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l. SLUIMMARY

Ondurel3, 1983, the Nationd Inditutefor Oooupetiondl Seety and Hedlth (NIOSH) reodved arequet froma
union rgresiaivedf the Aaogpece Madhings Indudrid Didrict Lodge 751 who repressnt workersd the
Bodang Compery in Aubum, Washington. Thisrequest dated thet workersweare expaiendng pradlemsauch s
heedache, neusss, noseblesds dizziness and assodated fluHike symptoms: The manufadiuning processthet wes
et and wasthefocd paint of thisevauationinduded the hend lay-up of fameldehyde and phed

impregreted fibergass

On Uy 58,1988, aprdiminery evironmantd and mediica evaugtionwesconduded. A rdumvist withamore
Odailed evironmentd and medicdl evaugtion was condudied on August 1649, 1988, Duing thetimeof thesevisits
bregthing zoneand ganerd areaar ssmplesweare adllected and andlyzed for formel dehyde concentrations, phand,
told paticulate, animony, and diphalicand arometicamines

Parsond and areaformeldenyde conoantrationsranged from bdow thelimit of detedtion to ahigh of 0073 mgin'?,
NIOH recommandsfame dehydelevdshekent sslow asfeesble Phend ranged frombdow thelimit of
detedtiontoahighof 1.5mg. TheNIOSH recommended exposurelevd (REL) for phend is19 mgfin®. Sl
amountsaf antimony (Upto 0.000mgin?) weare deiected intwo of four sarples TheREL for antimony is05
mgih?. Noamineswaeddedtedinay sample Inaddition, tracequantiiesof syreng, vaious CO-C12 dkanes
and Co-Cl0 aometicssuch sstrimethylbazanes diethylbarzenes sdicylddehyde and methend werefound.

A sf-admindaed quediomarrewesddribuied to dl avaladewarkesin Building 17-02 (induding workerswith
& without expoaureto phend-fomeldehyde) and Building 17-06, where phend-formaldenyde resn was not usad
Woarkesinthe phandic resinlay-up aress of Building 17-02 reported adaidicaly Sgnificant inoressad prevdence of
oough, chest tightnessand pain, Soretthrodt, and neussawhen compeared to norHay-up warkesin thesame bullding
andlor compared to thewarkesin therdferant Building 17-06. Within Building 17-02, phendlic resinlay-up
workersreported adatidicaly sgnificant inoressad number of hend rashesthen norHay-up warkas

Resuitsshowed anincreesed prevdence of sdf-reported regairatary tract symptomsand hand reshesamong
phediclay-upwokes Howeve, theevironmentd resutsindicated no enviromentd conditionsa thetimedf

aur investigetion thet would explain thereported edverse hedith effedts: Recommenddtionsfor further reduiaing
patentid exposresaeinduded inthisreport.

KEYWORDS SCoode 3728 (Airadt Patsand Auxiliary Equipmat) Phend, Formeldehyde, Antimony, Amines Taid
Paticates


adz1
Results showed an increased prevalence of self-reported respiratory tract symptoms and hand rashes among
phenolic lay-up workers. However, the environmental results indicated no environmental conditions at the time of
our investigation that would explain the reported adverse health effects. Recommendations for further reducing
potential exposures are included in this report.

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

INTRODUCTION

OnJdurel3, 1983, NIOSH recaved arenuest from argoresmiaive df the Aerospece MadhingsIndudtrid Didrict
Lodge 751 to evduete patentia exposuresin Bullding 17-02 a the Boaing Compary in Auoum, Washington
Employessworkingwith afibargasswrgp thet isimpregnated with aphend-fomé dehyde resin hed conplants of
hesdeche, nausss, nosddleads dzznessand kinradhes. Mot of the partsmedein thisdepartmeant arefor the
interior of arplanes

