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l. LUMMARY

OnJanuary 10,1989, the Nationd Indtitutefor Oocupetiond Satety and Hedlth (NIOSH) wasreguestied to
evduete expoaLresto weste anesthtic gesss (weg) in the hosaital gperating roomsand éhyleneaxide (BO) in
canrd processing & S James Community Hospitd, Inc, in Buite, Montana: Thereguesior wias concemed with
posshleleskegefrom the anedhetic equipmeant usad inthe gparating rooms and leskege from the BEO Seilizars
duing thedeilization processand duing theunlceding of thedailizer.

OnMach|5, 1989, NIOSH investigatars condudted an evironmentd survey a thehospitd. Parsond bregthing
zoneand areadr sampling and lesk detedtion testing was conduicted far nitrous axide (N,O) and hdlogeneted
aneshelic aganisin thethree gparating rooms (ORs) wharegengrd anesthesaweas admingered.

Ardysssof twenty-one pasord brething zoneand generd areadr samples adlledted in thethree oparating rooms
and recovary room showed conoantrationsof N,O ranging fram 2 to 200 partspar million (ppm), withameen of
23ppm. Threed the samples (15%6) exossded the NIOSH recommended expoaurelimit (REL) of 25 ppm for
N,O duing thepeiod of admindration

Timeweghted average (TWA) concantrations of isofluraneinfive parsondl and 2 areadr samplesranged from
0.04t04.50 ppm, withameen of .02 pom. Threedf the samples (43%) excsaded the NIOSH REL of 050 ppm
for helogenated anesthetic agantswhen ussd with nitrous axide: 1sofluranewasthe anly helogeneted anesthetic egant
usd duing thisevdugion

Timewaghted average (TWA) concantrations of ethylene axide (EO) on threeareasampleswerel37,43ad
02 pom. Thepasord bresthing zonesamplewas 0.7 pom. All ssmplesexcesded thelowvedt feesblelimit of Ol
pom recommended by NIOSH.

Onthebedsaf thedatadatained duing thisevauation, it wes determined thet apatentid for overexposureto
nirousaxideand isofluraneexiged far employesswarking in . JamesHogatd'ssurgicd uitesa thetimed this
uvey. Bhyleneaxidewasahedth hezard toworkersin Cantrd Prooessing. Recommanddionsaeindudedinthis
report thet mey assst the hosaitdl in contrdlling employes expoaLre to wede anesthdlic geses and ethylene axide

KEYWORDS SC80&2 (Gengrd Merdicl & Surgicdl Hospitdl) nitrous oxids, isofiurane ethrane, helothene, wegte
aneshdlics savenging dhyleneaxide, Sailization, xyleng laboratory sty


adz1
On the basis of the data obtained during this evaluation, it was determined that a potential for overexposure to
nitrous oxide and isoflurane existed for employees working in St. James Hospital's surgical suites at the time of this
survey. Ethylene oxide was a health hazard to workers in Central Processing. Recommendations are included in this
report that may assist the hospital in controlling employee exposure to waste anesthetic gases and ethylene oxide.

http://www.cdc.gov/niosh/hhe

INTRODUCTION

OnJanuary 10, 1989, NIOSH recaived arenuest from & JamesHosaitdl in Butte, Montang, for ahedlth
hezard evdugtion. Thereguestor was concamed with possble exposLre to weste anesthetic gesesand
vaparsinthe hogaitd'ssurgicd operating rooms and exposuresto éhylene axidein oantrd processing
Thaewaenoarpoyescomplans Manegamant wesinterestad in dhecking theresLitsof their inhouse
monitaring and thet perfamed by consultanis

OnMarchl5, 1989, NIOH investigators condudied an evironmantd survey a thehogaitd. Duing this
evaduetion, beckgroundinformeation on the neture of the hogpitl operaionswas dotained, and persord
bregthing zoneand areadr sampling was conduded for nitrous axide, istflurane, and ehyleneaxice.: The
reaitsof theseandlyseswere provided to therequestor by phonein April of 1989.

BACKGROUND

. JmesHosaitd, located in Buite, Montang, providesavatiely of hedth caresarvices induding inpetient
and oupetient urgicd savices Thesurgary departmant cong s of four operating rooms arecovary room
and sverd aupply and dorageroams: Rarsonnd invalved insurgary indudeasorub nursg, dradaing nursg,
anethesdogd, andasurgeon. Other individuelsmey beinvalved dgpending anthecomplexity of the

Theroomséther haveavaouum comnedion for atedment of thescavenging sydem, ar the
Saveging hoeisatachad totheexhaud generd roomvattilgion gille Ganad veartilaionissupplied
through varislocated inthehdliways inthe adlings of the gperating roomsand gpenwindowsinthearees
ramoved from thesurgica roams

A gesdailizer which usssethyleneaxideislocated in oantrd processing. Thedilizer isrecessedintoa
mechenicd aooesshdiweay. Thisareaisequipped with exneust vantsand kept under negglive pressurewith
regpect tothemein oantrd supply roomarea. Thedailizer isaso equipped with locd exhaudt vartilaion.: At
thecompleion of thedeilization oyde thedtailizer door isaracked dightly (15 degrees) for fifteean minutes
Duingthistime pasord leavetrenggdivepressrearea. Fdlowing thisintavd thedilizer isemptiedinto
avenilated and exhauded agration dhamber. Only aneenmployeewarked inthe dailizer areaa thetimeof
thisarvey.

