This Health Hazard Evaluation (HHE) report and any recommendations made herein are for the specific facility evaluated and may not be universally
applicable. Any recommendations made are not to be considered as final statements of NIOSH policy or of any agency or individual involved.
Additional HHE reports are available at http://www.cdc.gov/niosh/hhe/reports

HETA 80-007-1983 NIOSH INVESTIGATORS
SFPTEMBER 1989 WilliamJ Danids CIH
ST. THOMASMORE HOSATAL Boy Gunter, D, CIH

CANYONCITY, COLORADO
l. JIMMARY

On Ocdtobe 4, 1988, the Nationd Inditute for Oooupetiond Sefety and Hedlth (NIOSH) recdveed arequest to
evauateexpoaresto wedte anesthetic geses and vgpors éhylene axide, and fame dehyde, and argenic lvanisa
. ThomesMareHosaitd, Canyon City, Colaredo.

In Januery 1989, NIOSH invedigetors conouicted an evironmenta survey a thehosaita. Rersondl bresthing zone
(PB2) ad aeaar sampling was conduded for nitrous axide (N,O) and hdl oganeted aneshelic epanisinthetwo
oparating rooms (OR) wharegenard anethesiawesbaing adminidered, aswel asintherecovary room. PBZ and
aeaar sarpdeswereadledad for ehyleneaxide (BO) during the operaion of ages ailize, for fome dehyde
duing tissuedumping inthemorgue, and far xyleng, tduene, aceione, and isoprapyl doohd inthehiddlogy leboretary.

Ardyssaf sxteen ar ssmplesadlledad in thetwo ORs and therecovary room reveded imeweighted avarage
conoatraions (TWA) of NLO ranging fromlessthen ane patt par million (pom) 10 86 pom, withamean of 20 ppm
Rvedf these samplesexasatiad the NIOSH recommendad exposurelimit (REL) of 25 ppm for NLO duing the
paiod of anetheticadmindraion. Inthedght PBZ samplesadlledted for hdlogeneted anesthetic agants TWA
conoantraions of isoflurene ranged from lessthen (<) thelimit of quintitation (LOQ) of 001 milligrams (mg) per
sarpleto 060 pom, withamean of 0.23 pom, and hdlathaneranged from

<LOQdf 0B my'sampleto 0.38 ppm, withameen of 0.15 ppm. Onedf these samples excasded the NIOSH
REL of 05 ppmfor hdoganeted anesthetic agantsusad in combintionwith N;O. A TWA conoanration of 058
prm EOwesfound inashart-tem FBZ sample cdlledted duning the venting of thedteilizer. Thiswasbdow the
OHA FEL of 5pomfor al5 minute caling conoantraion. NIOSH recommendsreduang expoaureto EHO tothe
lowes feegblelimit (LAL). Theresitsof thePBZ ar sampleadlected for argenic solveantsreved ed the presance of
xylenea aTWA conoatraionof 1.1 ppom, whichisbdow the NIOSH REL, the OSHA PEL, ad the ACGIH
TLV o 100 ppmasan 8-hour TWA. Acstonewasdetedted, but a alevd bdow theLOQ of 0.02 mg/sample
Tdueneand isoprapyl dooha werefound to bebdow thar limitsof detedtion of 0.04 and 008 my/sanple
reqpedivey. Fameadenydewasfound a aTWA conoanration of 48 ppomina63 minuePBZ sarde This
concantrationisabovethe OSHA PEL of 20ppomasal5-minutecaling. NIOSH recommendsreduding exposre
tofomedenydetotheLAL.

Onthebedsaf the detadataned duing thisinvestigation, it wes deiemmined thet apatentid for overexpoaretowede
aneshdlic gesssand vgparsand fomd ddhydeexiged @ thetime of thissunvey. Recommenddtionsareinduded inthe
full body of thisrgpart designed to ranforae the hogaitd's exiding program for contrdlling employes expoarestowede
anesthetic gesesand vgporsand fomel denyde

KeyWorts SC80R2 (Generdl Meicd & Surgicel Hogiitels rirous axidks helothene isofiurane, fomecehyde,
ahyleneaxide hisology


adz1
On the basis of the data obtained during this investigation, it was determined that a potential for overexposure to waste
anesthetic gases and vapors and formaldehyde existed at the time of this survey. Recommendations are included in the
full body of this report designed to reinforce the hospital's existing program for controlling employee exposures to waste
anesthetic gases and vapors and formaldehyde.

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

On Ocdtober 12, 1988, NIOSH recdved areguest from S. Thomes More Hosaitd, Canyon City, Coloredo, for a
hedlth hezard evduation. Therequestar was conoamed with expoaLresto wedte anesthetic gesssin the hogoitd's
gparaing rooms (ORS), ehylene axide usad in ges deilization, forme dehyde usad inthe morgue, and arganic olveants
inthehigdogy lboratary.

OnJanuary 30, 1989, NIOH investigatarscondudted aninitid Survey a thehosaitd. Duing thisaunvey,
bedkground informetion on the neture df the hogaitd oparationswes datained. On Januaty 31, anavironmenia
urvey was condudied during which parsond bresthing zone (PBZ) and ganerd areadr sampling wes conducted for
nitrousaxide (N,O), hdlogenated anesthetic agants ethylene axide (HO), fomeldehyde, xylene, tduene, isopropy/
doohd, and acdione: Therequestar wesndtified of thereauts of theevironmentd sampleshy tdgohoneon Apnil 12,
1980.