BACKGROUND

Indly 1986, the Fedard Avidion Adminidration (FAA) mandated anincreesein thefireretardent propatiesof
aradtinaior meaids FAA examined many metaidsand aphandic resn sygemwesdosn. Althoughitwes
not posshleto predict contaminant exposrelevds thecompeny antidipeted an odor pradlemwith theuse of these
new resns TheMataid Sfety DataShedts(MSDS) datained from the aupplier identified thefdlowing
compoundsasthetatd ingredientsd thephendicresnsydent: ) Ralymers (phendlic and formeldehyde), 2) Sllica,
3) Bramireted Bigohand A, 4) Bihyl Aladhd, 5) Antimony Triaxide, and 6) Fbrousdlass InAuguet 1987, the
Boang plant in Auloum, Washington sarted produdion using the phend-formel denyderesn sygamin Bullding
17-02. Air samplestaken by the Boang Compeary reveded levdsof phend lessthen 00 partsper million (ppm)
and forme dehydelessthen Ol pom. Mod of thephendlic lay-upwark isdonein the 17-02 building. Duing the
ingallaion of thenew ventilation sygamin Uy 1988, mary o thelay-up workkasweretemporaily moved intothe
17-54 buldng. Building 17-06 containsagmilar lay-up ares, dthough phendlic resnswerenat ussd. Onuly 58,
NIOSH conduded aprdiminary evironmenia and medicd walk-through evaugtion.: During thiswalk-through,
environmentd sampling was pafomed in bath Building 17-02 and 17-54. On Augudt 16-19, 1988 NIOSH
conducted amore ddtaled evaution, @ which timeenvironmentd sampling and aquedionnairesuvey wae
paformed in Building 17-02 and Building 17-06.

Process Deiption

Fazenrdisaf phend-fomeldenyde res Himpregnated fibarglass are teken from adegpfresze and thawed. Srips
o thismetaid areat, beking filmisramoved, and themetaid islad up by hend and todsin mutiplelayers
Vaoum begsare goplied over thelay-up and thedr isevaougted from thelayars: Under vaouum, thepartsare
oven cured & 250°Ffor 0 minutes: The partsarethen codled, deegoed, and moved through trimming, debuning,
snding, and ingoedion daions: Thesurfaces of the partsare prepared, and the parts are painted, wrgpped, and
shipped (Hgures1and 2).

Phend-fameldehyde resns datain their commadialy ussful drudurd propartiesasaresLit of apalycondansation
typed dhamicd reedtion. "'In palycondansation, two or maredating meteridsresct with eech ather to bulld up the
moeadar srudure Theinitid polycondensation reedtionisintarupted & agegeinwhich the prepdymer possesses
propatiesthet arededrablefor further processing inthemalding phese® Theresnsaresometimesreferedto as
"prgrey’ metaidsa thissegedf theprocess Thephendlic resnsthet werein used Boang areadass of redins
knoan esthemmosats which meansthat they herden when heeted and cannat be reformed dfter dataining tharr
Oesred hepe Becausetheerednsarea prgorey’ metaid which hesdreedy gonethrough partid palymerization
prior to baing brought into the lay-Up areg, off-gessing from some of the unreected darting metariasmay ooour.
Paticulate expoaures hovever, arenat of conoam besad onthephysicd propatiesof themetarid a thispaint.
Paticulateexposremey ooour dtar themetaid hesbean aured and gperations such astrimming and sanding begin.
Chamicd catridgeresarators whitecatton govesand latex surgicd typedovesweareavalableto dl warkes Use
o dl pasord pratediveequipmant was optiond, and wesminimd indll lay-up aress




V.

Mehods
A.  Bwviromaid

Buk Sade- Inorde to know whet metgidsmight be presarnt during the hendiing and auring of thephed
resn, afrozen bulk sampleof theresnweasdotaned fromBoang. Inthe NIOSH laboratary, thefrozen bulk
meterid washegted fird to atemperaure of 20-40°C and thento 120°Cinatubefumnece Theresuting
effluent westhen ssmpled for argenics

Phend - Phend sampleswere adllectsd on XAD-7 tubes using cdlibrated vaouum pumps at aflow rate of
100 aubic cenimetarsper minute (ooimin). Thesesampleswereandlyzed by high pafomeanceliquid
dhromatogrgohy acoording to OSHA Method No. 32 with modifications

Fomaldehyde- Fomddehydeand taid ddehyde samplesweare adllected using ether Orbo-23 sampling
tubesar impingersconianing socdumbisulfitesaluion. Vaouum pumpswere uilized oparating a 100
oaominutefor the Orbo-23 tubesand 1 liter aminutefor theimpingas: The Orbo-23 tubeswareandyzed for
totd ddehydes (Which condsted anly of famildehydein thisevaugtion) by gesdyometogrgphy (HD), using
ameahod smilar to Method 2501 (Aaden). Theimpinge sandesweareardyzad for fammeldehyde by
vishlegpedrosoopy aoccording to NIOSH method 3500.

Amines- Aminesampleswereodlletted onsllicagd tubesusing veouum pumps operaed a 100 aoiminute
Anaminesanwaspafomed onthesesamples Theslicagd tubeswearedesorbed usng IN H,S0,; asel
partion of thissamplewas mede bescwith NeOH. Thebesc sarpdeweasandyzed for diphetic aminesby

gesdrometoggphy. Theaddic sampleswareardlyzed for erometic amineselso usng gesarometography.