IV. MATERIALSAND METHODS

NIOSH investigetars condudted an evironmantd evaugtion  thisfadlity onMarch 15,1989, The
gperating room survey was designed to asssssampl oyeeexpoaresto nitrous oxideand isoflurane used
duingsurggy. All petientswereiniubeted during thisevdugtion.: Rersord ar ssmpleswereather
adledted inthewarke'sbresthing zone or ssareasamplesinthevianity of thewarker'shreathing zone
Thesampesfar nitrous axidewere adllected using vaouum pumps oparaing a 200500 akic
cenimaarspar minute (aoimin). Theexhaldt part of eech pump was attached with Tygontubing toaninatt
Teda 40liter beg. Mo samples (if feesbl€) were adllected for the duration of the surgicd procedure, with
begs dhenged as necessary for thelonger prooadres: The 0 liter beg ladsfar surgicd prooaduresthet do
nat excesd two hours: Bagsweareimmediady andyzed a alocation outsde of thegparating roomarea
using aninfrared andlyzer (Faxdooro Miren 1A Organic Vapor Ardlyzer) in acoordencewith NIOSH
andlyticd method 6600!

To asessamployes expoarestoisifiurane used during Surgay, parsord bresthing zoneand aeasamples
wereadledad onthe same pasonnd weaing thenitrous axide cdlledion begs: Sampling pumpsware
operated & gopraximetdy 200 aoimin, and connected with Tygon tubing to organic vgpar dhercod




adlediontubes Sarpesweareandyzed in acoordencewith NIOSH andytical method 003 usng ages
drametoggphwithflameionization*

All threedf the gparating roomswere evaueted for equipment leskepe during surgicdl procedures The
infrared anelyzer westeken into the gparating rooms and, usng aflexidle ssmpling probe, dl highandlow
pressurecomedionswere chacked, aswl asfacemesk, tubing, dip comnedions maeand famdenitrous
axideconnedions and dl partsof theanesthelic catt.

Toasessanpoyesexpoaresto ehyleneaxide pasond sampleswere cdlledted near the bresthing zone
o theaneemployeewho gparated the Seilizer during the gperating cydeand during theunlceding of the
dailizer andlcedng of theagdar. Areasamplesweareadleded indl aresswheareleskegewasmog likdy
toooour. Sampleswere calledted using vaouum pumps oparaied at 100 odimine The pumpsware
comedted with Tygon tuing to asamping train containing ahydrogen bromide adtivated cheraod sampling
tube Thesamplesweareandyzad in acoordencewith NIOSH andlyticd method 1614 for etyleneaxide?

EVALUATION CRITERIA

Asaguidetotheevauetion of the hezards posed by workplaoe exposures NIOSH fidd &t engloy
evironmeantd evaugtion aitaiafor essessmant of anumba of demicd and physcd agants Theeaitaia
areintended to uggest levd s of expoaureto which most warkersmay be exposad up to 10 hours per day,
40 hourspar wesk far awarking lifeime without experiendng advere hedth effeds Itis however,
important to notethet nat dl workerswill be pratected from adverse hedlth efedisif their eqposresare
mantaned bdow theselevds A sl paroantage may exparience advarse hedth efedsbecause of

indvidud susoeptiballity, apre-exiding medicd condition, andlor ahypersanditivity (dlegy).

In addition, some hezardous subgtances may act in combination with ather workplaceexpoaures the
oganad evironmat, or with medications ar parsond hehits of theworker to produce hedlth efedsevenif
the cooupetiond exposresarecontralled a thelevd st by theevdugtion aitaion. Thesecombined efeds
aeditennot consdarad intheevdudion aitaia. Also, some sUbdanoes are aosorbed by direct contact
with the skinand mucous mambranes and thus patentialy inoressethe overdl expoaure: Findlly, evalugtion
aitaiamay dengeove theyearsasnew informetion onthetaxic effedtsof an agant becomesavaladle