BACKGROUND

TheS. ThomesMoare Hosaitd, Canyon City, Calaradio, was condructed in 1968, Thehosaital houses 81 petient
badsinatwo-gary buldngwithabesemat. Thesurgary dgpatment & thehosaitd cosdsof wo ORs a
Cy<tosoopy room, arecovary room, loungeand drangerooms and anadmindraivedfice: Adacant tothe
gparaing roomsisacanrd 4oy aea Thegparaing room employsfour ful-imeregdered nursss threefull-ime
rgdd tednidans onefulHimeaneshesdoge and nurseanesthdi€, anepart-time anesthetig, and onecantrd upply
tedniden Onaverage thehogaitd conducds 90 to 110 surgaries par month, gppraximetdy 8% of whichmey
requiretheadmindration of genard anesthesa. Each anesthtic catt in the ORSsiseuippad with aveouum scavenging
g/dem Gangd ventilaionto the ORsisppied by asysam thet bringsin 100%6 fresh ar with no redradaion.
Rasord invaved inaurgicd procedures genardly indude asaminimum, thesurgeon(9), an anethesdogie, asoub
nureo wgd tednidan adaaradaingnurse

A BO gesgdilizerislocated inthe adjaoant oatrd 3y area. Onecantrd sy tednidanisresponsblefor
opaaionof thisg/tem. Thedsilizar oparateswith athreshour gescyde dter whichthecantrd Spply tedhnidian
aaksthedoor and leavestheroom. Fdlowing deilizaion, thedeilized itemsaretaken to adfferant floor for
agdion Thedailizer isequipped with locd exhaut vertilation and theroom dso hesitsown generd vartilation
g/dam

Thehosaitd'shiddogy leboratary islocated inthe bessmant of thebullding. Twoerpoyesswak inthisarea
Duing the prgparation of tissues vaious organic salvenisareusad. Appraximetdy once per month, tissue
eomaswhichaedorad inafomadehydesdluion arerenuired to bedumped inthemorguearea. Nolocd
exhaud vantilationisusad duing thisprooedre
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V.

MATERIALSAND METHODS

OnJanuary 31, 1989, NIOSH investigatars conducted en environmenid survey a . ThomesMareHosaitd. The
urvey wasdesgned to asssssemployee expoaures to N,O and the hd ogenated anesthetic egants usad duning the
coured thesurgicd procedures HO duning thegperation of the ges diilizer, fammadehydein themorgue, and
xyleng tdueng, acetone, andisopropyl doohd usad inthehistdogy lebaretary.

A. Wegte Anethetic Gasssand Vgpars

Duing thesurvey of the gparating roams bath PBZ ar samdles (adlledted inthevidnity of theemployess
bregthing zone) and ganerd areaar samples (cdllected ontheanesthetic cart) waredatained. Thesamplesfar
N, Owere odllected using bettery-powered portalle sampling pumps oparating a gopraximatdy 200 auic
cenimetiersaf ar par minute (admin). Theexhaud part of eech pumpwesatached viaTygon tubing toaninat
Teda beg. Sardeswereadlledted far theduraion of thesurgicd prooadlures with begsbeing dnenged as
necessaty for thelonge proosdres Bagswareimmediady andlyzed & alocation outsde of the oparaing room
aeaudng aninfrared andyzar (Faxtoro Miren 103 Spadfic Vgpar Arlyze) in accordencewith NIOSH
amdyticd method 6600 Samplesweare cdllected in eech of the ORswhare NLO usewas anticipated.
Addtiond informétion patinant to ssmple adledionisprovided in Teble 1.

In order to assessamployee expoauresto the hd ogenated anesthtic egants used duning thesurgicdl

prooceclres parsond and aeasamplesweare odllected et thelocations previoudy destribed. Sampling pumps
wearegparaed a gopraximetdy 200 oofmin, and connected via Tygon tuling to dheraod tube adlledion media
Sampleswerelatar andlyzed in accordancewith NIOSH arlyticd method 1003, for helathene and isoflurane
wsng agesdhrometogyaph enpipped with aflameionization detedtor ! A lising of infomnetion partinart to saple
adledionisprovided in Tedle2

B. BhyleeOxide(BO)

In order to assessamployee expoaresto ehylene oxide, parsond samplesweare adllected near the bregthing
zonesdf the oy room technidan during thegpearationd oydedf the ges Sailizer and the subsaouent loeding of
theagdor. Inaddtion, aeasamplesweareadleted inthevidnity of thegesdeilize. Sampleswereadledted
usng bettery-powered sampling pumps oparating from 70to 150 aomin. Thepumpswerecomnedied via
Tygon tubing to asorbant tube containing adtivated cheraoel coeted with hydrogen bromide. Thesamdlesweare
andyzed in acoordancewith NIOSH andlyticd method 1614 for ethyleneaxide® A comdletelisting of
informetion peartinent to sample adlledionisprovided in Teble 3.
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C. Oganic Sovats

A pasord ssmplewas dso adlledted in the histdlogy labaratary for xyleneand tduenein themanner previody
desribed usng adharacd tubesstheadledion medum. Thissampalewas desorbed with carbon disuifideand
andyzed by gesdrametogrgohy usng afused slicacaallary cdunn and aflameionization detector acoording to
NIOSH methods 1400 and 1501 with modifications®

D. Formdldehyde

PBZ and aeasampleswered o adlleded during thetissue dumping procedureintremorgue. Thesamples
wearecdlected & aflow rate of goproximetdy 80 aoimin using tregted sorbant tubes (Supd c0 ORBO-22). The
samdesweaedesarbed withisoodaneand andlyzed by gesdrometogrgahy usng afusad dlicacaallary cdumn
and aflameionization detector for 3Hazylaxardiding afameldenyde daivativewhichis produced onthetuoe
Thequantity of formeldenydewas then determined aooording to NIOSH methods 1400 and 1501 with
modfications! A liging of informetion patinent to the cdlledtion of these samplesisprovided in Teble 4.