Tad Patiadde- Tad paticiate ssmpleswere adledted on prewaghed FVSB filtersusing vaouum
pumpsopaaad & 2litasminuie Thesesampleswereardyzed for totd paticllateweght by gravimetric
andyssaooording to NIOSH method 0500 with modifications

Antimony - Antimony sampleswereadlleted on AA filtersusing veouum pumps oparaed 2
literdminuie Thesesamplesweareandlyzed by grgphite fumeoe atomic abosorption gpedirasoopy.

Medcd

A sf-admingered quedionnairewas didributed to anployessin two buildngson Augud 17-18, 1988,
Thisquetionnarewas devel opad to asssssthe prevalence of slif-reparted symptoms coourming a work

ove thepraceding D days Al avallabeemployess (3 dhifts) in Building 17-02 (febrication building) were
akadtocompeetrequesiorare Al avalabefirg-dhift employessin assoond building (Building 17-06), in
which phend-formd dehyde resnswere nat used, were d o asked to complete the quettionrare

Within Building 17-02, employesswho warked with o in dose praximity to the unaured
phend-famadehyderesnswerelocated in Arees 2 and 4 (lay-up). Thesymptom prevdenced warkasin
these aress was compered with thosewho worked in asimilar lay-up aperation in Bullding 17-06, exaept thet
nophendicrednsareused. Other resing are used in bath bulldings, depending upon produdion nesds

Ineddition, to evdugte differenceswithin Bullding 17-02, the symptom prevdenceamong workesinthe
lay-up areawas compared to therest of thearessinthebullding. Sixtenworkerswho did nat dearly
indcatetheaeainwhich they wark, or indicated in thework hiary thet they somdtimesworked in Area2 or
4, wareexdudad fromtheardyds



V.

Enviromantd Gitaia
A.  Bwviromaid

Asagudetotheevduetion of the hezards posed by workplace exposures NIOSH fidd &t enploy
evironmand evduation aitaiafor essessmant of anumba of demicd ad physcd agais Theeaitaia
areintended to ugoest levd s of expoaureto which most warkersmay be exposad up to 10 hours per day,
40 hourspar wesk for awarking lifeimewithout expariendng adverehedth effedts Itis howvever, important
to notethet nat dl workerswill be pratected from edverse hedlth effedtsif ther exqposresare maintained
bdow theelevds A svdl paoaiage may expaienceadvare hedth effedtsbacause of individud

sogtiblity, apreexiding medica condtion, andlor ahyparsanstivity (dlergy).

Inaddition, some hezardous SUbstances may adt in combainetion with ather workplace expoaures thegenerd
evironmat, or with medications ar parsond hehitsof theworker to produce hedlth dfedsevenif the
oocypationd expoaresare contrdled & thelevd sat by theevdugtion aitaion. Thesecombined dfedsare
often nat consderad intheevaugtion aiteria. Also, some sbdiances are aosorbed by direct contact with the
skinand mucous mambranes and thuspatentialy inoressethe overdl expoare. Findlly, evdugiion aitaia
mey drangeove theyearsasnew infometion onthetaxic effedtsof an agant becomeavaldde

Thepimary sourcesdf evironmeanid evduation aitaiafor thewarkplaceare 1) NIOSH Qritaria
Dooumantsand Recommanddtions 2) the Amaricen Conferancedf Govemmentd Indudnid Hygienids
(ACGIH) Threshdd Limit Vdues(TLV'9), and 3) the U.S Department of Labor (OSHA) Occupetiondl
Hedth Sandards Often, the NIOSH recommencitiorsand ACGIH TLV 'sarelower thenthe
caregponding OSHA dandards Bath NIOSH recommendationsand ACGIH TLV'suaLely arebessd on
morerecant informetion then arethe OSHA dandards The OSHA dandardsdso may berenuired toteke
into acoount thefeeslity of contrdling expoauresin vaiausindLerieswherethe agantsare used, the
NIOSH-recommended expoarelimits (RELS), by contragt, are besed primarily on concamsrdaing tothe
prevertion of cooupetiond dissese I evauaing the expoaurelevesand therecommeanddtionsfor reduaing
theselevdsfoundinthisrepart, it should benoted thet indLetry islegelly reouired to mest thoselevelspadified
by an OSHA gandard.