Thepimary sourcesdf evironmantd evdustion aiteriafor theworkplace are 1) NIOSH Gritaia
Dooumantsand recommendations[Recommendad Expoaure Limitsar REL Y, 2) the Ameican
Cofaenced Govenmantd Indudrid Hygeniss (ACGIH) [Thresdhdd Limit Vduesar TLVY, ad 3) the
U.S Depatment of Labor, Oocupetiond Sefety and Hedlth Adminidration (OSHA) oooupetiond hedlth
dandards[Pamisshle Exposre Limitsor PELY. Often, the NIOSH recommenddionsand ACGIH
TLVsaelowe then thecoresponding OSHA dandards Bath NIOSH recommenddionsand ACGIH
TLVsuadly arebessd on morerecart inffomation then arethe OSHA dandards The OSHA dandards
dsomay berequired to tekeinto aooount thefeeshility of contralling eqoosuresin vaiousindudrieswhae
theagantsare used; the NIOSH-recommended expoaurelimitsare besed primarily on conoarsrdating to
the prevention of cooupetiond dissese I evauating theexpoaurelevdsand the recommendetionsfor
reduaing theselevdsfound in thisrepart, it should be nated thet indlgtry isregired by the Oooupetionel
SHdy and Hedth Adt of 1970 (20 USC 68, et s53) to medt thoselevd sgpedified by an OSHA dandard.

A timewdghted average (TWA) expoaLrerdarsto theavaerage airbome concentration of asudance
during anommd 8o 10-hour warkday. Some sUbdtances have recommended short-tem expoaurelimits
ar aaling vdueswhich areintended to SLppdemant the TWA wharethere are recognized taxic dfedsfrom
high shart-tem expoaures



A. Aneshdlic Gasss

Repartshy Vagmen and Askrog and Havald wereamong thefird to identify anincreesed
inddence of goontaneous abartion inwomen exposad to anesthetic gesss and inwives of men
exposad to anesthetic gesss>® 101974, the Amarican Sodidly of Anesthesdogigs(ASA)

pubished theresuitsof asudy indicaling "thet famdemembarsdf the gperating room-exposad group
weaes et toinoessad isks of goontaneous abartion, congenitd aonomditiesinthar dhildren,
canoer, and hepatic and rendl diseese™” Thisrepart dso showed aninareesed risk of congenite
abnomitiesin offgaring of mele operating room parsonnd. Noinaressein canoar wasfound among
tfeexeosaj mees but aninoressad inddenceof hepetic dissesedmilar tothet inthefemdeweas
found!

Inastudy pubdished by NIOSH in 1976, N ,O and hdlathenein respective concantraions aslow s
50 patspar million (ppm) and 1.0 ppm causad messrable decramantsin pafomeanceon
psyddlogicd tedstaken by hedithy maegraduatesudants® Nitrousaxide done causad silar
dfedts Thefundionsgoparenty modt sansitiveto theselow concantraions of anedheticswerevisd
perogation, immadiae memary, and acombingtion of perogation, cognition, and motor reoonses
requiredinatask of divided attention to Smultaneousvisud and auditory dimui.” Heededhe fetigue
initzhility, and disurbance of degpweredso reported

Martdity and ather gaidemidogic dudieshaveraisad the question of posshlecaranogeniaty of
aneshelic geses but auffident detaare presantly lacking to lig NLO or halathene as suspected
caanoges

Inadudy of dentists Cohen et d. compared exposed parsonswiho usad inhdation eneshetic more
then 3 hourspar wesk with acontrd group who usad noinhdation anesthetic. Theexpossd graup
reparted aratedf liver disseseof 59 paraart, in compatisonwith arate of 2.3 percant inthe contrdl
group. Spontansous abortionsweerereported in 16 percant of pregnendes of thewives of exposad
dentists in compaisonwith 9 paraarnt of the nonexposad® Thisdiffeencewesgatidicdly sgnficat;
however, it should be nated thet the rate of qpontaneous ebartionsfor dl pregreandesrangesfrom 10
t0 20 percant.® Thisstudy did nat identify the Spedific anesthetic being usad by the dertiss Surnveyed,
thet is whether they used N,O danear in combination with ahdlogeneted apat® However, ina
review of thet sudy, NIOSH conduded thet "the hel oganeted anesheticsdone do nat explain the
postivefindingsof thesunvey and NLO exposremud beaimpoartant contributing factar, if not the
pindpd fadior.*° Thiscondusionishesad on acaaulaion which assumed thet ssmany as 1in 10 of
thedentigsusing aninhalation anesthetic amployed ahdogerated agant. If theaoud fradionisless
then 1in 10, theconduson hesadded drangth




Inadocument recommending adandard for cocupationd expoareto wade anesthetic ges NIOSH
recommanded amaximum exposredf 50 pom NLO onatimeweghted average bessduing the
aneghetic adminisraionin dantd offices® Thisrecommendietionisbesad primatily onavalede
techndogy inreduding wede anesthetic geslevdsin theseeviromants

