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SLMMARY

In Sgptember 1986 the Nationdl Inditutefor Oocupationdl Safety and Hedlth (NIOSH) recaived areuest to
evdugteexpoauresto nitrous axide and diranein the Saint James Hosaitd day Surgary annex, in Bulte Montana,

OnFdauary 2, 1987, two bregthing zoneand two ganard room ar sampleswerecdlledted for efhvane. Four
nitrous axide sampleswared o adlleded; two werebregthing zone samplesand twowereganard room sarples
Direct resding messLremantswaretaken during surgica proosouresin order tolocatelegksin theaneshesdogit's
equipmat, lesksinthe pop-off vave scavenging equipman, and ather sources of anesthetic weste ges contamingtion.

All four of theetrane samples exosediad theevaugtion aritaiadf 05 partsper million (pom) for hdlogeneted
anesthdiic egantsusad in combingionwith nitrousaxide. Theevduetion aitaiafar the helogeneted anesthetic egants
whenussddareis2 pom. Thelevdsfound onthetwo bresthing zone sampleswerebath 22 PPM. Thetwo
oagd roomsamplesweare28ad .3 pom. Thetwo bresthing zonear sarpesandyzed for nitrousaxidewerel 75
pemandlessthen 25 pom. Theganerd roomar ssamplesweare 25 pomand S0 pom. All highand low pressure
comedtionswere chedked for lesks aswell asdl partsof thescavenging sysem. Noleskswearedosaved. The
praebleressonfor thebuild up of highlevds o thenitrous axide and ehraneisnat enough ganerd vattilgioninthe
gpardingroom. Thareareabout 8tol0ar dengesper hour inthisaparaingroom.: Thareshoud beaminnmumd
20ar dengespar haur inangparaingroom . If thiswareaocompishad inthisfaality, thelevdsdf dl thesegeses
would prabedly bebdow theevdugtion aitaia

Onthebedsad theevironmentd dta, it wes conduded thet ahedth hezard exigied in the gperating room a the Saint
JamesAmnex Day aurgary from overexpoaLresto nitrous axide and ehvane: Recommanddionsonimprovematsin
theventilaion sydem areinduded inthisrepart.
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INTRODUCTION

NIOSH recaved arequet from the Director, Nursing Savices in Sgptember of 1986 to evduate the operating

roomintheday Surgay depatment & Sant James Amnexin Bute Montiana: Anevironmeni evelugtionwes
conducted on Feruaty 2, 1987. Environmentdl resitswere discussed with therequestor onMarch 9, 1987. The
oday in pafaming thisevdugionwesdueto the corflidsin the shedule of the urgary departiment and NIOH. The
Oday wesamuiud agreamant bewean thetwo paties

BACKGROUND

TheSant JamesAmex rdfared to as . JamesEadt isan outpatiant fadlity thet parfomsday surgary proosdres A
large number of these procedres aremesk indudions: Mask indudionsare prooedlres parformed without
intubetion of thepetiert, anly themesk isusad. Thisproosdureiscommonly used for tonsil gparaionsand Surgary an
infantsthet cannat beintulbeted. Mask indudions procedures uaLdly produce higher levdls of wede anedhetic ges
Only aneopading room isrouindy used for these procedures

EVALUATION DESGN AND METHODS

A.  BEnviromaid

Four nitraus axide breathing zonear sampleswere adllected by using vaouum pumpsand 20 to 40 liter
metlic begsattached tothewarker. Thesamplesweareandlyzed immediady onthesurgical floor using
infrared oecromery. Bttrane sampleswere adllected onwarkersusing argenic vigpor cherood sampling
tubesand vaouum pumps: Thesesamplesweareandlyzed acoording to NIOSH method 1003, Al the

gperaing room parsonnd wereintaviewed,
EVALUATION CRITERIA

Asaguidetotheevauetion of the hezards posed by workplaoe exposures NIOSH fidd &t engloy
environmantd evdugtion aitaiafor asssssmant of anumber of demicd and physcd egats Theeaitaiaae
intended to uggest levdsof expoareto which most workers may be expposad up to 10 hours per day, 40 hoursper
wek far awarking lifeimewithout expaiendng adverse hedth efedts Itis hovever, impartant to notethet nat
workerswill be protected from advearse hedlth effedtsif thar expoaresare maintained bow theselevds A sl
expaienceavare hedth effedtsbecause df individud Susoetibillity, apreexising medicd condition,

peroariagemey
ador ahypasangtivity (dlegy).

