for IPPB must be secured
with a clamp. Neither of these
devices have been marketed but they
are easil y assembled using rea dily
availabl e components .

- - — — 
- . .

—
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Denta l Anesthe sia/Ana1~esia .
A difficult scavenging
problem Is presented by the . ..  • __ _  -

dentist who employs N 0. MR .NLaT
The dentist often pre~ersloose application of the
nosepiece. An effective ,
satisfactory scavenging .,~v 

,nasal mask has been
developed (McKesson , ~~~~~~~~~~ .,

(Figure 4) which is —~1;~- —~~__—. INHALATION v
/ J

within -a mask , with —~~~ ~~~ I -

essentially a mask- -_ - -
~~~~~~~~~~~~~ /

suction in the space G~~~ES 
EXHALATION ) 

~
A~~EST H~~flC :. -

‘IA~ U~Jp,~between masks . Leakage VACLS U M
does not occur even
when the mask is not F i gur e  ~applied to the patient.

Disposal of Gases. Disposal of anesthetic gases is a frequent source of
concern. Methods which are not effective include dumping the overfl ow
gases at floor level . Activated charcoal will absorb halogenated agents
but is relatively ineffective for N2O. Use of the closed breathing system
does not obv iate the need for control measures. Acceptable disposal methods
include the exhaust of the nonrecircu lating air conditioning system , a
direct line outside the building , and the central vacuu m system .

Air Conditioning Exhaust. When the air conditioning system does not
reci rculate , the preferabLe disposal method usually employs the air
conditioning exhaust. The use of t h i s  system i s fac i l ita te d when an
exhaust gri’le is convenientl y located close to the anes thes i a mach i ne .
The effluent from the relief valve and ventilator is terminated at the
grille where the rap id flow of exhaust air sweeps the waste gases into
the duct.

Unfortunately, many operating rooms are not equipped witr conv arient ly
located exhaust grilles . In this event it is a temptation to run long
lengths of tubing across the floor , a practice which is hazardous. Whe re
the grille is inaccessible , the tubing should fol l ow the per imete~ of theroom . If the tubing must pass a doorway , i t  should follow the door frame .
Protection against occlusion is provided by t~.e use of collapse-resistant
tubing such as industrial-grade garden hose. .4 more s’tisfactory method
is to conceal the pipir .g to the air conditioning exhaust duct. The waste
gas line takes the same route as the lines for fresh gases and suction.
If a ceiling—supported gas/sucti on source is used , the waste gases are
conducted via the standpipe to enter the exhaust duct above the ceil ing .
If a wall-supported gas/suction source is used , the waste gases are conducted
to the wall and then to the exhaust duct. If negative pressure in the
disposal line should be excessive as indicated by the anesthetist ’s complaint
that the breathing bags are being collapsed , this pressure can be brought
closer to atmospheric levels by joining the disposal line to the exhaust
duct at a point closer to the exhaust grille.

5
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Advantages in the use of the air Li. n d it ii ( i ng exhaust . incl ud e L~at negati .’c
• pressure is low and t r i i r c ~ re no t sa zardou s to the patient. It is poter-

tially economi c-I l because an existing djCt or pathway to th~ outs ide is
used and no special machinery is ~~cess~ ry. With a suitable n ash arrestor
installed in the tubir .g Letwe e n the patient and thn ventilator , this method
i s safe for the d i sposal of fl ammabl e wastes .

Direct Vent. A second cho icE . of methods for waste gas ~isposal is a direct
fine from the operating room .o a safe disposal site outside the building .
Inexpensive 2 1/2-inch plasti c pi o~ ha s been empl oyed i n leng ths of 200
feet wi thout reflection of e~cess~ve backpressure to the breathing system .
To prevent cross flow each room must have its own line. Advantages of this
method include that it is ir :n ,~~hsive , no machinery is required and it is
safe because pressures are ir.herently limited. This method is only safe
for disposal of flammable was es if a t~ash ar~-estor is used between the
patient and the outlet (See Appendix A). -

Flamable agents may he disposed of ~~~~~~~~~ 

via the nonrec f~cu lating air ~•unc it io ning .

system. When this route is ric~ a’..’ailab le ,
a dilution method is appropriate (Figure . -

5) in which an exhaust fan pro ’ Hdes -4~flow sufficient to dil ute al ~~ses below p
the fl ammable range (Kennr~h F . wiley of - --~ -- -.—--__

~~~~. 