When N,Oisusad asthe sdleanesheiic egant in mediicl procedures NIOSH recommendsthet
oocupationd expoaure be contralled so thet noworker isexposad & TWA conoantradions grester
then 25 pom during the pariod of adminidration. NIOSH recommendsthet cooupetionda expoareto
halogeneted anesthtic agants be contralled so thet noworker isexposed a concantrations greter
then 2 pom of any heloganeted anedhetic agant during the pariod of enesthetic adminidration. When
used in comingionwith N,O, heloganated anesthtic agents should be contrdlled to 05 ppom, which,
gangdly, canbearived & by contrdling NLO toa TWA conoentration of 25 ppm during the period
of anethetic adminiration® Thareispresantly no OSHA sandard for nitrous axideor the
halogeneted anesthetic agents Howeve, inits " Natice of Intended Changes' for 1986-87, ACGIH
hesproposed TLVsof 75 ppm for ethrane, and 50 ppm for hlothene™

Ehvane Oxide(BO)

Theaouetoxic dfedsaf HOinhumansand animésindude acute ki, rearetary, and eye

imtation; skin sangtization; neuses, vamiting, diarheg; and nevoussydemeeffeds Nommdignent
droncdfedsin humansindudeanamiaand resairaary imitation. Further, cooupetiond exposuresto
BO mey inoessethefrapuency of mutationsin humen populaionsasnatedinal 977 NIOSH aitaia
DoornerBt.'2 Morereoently, casesof periphard neuropethy among expossd warkershave been
reported.

A recart sudy demondratesthat BO induoes canoer in equaiimanta animds™ A doserdated
inoressein mononudear cdll lelkemiawas estadlished in thet fudy; expoaresaslow asl0pom
incressad thepropartion of femderatswith lekemia. Expaimantsindicatethet BO expoaLreto
ather maear femdeanmésredtsin advesedfedson rgarocudtion ™

Inhumens gadamidagicinvestigetionsof canoer martdity among Svedishworkersexposad to BO
uggest aninaressad risk of leukemiaand ather cancars™® Reoart informetion also sugget thet BO
isassodted with dromosomel abnamdlitiesiin paripherdl lymphooytes of expossd workers'®
Based onthisinformétion, NIOSH recommendad inal 981 Currart Intdligence Bullein thet O be
regarded in thewarkplace asapatentia oooupetiondl cardnogen, and thet expoaurebereduced to
thelowes fessbleleve.® An8-hour TWA bdow 0.1 pom, and acsiling limit nt to exossd 5 pom
duing any [0 minute paiodin aworking day isrecommended® Thecurent OSHA sandard for
BOisl ppmasa8hour TWA, withanadionlevd of 05 pomwhich triggersemployeeexpoaure
monitaring and medica surnvellanceprovisons? OSHA hesaso proposad anexaurdonlimit of 5
pemover al5-minuteexposure paiod (53 CHRI724, January 21, 1988). Duetoitshigh canoer
potency inexpaimentd animds the ACGIH recommendsa TLV of | Opomasan 8hour TWA



VI. RESULTS
A,  WadeAnedhdic Gasss

l. NitrousOxide

All nitrousaxide parsond bregthing zoneand genad room ar samplesarepresanied in Tedle
1. During the proosdresmonitared, conognirations of nitrous axide monitored ranged from 2
t0 200 ppm. Theaverage concentraion wias 23 ppm and 1526 of thesamples excesded the
NIOSH PEL of 25 ppm per procedure

2. 1sflurane (Hdogareted Anethic)

Table2 prestsreadtsof theevironmentd samples adlledted for isoflurane usad dong with
nitrousaxideduring thesurgical prooanlres Conoantrations of isoflraneranged from 004 to
45 ppmwith an average concentration of .02 ppm, and 43% exossded the NIOSH REL of
05pom. Isofluranewesthe only heloganeted anedheic agant used during thisevalugtion.

3. Lek Teding

All operating roomsweregaat checked for legksin thehigh and low pressreconmnedionson
theanedhdic cat and dl thevarioustubesgaing to and fromthecat. Sl leskswere
aosaved inthe popaff vave areg, around theface mesk, somedof thedip connedions and the
nitrousoxidegescomedions Nonedf theselesksweare siousand most were corrected
whenthey werefound,