A timewdghted average (TWA) expoaLrerdearsto theaverage artome concentration of asUdance
duringanommd 8- to 10-hour warkday. Some sLbdances have recommended shart-term exposurellimitsor
aaling vdueswhich areintended to spdemant the TWA wherethare are recognizad toxic efedtsfram high
shot-tem exposres



Environmentd ExposureLimits
8Hou TimeWeidhted Avarape (TWA) ssmg/in3

NIOSH OHA OHA(Cdling)

Frendl 20 20
Fomrdldenyde LAL* 12 24
Totdl Paticuiate LA 15

(cortaning fomeldehyd

Ariimory 05 05

*LH. Lowes FeeshleLevd - See Taxicdogy sedion for ddtalls
Taxiadagy

Phend - Exposureto phendl abovetheevauation aritarion of 20 mgfin® can cause heedaches dizziness vigd
digurbences weskness siveting, remarsand corvulsons and unoonsiousness: Chronic exposLresimay
cauediguiaand anunia red and whiteblood odisintheuine. Chronicexposuresimay dso cause
heedaches coughing, fatigue and weekness anarexia, neusas, vamiting, insonnia, nevousess lossaf weght,
anddbuminuiaand cdllsinuine Expoaurescan beprevented by proper ventilation. If ventilationisnat
provided, adeguete resairatary pratection must beprovided. The odor threshald for phendl, for mogt
indvidLels isfar bdow itsevaugion aitaia? Phenal iswell absorbed through theskin, therefore, adeouiate
damd pratedionisnecessay.

Fomedehyde- Formadehyde and ather ddehydes may berdessed from foem pladics carbonlesspape,
partideboard, plywood, phend-fomeldehyderesinssydams andtextilefatrics Fameldehydeisanimitant
totheeyes nose mouth, and throet. Thesesymptoms can ooour a concentraions aslow as 0l pom.
Formaldehyde vgpor hesbean found to causeararefom of nesd cancer inras Theseresltshave
prompted NIOSH to recommend thet farme dehyde be hendled es apatentid cooupationdl cardnogen.
NIOSH recommendsthet workplace exposLres e reducad to thelowest feesiblelimit®

Thefad thet fammealdehydeisfound in o meny home produds gopliances fumisiings and congrudiion
metaids induding phend-fameldenyderesing hesprompted severd epgandesto sat fandardsar guicdines
for resdentid formeldehyde expoare. ASHRAE hesrecommended, besad on persond comfart, thet
expoareto fomdadenydebelimited to 0.1 pom. Thisguiddine hesdso bean adopted by NASA, and the
fedard govermatsof Canedg, West Gamany, and the United Kingdom

Appendx A ammaizescdafrom meny dudiesdof fammeddhydelevdsinhomesin dffaant patsof the
United Sates Caneda, and the United Kingdom. Maohilehomes dueto thelargeamount of pressed wood
prooudsin thar condrudion, havethe highest forme dehyde conoantrations: A meen of 04 ppm hesbean
foundinmog of the tudies condudted inmahilehomes: Mot ather typesof homeshaveaverape
famddenydelevdslessthen 01 pom. Thedder (15 years) convertiond homeshaveamen
fomadehydelevd of 0.03 ppom and they rgoresant thedass of dwvellingswith thelowest levdsof
formelddhyde? Indoor formeldehyde concantrations in generd, are diredtly rdated to temperatureand
humidity inindoor evironmants Vatiahility inindoor conoantrations of farmeldehyde mey be presant under
theediffaet environmentd conditions®



Thefdloninginformetionisexaapted fram the OSHA formdddhydestandardt®

AaueEfedsaf Exposre

(1)

Inhelation (bregthing): Formeldehydeishighly initeting to the upper enweys The
conoatration of fammeldehydethet isimmediiatdy dangaroustolifeand hedthis 100 pom.
Conoantraions above 50 pam can caue evere pulimonaty reedionswithinminuies: These
inducke puimonary edemg, preumonia, and bronchid initationwhich can resLit in degth,
Conoantraionsabove5 pom reedily causelover arwey imitation dheracterized by cough, chest
tighiness and wheezing (Hedlth Hazard Evaugtion Repart No. 83-298, pege 7). Thereissame
controversy regarding whether fome dehyde gesisapuilimonary sasitizar whichcancause
oooupetiond eghmain aprevioudy nomrd indvidlel.