~Collins and Rimer , Cl eveluni ). ~ ‘

L ~~~~~~~~~~~ —~~

Central Vacuum c-,:o Toe cei tr al L_.~
vacuum system may be considered for 1 .,

~~~..

disposal of nonfl ammable agents . .~~

Usually this method is comple x ~nd
• expensive in corr~~- ison to the method

compatible with th e uentist ’s scav en gi n g ~~gu re 5
mask and it may be oreferr~ d in cer ta in
institutions .

To protect the patient , unregu la tc~ ~inu vacu om must ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

not reach the L reathiny 5v;terc . This ie s~uir ’.s a •~
means of poessure al ar ci~ g ~inte foci ng 1 . Design is 

,
—. - — .  ( 

~~critical in p ;vi d in g both protectio n of the patient, 5~~ /

and low-leakage performance. W i t h  the inter face
shown (Boehringer) (Fi gi •v~ 6) the effluent from t~’~relief valve enters at P , where a :c~~eng i ng
reservoir bag R p~-cvides compliance , absorbing ..,
surges due to IPPE tha T. , reve~ ting lea °ige . Suction ~~~~~~ 

.

fl ow is continuously measured with the fio i~~.~ter and
adjusted sli ghtly in excess jf fresh s flow . This
excess is made up by room air which enters the SC4 V~~~~G I NG

relief openin g N. Anesthetic gases enter at the f N T~~R F A C E

bottom of surface w he re they are removed by
suction. F gure 6

6
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The ideal is to provide eparate su ction outlets for sc a v o r ci ng and for
removal of secretions. if onl y a single outlet is av d il ab le . the complete
system shown (Figure 6) shoul d be emplo~,ed. Suction catheter for the
pat ient enters suction bottle at S. Rel ef valve from absorber enters at
P as mentioned above. Suction line to wall is attached at CV . Selector
valve C permits emergenc .y diversion of a~ l T.-uction for removal of secre-
tions , wi thout disturbing fio~~etes setting . Maximum convenience is
achieved by mounting all suction equipment on the gas machine , i n c l u d i n g
pressure balancing system , scav enging suction flowmieter and selector
valve and patient suction bottle. Maximum safety is achieved when all
controls are located wi thin easy reach of the anesthetist.

A compact valvu lar ~ressure relief sy~teir is available (Foregger). Negative
relief valve prevents cxc .~soive r.to~at~ve pressure. Sca.e nging t eservoir bag
for breath-by-breath storage of eAhaled yases holds positi ve pressure below
l evels capable of opening the posiLi v e relief va ’ve thus preventing leakage
except in case of accident al occlusion of the disp osal line .

Educational Program

Leakage resulting from ttouy h tless or careless handling of anesthetics is
minimized through continuing ec.ucational and public relations programs .
Anesthetists should be encouraged to fill vapori zLrs wi th minimum spillage ,
to employ meticulous care in the choice and application of face masks , to
avo id unnecessary conversation wi th the patient , once the gases are turne d
on , to employ anesthe tic techn iques whenever possible which are subject to
scavenging (min imize use of unscavengable open techni ques) and to make
consistent use of the availa ble scavenq~ng equi pmen t . Whe n the a i r
monitoring program is prope~-ly u nducted , it provides a subtle construc-
tive method of remi nd~ng the anesthetist to continually strive to minim ize
occupational exposure to anesthet ic ayer tc .

AIR MONITORING PROGRAM

Only by measur ing anesthetic gases actually present in the oper -ting room
air can i t  be assu red that the other was te gas con tro l measures are trul y
effective.

Gas Analysis; Infrared Anal ysis

Air samples obtained in the operating room may be sent to a commercial
laboratory . Such a laboratory (Boehringer) can supply all samplin g
equipment and report concentrations of both N20 and potent agents . A
serious disadvantage of this method is the deTayed reporting. The
precise circumstances of sampling are likely to be forgotten and the
effect of corrective measures cannot be immediately assessed . Moreover ,
the analysis of a large number of samples is expensive.

A more satisfactory method is to perform gas analysis in-house. The available
infrared analyzers for N20 easily measure trace concentrations of this gas in

7
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the operating room . Cert ain infra red analy?e rc are capabl e 01 dete rmining
the halogenated an~sthe ’ics , but uuch aea lysis is fni u qh ~ ~ i ~h manytechnical difficult ies . Infrared analyzer~ do not distinguish among the
various potent agents . Results are o ubje t t Dc artifact due to Gflta~ri-nants often present in the operating room such as isopropyl alcohol
formalin , ammonia and freons . c~th er anal ymi cal methods such as gas
chromatography and mast spectrosc opy are c~~ ficult or expensive. Techr c-
logical limitat ion c in the analysis of the pot r i  anes tfl~ t ics , cors ider ec
wi th the concept (described later) that N20 c a n  se~v~ as a tracer of the
potent agent administ 1.~red wi th It hays led to the reccmme ndat~on that ~ hc
air moni toring program be base~ in the i nfrared a r l ysis of N20 al ert .

Infrared anal yzers operace or the pri n c iple
that most gases present uni que im f~ar~r1 .T --•

~
•

absorption spectra . A typica l infrared
analyzer for N20 (Figure 7) i’:1 .~dps a ~ic Ii 