B. GesSilizar Area

Theresitsof thedr ssmplestekenfor ehyleneaxideduring the oparaion of theges ailizer are
presmtedin Teble 3. Theoneparsond sampledf 0.7 ppm exossdsthe NIOSH REL of lessthen
0.1 pomasan 8-hour TWA,; it doesnat exossd the OSHA PEL andthe ACGIH TLV of | ppmas
an8hour TWA. Twod theareasamplesdid show leskege behind the dilizer and around thefront
door s Thehighest conoaniration of 13.7 pam, wiasfound behind the gilizarsin the corfined
manteencedley. Thedailizer isvenilaedinothefloor danbeind thedailizar. Thedanpipeon
thedailizer should beedtended further into thefloor drainto prevert theleskege of EO during the
purgecyde Unil thisstugtioniscomedted, meintenence should nat be parfarmed during theuse of
thedsilizer. Theathe high reeding of 4.3 pomwasfound & thefront door of the deilizer ad wes
prabebly caused by someof the dffgessing when the terilizer door wes aradked. Employee
expoauresfromthissourceare prabebly nat subgtantia, becausethe viartilation abovethedoor
cpuressmod of thisges: Thissampewestekentoiliudratethereisdill BO inthe dailizer ad
precautions shauld betsken to diminsteemployesexpoare duing thegpening and eptying of the
dailizer. Theather aeasample (0.2 pom) wes adlected a the BO upply oylinder. Thisdoesnat
indicateleskage df the oylinder but proebly illuetratesthet the generd bedkground levd behind the
dailizer tobeabout 02 pom. Thisisprobedly dueto thedrain pipeon thedailizer emitting some
BOinotheganad ar duingthe purgecyde



VII. DISCUSSION AND CONCLUSONS
A. Wade Aneshdlic Gasssand Vaoars

Asindicated by theresLitsof theavironmenta sampling, conoatrations of wede anesthetic gesssand
vaporsweareusLdly mantained bdow theNIOSH RELs Two of thethvee ovarexpoareswere
parsord bregthing zonesamples: Fadarswhich caninfluence persond expoauresinthisareacan
dengeove time Thardarg itisnecessary to regulaly examinedl aress of exposLrecontrd to
identify any dhortoomings Toassd intheidantification of prodem aress alrief dsoussondf someof
thekey aressnecessary for conirdlling employeeexpoauresispresanted b ow.
. Equipment Mantenence
Regular maintenenced theanesthdiic cat and dl thehigh and low pressurecomedionswill
asdindimirging leskege Recant detaindicatethet lesksfromthehighand low presare
adivay sygemsreaLiting from poar mantenence of theanesthetic unit areaprimery source of
e eintheOR“ Background N,Olevdsdf 5 pomand greder genardly heve
been asoaaed with lesksin the high pressre ges ddlivary system, whichindudestheN,O
ply lines the comnedions at and betwean the calling and anesthesameching and thecontrd
vavefromtheflovmeter During anesthetic adminisration, low pressurelesks may ooor
betwean theflovmetersand bresthing hoses (induding theflovmeter, vgparizer, resarvar beg,
popoff valve endatrachid tube, autométic ventiletor, and CO, abosorber) and canbea
sgnificant sourcedf expoare

2. Samgng

A ssavaging sydam conggsaf acdlledion device (LsLelly connedted to the popaf, vave
whichisthemgiar sourcedf anesthetic gespalution), ameansof dgoosd, ada
pressurebdandng deviceif nesded. Depanding onthe particular type of anesthetic
equipmant inuse, cavenging adgptars should belocated & the popoaf vavefar thedrde
aosorber, nonregthing vave, T-tube, and ventilator. Scavenging mey benecessary & other
locationssuch astheexit part of the CO, meter, whichisoften asource of wede aneshetic ges
expoareintheOR

3. Gagd Vaiildion

Whilelocd exdhaud vattilaion (Scavenging) isthe prefered method of dimineting weste geses
oganad rcomvertilaion playsanimpartant rdein mainiaining acogatadewede geslevdsinthe
OR. Ressorsfor mainiaining good generd ventilation exdnengeratesindudethergaid remova
of wede gesss generatad asaresult of aneshesiaindudtion, poory fitting facemesks
impropety inflated endatrachid tubes and low ar high pressurelegkswhich may aocedarelly
devdopinthesygem Whileinoressng thenumber of deenar dnengesdoesnat dimingethe
ourcedf theanesthtic gesss it doesleed to the mare effedtiveremovd of theweste gesesand
vaoars thereby reduding themegnitude of enployeeexposre. Asaminimum, opadaing
roomsshould be provided with a leset 20 air changesper hour?