V.EVALUATION CRITERA

Asaguidetotheevauetion of the hezards posed by workplaoe exposures NIOSH fidd &t engloy
eviromand evdugion aitaiafor essessmat of anumber of demicd and physcd egants Theeaitaiaae
intended to uggest levdsof exposreto which most workers may beexqposad up to 10 hours per day, 40 hoursper
wek, far awarking lifeimewithout expariendng adverehedth efeds  1tis hovever, impartant to notethet not &l
workerswill be protected from advarse hedlth efedsif thar expoaresaremaintained bdow theelevds A sl
peroaiage mey expaiaceavase hedth efedsbecause of indvidud susogatihlity, apreexising medicd condition,
ador ahypasanstivity (dlegy).

Inaddition, some hezardous SUbstances may adt in combainetion with ather workplace expoaures thegenerd
evironmat, or with medicationsar pasond hehitsof thewarker to produce hedith effeds evenif the cooupetiond
expoaresaecontraled a thelevd st by theevduation aitaion. Thesecombined dfedsaredften nat conddared in
theevduaionaitaia Also, somesubgtances are aosorbad by direct contect with the skin and mucous membranes
and thus such contact mey inreesethe overdl eqposre: Frdlly, evdugtion aitariamey dengeove theyearsas
naw infometion on thettaxic effeds of an agat becomesavaldde

Thepimary sourcesof evironmentd evdugtion aitenafar threwarkplaceare 1) NIOSH GritaiaDocumantsand
recommeancetions 2) the Amaican Conferancedf Govarmeantd Indudrid Hygieniss (ACGIH) Threshdd Limit
Vdues(TLV9, ad 3) theU.S Degpatmat of
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Labor/Oooupetiond Sefety and Hedlth Administration (OSHA) oooupetiond hedith tanderds[Ramissble
BxpoareLimits(PELg)]. Often, theNIOSH recommandationrsand ACGIH TLVsaelowe thenthe
caresgponding OHA dandards: Bath NIOSH recommendationsand ACGIH TLVsuauely arebesad onmore
recat infometion then arethe OSHA dandards The OSHA dandardsdso mey berepuired to takeinto acoount
thefeedhlity of contralling expoaresin vaiousindudneswharethe agantsare ussd; the NIOSH-recommeanded
expoarelimits(RELS), by contredt, are besed primatily on concamsrdating to the prevention of ocoupetiondl diseese
Inevaueting theexposurelevdsand therecommenditionsfor reduaing theselevesfound inthisrgpart, it shaud be
noted thet indudry isrepuired by the Oocupationdl Sefety and Hedlth Act of 1970 (20 USC 651, e s51) tomedt
thoselevdsspeafied by an OSHA gandard.

A imewdghted average (TWA) exposurerdasto theavarage arbome conoantration of asubdanceduinga
nomd 8- to 10-hour workday. Some substances have recommended shart-term exposurelimits (STEL ) o
aaling vdueswhich areintended to supplemant the TWA wherethereare recognized toxic effedsfrom high,
dattameqoares A dsussond thetoxiaty and evdugtion aitariafor the ibdanoesexamined duing this
urvey isprovided bdow.

A. Aneshetic Gasss

Repartsby Vagmen and Askrog and Havald wereamong thefird to identify anincressed inddence of
goontanecus ebortion inwomen exposad to anesthetic geses and inwivies of men exposed to anesthetic geses>®
In1974, the Amaican Soadly of Aneshesdogas(ASA) pubishad theresLitsof adudy indicating “thet femde
mambarsd thegperaing room-expossd group ware Ulject to increesad risks of goontanecusabortion,
conganitd abnamditiesin their children, canoer, and hepetic and rendl dissese” Thisrepart dsoowved an
increesed risk of congeanitd aonomndlitiesin affganing of mele oparaing room parsonnd. Noinareesein canogr
wasfound anong theexposed meles but aninareesed inddence of hepatic disessesmilar to thet infemdeswes
found?

Inadudy pubdished by NIOSH in 1976, "N ,O and hdathenein concantraions aslow as 50 partspar million
(ppm) and 1.0 ppm, respedtivey, caused meeaLrddle decremantsin parformeance on psydndogicdl teststaken by
heelthy mdegradLitestudants® Nitrous axide done caused Smilar effedts: Thefundions goperently most
sstivetotheselow conoantrations of anestheticswerevisud perogption, immedistemamary, anda
comingtion of perogntion, cognition, and motar regponsesreuired inatesk of divided attention to Smultaneous
visd and auditory simuli." Heededhe, ftigue, initahility, and ditiuroence of despwearedso reported®’
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Martdity and ather gaidemidogic dudieshaverasad thequedion of posshle cardnogeniaty of anesthetic geses
but aufficet detaare presantly ladking tolig NLO or hd athene as sugpected cardnogens

