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l. LUMMARY

Ondune 16, 1986, theNationd Indtitutefor Oooupationd Sefety and Hedlth (NIOSH) recaved arequest far aHedth
Hazard BEvdugion from the Assdant Supaintendat of Busness Savicesfar the Cindnreti Rubdic Schodisto evduete
theindoor ar queity inrooms 430, 431, and adjecant aress of the Hughes Vocationd Schod. Numeroushedith
complaints induding uppe resaratary prablems eyeimitation, soresinthemouth, unusud odors heededhes and fatigue
reparted by the Departmant of Pradical Nurang personnd weredited intherepuest.

Seved stevistsweremedke by the NIOSH medicd dffioar during thewesk of Jly 17, 1986, with fdllow-up indutrid
hydenesurveyspafomed on duly 28, 1986, and October 15, 1986. Industrid hygiene sanpling wasconduded to
evaduateexpoareto ehyleneaxide famedehyde, hydrocartons and biceerosdls Caroondiaxide, tempearature,
rdative humidity, and venilaion messremanisweared o medeto evdugte the heling, vertilation, and ar conditioning
g/dan (HVAC) whichsavicesthe Departmant of Pradtical Nursing,

Areasampesadleded for ehylene axide, foma dehyde, hydrocartons and bicearasdlswerebdow dl rdevant
aitaia Tempadureand rdaivehumidity levdswearewithin acogated comfart ranges: Calbondaxiceleves
(500-1000 patspea million (ppm) indde, 300 ppm ousde) and visd examingtion of the HVAC system (al outsdear
damparsweretatdly shuk) indicated thet inedequete amounts of fresh air were baing ddlivered to dassooms 431 ad
432.

Thesymptomsreparted (8 of 9 parsonswith upper regardary pradlems, L or moremambarsof the s witheye
imtation, imtation or soresin themouth, unusLE odors heedeches and fatigue) arenat Lugedtivedof agpadfic cause, but
omed themaefrequently encountared inindoar eMronmansinwhich thereisinedequete viantilaion

Based ontheseresLits inedequete vientilation was deiemined to bethe modt likely causefar the symptoms and
complansamong dudentsand &t withinthe Department of Pradticl Nurang (dassrcoms43L and 432) & Hughes
Vocationd Schod. Recommendationstoimprove veartilation areinduded in Sedtion X of thisreport.

KEYWORDS SC 8249 (Vacationd Schods), ventilation, indoor ar qudity, caoon doxide, tamperdure, rdaive
humidity, bicearasals formeldehyde, hydrocarbons éhyleneaxide
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INTRODUCTION

Ondune 16, 1986, NIOSH recaved areguest fram the Assdant Supaintendant of Busness Saviossfor the
Gindnreti Rubic Schodls to evduetetheindoor ar queity of the Hughes Vocationd Schodl located & 2515

Clifton Avenue Gindnreti, Ohio. Assstancewesrequested because the Assstant Suparintendant hed recaved
numerous hedth complants (Upper reairatary prodams eyeimitation, soresinthemouth, unusuia odors hesdeches
faigue) from the Departmant of Rradticdl Nursng gtf mambars

Duingthewesk of Jly 17, 1986, savard stevistswearemedeby the NIOSH medicd dificarstointaviev
teechersand review wiitten datementsby nursing sudents

Only 28,1986, NIOSH industrid hygienigsconduded afdlow-up survey. During thissurvey, temperaturg,
humidity, catoon daxide, and vertilation messLremantsweare medketo evdugte the parfamence df theveartilation
s/dem. Defidendesintheoutsidedr damper gparation and drainege of condensate drain panswearenated inan
interim report, forwarded to the Ass dant Suparintendent on August 18, 1986.

On Octaba 15, 1986, NIOSH indudrid hygienigsretumed to theschod to pafamar monitaring for ehylene
axide fomeldehyde, hydrocabhons andhiceerosdls Reslitsfram thissurnvey were presanted inaninterim repart
forwarded on February 25, 1987.