~~~~~~~which continuously perfi ses tee samp le cel
wi th N20 in air. The infrared source
generates a light beam which is filtered to
pass the infrared com ponent at a wavelength . ~~~~~~

restricted to approxi ’o~~ 1 4.5 mi r- ons. 
~~~~~~ 

- - . ~‘-~A-
This beam is transmitted trrs~~ h the w i ndows
of the sample cell and then s- - n-ed h~ the ~~~~~
detector. The higher the concentration of . .
N20 the greater the ~- bsor bance of i - i fr or es
ll’ght and the lowe r the ene~-q~ level at —

the detector. The resultant si g~a~ is 
- - -  ~~~~~~~ 

•7
processed and dis played in ter ’s of ppm 

- ~~~~~~ 

N20. Suitable analyz erc a~-e avai l a ble from
Cavitron , Fore~oo , Ohio and Wilks .

A i r  Samp ling Techniques; T me -Wei ghti ny

The a ir samp ling techni ue is cr itical
in obtaining samples wt’ ch are
representa t ive  of gas ccr~c9r ltr :t i ons Ic .Hinhaled by personnel . An important ~

- -  — - - - - .  - .— — 
. 

-

cons ideration is that anesthetic ~~t~~~— - - i~—~y 
- - -  - -- - —

~~

gas leakage ‘s apt to be intermi t en 30 ——_______ - — — -—

~~ 

-

~~~ 

—

Figure 8 represents a chart record~ng .~~~~~ 
—-

~~~~ 
— 

~~~~ ~~~~~ — *•-

of N20 concentrations contir000 11 ‘° I ~~~~ff ty ‘ -
~~~~~~~~~~

- -
~~~~~~~

-
~ 

- — ---
~
-
~
----

measured during routine cl in ical ~~~~~~~ 
-