Inagudy of dentigs Cohen, e d. compered exposad parsonswho usad inhdaion anethetic more then three
hours per wesk with acontrd group who usad noinhdlaion anesthetic. Theexjposad group reported arate of
liver dsseseof 59 paroatt, in comparisonwith arate of 2.3 peroant inthe contrd group. Soontaneousabartions
warergparted in 16 peroant of prepnandesof thewivies of exposed dentidts in comparison with nineparoant of
theunexposed?® Thisdifferencewesgatidicaly Sgnificant; however, it should benated thet therate of
goontaneous bartionsfor dl pregnandesrangesfrom 10to 20 percant.’ Thissiudy did nat iderntify thepedfic
anesthetic baing used by the dentigssurveyed, thet is whether they ussd NLOdonear incombairgtionwith a
helogenated agent® However, inareview of thet study, NIOSH conduded thet "the helogenated anesthetics
danedo nat exlan thepostivefindngs o theaurvey and NLO exposLre mugt beanimportant contributing fadar,
if not the prindipel factor'® Thiscondusionisbesed on acadauaionwhich assumed thet ssmany asoreinten of
thedentigsusing aninhdlation anetheicemployed ahdlogeneted egat. If theadud fradionislessthenanein
ten, theconduson hesadded drangth.

Inadocument recommending agandard for cocupetiond expoareto wade anesthetic ges NIOSH
recommended amaximum expoaredt 50 pom N,O anatimeweghted averege bes sduing theanesthetic
adminidrationin dantd dffices® Thisrecommendationisbesad primaly onavailabletechndogy inrecuding
wadeanedhdic geslevdsintheseavranmants

When N, Oisused asthe sdleanesthetic agant inmedica procedures NIOSH recommendsthat ocoupetiond
expoaLre becontrdled so thet noworker isexposed & TWA concantraions grester then 25 ppm duning the
paiod of admindration. NIOSH recommendsthat oooupetiond expoaLreto hd oganated anesthetic apanisbe
contrdlled so thet noworker isexposad a conoantrations grester then 2 ppm of any helogenated anesthetic apant
duing thepaiod of anesheticadmindration. When used in combaingtionwith NLO, hdlogeneted anesthetic
agantsshould becontrdled to 05 ppm, which, genardly, can bearived a by conrdlingN,Otoa TWA
conaartration of 25 ppm during thepariod of anesthdtic adminigration® Thereispresanty no OSHA dandad
for nitrousaxide or the helogenated anesthetic egants The ACGIH recommendsa TLV of 75 ppmfor eétraneg
and 50 ppmfor hdlathere Inaddition, inits"Naticeof Intended Changes' far 1989-89, ACGIH proposssa
TLV of 50 pomfor nitrousaxide™
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B. EhyeneOxide(E0)

Theaouetoxic dfedtsaf BOin humensand animdsindude aoute ki, reairatary, and eyeinitation; kin
sstization; neussg, vomiiting, and darheg, and nevoussydemeffedts Nommdignant droniceffedtsin
humansindudeanemiaand resairetary imitation, with Susogatihility to seoondary resairatary infedion. Further,
oooupetiond expoareto B0 mey increese thefrequency of mutiaiansin humen populaionsasnated ina 1977
NIOSH document.2 Morerecantly, cases of peripherd neuropethy among exposad workershave bean
reported ™

A repat sudy demondratestihet BBO induces canoer in exparimentd animds™ A doserdated inoreesein
mononudear odl lekemiaweas esablished in thet Sudy; expoares aslow as 10 ppminareesed the propartion of
ferderaswithlaukemia Al eqpaimatsindcatethet B0 equoareto athe mdear fardeanmdsreitsin
avaredfedson rgprodudion 5%

In humens gaidamidagicinvestigaions of canoar martality among Svedishwarkersexposed to B0 suggest an
increesad rik of leukemiaand other canoars*® Reoart infamation dso suggeststhet Ei0isassodiated with
dvomosomd abnomdlitiesin paipherd lymphooytes of exposed workers®

Based onthisinformation, NIOSH recommended ina1981 Currarnt Intdligence Bulldin thet B0 beregardedin
theworkplaoe asapotential cooupationdl cardinogen, and thet exposLrebereduced to theextant possble® An
8-hour TWA bdow 0.1 patspar million (ppm), and acaling limit not to exossd 5 pom during any 10 minute
paiodinaworking day isrecommenced? Thecurent OSHA gandard for EtQis 1 ppm asan 8-hour TWA,
withanadionlevd of 05 pomwhich tiggarsemployee exposure monitaring and medica survellance
provisons? OSHA hesaso proposad an exaursion limit of 5 ppm over a15-minuteexposrepariod
(B3R1724, Jnuary 21, 1988). Duetoitshigh cancer patency inexpaimentd animds the ACGIH
recommendsaTLV of L0pomasan8-hour TWA. !

C. Organic Solvats

Svad different aganic alvatsarerauindy used in hogaitd leboratary sings Sevad of thesedlvartsare
cgebledf causnginitation of theeyes nose, and throet. Effetsof direct skin contet with solverisrangefrom
dy skinar midrashtoady, Sy, fissred danditis Thesedhemicdscandso dfedt thecantrd nervous
g/dem (CNS) such thet exposed warkersmay complain of heedache, neuses, lightheededhness dizziness ad
unooordingtion.