BACKGROUND

TheHughesVocationd Schod, located incentrd Cinanre, isagx-gary brick building (gaproximatdy 125,000
guarefed) atached to the Hughes High Schod. Classrooms 431 and 432, with adjaining offices430 and 431,
oooupy gapraximetdy 2150 souarefedt on thefourth floor of thebullding, aspart of the Departiment of Pradticl
Nusng

Eachfloor of the Hughes Vocationdl Schod hesitsoan heting, vientilting, and air-conditioning (HVAC) sygem
Temparedar isapdied tothercomstiyough lowvered adling diffusas Thear isreumed thraugh grillesadso
located inthe sugpended adling. Thegpece abovethe ugpanded aallingisutilized ssthereumar penum. Cadling
o thebulldngisacoomplished by pughing ar through dhillediweter codling aallslocated inthe HVAC units: Supy
arishegted by renegt collslocated inthevatiddear vaume (VAV) boxes

Althaugh theventilaion sysemwes aigndly desgned asaVAYV sydam, itwesnever gparaded asssuch The
venilaion sygemisoperated ssacordant ar vaume sygem, which meintansacordart flow of ar tothe
dasyoom aess whilevaying thetampardure
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V.

METHODSAND MATERIALS

A

D.

BhvieneOxide

Conoamsexqpressed by sevad indviduesregarding introoudiion of eéhylene axideinto the vocationel
gthod'sventilation sygeam from aneay hogaitd, prompted ar ssmping for ehyleneaxide: Thear ssmples
for ehyleneaxidewere adllected by draning ar through adlass tube containing 150 milligrams of HBr-coeted
dharaod using cdibrated, bettery-oparated sampling pumps & aflorate of 006 litersper minute (Ipm). Each
samplewas andyzed aooording to NIOSH Method #1614 using aHemMett-Pedkard 5380 ges
dromatogrgph equipped with an autosampler, 200meter-DB-1 capillary colunmn, and andedron cgpture
Odectar. Theandyticd limit of detedionwes 09 micogramsper sarde

Fomdodhyde

Thear sarpesfor famedenydewere adlledted by draning ar through agless midogt impinger containing 20
millilitarsof a1% sodumbiaifitesduion a aflowaed 1.0 1pm usng cdibrated, bettery-oparated sanpling
pumps Andysswasby vishle abosorption pedtrophotometry according to NIOSH Method #3500, The
andyticd limit of detedtion for thismethod was 05 micograns per sarple

Hydrocabons

Thear sardesfor hydracabonswere adlledted by draning air through aglass tube containing 150
milligramsdf adiveted cheracdl & aflowratedf 1.0 1pm (qudlitativesamples) and 02 1pm (quertitetive
samples) usng cdibrated, bettery-operated saling pumps: Thesampleswearedesarbed with 1mil of
cabondadfideand andlyzed by gesdvometogrgahy (GC) with aflameionization detector. Additiorelly, one
of the sampleswias concantrated and andlyzed by GC using amess oedrometer far mgjar compound
identification

Bicegrosds

Thesampling protood and ardlytical proosdlres used inthisevaution were besically consgent with those
outlined by the ACGIH Committeeon Bicserasdls! All sarpleswerecdlledted on 100 mmx 15 mmplagtic
R dishes(plates) contaning 45 ml of adturemedia. Air sarpesweareadlledted by padng theagar plate
intoasngedage Andarsn viddlear sample, theagar ufacebang stusted a afixed dgancefrom 400,
025 mmdamde aificesthroughwhichambient ar isinroduoad. Thesampler was connected to aveouum
pump cdibrated to provideanar flow of 283Ipmthvough thesample. Themediausad for thedgtedtion of
fung condsted of V-9 agar (amixtureof potato dextroseagar and V-8juiod).? Trypticesesoy agar westhe
mediaused to detet bath thamophilic adinomyoetesand bedteria. Samplesfar eech of thesedassesof
miaobeswereodledted for 2, 4, and 8 minutes at eech location. "Bracketing' of sampling paiicdswasdone
toearethat a lesgt oned the auture plateswould contain cdonieswithin arange suitablefor ecourate
counting. Toavad patentid aoss-conamingion of samples thesampleswearedisfeded dter eechuse
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Thiswesaooomplished by deaning thessmplaswith 70%isopropend and thendloning themtoar dry. Al
adturepaeswerekea onicebeforead dter ue At thecompdion of thestevist, thesarpdeswere
placed intoinsUlated shipping contanersand sant viaovamight express saviceto acontradt micraidogy
leboratary. Uponrecdapt a thelaboratary, the sampleswereincubated. Thetamparaturesand duraion of
incubetionwesdfferant far eech of thethree desses of micoorganiams

Samplesfor fung weareincubeted & 25°C. Hateexamingtions sub-aultures and adony countswere
pafomed a 4 and 10 daysdter incuogion. All plaeswerehdd for 22 daysto pamit oorulaion of the
donet gowing fung.