Inaddition, some hezardous SUbstances may adt in combainetion with ather workplace expoaures thegenerd
evironmat, or with medications or parsord hehits of theworker to produce hedlth effeds evenif the cooupetionel
expoaresaecontraled a thelevd st by theevdustion aitaion. These combined dfedsaredften not conddeared in
theevdugtion aitaia Also, somesubdances are absorbed by direct contact with the skin and mucous mambranes
ad thuspatentidly inoressetheovardl eqoosure Frdly, evdugtion aitaiamay dengeove theyearsasnew
infometion onthetaxic effeds of an agant becomeavaladle

Thepimary sourcesdf evironmentd evdugtion aitaiafor thewarkplaceare: 1) NIOSH GritaiaDocumantsand
recommacetions 2) the Amaican Conferenced Govarmeantd Induetrid Hygienss (ACGIH) Threshdd Limit
Vaues(TLV'9), ad 3) the U.S Department of Labor (OSHA) cocupetiond hedth dandards: Often, the NIOSH
recommenddionsand ACGIH TLV'sarelower then the coresponding OSHA dandards: Bath NIOSH
recommendationrsand ACGIH TLV'susLely arebesad on marerecant infarmietion then are the OSHA dandards
The OHA dandardsdso mey berequired to tekeinto aooount thefeeshhlity of contraling eqposuresinvaious
indeieswherethe agantsare usedt the NIOSH-recommended exposLrellimiits by contragt, are besed primaily on
conoarsrdaing to the prevention of cooupetiond diseese Inevadudting theexposurelevdsand the
recommenctionsfor reduaing theselevdsfound inthisrepart, it hould benoted thet indugtry islegdly reguired to
medt thoselevdsgpedified by an OSHA dandard




A timewdghted average (TWA) exposurerdasto theavaage arbome conoantration of asubdanceduinga
nomd 8- to 10-hour workday. Some sLbdanoes have recommendsd short-term expoaurelimits or calling values
which areintended to supplemant the TWA whearethare are renognizad toxic dfedis from high short-term expoaLres

Recommended ExposurelLimits
8Hou TimeWeaghted
BExpoaureBads(PPM)
NitrousOxide 250(NIOH)
Bhrae 20a 05(NIOH) 75 ACGIH

ppm - partsaf vgpar ar ar par million patsof contamineted ar.
*-1985ACGIH TLV
a- when ussd without nitrous axide

OSHA doesnat have dandardsfor these compounds
Toaxicdogcd

Inthe NIOSH aitaiadocument for arecommended Sandard for cooupationdl exposLreto anesthetic geses NIOSH
dates "Cureant dentific evidence dotaned fram humen and anime dudiessugoeststhet dronic expoaureto anesthetic
gesssinesssstherisk of bath gpontaneous abartion among famdewarkesand conganitd donomnditiesinthe offgaring
o ferdewakasand thewivesof mdewarkes Risksaf hepatic and rend disessssare d o inaresssd among exposd
personnd. Inaddition, physidogicd Hedlth Hazard Evaugtion Repart No. 86489 Page4

fundionmay beimpaired. A few sudieshave suggested incressed risk of canoer. Effedsonthecantrd nevoussysam
dueto acute expoauresto anesthetic geses have bean assoaiated with heedaches neuseg, fatigue imitablity, etic” Contral
prooaoures and work practices presanted in thet documeant, howvever, should prevent the effects caused by aoute exposure
and Sgnificantly reduicetherisk essodaied with longtem, low levd exposure A doseresponserdaiondhipfor
helogeneted anethtic taxiaity hesnat been ddfined. (Refarace?)

Thet sameNIOSH puldication recommends maximum expoaresto 25 pom nitrous axide (gh-hour timeweighted
average) and 2 pom hdogenated anesthetic when usad done, ar 05 pomwhen ussd with nitrousaxide: These
recommeancitionsare bessd ypon avaladle technd ogy in reduadng wede anesthetic geslevels

Repartsby Vasmen (Refarence 3) and Askrong and Havad (Referance 4) waereamong thefird to identify incressed
inddence of goontaneous abartion inwomen exposad to anesthetic gesesand inwives of men exposed to anesthelic geses
Regitsof amorerecant and comprehensiveretionwide sLrvey of oooupetiondl diseeseamong gparating parsonnd were
publishedin 1974 by the Amaican Soddy of Anesthesdogds(ASA). (Refaacel) Therealitsof thissudy indicate
“thet femde mambearsdf the oparating room+exposad group were Ll ect to inareese risks of goontaneous abartion,
conganitd ebonomndlitiesinthar dhildren, cancer, and hepetic and rendl diseese: Thisinoreesed risk of congenite
abnomrditieswas d 0 presant among the unexposed wives of male oparating room parsonnd. Noinoressein canoar wes
found among the exposad males; but aninaressad inddence o hepetic dissesesmilar tothet inthefemdewasfound.”