Smutaneousexpoaureto Subdianoes Lch assalveants which dfedt thebody inasmilar fasnion may havean
addtivedfedt. Toevduaetheseaddtivefedts theexpoaurelevd of eech subdanceiscomputed asa
pacantaged theevduaion aitarion for thet bdance If thesum of these peroentages excesds 10096, the
worker iscongdered to be overexposad to thet mixture of ubgtances

Reoant ressrch ontheeffeds of multiple solvert mixtures hesfooused on behaviord and psydndogicd effedts
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whichmay indicate nevaus sysem damege ar deviaionsfrom nomd ONSfundion® For example an
gridamidogic 9udy was conducted on Finnish car peintersexposad to amixiure of tdluene, xylene, butyl acetate,
andwhitegaritsforamesndurdion of 15years Average combined exposreswearelessthen 326 of ACGIH
TLVs howeve, ressarcharsfound marememary disturbences decreesed vigllanoe, and mare
asnt-mindechessamong car paintarsthen anong ralrced enginears: Vi intdligenceand verbd memary
werethemog efeted. Theauthorsconduded thet car paintars dthough natill inthedinicd sanse Sowed desr
Sgnsaf cantrd and paiphard nevaussysem lesonsmaredften then membars of the compaison group %

D. Formelddhyde

Symptomsof expoaureto low concentraions of fomeldehydeindudeinitation of theeyes throet, and nose
hesdleches; neussg; congestion; adhmg and skinradhes: Itisdifficult to asaribe goadific hedth effedsto oedific
conograions of fomel dehyde to which people are exposed, becausethey vary inthar g edive responsesand
complants Imitaivesymptomsmay ooour in pegpleexposed to foma dehyde a conoantrationsaslowv as0.1
pem, but morefrecuently in exposresdf L0 ppmand gregter. Somesangitivedhildren ar ddaty, thosewith
preexiding dlegesor rearatory diseeses and parsonswho have become sansitized from prior exposre may
have symptomsfrom exposLre to concentraions of formel dehyde betwean 0.06 and 0.10 pom.
Formadehydeinduoad asthmaand brondhid hyparesdtivity goedific to fommeldehyde areuncommon®

Fomddehdye vgpor hesbean found to causearareform of nesd canoar in Hscher 34 rasexposdtoals
ppm concentration for 6 hoursper day, 5 day's per week, for 24 months Whether theserealtscanbe
extrgpdated to humen expoaureisthe sl edt of cosdardde pecudioninthesdentific litaraure: Condusons
canat bedravnwith suffident confidencefrom puldished martdlity Sudiesof cooupetianelly exposed aditsasto
whether ar nat farmd ddhydeisacaranogen. Sudiesdf long tam humen oocoupetiond eqpoaureto
famedehyde havenat detected anincreesein nesd canoer. Neverthdess theanimd resLitshave prompted
NIOSH to recommend thet fomia dehyde be hended esapatentid cooupetiond cardnogen and thet workplace
expoaureshbereduced tothelowes feesiblelevd.”” OSHA hesrecantly reduced itspemissibleexpoaurelimit
(PEL) for fammeldehdyeto 1.0 ppmasan 8-hour TWA, and 2 pom asa15-minute ceiling concerraion 2
However, it should benoted thet thisandard iscurrently under gopedl to lower these concantrations



Page9 - Hedlth Hazard Evauation Repart No. 89007

VI.

REQULTS
A. Wade Anethetic Gasss
1 NitrousOxide

Theresitsof theavirommenid ssmplesadllected for NO duing thesurgical proosdures are presanted in
Tadel Duingtheprocedresmonitored, TWA concantrationsof NLO ranged from lessthen (<) thelimit
of detedtion (LOD) edimeted & 1 pert par million (ppm) to 85 pom, with an average conoantration of 20
pom, inthesxteen PBZ samples adlledted. Fvedf the samples exceedad the NIOSH recommended
expoaurelimit (REL) of 25 pomfar N,Oasa TWA duing thepariod of aneshetic adminidration. These
expoaresdl took placeduning two ssparae surgicd procedureswhichinvalved anesthetic adminidration by
mesk. No maskswere usad during the ather proosolures monitored,

2 Haogenated Anesthelics

Tabe2 owsthereadtsd theevironmantd samples adllected for helogenated anesthetics used during the
augcd proosdures: Duing the proocedures monitored, TWA concantraions of isoflureneranged fromless
then thelimit of quentitation (< LOQ) of 003 milligrams (mg) per sampleto 060 pom, withanaverage
concantration of 023 pom, inthedght PBZ samdles adllected. Onedf thesesamplesexosded the
NIOSH REL of 05 ppm far helogeneted aneshetics used in combingion with nitrousaxide. TWA
conoatrationsof helatheneranged from < LOQ of 008 milligrams (mg)) par sarpleto 0.38 ppm, withan
avaageconcantraion of 015 ppm, inthedght PBZ samplesadlledted. Nonedf these samples exosaed
theNIOSH REL of 05 ppm for hdlathene usad in combinsionwith nitrousaxide. Theonesampe
odllected which excesded the REL far isoflurenewes cdllected during the same procedureswhere the:
ovaexpoaresto N, O occurred.