Theeffedt of famealdehyde.an pumonary fundion hesdso benanissied consdaredle
Odoete Sevad dudieshavedonn aossdhift decressesin pulimonary fundion among
fameldenyde exposed warka's whileathers induding contrdlled dhember dudies falled to
appart thenation thet fomnel dehy e causss brondnooornstridtion. 2°. Farmeldehyde.can
producesymptomsaf brondhid eghmainhumeans

Expoaureto gessousfomddehydereadtsinimitation of themuoous membranesand
upper-reairatory tradt. Upper arway initation isthe most common reairatary effect reported
by workersand can ooour over awiderangeof concentrations mogt frequently above 1 pom.
Tdeaacetothislevd of exposremay devdopwithin 1-2 hours: Thistderance can pamiit
wokasraraninginanevironmant of gradualy increesing fameldehyde conoantralionsto be
unewared ther increesingly hezardousexpoaure

Symptomsdf yoper arwey initaionindudedry ar sorethraet, itching and buming

snsionsof thenosg, and nesd congetion. Theeinitant effedsaregenardly conddered tobe
dosedependat. OF conddarable controversy, howeve, isthelowest dosea whichthe
threshdd for imtation coours Many previcusdudiesooor inenvironmantswhareather
dhamicd expoaresare presant and thus caution mugt be usad inintapreting theresultssnce
smagdicdfedsmay bepresat. The Depatmant of Labar, inthefind ruling for thenew
revised sandard, reportsthat imitation may ooour aslow as0.1 pom.®
Fomddehydeisextrandy water solubleand, onthisbeds would beexpected to be absorbad
inthe uppar-regaratary tract with resltant mucous membraneimitation.

Depostion of fammeldehydelower intheregaratory tract would not usLelly beexpedted to
oocur. However, Gambleand Imbus have proposad thet forma dehyde might edheretodugt
partidesand then be caried further down thebronchid tree wherelower reairatary tract
initation could coour Y Further sudiesmay help datify thesesuggedtions

Odor threshd dsfar detetion of foma dehydevary gredtly inthe populaion. Vaiousreports
ugoest thet odors may be detected a levelsbetwean 0.06 and 05 pom. 2 A recart
emrogmtd dhambe fudy demordtrated aperdld betwean odor dsrimingtion and initation
levds

Reoant dudieslinked difectory detetion of severd dhamicds induding formeldehyde tothe
devdopmat of amutitdeof recument symptomsin savard indvidues Inthesemoddls
workesprevioudy exposad to higher levdsof asubgtanoe, continueto expaiencesmilar
s/mplomseven dtar expodresarereducad to lover levds Assodation of the odor withthe
expected symptomsisthe proposed mechaniam. Theeintapraationsarebesed ondassicd
gperant conditioning theory and arenat considared synonymouswith conogats of psydhoganic
illness Odarshavedso bean destribad asatriggeing fadtar for aghma, dthough thephysdagic
besss of these dosarvationshavenat yet been ducdideted, 6%
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Byeocontact Concantrations of formaldehyde batwean 0.05 ppm and 05 ppm producea
sstion o initation in theeyeswith buming, itching, recness andteating. Incresssd reteof
dinkingand eyedoareganadly

praedstheeyefrom dameged theselow levdshu, these pratedive mechenisms may
inefaewith somewarkes wark dhlities Tderanoe can coour inworkerscontinuoudy
exposd to concantraions of fomeldehydeinthisrange. Acddentd galashinuiesaf humen
gyesto aquenussaluions o fomedehyde (fammdin) heveresitedinawiderangedf coular
infuiesinduding comed gpadtiesand blindness Thesevaity of thereedionshevebean diredly
Ogpandart onthe conceaniration of farmmel dehydein slution and theamount of timelgpsed befare
emagay ad medicd inavetion

Skinoontact: Expoareto fome dehyde sdlutions cen caueimitation of thisskinand dlegic
contact damdiis Theimmundogicd mechenigmsby which formeldenyoeisbdieved to cause
dlergc sastization havenat bean adequatdy destribed to dete. Theseskin dissesesand
dsordarscan ooour & levdswell bdow those encountered by meny forme dehydewarkas
Symptomsindudeeythemg, edamg and vesauaion or hives Expoauretoliquid forméinar
fameldehydevapor cen provoke skin reedionsin sansitized individuelsevenwhen arbame:
conoatrationsof fameldenydearewdl bdow 1 pom.