Badaid sarpdesweaeinoubeted & 35°C. Hateexamingions cdlany counts and gram dainswere
pafameda 3, 5, ad 10 daysdter incubetion.

Samdesfor themophilic acinomyoaeswereincuoated & S0°C. Faeexamindionswearepafomedat 2, 3,
and 9 daysdter incubetion.

E CabonDiaxide
Cdaomelric detector tubeswere usad to meesre carbon diaxide (CO).

F.  Tenpgauead RdaiveHumidty

Temparature and rdative humidity were meeaLred with albettery-powered psydromeer.
G VaildionMessrarats

Airflov messrematswearemedea dl ar auppiesand reumsusng aflow hood

V. EVALUATION CRITERIA

Thepimary Sourcesdf ar contamingtion aiteiagenardly conadted indude (1) NIOSH GriteiaDocumatsand
Recommeanded Exposure Limits(REL ), (2) the American Conference df Govanmeantd Indudid Hygiend's
(ACGAH) Threshdd Limit Vaues(TLVS), (3) the U.S Departmeant of Labor (OSHA) fedard oooupetiond hedlth
sandards and (4) theindoor ar qudlity stendards devdgped by the American Soddly of Heeting, Refrigarating, and
Air-Conditioning Enginesrs(ASHRAE). Thefirg three sourass provide environmntd limitsbesed onarbome
conoatrations of Subdancesto which mogt warkersmay be cooupetiondlly exposed intheworkplaceenvironment
for 810 10 hoursper day, 40 haurspar wesk for awarking lifeimewithout edverehedth effedts TheASHRAE
quicdinesgpadify ousidedr quantitiesto meintzin aoogptebleindoar ar quelity and minmum vartilaion rateswhich
should beacogatadleto the mgarity of humen cooupantsand nat impeair hedth

Indoor ar should not contain conoantrations of contaminentsknown toimpalr hedlth, or to causedisoomfart toa
mganty of theoooupents For goplicationtothegenerd papulation, ASHRAE recommiendsthet conoantrations of
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these contlaminentsnat exosad onetanth of thelimitswhich areusad inindlgry. Therationdefar thisgoproechis
thet thegenard populaionismorevaied then theindudrid populaionin susoeatibility toinjury dueto gredter vatigion
inageand hedth atus Inaddition, theindudrid populaionisoften under greder hedlth Lupavison thenthegenerd
popuaion. Insomedraumdancesusing anetanth of theindudid danderdsmay nat be adequete because of odar,
imtaion, sastization, or ather hedth effeds At thistime, NIOSH doesnat hevean difidd posiion regarding the
gororigenessof the AAHRAE recommendaions o regarding the use of oocoupetiond expoaurelimitsin
norvindLetrid stings

A

BhvieneOxide

NIOSH recommendstha ehylene axide (EO) beregarded asapatentid cooupationdl cardnogen and thet
expoareto BO becontralled to thelowvest feesblelevd (LAL). 1n 1983, NIOSH recommended to
OHA thet an 8-hour imeweaghted average (TWA) be st lower then 0.1 pom, becauseevena 0.1 ppm,
aoocording to avaladerisk essessmants therisk of exaessmardity isnat compledy dimingted. NIOSH do
recommended 5 ppm asacaling concentration and thet this aalling nat be exosadad for marethen 10 minutes
inany work day.3*

Thecurent OSHA PEL for EHOis1 pomfar an 8-ty TWA expoare Thedandard dso edablished an
"adionlevd" of 05 ppmasan 8hour TWA conoantration, ebovewhich ardoyersmud intige oartan
complianceadivities Such aspaiadic employeemonitaring and medicd aurvellance: Thisdandard isbessd
ontheanimd and humen detashowing thet expoaLreto RO presnts acaranogenic, mutagenic,
rerodudive, neurdogic, and sensitization hezard toworkas: Induded inthe presant OSHA dandard are
repuiremantsfar methodsaof contrdling HO, parsondl pratedtive equipment, messremant of erployee
expoaUres traning, and medica survellance of theexpossd employess®