B. BEhyleneOxide

Thereadtsdof thear samplesadledted for ehylene axide during the gparation of the ges ailizer arepresantedin
Tabe3. Duetoamdfundioninthesamging pump, thelongtem sample adlledted for the cantrd Spply
tednidanwesinvdid The TWA concartraion for thehort-tem PBZ samdle adlledted during the verting of the
dailizer door was058 pom. Thiswasbdow the OSHA PEL of 5ppmasals minutecaling NIOSH
recommendsrecudng expoaureto EO to thelowest feesblelevd. Inaddtionto the parsond samdles woarea
smpleswaeodledad to asssssthe BO conoantraionsin theimmediate vidnity of thedailizer. Thesample
resitsindicated aTWA concantration of 0.067 ppm antop of the deilizer, and a TWA conoantraion of 0017
pemaonawark telegpproximady 10fedt fromthedailize.
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C. Oganic Sovats

Theresitsof thePBZ ar sampleadlected for argenic salvenisreveded the presance of xylenea aTWA
concantration of 1.1 pom, whichisbdow the NIOSH REL, the OSHA PEL, ad the ACGIH TLV of 100
pemasan8-hour TWA. Acgionewasddedted, but & alevd bdow theLOQ of 002 mg/sample Tduene
andisopropyl doohd wearefound to bebdow their limitsof detedtion of 004 and 0.03 mg/sample, repectively.

D. Formdldehyde

Thereadtsdf thear samdes adledted for fomedehyde duing thetissue dunmping procedureinthemargue are
presantedin Table4. Formddehydewasfound & aTWA concantraion of 48 ppmina63 minuie PBZ
sarpe Thisconcatraionisabovethe OSHA PEL of 20 ppmasalsminuteadling. NIOSH recommends
reduiding expoaureto fameldenydeto thelowest feesllelimit. Snoeno additiond expoarewould havebean
expected to ooour for thisemployes, the cdlaulated 8-hour TWA exposrewauld be0.63 pom, whichisbdow
the OSHA PEL o 1 ppmfar an8hour TWA. A TWA conoantraion of 1.8 ppmwasfound in bath genard
aeasamplesadleted intheroom during theprooedure

VII.  DISCUSSON AND CONCLUSONS

A. Wegte Anethetic Gasssand Vgpars

Asevidencad by thereatsof theevironmeantd survey, concantrations of wedte anesthetic gesssand vgpors
werefound to be above the NIOSH recommendad exposurelimitsintwo of the proceduresmonitored. Bath
proosoures during which the overexpoaures coounred invalved the usad of petient mesking for somepartion of
theanethesaadmindration. Itisprabedlethat thefitiing of themeskswith the petientsfecewes such thet
udantid leskege df theanesthetic gesescocured. Hovever, Sncesevard different fadtarscaninfluence
parsonnd expoares itisnecessay to regulaly examinedl aress of exposurecontrd to identify any shartoomings
Toaxmd intheidantification of pradlams alidf dsousson of some o thekey arees necessary far contralling
employeeexpoauresispresated bdow.

1 Equipment Mantenence

Of pimary impartancein meintaining wede anesthetic conoantrations within acogateblelevdsistheregular
manenence o anesheticequipmant inorder to prevant leskege. Recant daindicatethet lesksfromthe
highandlow pressreanesthetic ddiveary systam resiting from poar maintenence o theaneshelicunit area
primary sourcedf employeeexpoauresinthe OR® Background NLO levdsof 5 ppm and grester
oaadly haveben
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asndeted with leeksinthehigh pressreges ddivery system, whichindudestheNO ey lines the
comnadionsa and beween the calling and aneshesameching, and the comnedtor-contrd valvefromthe
flovmaar® During anesthetic adminisration, low pressurelesks ooouning beween theflovmetarsand
bresthing hoses (induding theflovmeter, vigparizer, resavair beg, popaff valve endarachid tube,
autometic ventilator, and GO, absorber) canbeasgnificant source of expoaure

2 Savegng

Scavenging sysamsconsd of acdlleding devics meansof digoosd, and pressurebelanaing deviceif
necessty. Depending onthe patticular type df anesthetic equipmant inuse, Scaveging adgatasshould be
located &t the popdff valvefar the drde aosorber, nonbreathing vave, T-tube, and ventilator. Inaddition,
Savengng may dso benecessary @ locaions such astheexit part of the CO, meter, whichmey dsobea
ourcedof weseaneshelic gesssinthe OR. Aswithal scavenging sydams it isimpoartant to ensure proper
presare belanaing so thet the ges sydem does nat inteferewith the praper gparation of theanesthetic
ddivay s/gem

3. Gagd Vatilaion

Whilelocd exhaug vertilaion (uch asscavenging) isthe prefared means df dimingting weste gesesa their
paint of generation, ganerd room veartilaion dso playsanimpartant rdein maintaning acogatele wede ges
levesinthe OR. Ressonsfaor mainiaining good ganaid veartilaion exdrangeraesindudethergad removd
of wedte gessss ganarated asareaUit of anethesiaindudion, poarly fitting face mesks impropaty inflated
endotrachid tubes and low or high pressreleskswhich mey oocasiordlly devdgpinthesygem. While
increedng the number of ar dangesdoesnat diminetethe source of theanesthetic geses it doesleed to
moredffediveremovd of thewede gesss and vpars therey reduang the megnitude of employee
expoares Asaminimum, opaating roomsshould beprovided with at leest 20 ar dhengesper hour®

Although no expoares above the NIOSH REL werefound intherecovary roomduning thissurvey, itisill
impartant to esre that edequete amounis of fresh ar arebeing brought ino thisarea. Sncescavenging
g/damsaena presat inrecovay rooms gengd vatilaionistresdemeansof removing thewede geses
expred by thepetient. Asaminimum, recovary roomsshould beprovided with & leest 6 ar dengesper
hour®
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4. Work Pradtices