Ingestion: Ingesion of aslitleas 30 Ml of a37 percant sluion of fammeldenyde (foméin) can
reaidtindesth Gadrantesind toxiaty dter ingesionismost sevarein thestomech and resitsin
s/mptomswhich canindudke neussg, vamiting, and severeabdomind pain. Diversedamegeto
aher orgen sydemsinduding theliver, kidney, Slean, penaress brain, and centrd nervous
s/demscan ooour fram the aoute regponseto ingestion of formeldehyde

Meabdism Fameldenydeisproduoad endogenaudy inhumen bangsand isaxidized to
famicadd by a leedt threeknown ezymetic pethways It dsgopearsragady framtheplaamain
about 1-1.5minutes® Quchrgpid convarsionintheplaamamekestheuseof ssum
fama dehydeapoar indicator of ather aurent o pet exposre. Attampisto find agood
hidogicd marke for fammeldehyde expoaure have proven largdly unsuoessful. Urinefanmic
add hesbean proposad asahidogicd exposrelbut good cordaionsbetwean air exposres
ad exadionof famic add havenat been achieved™ Formadehydeispoarly absorbed
through the skin o modt contrd mesaLresfoous upon arbome monitaring to provide ariteriafor
aceexpoarelimits

Chronic Efedsof Expoaure

Long tem exposureto fomialdehnyde hesbeen shown to be assodiated with enincreesed risk of
canogr of thenose and acoessory Snuses, nesopharynged and oropharyngedl canoer, and lungy
canog inhumens Animd equaimantsprovide condusveevidence of acausd rdaionghip
betwean nesdl cancer inratsand farme dehyde expoaure. Concordant evidenoe of
cardnogeniaty indudes DNA binding, gendtaxiaty in short-term tets and oytatoxic dengessin
theodisaf thetarget orgen suggesting both prenegpladtic dienges and adose reponseeffect.
Formddehydeisacomplete cardnogen and gopearsto exat an ffect on & leedt two dages of
thecardnogenicprocess: Formadehyde can reect with hydrodhlaric add (HCH) toform
hischoromethyl ether (BCE), alung cardnogen. However, BCE wasnat detected on GCMS
andyssintheanimd expaimantswharenesd canoa wasaosaved



Tad Patiadae- Thepaticaereaiting from themedhenicd sanding and debouning of the aured phendiic
resn could haveafomedehyde surface componat. Although thearlytica tedhniquesnesded to evdlugte
thefameldenyde content areanly inthe devdl opmentd Seges meking aquentitative evalugtion of exposure
difficut, itisprudent to treet Such exposresdifferently then nuissnoedud expoares Inthisstugtion itis
recommended thet particulatelevelshe reduced to thelowest levd sfeesllewith enginesring contrdsand
resairaory protection besad on their potentia fomaldehyde contarnt.

Animony - Anedremdy STel amount of antimony wespresat intheraw metaid. Theantimony wes
adoed assaanti-mildew andfirerdardant. Antimony mey enter thebody by ingestion, inhelation, or by
percutanenus absaption. Itisalocd intant and may produceliver and kidney damege, and cancausea
preumoconicss  Thefird Sgndf antimony exposreisdamditis It mey leaveabitter testeand cause
neuses, vomiting, diarheg, and abdomind aramps

VI. Reats
A.  BEnviromaid

Theresitsof thebulk andysesof theresn mataid indicate essntialy thesame compoundsweare presant &
thetwo tampearaurestowhich themetaid wassubjedied. Mgor compoundsidentified were
formeddehydeand phend. Low levdsdf ather argenicsidantified induded isoprapend, sdicylddehyde ethyl
aodae andtduene (SeeAppadossB, C, and D for addtiond ddals)

Fomeldehyde- A taid of 52 pasord bresthing zone (PBZ) and areasamplesfor fomadenydeweare
adledtedin Bulldngs 17-54, 17-02, and 17-06 duing theiinitid July and fdloa-up Augugt aunveys(Tables
1-4). Of the52 samples 35 werereported by thelaboratory to have non-detectable (N.D.) or trecelevels
Traceconcantraionsaergpartad whenthelevd falsbewean theardlyticd limit of detection and thelimit of
quantitation. Inather words themeteria bang mesared ispresant but e alevd whichistoolow tobe
aoouratdy quentified PBZ formedehyde samples adllecdted onwarkersin Building 17-4 duing the Ly
aurvey ranged from NLD. t0 0073 mg/n? (006 pam). Areasamples adllected for formelddhyokein Building
17-54 ranged from NLD. to 0.01 mg/n?* (0007 r$n). Areasarpesadledted duing the Uy Srvey inin
Building 17-02 ranged from N.D. to 0038 mg/m’ (0025 ppm). Duing thefdlow-up aurvey in Augug, PBZ
samplesfor famadehyde aallected in Bilding 17-02 ranged fram N.D. to 0066 mg/in® (0.04 ppm). Area
samplescallected in Building 17-02 ranged from NL.D. to 0.01 gy (0007 ppm). Areasamplesin Building
17-06 ranged from tracelevel sto 0008 mgyi? (0006 ppm). A Sngeprocesssample(asamplecollected a8
dosetothemetaid asposshle) from Building 17-02, Sation 4 - Bawing, Soved aformddehydelevd of
0285 mgfi? (019 pom). Thisvduergresanisavaued formdddnydeintheimmediaevidnity of theresin
and should nat be confusad with an expoaLrelevel.