~~~~~~~~~~~~~

anesthesia. All N20 control measures ‘° T T ~~t; ~
- 

~~~~~~~~~
are in effect. Sampl ing site is the ~~~~~~~~~ ~~~~~~~ ~~~ ‘c—

~
-_

--
exhaust grille of the air conditionin g ~° ~~~~~~~~~~~~~~~~ ~~~~~~~ •

system where an avera ge m ixed sample —~-- T. -~TTh r. t. ~~~~~~~~~~~~~~~. . • ‘-—---— _--.- .. ———.——-- — - - I
of room air is obta ’nable. N20
concentra tions shown vary from 4 to

L 

97 ppm . It is apparent that the Fl ur~ Spresence of such leakage Takes ~or
d i f f i c u l t y in obtaining any sirg ~egrab sample which is rco~~ . eflta Live
of inhaled concentrati crL

• 8
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A representation of the average inhale d
concentrations can be obtained in a
time-weighted samp le collected through-
out the anesthetic period . Such a
sample could be obtained wi th a battery
powered sampling pump operating at a
constant rate with storage of the samp le
in a gas-t i -mt bag . An alysis of N20 in /the bag yields the time-wei ghted value. ~~~~~~~ .

Another method of time weighting is to ~ “- •
~~“

average the results of many “grab samples. 
~~\ ~~~~

- 
_~~~~~~~~

—
~~Such samples obtained at a later hour each •“ ~~ —~~~~~~~~~ - -

day of sampl ing average short-term van e- 7 ’
tions in gas concentrations related to — 

~ 1i’~~—~~ - •anesthetic techniques employed and induc- / fT ~“ ,
tion and recovery phases. 

- / /• /
//  

,‘/ / j
Air samples obtained wi thin the breathing Fl ure 9zones of personnel are representative of
gas concentrations actually inhaled . The
breathing zone has been defined as a
frontal area within 6- 10 inches of the
nose. A convenient breathing zone site
is the midpoint of the clavicle (Figure 9).

Breathing zone sampling is to be distinguished from general area sampling .
Area sampling is justif iable only when it has been clearly demonstrated
that gases are evenly distributed . Th i s requires the analysis of multiple
samples in each room .

In the operating room when all leakage is under effective control , gas
concentrations are apt to be similar throughout the room . In this event ,
area sampling is appropriate . In the dental opera tory , even wi th the most
effective availabl e control measures , considerable gas leakage is apt to
occur from the region c-f the mouth and nasal mask. Here distribution in
the room is always uneven and breathing zone sampling is strongly indicated .

Gases to be Monitored : N20 as a Tracer of the Potent Agent

The theoretically Ideal air monitoring program might measure all anesthetic
gases employed in the suite . However , it could be much simpler to monitor
one agent rather than two . If the single agent selected for monitoring
could serve as an indicator or tracer of the other , then information would
be availabl e on both agents .

The choice of agents for monitoring cannot be based on determined toxicity .
It is not known whether N20 is more or less toxic than the more potent

• halogenated anesthetics; no distinction among the potent agents is possible.
N20 Is chosen for monitoring on the basis of frequency of occurrence of

9
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insideous leakage and technical feasibility of rout~ne measu renent. Further
indications for an air rr~onitor ing program based on N~O is that this gas can
serve as a tracer of the potent agents administered in combination with it.

The tracer concept is upp l icable to high flow
breathing systems in which the concentrations
of gases are controlled by the flo~ nete r
settings . Upon leaking into the room air ,
the gas concentrations are reduced by
dilution , and stirred by the air condition-
ing system thus insuring the persistence of
similar proportions of gases. A gas mixture
frequently administered to the patient includ e-s . ____ ____ ______3:2 1 /mm N20/02 wi th halot bane 0.05 1/mm . ..,~ 

--

In this mixture the ratio of N20 to halothane ‘ - _ - ---~~~~

Is 60:1. A similar ratio is lT ke ly to be —

found throughout the room . Parallelism of 
~~~~~~~~~~~~~~~~~~~~~~~~ 

-
~

_ -“ 
~~~~

—

N20 and halothane is shown in simultaneous
measurements obtai ned during clinical
anesthesia (Figure 10). Non-steady state
conditions and leakage , not measured by gu~~ 10
flowmeters could disturb as approximately
60:1 ratio of N20 to ha loth ane . Such
disturbance Is often transient and possibly
insignificant for purposes of routine air
moni toring. Transient increases in gas
concentrations may occur when hi gh pressure
N20 lines are disconnecte d and when
vaporizers are fille d.

Measuremen t of Tota l Leak

N20 concentrations determined during clinical anesthesia easure total
leakage , including that related to the tec 5nique s of the anesthetist ) high
and low pressure components of the anesthesia machine ) and the ventilator.
A practical method of determining total leak is to survey the operating
suite , employing the N20 analyzer operating on battery power. If the
N20 concentration is low (less than 25 ppm), the result is rcccrded and
the analyzer is moved to the next room. If a high value is obtained ,
the analyzer is employed as a leak detecto r in a brief search for the
source of leakage . If the leak Is corrected , a reduced N 20 concentration
Is noti ceabl e wi thin minutes . This test might be completed at least
weekly; proposed OSHA standard is at least quarterly.

A persistently high concentration of N20 present in a room wi thout obvious
explanation suggests leakage In the anesthesia equipment. Significant• leakage in low pressure components i ncluding the absorber is easily

• excluded by the leak test previously described . Leakage in the hi gh
pressure N20 system l ikewise is easil y determi ned when the infrared N20
analyzer is available as described below .

10
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Measurement of Hi~ h Fc e s u rn  Leak

The N20 anal yzer p rov id es a p rac ti cal ~etnu d of -.

rapidTy surveying tn ~stire suite for hi gh ~- — - • - ~
--

pressure leakage. Conditions for the h i gh ~ - -

pressure leak survey jflClu~e h~ ~ng the hi gh ~~~~pressure hoses attached sn the gas machi ne~ , 
-~ - — -  

. . -

wit h flowmeter s off Anesthetics ~jSt nothave been USPu for at least an hour before I 
-

this test.  W ith  tce ami l - 
~asmed up,

zeroed , and operating on battery power , each
room is surveyed in st qurnc~ ~ corce trat ion
of N20 less thdn a~ ~~~‘iis ~t,nl y 2 ppm i~J ic a t e s -

reasonabl y ti ght hi gh ~ressure c~sp oient~ If Fl ’ rt~ Ha higher con ce nyat l ’n is f : ‘-
~~~~, ~t Is quickly