Fomdodhyde

Fomddehydeand ather ddehydes may berdessed fram avaiey of common metaidsinduding; faem
plagtics cabonless peper, partideboerd, plywood and textilefalrics: Symptomsof exposuretolow
concantraions of fomadehydeindudeimitation of theeyes; thraet, and nose heedaches neus;
congestion; adhme and kinraghes Itisdifficult to asibe gpadific hedth effectsto goeafic conoantrations of
fomddehydetowhich peodeareexposed, becausethey vary inthar sujedtiveresponsssand complanis
Imtative symptomsimay ooour in people exposad to forme dehyde at conoantrations aslow as 0.1 pom, but
morefrequantly inexpoaresof 1.0 pomand gredler. Somesangitivedhildren or ddatly, thosewith preexiding
dlegesar rearaory disseses and parsonswho have become sangtized from prior exposuremey have
g/mptomsfrom expoaureto conocatraionsof fameldehyde batween 005 and 0.10 pom.
Fomeldehydeinduoed agthmaand bronchid hyperresdtivity developed spadifically to formeldehydeare
unoommon®

Formd dehyde vgpor hesbean found to causeararefarm of nesdl canoer in Hischer 344 rasexposed toals
M concentration for 6 hoursper day, 5 day's per week, for 24 months: Whether theserealtscanbe
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C.

D.

extrapdated to humen epoareisthesuget of consderadle peculaion intre saientific literaure
Condusanscamnat bedravn with auUffident confidence from pubdished mardlity dudiesof cooupetionelly
exposd aduitsastowhether or nat famieldehydeisacaranogen. Sudiesof long term humen oooupetiondl
expoareto fomadehyde have nat detected anincresseinnesd canoer. Never theless theanimd resLits
have prompted NIOSH to recommend thet formieldehyde be handed as apatentid cooupetiondl caranogen
and that workplace expoaures bereduiced to the lowest feesiblelevel.” OSHA hasreoantly reduced its
pamisibleeqpoaurelimit (PEL) for forme dehydeto 1.0 pom 8Thefact thet farmel dehydeisfoundin o meny
home produds godliances fumishingsand congrudion metaidshesprompted severd egandesto gt
dandardsor guiddinesfor resdantid fomeldenydeexpoare ASHRAE hesrecommended, bessd on
persord comfart, thet expoaureto fomealdehyde belimited to 0.1 ppm. Thisguiddine hesdso been adopted
by NASA, and thefedard govemments of Caneda, West Gammany, and the United Kingdom.® Anindoor
ar fommeldehyde conoaniration of lessthen 0,06 pom (006 mg/n) isof limited or no concam, acoording to
theWarld Heglth Organizaion ™

Bicegrogds

Tharearecurently no pubdished Sandards of risk assodiated with exposLreto sprophytic bicegrosals!
Viddear ssmpeswareteken duing thissurvey asan investigeive method to comparecomplant and
noncomplant aesswith arbient bicearosdlslevds  Thistedniqueweas utilized by the NIOSH
invesigaarsinan effart to deamineif apaint sourcedf micoagansysedds adtoadinidatifying the
point source o thet effedtivie corredtive adtion can be recommendied.

Cabon Dioxide

Cabondaxideisanomd condtituert of exhded bregth, and, if monitored in theindoor dr, can often beussd
ssareaing tedniqueto evdustewhether adeguate quentities of fresh outdoor ar arebaing introduced into
abuildng orwork area. The outdoor, ambient concentration of GO, isuaLdly 250t0 380 pom. Typicdly the
CO, led ishigher inddethen auiside (evenin buildngswith few complants bout indoor ar quelity).
Howeve, if indoar CO, concantraionsaremorethen 1000 pom (3to 4 timestheautddelevd), thareis
prabelly apradem of inedeusteousdedr or poor ddribution of ar withinthe building, and comdlantssuch
asheedlche faligueand eyeand thret initation arefrequently found to beprevdant. Althoughthe CO, isnat
repporshlefor thesecomplaints ahighlevd of CO, doesindicatethet ather contaminentsinthe building mey
a0 beinaresssd and could beregponsblefor symptoms among building cocupents

The OHA Pamissble ExpoaureLimit (PEL) and the ACGIH TLV* for GO, is9000 ppm for and
8-hour TWA. > TheNIOSH Recommended ExposreLevd (REL) is 10,000 ppm for a10-hour
TWA.2 Theseindugtid limits however, aenat rdevant to themuch lower eqoogrescommanly
encoutged indficebuldngs Tempaaureand Reaive Humidity

Themgarty of rferances addressing tamparaureand humidity levelsasthey partain to humen hedlth
frequenty gopear inthe context of assessing conditionsin hat evironmants Devdgpmant of &"comfart” dhart
by ASHRAE presntsacomfart zone congdarad to bebath comfartableand hedltfu. Thiszonelies
between 73° and 77°F (23° and 25°C) and 20to 60 paroant rdative humicity. ™



VI.