Theconoatraions of fammeldehyde wereessartialy thesame during theinitid and fdloa-up suveyswith
regpect to bath parsond and arealevdsand from building to building.

Phend - A tatd of 23 PBZ and areadr samplesweare odlledted for phendl duing theinitid Uy and

fdlon-up Augug suveys(Teles56). ThePBZ samplesadllected in Building 17-54 during the Uy survey
ranged fromN.D. to 0.18 mg/in, with five of theseven sanples containing tracelevdls: OF the seven parsordl
bresthing zone samples cdllected in Bilding 17-02, only onesample (0.19 myfi?) contained concantrations
ebovethelimit of detedion. PBZ samplesweare adllected in Buillding 17-02 during the Augudt faloav-up
uvey. Phand concantrationsranged from NLD. to 1.5 mgfin?. Anareasamplecdlledted for phendl in
Bullding 17-06 contained no deedtalelevds

Patialaes- Tatd paticuate concantraionswere mesared intheareaof Bullding 17-02 wherethe cured
resn partsaretrimmed, debourred, and ssnded. Thisareadf the buillding was physically isdlated from the other
production arees

ThreePBZ samplescof tatd paticulatelevdsranged from 08910 7.7 mg/n? (Teble 7). Four aeasamples
ranged from 014 to 051 mg/n?. Workesinthisareaworereairators sothelevesmesaured do nat
reoresat rueexposurelevds



Animony - Wesampled far antimony, whichwesatraoe condituernt of theraw metaidsused inthis

becauseit can bebath apumonary and skinimitart. Only four sampleswearecdlledted (Teble
8). Although antimaony wasnat expected to bean evironmeantd pradem duing thissunvey, ssmplesweare
tekento confirm thet thereweas no Sgnificant antimony equoslre: No antimony wasfoundintwo of the
samplesand wasin low conoantrations (00008 and 0.001 mg/in) intheather two samples: Thee
conoaraionsarewd| bdow the NIOSH REL and OSHA PEL of 05 mg/n®.

Amines- Review of themaaidsusadin Bulding I 7-02 in the phend-fameaddyderesn aeaadinthe
jaining aress indicated thet amines could beformed from some of thecompounds: Therdfare, 14 samples
werecdlected and sreenad for aomdtic and dipheticamines: No amineswerefoundinthesesamples

B. Meaid
1. SudyPatidpats

Within Bullding 17-02, 382 pattiapents compleled thequedionaire: Thecomputation of
partidpetion reteshy areaisnat posshlebacause of the arganizationd grouping of employess loenof
employessfrom onedepartmeant to anather, and Smilaity of job desipionsand job locationsamang
svad dfferent dgpatmants However, to esimatetheoverdl partidpetion rete, we deiermined tht, of
the 382 partidpents 326 (85%0) identified themsdvees asbd onging to Departmant A3210. An
employeeroder supplied by the compeny indicatesthet 489 indvidulswereassgned to A3210, the
main arganizaiond departmant of Building 17-02. Thus 6% of theknomm A3210employess
patidpeted inthisaurvey.

Sncework aeawesfdt to beabeter indicator of patentid exposuresthen organizationd

dgpatment, wegrouped patidpantsby work areato tet the hypathes sthet exposreto the unoured
resnsweasarrisk fector for the development of symptoms: ThenorHay-upwarkersin Bullding 17-02
weredhoss asacompaison group sncethey shereacommon buillding and menegamat druduress
thelay-upworkes Table9 showstheddribution of Building 17-02 regpondentsby work area
Hgure lisaggphic reoresantation df thehbuilding and typed wark doneinthebullding.