local ized , e-~~loj ing t~e an a i y~r as a leak
detector - . P~ :ui tc cf a h igh ~rs-~sure k test are s~ovn (I:igure 11). The
operating rooms jr the ~ui te are sc~ted on the hori zontal axis. It is
apparent that a hi ;h co-:ertr3tiori , 57 ppm is present in Room 1. This room
had demonstrated a csrcns trat ;on of only 1 ppm a few days earlier. Leakage
was localized t a crack in an N2 0 l i ne within the aresthesia machine.

This sa-~- n e , ‘wO - , was ser viceable for clinical anesthesia. In the
absence of the hi gh pr- ssure survey, l eaka ge could have gone un o e tecte d
for a long time . This test might be completed monthly, an d in  the
proposed OSHA stand a ro , this test is reoui red at least suart erly.

The N20 analyz e is a usetu l teaching device and it can enhance the safety
of the patient. ~4ben ~ N20 analyzer is c~nt inucus1 y operated during
anesthesia , it can instant1y inform the anest oetist of work practices
which pollute , and in-mediately
demonstrate the resultc of
corrective measures as well as 2Qrn H

providing objective evidence or
gas—tight fitting of the face
mask. The earl i est ~arnin ~ of
disconnection in the breat hing
system has been repeatedly
observed as a ri ue in room
concentration of N2 1). The
sensit i v it~ of thi s ~nethod is -

suggested in the recording of
N20 concentrations shown (Figure 12). 20E

Here the breathing system -~as in~~n- 
\

•

tionally disconnec ted fur suLti oning 
~.- -‘ 

- —

~

_-- -._ 
-

the patient. The p rom pt r i s e  of ~i~O ________________

within a few seconds , is rot ab le . 0 ~ ~c ~u
Conversel y, evidenc e of gas-tight MEr ~~,)

fittings throughout the breat hing oisco~~ci
system incl uding the endotracheal
cuff is provided in 1 ow p—e-Ia i li r~
concentrations of N20.

F1çur~ 12
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Air monitoring should be accomplished by a suitably trained person. The
occupational safety and hea l th department of the hospita l might carry
out the program , or selected indiv iduals among the anesthetists or
anesthesia technical staff .  Where no N20 analyzer is available , a i r
monitoring mi ght be done by the servicing organization responsible for
preventive maintenance of the anesthetic equipment.

SUMMARY AND CONCLUSIONS

While a few individuals might choose to accept the undefined risks of
occupationa l exposure , to do so is to expose not only ourselves , but
also unconsenting surgeons , nurses and technicians . In the lig ht of
the potential risks , it seem s reasonable to make use of all available
control measures whenever inhalational anesthetics are employed .

It appears that in the near future we will be required to make regular
use of effective control measures that are compatible with widely
employed anesthetic techniques . These measures include use of low-leakage
anesthetic equipment , regular preventive maintenance and leak testing
procedures and low-leakage work practices . The effectiveness of these
measures Is best assessed via the air monitoring program .

12

_ _ _ _ _ _ _ _ _ _



-- ~~~~~~~~ 
- ..