Proper work pradicesared o akey damant in contralling weste anesthetic gesexposres: Onesiudy
estimeated thet 94 to 99 percant of dl weste gas exppoaurein ORs eoupped with proparly desgned
scavenging componanismay betheresLit of poor wark pradicesof theaneshetis® Improper work
pradicssindudetheused poary fitting face mesks inauffident inflation of endatrachid tubes and Salllagedt
vddileaneshetic agatswhilefilling vgporizars: Degaitecondant atention to good anesthdlic tedniques it is
nat dwayspossblefar theaneshesdogs to beawvare of possbleleskegefromthesesources Thardare it
isimportant thet thegenad veerntilation be adequete to remove any wedte anedheicsthet might resLit fromthis
ource

5 BpoareMonitaing

Toddemirethedfedivenessof theoveardl exposrecontrd programwithinthe hogaitd, it isnecessary to
paiodicaly monitar employeeequoaresaswel assmonitaing equipmant for leskege. Samplingand
andytica procedres such asthose provided in the NIOSH aitaiadocument should bereferenosd far
futher guidenceintheconduat of persond monitaring.®

B. BhyleeOxice

Dueto themefundion of asampling pump, the8-hour TWA expoaurefar thecentrd supply technidan could not
beddemined Honvever, theshort-tam sampledd indicate an expoareof 058 pom during the 15-minute
peiadinvaving aradking of thedeilizer door. Thereltsof theareasamplesdsoindicated the presance of
dhyleneaxidenear thedailizar adinadacatwok aess Duetothe patantid caranogeniaty of EHO, NIOSH
recommendsredudng expoaureto thelowed feesblelevd. Atthetimed thesurvey, thehogaitd indicated thet a
new endossd BO Silization room westo be condrudted which would houseanew combingion BEO
dailizafagraor. If propatly desgned and condruded, thisshould hep to further reduce BBO expoauresinthe
cantrd Sy aea

C. Organic Solvert BExpoare

Bxpoaresto aganic vatsinthe hiddogy laboratary werefound to bewel withintheevdugtion aiteia
However, sncelaboraory workersare patentialy exposed to anumber of subdancesonaday today bess itis
impartart thet acomprehasvelaboratary sefety program bekeat in dlacein arder to minmizeexpoaurestodl
typesof sdances Suchaprogram should indudean overdll written plan thet indudes tandard ssfelaboratary
pradicesto becaried out
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whenever warking inthelaboratary. The proosdures devd opad for theuse of demicdssuch astheseshould

indudeinformation on thegoprapriae enginearing contrds (eg, fumehoods), parsord protediveequipmatt
(eg, respirator, goves), and work practicesto be ussd asnesded.

D. Forrddeyde

Asevidenoaed by theenvironmentd deta, concentrations of formel dehyde were above the environmenia
aiteia Although thisprocedureisanly carmied out gopraximetdy ance per month, the patentid
cadnoganiaty of thissubstancewould indicateanead for further Sepsto betaken to contrd expoauretothe
lowes feesblelevd. Duing thesurvey, and aganfdlomng recapt of theenvironmentd resits
recommacaiorsweremedetoinddl locd exhaud veartilation intheareawhere this procedureis conducted.
Thehogaitd menegamant indicated thet Such asygemwould beinddled

VIII. RECOMMENDATIONS

A. Wegte Anethetic Gasssand Vgpars

Theprevious sedion of thisrepart identified anumber of aressthat hould beexamined to continueto eaure thet
wedteanesthtic gesesareprapary contrdled inthe ORs: Mare ddiailed recommendationsregarding gpedific
contrd proosdures work pradioes, and monitaring procaduresareinduded inthe NIOSH ariteriafor a
recommended gandard...oooupdtiond exposureto waste anesthetic gesesand vapars® Inarder to effedively
contrd employes expoauresin the oparaing room, acomprehadve progyamwhich eddresses dl of thesearees
isnecessay. Duetothelength of theserecommendationsthey arenat repeted inthissedion. Inlieuof this
copiesof thisdocument have been provided ssparatdy to thehosaitd. Adharenceto therecommendaions
oadfied inthisdocument should hdp to meintain equosreswithin acogatedlelevdsand pratect the hedth of the
anpoyessinthisaea

B. BEhyleneOxide
Fdlonvingingdlgion of thenew gesdailizer unit, the hogaitd should condud evironmentd monitaringtoensure
thet exposresaremaintainad aslow aspossble. Continued acherenceto the provisons of the OSHA dandard
for ehylene axideshould help to enaure thet employee expoaLres are meintained within ssfelevels?

C. Higdogy Laboretory

Whileno overexpoauresto aganic solventswerefound in the hisdogy lebaratary, the Oooupetiond Sty ad
Hedth
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Adminigration hesproposad alaboratory sefety sandard whichwould requirelaboraariesto devdopa
"Chamicd HygenePant' for laborataries® Whilethisispresantly only aproposd, the conogais presantad inits
textwould bedf vauein drengthening the curant [boratory sefety program.: Another resourog which might dso
proveusHu, isthe puldication entitied Prudent Pradtioesfar Handling Hezardous Chemiicdlsin Lebarataries; by
the Committee on Hazardous Sustancesin the L aboratory/Nationdl Ressarch Coundl.® Thisdocumat helps
fam the bedisfor, and isated frequantly in, the OSHA praposed leb dandard. A sygamdicimplemaniaionof
thekey conogptsprovided in these documents should hdp to continuetto further reducetherisk of expoaLreto
agancavetsand ahe metaidsused inthehigdogy leb.