Whilesevard investigaorshave reported inoressad retes of resaption inanimes, paticulaty rats modt of thesesudies
invalved concantrations of anesthetic geseswidl bovethelevdsfound in cooupetiond exposre. Oneinvedtigetor
(Reference5) howed inoreesed



fetd degth ratesin two groups o rasfdloning eqpoauresof 1,000 and 100 ppmdf nitrousoxide. Doanicke €. dl.,
(Reference6) conduded from their quidy of anesthetized pregrant ratsthet helathene demondrates an ebartive effect
diredtly propartiond to the concentration inheled, again rfening to anesthetic concantrations; but nitrous axide doesnat
procucean oartivedfedt. Bruce (Reference 7) rqpartsno sgnificant difference, induding implaniaionsand resarptions
per pregrancy, in hisexpoared rasto 16 pom hdlathene

Svad gadamidogicd dudiesthet indicateinaresssd oontaneous bartions d o indicate an inoressad rete of congenit
donomdities TheASA sudy (Reference 1) aswl assurveysby Knilljones e d., (Reference8) and Coroett, e dl.
(Referance9) indicated an increesed rate of congenitd ebnonrdlitiesin children of women with cooupetiondl expoaresto
anesheticlevds Onedudy (Refarence 10, 11, 12) indicated liver, kidney, and brain tissue drangesin pupsbomtorats
exposad to sub-anesthetic concentraions of helathene during pregrancyy.

Thesamegadamidogicd and toxicdogica sudies (Reference 10, 11, 12) haveindicated aninareesein goontaneous
abortion and congenitd abnonrdlities: Thisinoresse, however, wiaslesspronounoad in both rate and severty.

Inagudy published by NIOSH (Refarence 13), "nitraus axide and hdlathenein regpedtive conoantrations aslow as 50
prmand 1.0 pom causad messradle decremantsin pafamence on some psydhdlogicd tedsteken by hedthy mae
gadugedudats Nitrousaxidedonecausad smilar effeds Thefundions goperently modt sansitiveto theselow
conoatrations of anestheticswearevisud peraeption, immediale memary, and acombaingtion of perogation, cognition, and
motor regponsesrequired inatask of divided attention to Smulteneousvisud and auditary dimuli.” Heededhe fatigue,
imtahility, and didurbence of degp have dso been reported (Refarences 2, 14); and damegeto oardord carticd neurons
hesbean ssminrasdter sub-aneshetic exposreto hdathene. (Referance 15) Quimbyy, e d., (Referenoe 16) reported
pamenat leaming ddfiatsin ratsexposed to anesthetic concantraions of helathene during ey devdlgomet (from
conoetion).

Martdity and gpidamidogicd dudieshaverasad thequetionsof posshlecaranogeniaty of aneshetic geses ut
affident detaarelacking tolig nitrous axide, helatheng, or ehrane ss Lugpedtad cardnogas

Litaraurereviewsregarding hdlathene (References 17, 18, 10, 20) indicate themost widdly anogpated mechenismof
hiotrandfametionisthe produdion of trifluoroeodticaod and bramide: Theliterature regarding eflurane (References 21,
22) doesnat indicate any one aoogated medheniam, but inaressad ssum and uinaty fluoridelevdswerefound in petients
recaving efluaneaneshesa Whilegademidogicd and taxicdogicd dudieshaveindicated sevard symptoms goperently
rdated to sUb-anesthetic exposLreto anesthtic geses, no cause and effedt rdationship hesyet beenshoawn,