L R LN C L~
1. Bruce , O.L. and B -n , M.J. - Laboratory i~~c r  - Phyahol’u~ical

studies of human perIc~~arc~ 1 affected by It-uses of -~nflurane andnitrous oxide . A~~sthe io1ogy 42 :194 , l~~)7~~~.

2. Chang , W .C., Dudl ey , A .W. , Jr ., Lee , ?.K. aru Katz , J.: Ultras t ru ct u ra l
changes jr the ~~~~~~ ~~- tern aft-jr C h r u r l u  expos ure to halotharre.
Experimental Mtu r~~ogy ~+t 2L9 , l9R~.

3. Cohen , E. ’~., Brown , c . W . ,  3ruce , L L . , Cascor Li , H . F . .  ~u~i~ tt , T.H .,
Jones , ~~~~ and ~n i t~h~~, C : hcLuoa t onal di seus e among operating
room personnel A r-aticr study . Re~.rt o f an Ac Hoc Committee on
the Effect of Trace An t r etit ~-~ e: ts u the Health •Jpe:at ng ~oorn
Personnel . Ameri nan Society of — 

-
. . tn es ici oc i sts . hne~ uresi olo gy

41 :321 , 1974.

4. Cohen , E.N ., h r - ’ , B.~.., Lru ’:e , L. L . ,  Casce noi , H.F., Ccruets , T.W.
and Whitche r , C . :  A - s u r v e y  of a r~~ tretic health hazards a~-~r- : dentists :
Report of an Ar~eri~.ari Society u~ ~- e s thes i o~ogists Ad Hoc. Co iit:ee cn
the Effec t of Trace Ane ~~~~ or the Heal th of Opera ti n g  1~oen Personnel .
J Am Denta l Assoc 90: 29~ , 975.

5. Criteria for a Recommended St i rdard -- Occupational Expos~ re to Was te
Anesthet ic Gases and Vapors. DHE~J ( N I SH) Pu b l i cat ion ~umLer 77—140.
U .S. Department of Heal th . Education and ~clfare , Public Health Service ,
Center far Oisease Control , Na tionel Institute for Occupational Sc f e tv
an d Hea l th , March 1977 , 194 pp.

6. Fink , B.R., Editor : ToxicH~ ~f Anes enetics. Part Four , Tera togen i c
Effects . ,-A~l1iams and Wi~ k i ns Co , Fa~ timore , 1 968. p. 259.

7. Fink , B.R ., C u l l e n , B .F.~ 
5 n~~criet~c po l lut io n :  Wha t is -~ p~ening to

us? Anes th~ iology 45-79 , i97 5~

8. Knill-Jones , R.P., New~ian , B.3. and Spence , A.A.: ~neestbetic pL .ctice
and pregnanc y. Lanset , 807 , CE October 1975.

9. Kripke , B.J., Kelman , A . - ., Shah , N .K. , Balogh , K. and Handier , A .H.
Testicular reaction to prolonged exposure to nitrous oxide. Anesthesiology
44:104 , 1976.

10. Quimby , K.L., Katz , 3. and Bowma n , R .p .: Behavioral consequences in
rats from chronic exposure to 10 ppm halothane ~urin 1 early development
Anesthesia and Analgesia 54:628, 1975.

11 . Smith , G., Shirle y. A .W. : Failure to demonstrate effects of low concen-
trations of nitrous oxide and halothane on psychomo tor performance.
Br J Anae~ t . . 42:274, 1976.