Although no expoares abovethe NIOSH REL. wearefound intherecovary roomduing this
uvey, itisdill important to ensrethet adequsteamounts of fresh ar arebaing brought into this
aea. Ganad vattilation shoud be cgpeble of ramoving thewedie anesthetic gesesexpired by



thepetiet. Therecovary room should beprovided with &t leeet 6 air cdhengesper hour?
4. Work Pradtices

Proper work pradicesare dso akey demant in contralling wedie anesthetic ges expoares
Onedudy estimated thet 94 to 99 peroant of dll wegte gesexposrein ORsequippaed with
propery-desgned scavenging componanisimay betheresit of poor work practicesby the
aneshdit® Improper wark pradiicssindudetheusedf poorly fitling facemesks inaUffidert
inflation of endatrachid tubes and aillage of vaaileanesthdic agantswhilefilling vgparizars
Degatecondant atention to good anesthetic tedniques it isnat dwaysposshiefor the
aneshesdogd to beaware of posshleleskegefromthesesources Itisimportant thet the
ganad vatilaion beadequeteto removeany wede anedheticsthet might resLit fromthis
urce

5. BExporeMaonitaing

Toddamiretheefedivenessof exposLrecontrd programswithinthehogaitd, it isnecessary
to paiodicaly monitor employesexpoaresaswel asmonitor equipmeant for leskege
Sampling and andlyticd prooedures such asthose provided in the NIOSH ariteriadocument
should bereferenced for further gidancein theconduat of parsord monitoring

B. BEhieneOxide

Therestsof theenvironmentd samples adllected during the oparation of the ges Srlizer howed
exaessvelevdsaf BBO. SnoeNIOSH consdarsehyleneaxideto beapatentid caranogen, efarts
shoud begated immediady tolower theseconoantrationsto thelowest possblelevd. Seauingthe
edad vat tothefloor drain behind the BO Sailizar mey asddt indiminging meet of the BO
expdladinto thewark soeceduing thepurgecyde If thisdoesnt diminetethe exoessve expoaures
morediuionventilation Soud beinddled. Themenufedure rgresanidivethat savicessthismedine
shoud mekearethet dl connedionsand the door gesketsarewdl| tightened.



VIIl. RECOMMENDATIONS

A. Wade Aneshdlic Gasssand Vaoars

Thisrepartidentifiesnumber of areesthat should beexamined to continueto esre thet wede anedhetic gesesare
propaty contrdled inthe ORs Marerecommendtionsand vauedleinfomaionisprovided inthe NIOSH
Qritariafor aRecommended Sandard... Oooupetiond Exposureto Wagte Anesthetic Gasesand Vapors® A
oopy of thisdooument wesgiven to the hogaital.

B. BEhvieneOxide

Thehogaitd should continueitsefartsto reduce BO expoaresto thelomves possblelevd. Adhaencetothe
guicHinesconianad inthe NIOSH Soadd Oocupdtiond Hazard Review with Conird Reoommenditionss Usedf
BihvieneOxideasaSailant in Medicd Fadlities NIOSH Quirart IniliganoeBulldin 35 BimieneOxide, and the
providonsof the OSHA danderd for ehylene axide, should hdpto earethet employec expoaresare
meintzined a astfelevd 222

IX. REFERENCES

1

Natiordl Instituefor Oooupetiondl Sefety and Heelth. NIOSH menuel of ardlyticl methods Third Ed,
Ginginreti, Ohic: Netiondl Insitutefor Oooupetionel Sefety and Heelth, 1984, (DHHS publicaionno. (NIOSH)
84-100).

Vagren Al. Waking conditionsin surgary and thar effed onthe hedlth of enesthesdogids EkpKhir
Anetezid 1967,3.44:9.

AskragV, Havadd B. Teaaogen efect of inhdaionsanestetika Nord Med 1970.83:493-504.

Cohen EN, Bromn BW, Bruce DL, Casoorbi HF, Corboett TH, Jones TW, Whitcher C. Oooupationd diseese
among oparaing room parsonnd: argiond sudy. Aneshesidogy 1974:41:321-40.

Nationd Indtitutefor Oocupationd Sefely and Hedth,: Effedsof trace concantrations of anesthetic geseson
behaviord pafamenceof operating room parsonnd. Ginainreti, Ohio: Nationdl I nstitute for Oooupetiondl Sefety
and Hedlth, 1976. (DHEW pubdication no. (NIOSH) 76-179).

Nationd Inditutefor Oooupetiond Sty and Hedth. Griteriafor arecommended Sandard—oooupationd
expoaretowadeaneshalic gesesand vgpors Gindnnati, Ohio: Niationdl I nstitute for Oooupetiond Sefety and
Hedlth, 1977. (DHEW pubdication no. (NIOSH) 77-140).

UhlirovaA, Pokamy J Resitsof questionraresunvey of hedth demegeto anesthesdogds Razil Chir
1976:53.761-70 (Cze).