Peage 7 - Hedth Hazard Evdugtion Repart No. 86421

F.

Vaiilaion

Nather NIOSH nor OFHA have devdgped vertilaion aritariafor generd dffices. Griteriaoften usad by desgn
engneasaetheguiddinespublished by ASHRAE. Until recantly, the ASHRAE Vertilation Sandard 62-73
(2973) was utilized, but recommenddaions were besed on fudies parformed befare the mare modem, air-tight office
bulldngsbecamecommon. Thesedder bulldingspamitted moredr infiltration through lesksin aradksand interdices
aroundwindoasand doars and through floorsand wells: Madem dffice buildings are usLilly much moredrtight and
pemit lessar infiltraion. Dueto thereduoad infiltration, ASHRAE quesioned whether the 1973 minimum veentiletion
vauesassurad adequete outdoor ar Spply inmodam, ar-tight bulldings

Sbsquently, ASHRAE revisad itsstanderd and pubdlished ASHRAE 62-1981, "'Vertilation for Acogpteble
Indoor Air Quelity".* Thisstandardisbessd on an cooupant dansity of 7 parsonspper 1000 souarefedt (ft2) of floor
areg, and recommendshigher ventilation ratesfor aresswhere smaoking ispamitted. ASHRAE dso recommends
thet contaminents, such ssvarious geges, Vepars microorgeniams Imoke, and other particulate metter, becontralled
0 thet concentrationsknoan to impeir hedlth or cause disoomfort to oooupentsarenat excesded. However, the
thresdhdd levdsfar hedth efedsfrom theseexposres are poarly documented. For dassoomswharesmoking isnat
peamitted, therate recommended by 62-1981 is5 aubic fedt per minute (cfim) of outdoor ar per person. Higher
ventilaionrates (25 dm per parson) arerecommended for oeceswhare smoking ispamitted because tolecco
gnokeisoned themod difficuit contaminanisto contrd & thesource: Aressthet are nonsmoking mey besplied &
thelowe rae (5 dm/person), provided thet thear isnat rearauated from, or athewiseentarsfram, thesmoking
3%14

ASHRAE Sandad 62-1981 d<o provides vertilaion requiramant guiddinesfar awidevaiely of commenad,
indituiondl, resdentid, and induirid fedlitiesand should be.coruited for goplication to the gpedific Stustion under
evdudion. It should, however, benated thet in 1989 thisdandard isexpected to bergdaced with ASHRAE

Sandard 62-1981R.* Therevised dandard isexpedted to inareesethe outside dr recuirements nesdied over its
prediecessor to 15 ofm per person.

RESULTS
BhvieneOxide

Samplesfar dhyleneaxidewearetakenindassooms43L and 432 (Tadlel). Bathwerebdow theNIOSH limit of
Oetection (003 ppm).

Fomdodhyde

Thear sarpling resutsfar fame ddhydearepresated in Teblell. Formddehydeweasdaeted indl thesamples
and ranged from 0.01-002 pom. Sncefumishings rugs drgpes and some bullding congrudion meteridscan emit
fomddanydg itisnat unusLd tofind smal amountsinbuldings

The conoatraionsfound during the NIOSH survey werevary low and would nat beexpedted to cause
noticssble dfedsinmog peodle
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C.

Hydrocarbons

Tadelll ligsthe hydrocarbon vgparsthet wareidentified in dassooms 431 and 432, Thear samplesindicatethet
traceamountsof isopropend, tduane, and pardilaroathylenewarepresant withinthearess. These bgtances
would nat be expected to cause naticesble effetsin mogt peoplea thelevd sdetected.

Bicegrosds

Viddear sanping resitsfrom our anvey far fung, bederia, and themophilic adinomyodes aswl astatd vidde
microorgeniams arepresanted by sampling locationin Teblel V. For eech of thethreemicraid dasses; airbome
levels(in adony-forming unitsper audic meter of &ir, CFRUM?) are presanted assasumitotd of individudl Spedies
Only the4-minuteduraion samplesarergparted, asthese provided the highest adlony countswithinan optimum
rangefor acourae counting.

Airbomelevdsdf tatd visdemicoorgenars (TVM), rgresanting thesum tata count messremanisfar fung,
becteria, and adinomycetesranged from 89 to 560 CRU/ME. The.autdoor TVM levd was 694 CRUMSE, All of
theindoor levdswearebdow theauidoor levd. Air ssmdlesfar fung weretekeninfour locationsinsdethe Hughes
High Schodl and Vocationdl Schodl, and ranged from 53to 258 CRU/MS. Theoutdoor level was 632 CRUMS,
Themgar fungd generaidentified in thesedr ssmpleswere Cladogparium and Reniallium, bath of which are
commaonly fourdintheeviromat. Al of theindoor fungd levdswerewd| beow theautdoor leve. Itisintereding
to natethet the highet fungdl concantrationswerefound in an areadf no complainis (Hughes High Schod - Room
110), thet was SHetted asacomparison area.

Badtaiargoresanted by 5 common genera(Brevibedterium, Srgatomyces Badllus Microoooos

Sireptocooous) wereisdlated in thesamplesteken inddethe buildingsand outdoars: Conoantrations of bedteria
ranged from 9to 311 CRU/M3intheindoor smplesand 62 CRUM? outside: Conoaniraionsin dass'ooms 431
and 432 (aress of complant) wereboth bdow outdoor levds: Again, the comperison aress (Room 110-Hughes
High Schod and Room 336-Hughes Vacationdl Schodl) hed thehighest levdsof mesophilicbedaria

Caton Diaxide

TheCO, dataarepresatedin TableV. TheCO, outsdewas 300 ppm and ranged from 500-1000indde. A
messramat of 1000 ppm prabelly indicatesthat inedeguste amounts of fresh ar arebeing ddivered to dassoams
431 and 432. Duingthissurvey (Uy 28, 1986) anly asdl number of pegdewereinthebuldng rdaivetothe
nommd schod year population. Therdfare, the CO, levdswauld be expected to be higher during full cooupency.

Tenpgauead RdaiveHumidity

Tempaaureand rdaivehumidity levdsarepresatedin TableV. Thetamparaureranged from 71to 76°Finthe
faur roamsmonitored during our Survey. Theousdetamparaurewas83°F. Therdaivehumidity ranged from
51-56%intheroomsandwes68% outdde Thetempaaureand rdaive humidity levdson theday wemesared
weaeinarangewhare morethen 80% of the coocupantswould be expected to fed comfartableacoording tothe
aiteiacontaned in ASHRAE Sandard 551981
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G

Vaiilaion

Toevduetetheadsnuecy of theventilation system, thetald mesaured air flow inaroomwes divided by the number
of peodeinthat areg, and thereslit multiplied by factorsof 0.5, 0.3, 0.2, and 0.15, corregponding to 5026, 30%,
2%, and 13% augdedr (OA) introduced into the vertilaion sydem. Theseddaarepresated in TableVI. For
exanple thetotd meeared ar flow to Classoom #432, 750 CHM, if divided by the number of oocupents (20)
resuitsin gopraximatdy 38 CRVI/parson. [f theair pply was 10026 OA, the OA vartilation raewas 38
CRM/pason. If the OA damperswearesst a 50%the OA vertilation rate decressad to 19 CHMI/parson, and 0
onfor 3%, 20%and 15% OA stings TheseresLitswearethen compared to the ASHRAE vertilation aitaria

Duingour visd ingoedion of the veentilation system, it wes noted thet the autsde air demparswerecompleldy
dossed causng atotd redrodaionof ar. A comparison of theddain Teble Il with thecurent ASHRAE Sandard
revedsthat the OA damparsnesdtobe st a 15% OA during nonamoking conditions: If smokingisadlowed the

damperswill need to begpened wider, possbly upto 5026 OA.

It wesaso noted during our visd ingpedion of the vertilaion sydem thet completedranege of weter framthe
condenstedrain pans cannat ooour because o thelocation of thedrainlines: Al if dirtisdloved to adlledt inthe
dran parsit can provideasugtancewhich fodersthe growth of microorganisms: Thesemicoorganismscoud then
becariedinto the.cooupied bullding Specesby the vertilation ar.

Medcd

TheHughesHigh Schod Vocationd Nurdng Frogram hesagf of 12, induding two serdariesand 10 fulltime
teechas TheNIO3H investigaion fooused on theteeching 9t Sncethetwo ssordaiesinfrequently entared the
dassoomaress Duing stevistsmededuing thewesk of Uy 17, 1986, dl avalademambasdf theteeching Sif
(9d the10) wereintaviened inanon-direded faghion. Whitten datements colledied by tesdhing S&ff fram
vocaiond nurdng dudentsduing thesummer and fdl tems of 1986 waredo revievedd,

Symptomsreported by theteeching g&f waredverse: Themodt frepuent symptoms (8 of 9 parsonsintarvienved)
rdated to the upper resairatary tract and induded Snus congestion, rhinitis cough, and aparcaved ineeeinthe
numbasaf uppe resaraary infedionsand sorettroets Eyeinitation, imitation or soresin the mouth, unusug odors
heedaches and fatigueweared o nated by 1 or maremembarsdf the g, Mogt of theteedhersfdt tharr reported
s/mplomsweredther posshly or prabelly rdated towark, and 5 of 9 dted agpadific petten of symptoms
dsgpering or decressing away fromwork. Satementsadlledted from 33 summar- and 53 fdl-tam dudents
Oestribed meny symptoms Smillar to those reported by theteeching f. Freguent complaintsinduded eyeand
throet imitation, Snus.congestion, dizziness heedaches and drowsness: Sudantsalso frepuently desribed feding thet
thercomwes"duify", “ladked axygen” or hed "poor ar draulaion”. Complantsaof odorswearefooused onagpadfic
inddent on Sgatember 23, 1986, when ageslesk wasthought to have coourred in the bullding,
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VII. CONCLUSIONS
Caton daxidelevdsand ingoedtion of the HVAC sysamindicatesthet the Departmant of Pradticdl Nursingisinedieouitey
vertileted
Basad on detacdlledted to dete, we have nat found evidence of any taxic agant inthe Hughes Vocationd Schod  levdswhich
mey beinuiousto hedth
Thesymptomsreparted arenat Luggestiveof agpedific cause, but some df them arefrequantly encountered inindoor
eviramatsinwhichthereisinede e vertilaion
VIII. RECOMMENDATIONS
1 Theddidendesinthe vertilation sydem (outsidear dampar gperation, condensate drain pein drainege) thet were
noted inthe NIOSH August 18, 1986, interim report, should be corrected.
2 A ventilation contractar expariencad with thetypeof HVAC sydem at the HughesVocationd Schod shauld
evdugtethes/demto asuretrd it isopaaing propaty, and within desgn oedificaions ASHRAE guiddines
(62-1981) should be conauited for outdoar ar reguireamants
3 Any furecomplantsrdaed toindoar ar quelity should beevdusted and documented by ingtituing aforméd
wiritten employee complant proosiure
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Informetion Savice (NT1S), 5285 Part Royd, Singfidd, Virginia 22161, Infometion regarding itsavalahlity through NTIS
can beddtaned from NIOSH Rubications Officed the Gindnnetl eaddress: Coplesaf thisrgpart havebeensat to:
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For the pupose of informing effected employess aopies of thisrgpart Sl be poded by theemployer inaprominent place
acessbletotheemployessfar apaiod of 30 cdendar days



Tahel

BhyleneOxide Sardes
HughesVocaiond Schod
Gnamdti, Ohio
HETA 86421
October 15, 1986
Locaion SdeType Sampling Raiad
(Pom)
Clasyoom-431 Area 0840-14:15
Clasyoom-432 Area 0840-14:15

Evdugtion Gritaia(NIOSH)

ND =NoneDeedad Thelimit of detedtionis09 ug'sample whichwould

carregpond to an @mogpheric conoantraion of 003 pom (samplear vaume
of 17.3liters).

LA =Lowes FeesbleLevd. NIOSH regards O asahumen caranogen. No
sdelevd o expoareto cardnogans hesbean damondraied far men.
Therefare, NIOSH recommendsthet exposureto EtO be contrlled to the
lowest extert posshle

BExpoare
Concatrdion

ND
ND

LA



Tdell

Fomddehyde Samples
HughesVocaiond Schod
Gndrreti, Chio
HETA 86421
Jy 28,1986
Bxpoare
Locdion SadeType Sampling Raiad Conoatraion
(ppm)
Clasyoom-431 Area 08:25-14:00 0.02
Clasyoom-432 Area 08:30-14:00 0.01
Office-431 Area 08:35-14:00 0.02
Office-430 Area 0835-14:00 0.02
(NIOSH) LA
Bvdudion Qitaia (ASHRAE) 01
(WHO) 005

Thelimit of detedtion was 05 ug'sample, which would corregpond to en @mosphaic conoantration of 0.001 ppm (samplear
vdumed goraximetdy
Dliters).

LA =Lowes FeesbleLevd. NIOSH regardsfomddehyde asapatentid
cadnogen. NIOSH recommendsthat workplace exposre bereduced to
thelones feeshlelimit



Tedlelll

Hydrocarbon Samples
HughesVocationd Schod
Gindnreti, Chio
HETA 86421
October 15, 1986
Conoanrations (jpom)
Locaion |sopropend Tduae Radioodhylee
Clasgoom- 432 01 (Trace) 0017
Clasyoom- 431 06 (Trace) (Trace)
AHRAE
Bvdudion Qritariat 40 2 LA
pem=patspa million

* = Based onthe ASHRAE recommencition of usng /10 of theindudrid
evaugtion aitaiafor indoor goplicationrs NIOSH curently hes
noindoor ar evdugtion aitaia

LA =Lowest FeesbleLimit. NIOSH recommendsthet perdhlorogthylene

shaud behendedintrewarkplace asif it wereahumen
cadnogen

(Traoe) = Subgance wes presant in trace quantities, betwean thelimit of
detedtion (2 ug'sample) and limit of quentitation (8 ug'sale).
Thiswould carespond to an a@mogpheric concaniration range of
0.008-0.03 ppm (toluene) and 0.004-0.017 ppm (perchloroethylene),
aamnganar ssmdevdured &litas



TdlelV

Concantraions of Airbome Fung, Badterig, and Themophilic Adinomyodes

HughesVacationd Schod
Gnarnrdi, Chio
HETA 86421
October 15, 1986
Conoatrations (CRUM?®) Tad ViddeMigoorgeniams®
Location Fug Bedtaia Themophilic Adinomyodies (CRUNVY)

Clasyoom - 431** 71 53 ND 124
Roaof - Outdoors 632 62 ND 6A4
Clasyoom- 336 53 107 ND 160
Clasyoom - 432%* 80 9 ND 89
HighSchodl Room 110%%* 258 311 ND 569

* =M d tatd concantraions messramanisfar 23°C fung, 38°C bedteria, and 55°C adinomyoetes
ND = NoneDeeted. No thermophilic adinomyaatic bedteiaweareisdlated fromany of theplates
CRU/M3 = Cdany-foming unitsper abic meer of ar.
** —geadf complants
*** = control area.



RoomNo/Area
4C30’dﬁoe
43I1I/dﬁoe
4:?/dassroom

432/dasyoom

ouddear

pem=patspa million

Time

900
11130

85
00

840
I:04
I1:36
850
15
14l

1:45

TeleV

Indoar Air Messramants
HughesVocaiond Schod
Gnarreti, Chio
HETA 8642
Jly 281986
CabonDiaxide Tempadue
(ppm) (F)
500 73
500 7
500+ 74
500 7
|000 74
700 72
600+ -
500* 76*
(0004 T4%*
m** 76}(**
300 83

* = Clasgoom door to hdllway and edjaining leboratory was gpen. Sncethe hdlway wes muchwamer
thenthedassroomit isposshletiat thisaooounted for the higher tamperature (themostat neer
doar) and could have efected the CO, buildup by marethen nonrdl diluion
** = Doorsdosad casng inareesein CO, and decresseintamparature
*** = Doorsopened causng decreasein CO, andincreeeintemparaure

No. of Occupants

°© B &

888



Vent
Hugh

Table VI

ilation Measurements

e8 Vocational Scheol

Cincinnati, Ohio
HETA B6-421

July 28, 1986

No. of Measured Supply
Room No./Area People Air Flow, CPM 50% OA 30% 04 20% 0A 15% OA
430/office 3 550 92 55 37 28
431/0fflce 3 630 105 63 42 32
431/classroom 25 1780 i6 21 14 11
432/classroom 20 750 19 11 8 ]

CrM
0A

m—, . — s i e

cubic feet per minute

outside air introduced into ventilation system
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