A mall survey of 30,650 dentigsand 30,547 drarsde assdants grouped acoording to cooupetiondl expoaureto
inhelation anesthetid'sectivesin the dentd operatory indicated inaressad genard hedlth problemsand reproducdtive
dfficutiesamong aneshetic-exposed regpondants For heavily aneshdlicexposed mdedantidts theinoresseinliver
dsseewas 1.9fdd, kidney diseese 1.2-fdd, and neurdogicd diseese 1.9fdld. For wivesdf heavily aneshetic-exposed
maledmtidstheinoressein goortansousabartion raewas 1L.5fdd. Among heavily aneshetic-exposed ferdedardde
asdants theinoeseinliver dssesewas 1.6fdd, kidhey diseese 1. 7<fdd and neurdogicd diseese28fdd. The
increesein goontanenus bartion rate among heavily exposed essdantswas 2.3fdd. Canoa raesinwomen heavily
exposd toinhdation enestheicswereinareesed 1.5-fdld but thisfinding wes only bardadinesgrficant (P=006).
Sqpaaeadyssd thedetafor dsesseratesand birth difficuitiesby typedf inhdaion anesheticindicatesthet in bath
dmtigsand drarsde asdgants dronic exposureto nitrous axide d onelis assodated with an incressad rete of adverse
repone (Referance23) Itwould nat be correct to diredtly extrgpdate nitrous axide gpidamidlogical detatekenon
Oemtigsand dentd asgdanisto argcd opaaions Dentigsand ther essdantsaremuch dosar tothar wark and are
bregthing higher concantrationsthan Surgeons soub nurses and anethesdogids

In Novamber 1986 NIOSH paformed acomputer sserch of the sdentific literature on the anesthetic wedie geses
Informetion receiveed from thisseerch did nat add edditiondl light onthetaxicdlogy o theseagants



VI.

VII.

VIII.

ENVIRONMENTAL RESULTS

All four of theenvironmenia samplestaken for eéhrane exosded theevadugtion aritarig levdsweare 22, 22,28 and 1.3
pem. Threedf thefour samplestaken for nitrous axide exosadiad the evalugtion ariteria, theselevd sware 25, lessthen 25,
[75ad S0 pom Theevdugion aitaiafor ehvanewhen used with nitrous axideis 05 pom, when ussd donethe
evdugion aitaiafor dhraneis20ppm. Theevdugion aiteriafor nitrousaxideis 25 pom. Leskswearenat foundinthe
aneshesaadminigaing meching, the pop-aif vave scavenging sydem, or ay ather areadf theoparaing room. This
gperating room hed gopraximetdy 8to 10 air drengesper hour. If thegenard ventilaion wasinoressad o thet therewes
about 20 ar dhenges per hour thelevd s of wade anesthetic geswould probebly decresseto an acogptadlelevd. Infomd
inevienvswith thenurses nurseanesthdli€, and surgeon showed anlinteret in thettaxiodlagy of éhraneand nitrousoxide
Noneaf thewarkarsthought they hed hedlth problemsthet werework rdlated

CONCLUSONS

Ovaexpoaresto nitrousoxide, and ehvaneweredosarved duing thissurvey. Sncenolesksweredosavedinthe
aneshesdoge medhinear inthescavenging sydemthesource of expoaresae (1) Weadeaneshdlic gescomingfrom
themesk duingindudionand (2) Inauffident generd ventilation to exhaudt thewedteanedheticges With 20ar danges
per hour and prediding low flow anesthesidogy, it is posshieto kegp wedte anesthetic ges expoaLres e vary low levels
with apoarly gperding aveging sydam

RECOMMENDATIONS

! Air monitaring with pessive dosimelry should becontinued inthe day surgay.

2 Theventilation sygem shoud beimproved to dlow moregenard vertilationinthisroom: Twenty (20) to 26ar
dhengespar hour would begaimum. (Referance24)
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Bregthing Zoneand Genard Room Air Conoanirations

of NitrousOxide
S JEmesHogaitd Annex
Butte Montama
February 2, 1987
| (pm)
SardelD Job ing Time NitrousOxide
H GradaingNuse 839%a- 900a 25
E SoubNuse 841a-930a 25
B Gaad Room 845a-930a 175
A Gawd Room 84%a-930a 50
Bvdudion Gitaia

Limitof Detediion 1



eNo.
a1
a2
a3
a4

Bvdudion Gitaia

Limitof Detediion

Tddell

Bregthing Zoneand Genard Room Air Conoanirations

GradaingNuse
SoubNurse
Gaad Room
Gaad Room

o Bhrae

S JEmesHogaitd Annex
Butte Montana
February 2, 1987

ing Time

839%-940a
84la-930a
845a- 930a
849%-930a

(pom)

22
22
28

05
001