Cohen EN, Broan BW, Bruce DL, Casoarl HF, Carbett TH, Jones TW, Whitcher C. A survey of anesthetic
hedlth hezardsamong dentigts regpart of an Ameican Sodey of Anesthesdogigsad hoc committeeontheeffect of
trace anestheticson thehedlth of operating room personnd. JADA 1975,90:1291

Bond M. Saemat of the Amaican Cdlegeof Obderidansand Gynecdlogigson video dgdlay termindsand
rgorodudive hedlth to the house Subocommitiee on hedlth and sefety, committee on education and lebar.
Weghington, DC, May 8, 1984.



10.

14.

16.

17.

19.

Nationd Ingtitutefor Oooupetiondl Sty and Hedlth. Contrdl of oooupetiond exposreto N,Ointhedentd
. Gndrnreti, Ohio; Nationdl I ndtitutefor Oocupetiond Sefety and Heelth, 1977. (DHEW pubdicaionno.
(NIOSH) 77-171).

Amaican Cofaenced Govanmand Indugrid Hygeniss Threshdd limit vauesand bidogica eqoosureindioss
for 1986- 1987. Cindrrli, Ohio, Amaican Confaancedf Govanmantd Indusrid Hygenids 1986,

Natiordl | ndtituiee for Oooupetiondl Sefety and Heelth. Spedid oooupetiondl hezard review with contrd
recommakionsfor theused dhyleneaddeasadailant inmedicd fadliies Ginannati, Ohia: 1977. (DHEW
pubicationNo. (NIOSH) 77-200).

Gross A, HassMIL, Swift TR Bhyleneaxideneurataxiaty. Report of four cesssand review o theliterature
Neurdogy 1979,29: 978-933.

Sdling WM., CS Wdl andRR. Maonpart: Fird report on ehylene axidetwo-year inhdlaion sudy onrats
Prgett repart 44-20, Bushy Run Research Canter (famery Camegie Mdlon Ingtitute of Reseerch), Januiery 28,
1981 Submitted by Union Cathide Corparaion tothe U.S Environmentdl Pratedtion Agency under Sedion8(€) of
the Toxic Subdances Contrd Ad, on behalf of co-gponsarsaf the sudy (Februery 1981).

Whitten communication. FHrdl repart on ethylene axide one-generation reprodudiion inhelation Sudy, Projedt report
42-7, CanegeMdlon Inditute of Ressarch, May 1, 1979. Submitted by Union Carhide Carporaionto the U.S
Environmenta Pratedtion Agency under Sedtion 8(€) of the Taxic Subdances Contrd Adt, onbehdf of the
co-sponsorsthesudy (ne 1979).

LaBarde JB. and CA. Kimmd: Thetaratoganiaty of ehyleneaxideadminisered inravenoudy tomice
Toxicd. Appl. Pharmeodl. 56: 16-22 (1980).

Hogeedt, C. O. Rohlen, B.S Bandisson, O. Axdsonand L. Ehvenbarg: A cohart sudy of mortdity and canoer
inddencein ehyleneoxide produdionworkers Br. J Ind. Med. 36:276-280 (1979).

Hogeedt, C., N. Mamovig, and B. Wadman: Laukemiainwarkasexposed toehyleneaxide JAMA
241:1132-1133(1979).

Alrahams RH.: Reoant dudieswithworkersexposad to éhyleneaxide, inthe ssfeuse of ehyleneaxide
Proosdings of the educationd saminer, JF. Jorkesky, ed. Hedlth Industry Manufacturers Assodation,
Waehington, D.C., HIMA Report No. 80-4, pp. 27-38, 211-220 (1980).

Naiordl Instituefor OooLpetiondl Sefety and Heelth. Cunert Inlligence Bulletin 35, Ethyleneaxide: Qinginret,
Ohic: 1981 (DHHSpublicaionno. (NIOSH) 81-130)

Miller D. Tegtimony to DOL, Oooupetiond Seety and Hedlth Adminigtration, Proposed Rue: Oooupetiond
expoaretodhyleneaxide LUy 20, 1983,

Ooapetiondl SHety and Heelth Adrinisraion. Ethyleneaxide, U.S Det. of Lebor, Oooupetiondl Sefety and
Herith Administration. Sedtion 1910.1047 acided by 40 FR 32031, 1ne 19, 1981

Gavraal, Robage B. Monitaring of nitrousaxidein opaaing rooms: Paper presanted & the Amaican
Indutrid Hygiene Corfarence. Inditute derecherch en site et en sscutite dul travall du Quebec. May 1965.



24,

Hedlth Resouroesand Savices Adminidration. Guiddinesfar condrudion and Equipmant of Hosaitalsand
Medcd Fadlities Hedth Resouroesand Savices Adminidration, U.S Dept. of Hedlth and Humen Savices
1984. DHHSPublication No. (HRSM-HF) 84-1.

Nationdl Ingtitutefor Oooupetiondl Sfety and Hedlth. Devdopmeant and Evdlugion of Methodsfor the
Himingtion of Wagte Anesthetic Gasssand Vgparsin Hogaitds Gindnreti, Ohio 1984, (DHHS RUdlication no.
(NIOH) 75-137).