D. Formdldehyde

Locd exhaug vertilation should beinddled & the operation where theformel denydeis dumpead to hdp reduce
expoauretothissudanceto thelowes feeshlelevd. Thepatticular typedf ventilaion ussd would depand onthe
locationwherethe gparationisto beplaced. However, thesystem shauld endosetheprocessasmuch as
possbleand meintain auffident caature vdoaty to kegp theforma denydefrom entaing thework amogohere A
compleedsousson of goedfic detalsregarding ventilation sysem design, condrudion, and oparationiscontaned
intheACGIH Induetrid Ventilation, A Manud of Recommended Rradtioe™®
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Tablel
Breghing Zone Air Conoaniraians of Nitrous Oxide
Sant ThomasMaoore Hogpitd, Canyon Gity, Cdloredo

January 31,1989

LOCATION SAMPLE SAMPLING TWA CONCENTRATION
(ORNO) DESCRIPTION PERIOD NITROUSOXIDE (PPM)

2 GradaingNuse 7.49- 845 85

2 SoubNuse 7.51- 845 70

2 Aneshesdogg* 815- 900

1 Giraulaing Nuse 7:.58- 910 15

1 Aneshesdogg* 810- 915 5

1 Giraulaing Nuse 910-1020 2

1 Aneshesdogg* 915-1030 5

1 SoubNuse 912-1025 5

2 Giraulaing Nuse 1002-11:31 3H5

2 Aneshesdogg* 10:30- 11:40 45

1 SoubNuse 1050- 1302 7

1 Giraulaing Nuse 1200- 1310 5

1 Aneshesdogg* 1200- 1310 5
Recovay Recovay RoomNurse 747- 850 <LOD
Recovay Recovay RoomNurse 8950-1040 5
Recovay Reoovay RoomNurse 10:40- 1:00 <LOD

Evaudion Qtitaion - NIOSH REL: 25 gom TWA far thepaiod of adminisraion
Abbrevidgionsand Key
M- patsaf aortaminert par million patsof ar

* Theeesarplesware adledted on theanesthetic cat to gopradnetethe: breething zone conoartretion of theanesthesidogit

<LOD - Lessthenthelimit of detediion esimeteri & 1 part per millicn (ppm)
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Tade2

Coairaionsd Isofluraneand Hdathene

SAnt ThomaesMoore Hosaitd, Canyon Gity, Cdorado

LOCATION SAMPLE
(OR No) DESCRIPTION

1 SoubNuse

2 CirouaingNuse
1&2 SoubNuse
1&2 SoubNuse

1 CirouaingNuse
1 Anegheiic Cat
2 Anegheiic Cat
Recovay Recovay Nuse

Bvdugion Qitaia- NIOSH REL:

Abbravidions
oM - patsof contamineant per millionpartsof ar
TWA - Timeweaghted average

<LOQ- Contaminant wasddedted onthesampled alevd lessthenthe

January 31, 1989

SAMPLING
PERIOD

747-1202

749-13.06

751-1308

754-1237

809-1310

810-1310

815-11:31

832-1319

laboratary limit of quentitaion of 008 my'sampde Thenumbas
gapeaingin () shoud only beconsdared esimetes of the

adud conoantration

TWA CONCENTRATION (ppm)

|SOFLURANE
<LOQ(00%)
040
017
038
<LOQ(006)
<LOQ(007)
060

0.10

05

HALOTHANE
<LOQ(003)
035
038
011
<LOQ(00R)
<LOQ(00R)
028

<LOQ(0®)

05
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Tade3
Bresthing Zoneand Ganard Room Air Concantrationsof Ethylene Oxide
Sant ThomasMaoore Hospitd, Canyon Gity, Cdloredo

January 31, 1989

SAMPLE SAMPLE SAMPLETIME  SAMPLEVOLUME TWA CONCENTRATION*
TYPE DESCRIPTION Minue (Litery ETHYLENE OXIDE (PPV))
Persord Sailizer 229 S** **

Opaaor
Area Work Tede 229 22 0017

8-10ft. avay
Area Ontopof 229 22 0067

Sailizer
Persond Doar Cracking 15 28 058

Sailizer Opgaor

Evduetion Qiitgia - Ethylene Oxide

NIOH REL: Lowvest FeesbleLevd (< 0.1 pom 8+Hr TWA, 5pom 10 mincling)
OHA PEL: 1pom8hr TWA, AdionLevd of 05pom 8hr TWA
ACGIHTLV: 1ppm8tr TWA

* - Timewaghted average concantraions are cdaulaed for the samling time:
** - Samdeinvdid dueto sampling pump mefundion
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Tdde4d
Bresthing Zoneand Genard Room Air Concantrationsof Formddehyde
Sant ThomasMaooreHospitd, Canyon Gity, Cdlorado

January 31,1989
SAMALE SAMALE SAMARLETIME ~ SAMPLEVOLUME ~ TWA CONCENTRATION*
TYFE DESCRIPTION (Minutey (Litars FORMALDEHY DE (PPM)
Persondl Higdogd 63 49 48
Area LabBench 70 56 18
Area LebTedle 70 52 18

Bvdudtion Qiitaia - Formddehyde

NIOH REL: Lovedt FeesbeLevd (0.1 ppm 8hr TWA, 5 pom 104min calling)
OHA PEL: 1pom8tr TWA, 5pom 15minadling, Adion Levd 05 ppm 8r TWA
ACGIH TLV: 1pom8Hr TWA, STEL 2ppm

* - Timewaghted averege concantraions are cdaulaed for the samling time:



