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l. JIMMARY

On Sgptember 25, 1986, the Nationd | ndtitutefor Oooupationdl Sefety and Hedlth (NIOSH) recaved areguest for a
Hedlth Hazard Evaugtion from the Suparintendent of Schodsfar the Soudarton AreaSchod Didrict, Soudarton,
Rasylvania to evduate complants of heedadhe, nesdl congedtion, sorethrodt, and eyeinitation among dudentsand
teecharsa the EM. Crouthamd Blementary Schod.

On Odtober 16, 1986, evironmentd and medicd evadugtionswere condudied a theschod. Sx genad areaar
samplesfor forme dehydeweare cdlledted inlover wing dessoomswherethe complaniswerefooused andin
conrd aess Fameldehyde conoantrations with the ventilation system off ranged from 0.02 to 007 partspar million
(ppm) inthearessmonitared. A decreasein famaldehyde conoentration wes messured in the complaint aresswith
theventilaiontumed on. The plywood undelaymant in recently capeted roomswasinglicated by bulk ssde
andyssasthesourcefor thefameldehyde

Fifty-seven paroat of intaviewed employesshed conplaintsthet they attributed to the schod enviroomat. The
complantswere nat assodated with exposureto oadificrooms: Modt teechersdid nat naticearecant inoreesein
dudent hedth complanis Wewereungileto adanuatdy evdugtethe prevdencedf sudent hedth complantisusing
ghod nurelogsar aparats committeesurvey. The NIOSH investigatorsrecommended thet the schodl
veartilaion sygem beingoedted and thet it be operated a dll timesthet the schodl isoooupied.

A fdloa~up evironmeantd evaustion conducted on January 28, 1987 found trace quentiies of formeldehyde
throughout theschod. Twenty-aght areaar sampleswareadledtedin 14 aress Oneresit, 004 pom, wasaboove
thelimit of quertitetion (LOQ) for theardlyticd method. Al of theather sampleresuitsranged from 002 to 003 pom,
betwen theandlyticd limit of detedtion and the LOQ. Thisrangedf vuesfar formeldehydeislow and typicd for
indoor ar. Carbon dioxide (CO,) concantrations meesured during thisfaloa~up evaugtion ranged beween 600 ad
1700 pom duing theschod day. Thehigher conoantraionswere messurad inthe uppar wing of theschod. Many of
themessLremantsexaaeded 1000 ppmwhichiscommonly used ssaguiddineor indicator of inedeguete ventilaion.
Tempaauesand rdaive humiditieswearefound to be outsde (lower then) recommended comfart rangesand thus
may beassodated with some of thehedith conplaints

Onthebedsadf theevironmenta and medical eveluation resLits it wes condudied thet ahelth hezard did nat exist.
Low levdsd formédenydediffusng from plywood capeting undalayment and inedeguigte ventilation may heve
contributed to aninoressein complantsof dsoomfart. Incregssd ventiltionimproved ar queity.
Recommancitionswere mede, induding improving the ventilation sysemin theschod.

KEYWORDS SC 8211 (Hematary and Secondary Schodls), formeldehyde, carboon diaxide, indoar ar,
vartilation
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INTRODUCTION

On Sgatember 25, 1986, dffiddsfar the Souderton Area Schoadl Didrict, Souderton, Rennsyivania, requested thet
NIOSH investigate hedth complantsa the EM. Crouthemd Hematary Sdhod. Thaewasconcemamaong
ghod dffidds teechers and parentsthet expoaureto fomel dehyde posed ahedth risk to Sudenisand teecharsat
theschod.

OnOdoba 6,1986, aninitid medicd and evironmentd investigaionwescondudied & theschod. Anlnteim
Repart of thisevauation wassubomitted to the schod didridt later thet month.

OnJanuary 28, 1987, afdlow-up evironmentd evaustion was condudted to deerminewhether theschod

hedting and ventilation system could contrd oooupant expoaLresto fomi dehyde by providing adecuteamounts of
freshar and dso mantan acomfartale evironmeant for shod oooupents: Therelitsfromthisevdugionwere
tranamitted to the schodl didrict in aletter on February 20, 1987.

BACKGROUND

TheE M. Crouhamd Hematary Schod weshuiltin 1962, Itisasngedory brick druduresmilar to meny
ghodsfromthet @a Anaddtion to theschod wascondructed in 1969. Hgure Lisafloor plan of theschodl.

A sydardic program for capeting thedassroomsin thedder sedtion (lower wing) of theschod wasdated in
1979. A plywood undaiayment wes usad benegth the capet. Thenew sadtion (upper wing)) of theschod was
capeted during congirudiionin 1969, No underayment was used in the upper wing.

Thegppearance of hedth complanisamong the udenisand teechersrepartedy begen dlter capeting wes
ingdlled in dassoomsinthelower wing of theschod. Thergparted symptomsinduded heededhe, nesd
congestion, sorethrod, and eyeinitation

AtthetimeNIOSH becameinvaved, thefoousof theinvedigation wason threercomslocated inthelower wing,
rooms22, 31, and 32. Jassssintheseroomshed bean disoontinued. Ervironmeantd ar monitaring conoucted in
Stember 1986 by acontradtor hired by the schodl didtrict indicated thet therewere conoantrations of
fameldehyde presant above usd bedkground levdls: Theseroomshed hed capeting indalled, room 22in 1984,
androoms 31 and Rin 1985, dl with plywood undalaymeat.

Thesthod heding and vertilation (HV) sysem conggsof aantrally contrdlled individuel room units (Nedatt,

Modd 500UR). Theunitsarelocated ontheousdewdl of theroomtodlow for freshar iniake Thisisahat
wate heting sygamwith noar coding fedure Freshar damparsare openwhenever thesygemisoparaing. The
damperscyde bawean the maximum and minimum sopsunder contrd of theroomthemodal. A cartainamount
of roomar isredradated through thevertiletor units: Theschod hesapessvedr edraud sydam through hellway
adling varsinthelove wingand framacommon

aboveadlingdeumintheuppa wing. Air pessssfromthedassoomstivaugh gillesintrewdl or odling
between theroomsand the exhaudied arees
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V.

EVALUATION DESGN AND METHODS

A

Intid Bwvironmmad BEvdudion

Duing theinitid vist on October 6, 1986, we adledted Sx ar samplesfar fomddehyde Fved thear
sarmpeswaeadleted inthreerconsin thelower wing of the schod which hed been capated withinthelet
threeyears Two of these rooms 22 and 32, weredassrooms assodiated with the hedth complaints The
thirdwestheaudoviad (AN) soreroomwhich hed thenevest capeing. Onedr samdeweasodledted in
an oooupied dassoam, room 51, inthe uppear wing, which was nat essodated with the current hedlth
complans

Theroomswearesampled under two dfferet condiions Thefird st of threear samplesweas adlledted with
theroomsdosed and nat adively ventilated, whichwestypicd for thesesson. Thissstinduded thesamples
frondassooms 22, 2, and the ANV doreroom. Thessoond st of samples frondassooms22, 32, ad
51 wereadledad with theschod vertilation sygemin gpaaion. Thesydemwastumed ona thebaginning
of thessoond ar sarpling period.

All ar ssamplesfor forme dehyde were adllected using cdlibrated bettery-oparated saping pumps @ a
flomated LOliterspar minute (Ipm), through midogt impingars contaning 20 milliliters (ml) of a1% sodum
hisufitesdution. Sampledar vdumesweareDlitas Andlysswashby vishle aosamtion goedraphatomery
acoording to NIOSH Method 3500 Theardlyticd limit of detetion (LOD) for thismethod wes05
miaograrspa sample (uy'sampe), and thelimit of quentitation (LOQ) was 20 ug'samdle (002 partsper
millionar conoartration).

Twoar samplesweareadledtad for arganic hydrocarbons oneindassoom 22 and onein 32, todgemine
whether any ather arganic vgpar thet could causethe reported hedlth effedswes presat. Thesesamples
weaeadledted by dranving ar through aglasstubbe contaning 150 milligrams of edivated charood, da
flovratedf 10 lpm, usng cdibrated bettery-operated sampling pumps: Thesampleswearedesorbed with 1
ml cabon daifideand andlyzed by gesdrometogrgohy (GC) with aflameionizaion detectar. Additiorelly,
oned thesampleswas concentrated and andlyzed by GC using amess soedromeler asadetector for mgjor

compound idantificetion

Four buk matgid samplesweresLbmitted for latent formeldehydeandlyss: Theseinduded two samplesof
capding fromroom 22 and anefram room 32, and anesample of plywood underlayment metaid from
room22. Thecapa and plywood undalayment fram room 22 hed beenin placefor two years (ingdled
August 1984) and the carpet from room 32 hed beanin placefar oneyeer (ingtdled August 1985).

Each capet sampdewasdvided ino threesub-samplesfor andlyss A piecedf thewhdecarpet wes
andyzed, aswdl as sgparate partions of thefibarsand the rubbaized binder metarid which hdd thefibars
togahe. Theesampleswereardyzad using amadification of the Burlington Indusriesmethod for [atent
famadenyde Appraximetdy onegram of esch samplewas suspended over S0l of didilled weterina
sedled container over a20-hour pariod & 50°C. A 101 diguat of theweter wasthen reeted with
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dromatropic and suifuric adds and theresLiiting absorbence was reed on apedrophotometer st a 570
nenomeiers Quantitaiveresultsweare detamined by comperison of the aosorbence exhibiited by thesamples
with thet of stenderd sdlutions

Cabon doxide conoatraionswere messLred in sdected aress using aGadiech Partable CO, Indictar,
Modd RI-411. Themessuramant ranged theindrumant is0-9960 partspar million (ppm). Theindrumant
wascdibrated prior to uss, usng CO, cdibration goen ges (800 pom).

B. Meddd Evdudion

Fourtean sthod employess (13 teecharsand theprindpdl) and four parentswereintaviewed duning the
medicd evaugtion. Medicd hidariesand complantsthought to berdated to theschod environmat were
recorded. The parants committee provided aliding of puplls complanisdidted from tdegphone cdlsto
parents Schod nureeatendancelogsfor the pedt yeer were datained from E. M. Crouthamd and from
anather dementary schod (without reported prablems).

C. HlonupEwviramatd Bvdudion

OnJnuay 28, 1987 ar samplesfor forme dehydewere collected & 14 locations throughout theschodl (11
dasgooms reeding room, library, and prindpel'sdffio). The concentration of fammeldehydein the outdoor air
wasd messrad. Anar samdewas adlleted a eech locaioninthemaming andinthedftamoon. Classes
werebang condudted in dl dassroomsexogat room 22. Messramanisof thecaton doxide (CO,)
concantraion, tempaare, and rdative humidity were datained & eech ar sampling location during eech
sampling period

Thefomdddnyde sarling and ardlyticd methocswerethe sameasin theinitid evelugiion (NIOSH
Method 3500), exagat theandyticd LOD was 20 ug/sampleand the LOQweas4.0 ug/sample Carbon
daxide concantraionsweremessured using Drager tubes: Themessuramant range df thesetubesis
0.01-0.30%0(200-3000 patsper million). Tempaaureand rdaivehumidity levdsweredataned usnga
Bdfort Insrument Compeny, Modd 556 bettery-operated psydromete.

V. EVALUATION CRITERIA FORBUIL DING-RE ATED ILLNESSERISODES

A.  BEwviromatd Brdudion

Snce 1971, invedigetorsin the Hazard BEvdugions and Tedhnicdl Assstance Branch, Divison of Survllancg
Hazard Evduaions and Fdd Sudies NIOSH haveregponded to gopraximatdy 450 complaints of indoor
ar qudity prodamsinawidevaiey of sdtings Thesedo natindude our invesigaionsof adoestosrdaed
buildng pradems but arly thosewharethe huilding cooupentswere adudly expaiendngill-hedth effedts
which gopeared to berdaed to ar qudity. Themgarity of theseinvestigetionshave been condudted snce
1979, pardiding the"enargy dfidency” conocamnsd bullding opaaarsand achitedts

Whilethermgarity (N80%) of our indoar ar invedigations have bean condudied in govemmant and
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privatesectar affice buildings wedso haveevduated prablemsin schods adlleges and hedith care
fadlities

Commanly, thesymptoms and hedlth complantsreported by workershave been dverseand nat
gpesivedt any paticlar medicd diagnossor reedly assodated with acaustiveagat. A typicd

spedrum of symptams hesinduded heededhes vatying degressof itching or buming eyes imitetions of the
skin, induding rashes Snusprodams dry and imitated throetsand ather resairatary imitetions: Thewarkplaoe
evironmat hesbentypicaly implicated becausewarkas symptoms namrely disgopear whenthey are
avey framthedffice Attimes theses/mptomshavebean severeanough to reLit in misssd work and
resssgmmat

Although somedf theseqaisodeswearemultifectand, theinvestigaionswe have condudted can bedassfied by
primary typedf prodlemfoundt inedeoete vertilation (5294); contaminetion frominddetheluilding (1794);
contamingtion from outsidethe bLilding (1194); microbidogical contamingtion (5%6); contamiretionfromthe
building fabric (3%0); and unknown (12%).

1 Inedenute Ventilaion

In52% of theinvedtigetions; thebilding vertiletion hesbeeninedeguete: When evdugiing building
ventilaion, wenommely use ASHRAE dandardsfor comparison. ASHRAE sandard 62-1981,
"Ventilation for Acogpiale Indoor Air Quaity” and 55-1981, "Thamd Ervironmenta Conditionsfar
Humen Oooupangy” aebathused. Somedf the ventilation prademswe commonly encounter ares
inedenuietefresh outdoor ar supplied to the affice gpece: poar ar didribution and mixing, causng
drdtification, dreftiness and pressure differences betwiesan office goeces tempearatureand humidity
extremesar fludustions (sometimes causad by poar air didribution or fauity thermodiats); and ar
filtrtion praldems caused by imprapa” ar no maintienenceto thebullding ventilaion sygem. Inmeny
cas these ventilation prodems are areated or enhanoad by oartain energy consarvation meeares
gdiedinthegpadtion of thehuilding ventilaion. Theseindudereduding or dimingting fresh autcoor
ar, reduang infiltration and exfiltration; lowering thamostats ar economizer oydesinwinta, rasng them
insumme; dimingting humidification ar ddhumidfication sydems and eally dtanoon du-downad
latemoming dat-up of thevertilation sysem.

2. InadeContamingion

Contamingion ganerated by sourossingdethe dffice peceisthemgar prademidantified in 1% of the
invesigetions Copying mechinesaredftenfound to beasgnificant source Exanlesof thistypedf
prademindude methyl daohd from gairit dulicetors butyl methearylatefrom sgreturemechines and
ammoniaand aodic add from bugint aopiers: Sl ather ingde contamingtion prademswehave
encountared indudke expoauresto pestiddes, such aschlordane, whichwereimpropaty gopliedt
damditisfrom baller additivessuch asdiethyl ehendamine imprapaty diluied desning apantsauch s
rug Shampoo; tabeooo smoke df dl types combudion gesesfrom sourcescommon to cfetariasand
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laborataries and arass-contamingtion fram poorly ventilated sourcestiet lesk into ather ar hendling
Z0Nes

Contamiranisfromingdear ausdethedficegoeog and fromthebuildng faric areessatidly
dhamicad contaminents Many times odarsare assodaed with somedf these contaminentswhich may
adinsourceidantification. Inmodt cases thesednamicd contaminanishaevebeen messred @ levds
aboveambiant (nomndl bedkground) but far b ow any exiding cooupetiond evdugion aiteria

3 OuddeContamingion

Contaminetion from sourass ous dethe dffice goeceisthe mgar prademidantifiedin 11%df the
invedigetions Rrddemsdueto matar vehideexhaud, baller geses and previoudy edheuded ar ae
esstialy causad by reatrainmant of ausdedr. ThisisusLdly theresuit of impropery located ednaugt
andintekevenisar paiodic dangesinwind condtions: Other autgde contamingtion prodemsinduce
contaminenisfrom condrudion or renovation prgjects uch as agphdlt, salvents and dugs Also,
gedinefumesinfiltrating the besamant andlor savege sysem can somdimesbeaprddem and these
areuadly causd by gesdlinelesks from ruptured undarground tanks @ nearty savicedations One
aof themod common sources of auisde contaminetion hesbeen vehideexnaugt fumesfrom parking
garagesbang drawninio the building ventilation sygem

4. Miadhidaogce Contamiretion

Rvepaaat o theinvedigaionshaveinvaved sometypedf miadhidogicd cortamingion. Bven
though thisisnat acommon cause of indoor ar pralens it can result inapatentidly severehedth
condition known ashypersandtivity pneumonitis Thisresairatary prodlem can be causad by bedteria,
fung, pratozog, and miadaid produdsthet mey ariginetefrom vertilation sygem componats A
smilar condion known ashumidifier fever, most commonly reparted in Europe isdso thereuit of
micrabidogicd contamiretionin venilation sygems Inthe NIOSH invedtigetions miadbidogicd
contamingtion hescommoanly resLited fromwater damegeto capasor fumishings or Sandingweter in
vatilation s/gem componats

Althoughavaidy o dsordas (hypersastivity peumonitis humidfier fever, dlegic rhinitis
conundivitis) can resut from micraidogicdl exposure wegangrdly hevenat documented the
exddenced thesedsordarsonthebedsof medicd ar gademidogicd deta

5. BuldngFeic Contamirdion

Contamirdion fram building metaidsand produdsistremgar prademin 3o of theinvediggions
Fomadehydevapar can diffusefrom ureaforme dehyde foem inauiation, partide boerd, plywood, and
medussand adhesves commonly used during condrudion. Other bullding febric contamingtion
prademsancountarad indude damditisreLiting from erodon of fibrousglassin lined viertilaing duds
vaiousaganc vatsfrom guesand adhesves and aodic add usad asacuing egatinglicone
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calking

Inummay, themgor prodesidentified inthe NIOSH indoar ar quelity investigaions can beplaoad into
threeganard categrieslisted with decreesing frequency:. inedequite vertilation, chamicd contamingtion, and
miadaidogicd contamingion. Inedequete vartilgionisthesngelarges prademwe seein buildings
Although vaied, these vantilation pradems commanly candlow abuld-up of any contamirenispresatinthe
oocupied goeceto the paint thet cooupentsbecome uncomfartable o exparience advare hedth effedts

B. Fomedddwyde

Formddehyde and ather ldehydes may berdeessd from foem pladtics carbonless peper, patideboard,
piywood, and texilefarics Symptomsof exqpoauretolow concentrations of formeldenydeindudeinitation
of theeyes thraet and nose, heedlaches; nausea, congestion, asthma, and skinraghes: Itisdifficult to asaribe
oadific hedth effedtsto goeafic conoantraions of forme dehyde to which peopleareexposed, becausethey
vay inthar sugediveregponsesand complants Initation symptoms may ooour in peopleexposed to
fomddehydea concantrationsaslow as 0.1 pom, but marefreguantly inexposresdf 1.0 pomand grede.
Somesastivechildren or ddaty, thosewith preexiding dlegiesor rearatory disseses and parsonswio
have become sanstized from prior exposure may have symptoms from expoaureto concantraions of
formaldenyde betwean 005 and 0.10 pom. However, cases of formd dehyderinduoad ashmaand bronchid
hyparesdtivity developed Spadficaly tofomddehydearerae?

Thereislitlesdientific dapertaning o theeffeds of fomadehydeepoa respedficdlly andhildren. A recert
Caredian soly compered 29 dhildren living in homesinalaed with uree: fommeldehydefoamwitha
compaison graup o randamly selected chilcren. Thestudy faled tofind sigrificart differencesin regairatary
gympomsor pumaonary fundion between thetwo groups®

Forme dehyde vapor hesbean found to causeararefarm of nesd canoer in Hscher 344 rasexposedtoals
ppom concantration for 6 hours per day, 5 days par wesk, far 24 months Whether thesereaitscanbe
extrapdated to humen expoaureisthesulget of consderadle peculaion intre saientific literaure
Condusanscamnat bedravn with suUffident confidencefrom pubdished mardlity Sudiesof cooupetionelly
exposd aduitsastowhather or nat famialdehydeisacaranogen. Sudiesof long term humen oooupetiondl
exposureto fomedehyoe havenat detected anincressein nesd canoar. Nevathdess theanimd resitshave
prompted NIOSH to recommend thet formia dehyde be hended as apatentid ocooupetiondl caranogen. An
esimate of the cancar risk towarkersexposad to fomd dehydelevdsa or bdow the curant 3jpom
Oaoupetiondl Sfety and Hedlth Adminigration (OSHA) dandard hesinat yet been detemmined. Inthe
interim, NIOSH recommendsthet workplaoe exposures e recuced to the lowest feesiblelimit*

Thefatt thet famme dehydeisfound in so many home produdts gopliances fumisiings and condrudion
metaidshes prompted severd agendesto st sandards or guiddinesfar resdentid fameldehyde expoaure
TheAmeican Soady far Heding, Refrigaration, and Air-Conditioning Enginea's(ASHRAE) hes
recommended, besed on persond comfart, thet exposLreto fama dehyde belimited to 0.1 ppm. This
quiddinehesdso been adopted by the Nationd Aeronauticsand Spece Adminidration (NASA), and the
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Fedard govammantsof Canada, West Gamany, and the United Kingdom.> Anindoar ar formeldenyde
conoantration of lessthan 0.05 ppm (006 mg/n) isof limited or no conoam accarding to the Waorld Heelth

Organization (WHO)®

Tadel smmaizescetafrommeny dudesdf famedehnydelevdsin homesin differart patsdf the United
Sates Canedg, and the United Kingdom. Maohilehomes dueto thelargeamount of pressed wood
proouds used in their congrudion, havethe highest fameldenyde concantrations: A meendf 04 ppmhes
ben foundinmogt of the sudiescondudted inmokilehomes. Mot ather typesof homeshaveavarage
fomdddhydelevdslesstren 01 pom. Interedingly, meen fammaldehydelevdsin homeswithfoeminsuaion
aeanly dightly higher thenlevdsin homeswithout faem irsuation, athough ahigher peroantage of foemed
housesdo havefamedehydelevd sexoasding 0.1 pom. Inonesiudy dder (>15 years) convertiond homes
withamean fomedenydelevd of 003 pom, hed lower fomadehydelevd sthen never homes (008 pomin
homeslessthen 5yearsdd).

C. CabonDioxide

Catbondiaxide CO, isanonmd condlituant of exhded bregth. Itsconoentrationinindoor ar canbeusad asa
Sreaing tedhniqueto evdugtlewhether adeouste quantities of fresh ar arebang introducad into abullding,
Theoutdoor, ambient conoantration of CO, isusLidly 250-350 gom. Itisimpartart toredizethet the CO,
conoatraionsarenamdly higher indoorsthen outdoars evenin bulldingswith few reparted complants
Howeve, if theindoor CO, concantraionismorethen 1000 pom, or 3to 4 timesthe outdoor levd, ventilaion
may beinedequite, and theremey becomplantssuch asheededhe, fatigue and eyeand thraet initetion. The
CO, conoatrationitsdf isnat respongblefar the complants but thedevated concentration of GO, indicates
thet ather contaminentsin the buillding mey do beinoresssd

Atthispantintime theressamsto begenad agreamant among hedlth egenaes sudying indoar ar quity thet
if GO, levdsaremaintained bdow 600 pom, with comfartabletemperauresand humidiies complants
rdeddetoar qudity Shoud beminimd. When CO, levdsareabovel000 pom, complantsmay ooour, and
meny hedth agendesrecommend thet thislevd should be usad asan upper limit guiddine: Thisdoesnat meen
thet if thislevd isexossdad thebuildng ishezardous ar Soud beevaouated. Rether thelevd should beusad
asaguiddinethet hdpsmaximize comfart for dl cooupents: Theconssquancesof GO, concantraions
betwean 600 and 1000 pom arenat aswell undarstood. Previous evaugtions conducted by NIOSH have
shownthet CO, isasangtivemessuramat; thequelity of theroomar isvayy quidkly afected by cooupancy.

D. Povsond Adeguete Amounisaf QuisdeAir

Nather NIOSH nor OSHA hesdeve opad ventilation aritariafor shodsor generd dffices. Gritariaditen
usd by desgnegneasaetheguicdinespuldished by ASHRAE.

IN 1981, AAHRAE pubished its Ventilation Sanderd, ASHRAE 62-1981, "Vertilaion for Acogatedle
Incloar Air Quelity”. Far dassoosin“educationdl fadlities', themaximum oocupant dansity for the
recommended sandard is 50 persons per 1000ft2 of floor area. THiSASHRAE Sandard satesthet indoor
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ar quelity sl beconddared acogatableif thesupply of outdoor ar isauffident to reduce cabon diaxideto
lessthen 2500 ppm and to contral contaminants; SUuch asvaious gases, Vapors microorganiams, Smoke, and
ather particulae metter, S0 thet conoentrationsknoan to impealr hedlth or cause disoomfart to cocupernisare
notexossded. Theraterecommanded for dassroomsin “edlucationd fadlities' is5 dfm of outdoor ar per
pason Theraeishigher if smokingispemittedl’

Curently under publicreview isadrait verson of ANS/ASHRAE 62-1981R (duly 1986), aproposd
reigonof the ASHRAE Sadad 62-198L Inthisrevison, thevettilaion requiramentsfaor dasscomsfor
educationd useisinareased to 15 dfm per cooupart. Thebegsfar thisrateisto limit CO, conoatrationsto
1000 pom (0.1%0)8.

E Tanpgduead RddiveHumidity

Theperagption of comfart isrdated to onésmetabadlic heet produdion, thetrander of thehedt tothe
evironmat, prysdogicd adusmeants and body tempaaires Heat trandfer fromthebody tothe
evironmatt isinfluenced by evironmentd fadiorssuch astamperaire humidity, and ar movemat esswl as
pearsond fadorsauch asedtivity and dathing.

ANS/ASHRAE Sadad 55-81 " Themmd Ervironmenta Conditionsfar Humen Oooupangy, pudished in
1981, oadfiescondtionsinwhich 80% ar mare df the cooupeantswill find theenvironment thamndlly
comfatable Fgure2, whichwastaken fram thisdocumat, pressisthe acogatableranges of tamparare
and humidity acoodingto ASHRAE? It should benoted thet asmany as 20% of the cocupantsbecause of
indvidld preferences may nat fed themmélly comfartableevenif genad room temparaluresand humidities
aewithinthre ASHRAE comfart range. Figure 3 presanisthe currently acogated aritaiafor comfart of
nomrelly dathed, ssdrntary indvidLels from the Indutrid Ventilation Manud, 18th ediion, published by the
Amaican Confeanced Govanmantd Indudrid Hygends Ingenerd, if therdative humidity isbdow 30%,
themucous mambranestend to dry and oooupent discomfort isinoresssd.

VI. RESULTSAND DISCUSSON

A. Intid Bviramatd Bvduion

1 Fomddhyde

TheOdadba 6 ar sarpling reslitsfor formddehydeare presated in Tadle 2. Rior toedivaing the
ventilaion sysam, ar levdswere 003 patspa million (ppm) inthe AV soreroom, 004in
daszoom 32, ad 007 pomindassoom 2. Fdloning thevertilation system adtivation, levdswere
006 ppmindassoom 22, 003 ppmindassoom 32, and 002 pomindassoom 51, All samples
weareadleded for a90-minute paiod

Samplesadledted in dassooms 22 and 32 foved aggnificant dexessein fome dehyde
conoatraionswhilevertilaing for Q0 minutes
2. BukMaaid Sarpes



Page 10 - Hedth Hazard Evauation Report No. 86-535

Thewhdecapa sampefrom dassroom 22 contained 100 pom fameldehydeonaweght bess The
whdecapa ssmdefrom dassroom 32 contained 25 pom. Resitsfrom the ssparate partions of the
capd fiber and binder meterid werevaiddle among the sampleswith no congdart pettem. Two
piecesof thesame plywood undelaymant ssarpdewareandyzed and theformel denyde contert of
theseaveraged 600 pom.

3. Hydocabons

Air ssmplesfar hydrocatonsshoved vary sTel amountsd tdueneand somediphetic
hydrocatbonsinthe C,-C,; regon. Tdueneconoantraionswerelessthen 1 ug per sarmde (0003
pAT).

4.  CabonDioxide

The CO, concentrations meesured on October 6, 1986 were 550 ppomin the unoocoupied roomsand
700 pominan cooupied room (room 51). Thismessremat wesmedewithinafew minuesfaloaing
thedftamnoonrecess Thesudanished just reentered the dassroom and the door hed been openafew
momatselia, dlonving far someamount of diutiontotakeplace The CO, concantration outsde
was 350 ppm.

Buk ssmpleandyssdealy shoved thet the source of thefammeldehydein room 22 westhe capet
udalaymat. Oneeqandion for thehigher concantrations of formel dehydeinroom 22, wherethe capet
hed beeningdled two yearseatlier, versusrooms 31 and 32, wherethe capet wasingdled just oneyear
befare isvaiaality in thefameldehyde conoantratiansin the plywood undedayment.

Air sampling indicated thet without ventilation it would be possblefor fammeldehyde conoartrationsto
inoesseove timeto thepaint whereexposurecould causeimitation. After using verntilationfor S0 minutesthe
conoanirations decressad to bedkground levds commanly found in officeand resdentid builldings Withthe
ued maximum vatilaion, therdatively high conoartrations of GO, found inddetheschod ouddso
decresse

B. Medd Bvdudion

Eght d fourtean employess (57%0) intaviewed during theinitid eveluetion reported s/mptomswhich they
atributed to the sthod eviromant. Seveard teechershed morethen onesymptom. Five (36%0) of the
employessreported heedache and nesal congedtion, ear problemsand eye prodemswere eech replaced by
two (14%) employess Two employess (14%) felt thet dressfrom reoant contract negatiations contributed to
complants Seven of fourtean employess natiosd an odar intheschod. Hveemployess(36%0) natioad an
increesein dudent complantsof heedeche o domech ache during thepedt year. Employeecompantswere
fromawideranged gradelevdsand dfferant dessooms

The parants committeeat EM. Crouthamd surnveyed parantsof gaproximéatdly fifty dudentsby tdephone
Thesuvey log liged thinty-three sudarntswith hedlth pradems modt of whichwere hestedhesand dlegic

ymptoTs
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Weaeurgdeto drawv condusonsfrom thisstudy aoout the prevalence of bullding rdaied symptonmsin
dudats Thelogdf viststotheschod nurse may bed limited vauein esimeing sympiom prevdence. The
high suggedtihility of childrento complantsby ather pupilsar ther perentsand teechersmekesit impossidleto
know whether visitsto thenurseware due prinaily to the hedlth effedts of enar contaminant intheschod.
Our intaviewsreveded thet mogt of the teechers (64%0) have nat dosarveed areoant increesein dudant
complans The parentscommittee Srvey contansmany repartsaf heededhesand dlegic symptoms
However thislig cannat be usad to messure the number of dudeants bulldingrdated complainis Sucha
messremant would requirean unbiasad pall of argoresaniative sdedtion of the population.

C. HlonupEwviramatd Bvdudion

Afte theinitid evdugtion, werecommanded thet the vantilaion sydem a the EM. Qrouthermd Bematary
gthod beussd wheneve theschod isoooupied in arder to introduce as much fresh ar as possbleinto the
buildng. Wedso recommended thet the ventilation sydem beingpected by aexparianced vantilaion enginesr
todeemirethdt it was oparaing within design paramndiers Beween theinitid and thefdlow-up evaugtions
ghod dfigdsimplemanted theserecommendtions and a o dedided to ramove the carpet and undalayment
fromroom 22. Classsswearemoved beck intorooms 3Land 32,

1 Fomddhyde

Fomdddhydear sarpling resuitsfor the January 28, 1987 evdugtion arepresanted in Tale 3. Only
oresampleconcantraionwas abovethe LOQ of 4 ug/sample themoming samplefranroom 62in
the uppa wing of theschod hed aforméddhyde conoarntration of 004 partspar million (ppm). Al
aher samdesredLits induding thedtemoon samplein room &2, wereeither betwean the LOD and the
LOQ ar warebdow the LOD (nonedetetted)). Vduesbatwean the LOD and LOQ areconddered
to betracevaduesand areonly ssmi-quantitative Therangedf trace vauesfound wasfrom 002 to
003 pm. A tracevdued 002 pomwesfoundinthemoming samplecdledted ousde Therewes
noneddiedted cusceinthedftamoon. Itisnat uncommontofind fomedehydeinambiet ousdear
inurben arees

Theconoarationsd famaddhydefound inddetheschod aeared thelower end of therangeof
vauesnommlly foundin mailehomesand convertiord resdences(Teble 1). Indffice
emviromats Imilar concantraions of fammel dehyde have bean mesaLred by NIOSH invedigetars
and havenat gengrally bean assodiated with hedlth effects

2. CabonDioxide

The CO, conoantrations mesaLred during the morming and aftemoon of January 28, 1987 ae
reportedin Table4. Indoor concentrations of CO.,, meeaLrred throughaut the schodlday, ranged
between 600 and 1700 ppm. The outdoar CO, conoantration was 200 ppm. Theconoantraionsof
CO, intrelove wing of theschod weareganadly lower thenthosein theupper wing. Lowverwing
CO, concantraionsranged fram 50010 2000 ppm. Upper wing CO, conoantrationsranged from
1000to 1700 ppm.
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Thelower wing of thesthod isgpperently better vientilated then the upper wing. Onthedsy of this
evaugion, werequested thet nowindowsbe opaned o thet dl fresh ar introduced wesfram the
vantilaionsydem. A few of theteechersleft dassoom doarsgpento thehdiway. All CO,
messLremantsin the uppar wing (dassoams 42, 52, and 62) hoved concaraionsgreter thenthe
1000 pom uppe limit guiddine: The CO, conoantrationsin thelower wing roomsaveraged neer 750
pom, whichisinagray areawith regpect to ar quelity and comfart complants: Room ocooupancy and
gzeinthetwowingsdf theschod issmilar, and thesefactorsmay berued out asressonsfor the
vaidhlity inthe CO, concantrations

3. Tempaaueand RdaiveHumidty

Tempaauresand rdaive humidiiesmesarad indl areesdf theschod during thefdlow-up survey ae
presantedin Table4. Tampaauresranged from 67t0 74° F. Therdaivehumidity levdsonthisday
ranged from 12t0 40%. Theselevds exogat for themessramant of 40%, arecutsdethe comfort
rangesindicated by ASHRAE in Figure 2, dthough they aretypicd of levdsuadlly foundindoors
duing thewinter heting seesoninbulldingsnat humidified. Indoar rdative humidity will dengewith
ousdear conditions unlessthe buildng HV system hesthe cgpetallity of adding or removing moidure
QOutdoor rdative humidity canvary modaratdy from day to day, and gregtly from ssesonto seesn

Thetampadureand rdative humidity weredightly coder and dryer thenwhet may beconsdared
confartsbleontheday of thesurvey. Initation of theeyes nose, and upper regairaary tradt, dueto
dynessaf themuoousmambranes canoour & theselow rdative humidity vaues Itislikey thet the
rdaive humidity messured duing thisaunvey wesnear theminimumin theranged vdueswhichwoud
be expacted duing thewinter heding sseson. Thereislitlethet can bedoneto dhangethedry
conditionsinthe sohod during the heting sesson exagat to humidify thear.

Beforeand during theinitid NIOSH evaugtion, conoantrations of formeldehyde neer 0.10 ppm and gregter
waemessred indassoonsinthelove wing of the EM. Grouthamd Hamantay Schod. Theseweae
likdy theresuit of diffuson of famneldehydefrom the plywood undelayment and aladk of vertilaioninthe
rooms Atthetimethemessramaiswaemedethesthod ventilation sygemwasnat baing ussd sncethe
wegther waswam and thereisno ar codling provided inthesyteam. Theinitid NIOSH evdustion Shoved
thet ventilation could beeffedtivein reduiang the concentrations to usd bedkground levdls

Duing thefdloa-up NIOSH evdugiion, low levelsof forme dehydewerefound throughout theschod
buldng. Wefed thet evary ressonedle éfart shauld bemedeto reduce theseindoor conoantrations: A snge
soureefor theforme denydeisinat likdy, such asthe plywood undedaymeant inthelover wing, Sncethereisno
madhenamfar such even digribution throughout theschod fromalocdized source: Many buillding metarids
may containformeldehyde. Ambaient (outdoar) ar conoantrationsmay even beacontribuiar. Itismogt
goparent from the CO, concantraionsfound thet morefresh ar isnesded inthe schod.

Although some sasitiveindvidlEls mey expaienceimitaivedfedsa thefameldeyde conoantrationsfound,
thetampearatiureand rdative humidity conditions messured during thefdlloa-Up evelugtion may hevebeen
moreresponsblefor cooupant disoomfart intheschod e thet time
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VII. CONCLUSONS

Fomddehydediffusing from plywood capeting underayment and inedeuete vertilation may have contributed to
caureaninoresein complantsof dsoomfort among cooupents of theschod. Theteechers symptonsweare
intermittent and nat assoaiated with exposure to oedific roomsintheschod. Thesymptlomsaretypicaly assoaaed
with upper regaraary infedion and common dleges They mey dso beassodaed with low rdaivehumidity.
Thereisno sidactary way of ddinguishing symptomsdueto achemicd contaminant inthebuilding from thosedue
toather causes Inaresssd vertilationwill improvear guelity.

VIII. RECOMMENDATIONS

1 A pooduetoerrretheinvavamat of parants teedhersand locd and 9ate hedth athantieswhena
patentid heelth prablemisidentified should bedevdopad

2. Inade toremedy theganard vatilaion prodemsa the EM. Crouthamd Hemeartary Schod, we
recommend dotaning thesavice of avertilation contradtor with expaiencewith thetypedof sydemat the
schod and with the cgpetility of meking adjusmentsto the system to provide adeguetefresh ar. Optinrly,
thesydem dhould bemedeto providefresh ar in amounts acoording to the number of room oooupants &s
indicated by themogt curant ASHRAE guiddines: Fdllowing these modifications; the CO, concantrations
should bemonitored to detemine effediveness

IX. REFERENCES
1 Naiord Inditutefor Oooupetiondl Sofety and Hedth. NIOSH manud of andlyticdl methods 3ded
Gindnreti, Ohio; Natiordl | ngtitutefor Oooupetiondl Sefety and Hedth, 1984. (DHHS(NIOSH)
pubication no. 84-100).

2. Naiond Ressarch Counal. Fomadehydeand ather ddehydes Nationd Acadamy Ress Washington,
D.C, 1981

3. Nomen G.R, Radly,LD., Keigean A. T., Gddamith, C. H., Resaratary fundion of dhildreninhomes
inslated with ureaforma dehydefoam insulation, Can Med. Assoc. J, 134: 11365-1133, 1986

4. Nationdl Initutefor Cooupetiondl SHfety and Heelth. Qurrerntinelligenoebuilein 4-Formeldeyde
Evidanoeof cardinogeriaity. Gindnreti, Ohio: Netionel Ineiitutefor Ocoupetionel Sefety and Hetth, 1981
(DHHS(NIOSH) publication no. 81-111),

5 GammegeRB, HamhomeA R "Curat Sausaf Messuramat Tedmiguesand conoatrations of
Fomddahydein Resdences” Turaski V. Formalddhyde ardlyticd demidry and toxicdlagy.
"Devdopad framasymposum goonsored by the Divison of Ervironmentd Chamidry & the8ih Meding of
the Amaican Chamicd Sodety, S Louis Missoun, April 8-13, 1984."

6. WaldHedth Organization Regiand Officefar Europe Indoor ar palutents: expoaureand hedth effedts



Page 14 - Hedth Hazard Evaluation Report No. 86-535

WHO-EURO repartsand sudies 78, World Heslth Orgenization, Copenhagen, Denmark, 1963

7.  Amaicen Soady of Heding, Refrigerating and Air-Conditioning Enginears Inc. ASHRAE dancard
62-1981, ventilation for acogatadleindoar ar qudity. Atlanta Georgas ASHRAE, 1981

8. Amaican Soady of Hedting, Refrigarating and Air-Conditioning Enginears Inc. ASHRAE dancad

62-1981R, ventilation far acogaiableindoor ar qudlity (proposad), pubicreview drdt. Atlanta, Georgia
ASHRAE, 1986.

9.  Amaican Soady of Hedting, Refrigarating and Air-Conditioning Enginears Inc. ANS/ASHRAE
Sanckrd 55-81, thermd environmentd conditionsfar humen coocupancy. Atlania, Georga ASHRAE,
1981.



Page 15 - Hedth Hazard Evauation Report No. 86-535

XI.

AUTHORSHIPAND ACKNOWLEDGEMENTS

Repart Prepared by Miched S Cranddl, M.S, CIH
Indldrid HygereEnginexr
Indudrid Hygene Sadion

Seven K. Gdson, M D.
Medicd Offioar
Medicd Sadtion

QOiigireting Office Hazard Evdudionsand Tedmicd
Asigance Branch
Divisondf Survellanos Hazard
Bvduaions and Hdd Sudies

Report Typed By: LindaMaris
Ceak Typis

DISTRIBUTION AND AVAILABILITY OF REPORT

Copiesdf thisrepart arecurantly avalable upon repuest from NIOSH, Divison of Sandards Devdopment ad
Tedndagy Trande, Rublications Dissaminetion Sedtion, 4676 CaumbiaParkway, Gindnneti, Ohio 45226, After
D days thergpart will beavaladethrough the Nationd Technicd Informetion Savice (NT1S), 5285 Fart Royd,
Sringfidd, Virgnia 22161. Informetion regardingitsavalahlity through NTIS can be datained from NIOSH
Rubdicaions Officea the Cindnndti address: Copiesof thisrepart haveben st to:

Supaintendant of Schods Soudarton AreaSchod Didrict

Rindpd, EM. Crouthemd Bematary Schod
Reresmiaive o the Teecha's EM. Crouthamd Bemantary Schod
Represniative of the Parents EM. Croutharmd Bementary Schod
NIOSH, Gindnreti Region

OSHA, Regonlli

ok wWwpdE

For the purpose of informing affected employess aopies of thisrepart Sl bepoded by theempoyerina
prominent place accessbleto theemployessfor apaiod of 30 cdender days



Page 16 - Hedth Hazard Evaluation Report No. 86-535

TABLE1
REPORTED LEVELSOF FORMALDEHYDE IN THE INDOORAIR
CLASESOFPRIVATE RESDENCES
EM. CROUTHAMEL ELEMENTARY SCHOOL
SOUDERTON, PENNSYLVANIA

HETA 86535
Formaldehyde (ppm)
No.of
Typeof Resdence Resdenoes Rage Mean
U.S homeswithout
aeaformdddydefoaminauaion (UFH) 4 001-01 003
U.S homeswith UFH (complant 636 001-34 012
and noncomplar)
U.S madilehomes 431 001-35 038
Canadian houseswithout UFH 33 (3%10.1ppm) 0036
Candian houssswith UFH 1850 (209610 2ppm) 004
U.S houssswithout UFH and
without pertideboerd 17 - 0025
U.S houssswith UFH but
without pertideboerd subfloors 600 - 0080
U.S madilehomes vad hunded 012
UK. buildingswithout UFH 50 8002403 0047
(3%10.1ppm)
UK. buildingswith UFH 128 00131 0093
(7%130.1ppm)
U.S houseswithout UFH L2 003017 006
U.S houseswithout UFH 2 - 007
U.S housswith UFH - - 006
Mahilehomes(Minnesotacomplaint) 100 030 04
Mabilehomes(Wiscondn complaint) - 00242 09
Mohilehomes (Wiscongncomplant) 65 §010363 047
Mabilehomes(Washington complaint) - o177 01-044

(continued)
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TABLE1
(contirued)
REPORTED LEVELSOF FORMALDEHYDE IN THEINDOORAIR
CLASSESOF PRIVATERESDENCES
EM. CROUTHAMEL ELEMENTARY SCHOOL
SOUDERTON, PENNSYLVANIA

HETA 86535
Fomedehyde (pom)
No. of

Typed Resdace Reddanoss Rage Memn
U.S maalehomes

Never oooupied 260 - 086

Older, oooupied 025
Eaet Tennessseehomes 40 80.02-04 0.06

Age0-byears 18 - 008

Age5-15yeas 1 - 04

AgelR15years 1 - 003
Convatiord Cdifamia,

Cdoredo, and S Dakatahomes 64 002-011 005
Speddized U.S housng 52 00303 01

*GammegeRB., Hanvthame A R. "Current Satusdf Messuramant Tedniguesand concantrationsof Formddehydein
Reddences” Turaski V. Formdlddhyde andlyticd damidry andtaxiadlogy. Pege 125, "Deveoped fromasymposum
goonsared by the Divison of Ervironmantd Chemidlry &t the 187th Meding of the Amarican Chamicd Sodely, S Lauls
Missouni, April 8-13, 1984."
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Locdion

Bdaevatildion

Classoom#22
Clasoom#32

AN Room

Duing vertilaion
Clasyoom#22
Clasgoom#32

Clasgoom#51

TABLE2

AIRSAMPALING RESULTSFOR FORMALDEHYDE
EM. CROUTHAMEL ELEMENTARY SCHOOL
SOUDERTON, PENNSYLVANIA

OCTOBER®6, 1986
HETA 86535
SdeTime SdeVdume
(litery

1328-1458

1323-1455

1331-1459

1507-1627 80

1508-1626 78

1516-1636

Conoatraion, pom

007
004

003

0.05
0.03

0.02
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TABLE3
AIRSAMPALING RESULTSFOR FORMALDEHYDE
EM. CROUTHAMEL ELEMENTARY SCHOOL
SOUDERTON, PENNSYLVANIA
JANUARY 28, 1987

HETA 86535
Location SdeTime SpeVdure Formddehyde Conoatration
(litey (partspa milllion)
Room 11 0917-1104 107 002*
1219-1359 100 002
Room 12 0925-1105 100 002
1220-1400 100 ND**
Room22 0900-1042 102 ND
1221-1401 100 ND
Room3l 0937-1112 %5 002
1222-1402 100 002
Room32 0940-1113 a3 ND
1229-1409 100 ND
Room42 0944-1137 113 002
1232-1412 100 002
Room52 0948-1138 110 002
1234-1414 100 (002)
Room 62 0951-1139 108 (0107}
12351415 100 002
* - Vduesin paathesssaebawentheandyticd limit of detedtion (LOD, 2ug/sample) and theardyticd limit

of quenttation (LOQ, Aug/saple).

*E ND meansnone detetted, thevauewasbdow theardyticd LOD.
(continued)
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TABLE3
(continued)

AIR SAMPLING RESULTSFOR FORMALDEHYDE
EM. CROUTHAMEL ELEMENTARY SCHOOL
SOUDERTON, PENNSYLVANIA
JANUARY 28,1987

HETA 86-535
Location SardeTime SapeVdure Formeldehyde Conoanration
(itery (petsper million)

ReedngRoom  1000-1140 100 (0.03)*
1239-1419 100 (003

NusfsCOffice  1002-1142 100 (01024}
1240-1422 102 002

Rindpe®s 1005-1148 103 002

Office 1244-1423 9 (01024}

Library 1006-1149 103 (01024}
1247-1426 0 (01024

Art Room 1008-1150 102 002
1249-1439 110 (01024}

Room20 1010-1150 100 (01024}
1241-1431 110 002

Oudde 1015-1155 100 002
1255-1435 100 ND**

* - Véuesin parathesssae bawen theardyticd limit of detedtion (LOD, 2ug/samle) and theardlyticd limit
of quantitation (LOD, 4duy/samge).

*E ND meansnone detetted, thevauewasbdow theardyticd LOD.
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TABLE4
CARBON DIOXIDE, TEMPERATURE, AND RELATIVEHUMIDITY MEASUREMENTS
EM. CROUTHAMEL ELEMENTARY SCHOOL
SOUDERTON, PENNSYLVANIA

JANUARY 28,1987
HETA 86535

Numbe CO, DryBubWeBUub  Rddive

Location Time in Conoaration Teampadure Humidity
Class (Ppm) (P V)
Room11 0920 27 800 72/%0 15
145 600 6950 21
Room 12 0930 24 700 6949 18
1400 500 68/50 23
Room22 (0900 0 600 67/47 15
1230 600 67/47 15
Room 31 040 2 800 7252 21
1410 1000 71/50 17
Room32 1035 16 800 70/%6 40
1520 1000 68/50 23
Room42 1040 27 1000 72/51 18
1350 1700 7550 10
Room52 1050 16 1250 7050 19
1510 1000 71/51 2
Room&2 1100 18 1250 71/51 2
1515 1500 71/52 23
ReedngRoom 1020 -- 900 72/51 18
Nus’sCOffice 1025 -- 1000 74/51 14
1540 900 7050 19
Ringpd°sOffice 1030 - 700 7753 14

(continued)
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Locdion

Libray

Art Room

Room 20

Ousde

TABLEA4
(contirued)
CARBON DIOXIDE, TEMPERATURE, AND RELATIVEHUMIDITY MEASUREMENTS
EM. CROUTHAMEL ELEMENTARY SCHOOL
SOUDERTON, PENNSYLVANIA
JANUARY 28, 1987

HETA 86535

Number CO, DryBubWeBuUub  Rddive
Time in Conoatration Teampadure Humidity

Class (o) (P (%0
1115 -- 600 74/51 14
1120 2 800 7350 13
1520 1000 7353 x
1130 9 800 70/48 12
1530 600 71/51 2
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Notes

1. Effective Temperature (dashed) lines indicate sensation of warmth immediately after entering

caonditioned space.

Comfort Chart for Still Air

2. Solud lines 3, 4, 3, and 6 indicate sensations experienced after three hour occupancy.
3. Both sets of curves apply to peopie at rest and normally ciothed.
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