13

_ _ _ _ i

_ _ _ _ _ _ _ _ _  - 
_ _ _



~~~~~~~~~~~ -

12. Spence, A.A., Cohen , E.N., et al: Occupational Hazards in Operating
Room - Based Physiciar Comparative study and Combined Analysis of Data
from the United States and United Kingdom . Accepted for publication
by the Journal of The American Medi cal Associati on , 1977.

13. Stevens, W.C. , Eger, E.I., II., White , A., Halsey, M.J., Mun ger , W .,
Gibbons , R.D . , Dolan , W. and Shargel , R.: Comparative toxicities of
halothane , Isoflurane , and diethyl ether at subanesthetic concentrations
in laboratory animals. Anesthesiol ogy 42:408, 1975.

14. Whitcher , C., Piziali , R., Sher , R. and Moffat, R.: Development and
evaluation of methods for the elimination of waste anesthetic gases and
vapors in hospitals. GPO Stock No. 1733-0071 $2.15 Supt. of Documents ,
US Government Printing Office, Washington DC 20402, 1975. DHEW-NIOSH
Publ ication No. 75-137.

15. Whltcher , C.E., Zimmerman , D.D., Tonn , F..M., Piziali, R.L.: Final
Report, Control of Occupation al Exposure to N20 in the Dental Operatory .
Contract Number CDC 210-75—0007 , U.S. Department of Health , Education ,
and Welfare, Public Health Service , Center for Disease Contro l , National
Institute for Occupational Safety and Health , Divis ion  of Survei l lance ,
Hazard Evaluation and Field Studies , Cincinnati , Ohio , Summer 1977.

14

— -; 

T: . - ~~.__——--‘~~~~~~~~- . -
_ _ .--—~~~~~~~ .- ,



APPENDIX A

~ l \NFORI) UNIVERSI IV M F II ) I ( :AI  ( T i - N I  ER1~ ~~ S IA - c  ( ) R i~ ( A L I l U R N I A  94305 ~ ‘ 4 15 ) 4 9 7  4 1

~r~IflgI ) I ~~~ ~~~~ I ~ ~ H”()I t i -  \ I I I l  ..I

!)~p d ’fm .n l  oft 4n .~ilh ,n0

December 9, 1 977

James C. Rock , Major , US AF , BSC
Consulting Bioenvironment al Eng i neer
Department of the Air Force
USAF Occupational and Environmental Health Laboratory
Brooks Air Force Base
Texas 78235

Dear Major Rock:

it seems tha t I should  respond i n  writing to your thoughtfu l letter of
November 3 and our telephone conversation of December 1 , 1977.

The use of a flame arrester such as you have suggested should make it per-
fectly safe to dispose of flammable mixtures via the direct line connectin C the
relief valve of the anesthesia machine to the atmosphere outside the building .

The direct line then becomes a universal disposal method , app licab l e regardless
of anesthetic agents whethe r flammable or nonflammable and irrespective of the
air conditioning system whe the r rec i rculating or nonrec ircu lating . Any
necessi ty for the use of comp lex disposal methods would be markedl y reduced
of not obv ia ted , such as dilution of the anesthetic mixture in the operating
room by means of fans and the use of the central vacuum system with water
sealed vacuum pumps.

in suggesting the probab le safety of disposal of flammable anesthetics via the
spark-arrester protected direct line you cite the extensiv e and favorable
experience of the military in the use of flame arresters in venting storage
tanks of flammable fluid s . I sus~-e.: t tha i a similar favorable experience has
been achieved in the pe t roleum industry. I have contacted a firm which manu-
factures and distribut e s flame arresters. We shall obtain a suitab ’e arrestor
and instal l t here after we have considered some i ndependent tests.

As to any necessity for the use of water-sea led vacuum pumps in the disposal
of flammable anesthet ics , Mr. David McWhin ney of the Compressed Gas Association
is aware of at least two documented cases of exp losions in centra l vacuum
systems emp loyed in the dispcsal of flammable agents. It is thus possible tha t
the CGA position is reasonable.

A more de li ca ..e question is whether flammab le anesthetics should be emp l oyed at
all. A strong tide is in motion to eliminate the use of such agents. The
most reasonable case might be made for the use of fluroxene , because of its
unique pha rmaco l og i ca l properties , but even this agent has been removed from
the market because of borderline fl ar n m abi u i t y. It appears to be purely a question
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Jame s C. Rock , Major , US AF , BSC
December 9, 1 977
Page 2

of time until flammable anesthetics are totally unavailable.

My final point is that with one qualification , you are we l come to use my - -

publication on contro l of occupationa l exposure as mentioned in your letter.
This is that you inc l ude mention of you r suggestion of the use of flame arresters
and my positive reaction to it , possibly by using this letter or appropriate
excerp ts from i t .

Again , thank you very much for your valuable suggestion .

Sincerely,

Charles Wh i tcher , M
Professor of Clinica l Anesthesia

CU : rbs
cc : R i chard diMon da

Joh n Lecky
Robert Piziali
E l l i s  Cohen
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