Amaican Cofaaced Govermand Indudrid Hygeniss Indudrid Ventilaion, A Manud of Reocommanded
Rradiog 18h Edition. Ginanreti, Ohia: Amaican Canferenced Govemmenid Indudrid Hygends

Nationd Reseerch Coundl/Committee on Hazardous Subgtanossinthe Laboratory. Prudent Pradticesfor
Digposd of Chemicdsfrom Laboraaries Washington D.C.: Nationd Acedamy Press 1983,

Nationd Fre Pratection Assodaion. NFPA Sandard No. 45 "Hre Pratedtion for LaboratoriesUsing
Chamicds'. Quincy, MA: Nationd Hre Pratedtion Assodation, 1982.

Nationd Hre Pratedtion Assodation. NAPA Sandard No. 30 "Hammehleand Combudible Liquids Code'
Quincy, MA: Nationd Fre Pratection Assodation.

Natiordl Inditutefor Oooupetiondl Sefety and Hedith. Spedd oooupetiondl hezard review with contrd
recommencetionsfor theusedf dhyleneaxidessadailant inmedicd fadlies Ginanreti, Ohia: 1977, (DHEW
publicationNo. (NIOSH) 83-200).



X. AUTHORSHIPAND ACKNOWLEDGEMENTS

Bvdugtion Conducted and
Report Prepared By Baby Gunter, AFD., CIH
Regord Coraitart
NIOSH Regjon IV
Atlanta, Gaoga

Willian Dands CIH, CSP
IndLetrid Hygient

NIOSH - Regiord VI
Dewer, Cdorado

ThomesHdes MD
Ooaypetiond Hedth Physdan
NIOSH - Regon VI
Dewer, Cdorado

Report Typed and Edited by Saah Qmith
Soday
NIOH, Regon1V
Atlanta, Gaoga

Origreting Office Divisanaf Survellanog
Hazad BEvdudionsad
Fdd Sudes
Hazard Bvdudions ad
Tednicd Assdance Branch
Gndmati, Chio



XI.

DISTRIBUTION AND AVAILABILITY OF REPORT

Copiesd thisDeamingion Repart are curently avallable upon requet from NIOSH, Hazard Evdugtionsand
Tednicd Assgance Branch, 4676 CaumbiaParkway, Gindnnati, Ohio 45226. After 90 daysthereport will be
avaladethrough theNaiond Tedricd Infometion Savice (NTIS), 5285 Rort Royd, Sindfidd, Virginia 22161
Informetion regarding itsavailahlity through NTIS can be datained from the NIOSH Rublications Office e the
Cindnnati, Ohioaddress Capiesdf thisrgpart have bemn st tothefdlowing:

1 Sant JamesHosaitd, Butte Maontana
2 U. S Dgpatment of Labor, OSHA - Regon VIl
3 NIOH Regyord OfficesDivisans

For the purpose of informing affected employees oopies of thisrepart Sl bepodied by theemployer inaprominat
place accessbleto theemployessfar apaiod of 30 cdender days



Bag Location
Sarpe#

DO IOARNOODOXKKLK<<KOOOOARARRZIZO
'_\

Bvdudion Gitaia
Indrumart limit of detedion

*Sampleread 1800 ppm

Tabel
Bregthing Zoneand Ganerd Room Aiir Conoanirations of
NitrousOxide(N0)
Sdant JamesHogitd in
Butte Montana
March 15, 1989

Sarding Time

745- 848

9.00-10:35
11:20- 12:39
757- 945

954-11:09
11:23- 1247
948- 921

930-11:04
11:10- 1:00
104- 1:35

925-10:38
12:08- 1:26
948-1057
945-10:35
10:39- 1203
12:05- 1:27
10:28-12:18
1222- 1:23
10:43-11:08
11:15- 11:40
11:42-12:22

(Discusserwith techrian - headiitied thet e hedlintrodloed preNQinto beg)
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Bregthing Zoneand Generd Room Air Conoariraions of

|sofluraneintheHosaitd Oparatary Roomsa
SAnt BmesHosaitd in

Buite Montana

March 15, 1989
Sarpe# Jo/Location Sarding Time
A-1 ORTedmidanRoom4 T44-1247
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A-4 Soub Tech/Room 1 925- .28
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Bvdudtion Qitaia

Laboratary Limit of Detedion 001 mg/sargle
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Sarpe# Jo/Location Sading Time
100 Areatbehind Seilizer 201-510
101 Tedmidan 203-450
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103 Aredon ETO Cylindas 202-510
Bvdudion Qitaia

Laboratary Limit of Detettion 00004 Mg/Sample
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