A review of company-provided interdgpartment trandfer informétion for Department A3210, reveds
thet over 220 pammeanent and temporary trandferstook place bewean Augudt 1, 1987 and Uy 28,
1988, Ressorsfor thesetrandarsinduded terminetion, retum to schodl, ather employmat,
promations personnd dienges and dsdpinaty adions: Of thetrandiears 17 (8%0) wereliged asdueto
medicd reesons medica placamant ressons or manegamant repuest (medicd). Thereareno pedific
detathet indicateraes of interdepartment randasasareduit of medicd redridionsor medica
placamants Thus recent randersof employessfrom thelay-Up areato anather, such asrewark o
asamily within Building 17-02, could nat beardlyzed. For eech symptom, workerswereaskad to
indicateif they expaienced thesymptom a any ime during the preceding 0 days

Forty-four fird-ghift employessin the Bullding 17-06 completed thequedionnaire: Thisgroupwes
dhosn assassoond compaison group sinceit isthework areamogt dasdly metched to the Bullding
17-2lay-p aea. Thedhd dffaencesbawen thisareaand the 17-02 lay-up aeaaethet the
17-06 lay-up areaisdimete-contralled and does nat process phendlicresins: Thelocation of the
lay-up areain Building 17-06 can bessanin Hgure 2

Compery informetionindicatesthet 152 employesswark inthelay-up areaof Bullding 17-06, 73 of
whomwork onthefirg-ghift, yidding aresporserate of 60%for fird-chift erployess Thetrander deta
adindvidud jab higoieswererevienved to identify indviduelswhowearemoved to Building 17-06 s
aresit of medicd trandfer. Noemployesswhowearetrandfiared into Building 17-06 from 17-02 inthe
pest 60 deyswereidantified. Hovever, someindividualsdid nat placethar neme or work infametion
onthequesionareso misdassfication of somewarkeasispossble Itisdso possbletha some 1706
lay-upworkersmay have hed brief assgnmentsinthe 17-02 lay-up areathat were nat reparted onthe
quesiomare Sxteenwoarkaswereexduded fromfurther andyssbecausedf ambiguouswork area
information or work in bath potentid exposureand compaison arees



Demogigphics

Damogrgohicinfametion about workersin Buldings 17-02 and 17-05 ispresanted in Teble 10.
Workesin Bulding 17-02 aredvided into lay-up (Arees 2 and 4) and noray-up (al ather work
aess). Compared towarkersin Building 17-05 and in Bullding 17-02 norHay-up, warkersin
Bullding 17-02 lay-up honed asharter meen duration of employmeant & Boang (38 yrsvs6.1yrs
poded t-test: p=0.05) and (3.8 yrs vs6.1 yrs poded t: p=0.003) repectivey.

Incomparisontotherest of Bullding 17-02, lay-up warkassin 17-02 werefound to haveahigher
numbe of femdes (88%0vs 32%%; dhi-suare p<0001) and ashorter duration of employmert inthar
aurentwork area( L6 yrsvs30yrs poded t: p=0.006). With respect to ather dharadteridics the
Bulding 17-02lay up graup wes comparableto the ather 2 groups

Symptors

Thenumber and paroantage of employeeresponsssar thetireesudy groupsareshownin Tables 11
and 12. Responsssare congdared pasitiveif thesymptom reported by theemployes cooured any
timea work during the preceding 30 days: Missing responssswere coded asnagdiveregponses The
s/mptom prevdenceraios('rdativerik’ ar RR) and 95% corfidenceintavaswere computed.

Tade11 showsthe comparison of reported symptoms betwean Bullding 17-02 lay-up workers who
arepatantidly exposad to phend-forme dehyderesing and thosein 17-06 lay-up, where
phend-formddehyderesnsarenat usad. Overdl, 17-02 lay-up workershed ameen of 7.0
symptoms, compared to 5.3 symptomsor 17-05 lay-up workers (podled t: p<0.03).

For mog symptoms workersin 17-02 lay-up hed ahigher prevdence of symptomsthenworkersin
the 17-06 lay-up aea. Thesedfferenceswearedaidicaly sgnificant (p<0.06) for cough, dhest
tightness chedt pain, sorethroet, and neusea,

Therdaiverisks(RR) compaing thesetwo groupswere adjusted by current smoking Satus gender,
and prior molile home resdence, apossible surogate messure of non-oooupetiondl formeldenyde
exposre Nosgnficant differencesbewean the cude and edjusted RRswearedbsaved. Thardare,
only theunedjusted RR'sarereported.

Tharewaeno dffeencesinthessamingly high prevdences of slf-reparted dametosesbeweanthe
two lay-up aress as ddfined by the regponseto the question, "Haveyou hed askin rash a work within
the pet two months?' Thiswestruefor generd reparting of arash and for the Ste oedific questions
Aneqardion for thisaosavation might bethet multiple aganisareregponsblefar thedamatdagic
compants Inview o theknown demetdogic dfedsdf thedfferant resing thispossiblity gopears
pasble Forexarpe fibrousgasshy itsdf isaknown skinimitant and isacomponant of sved
different rednsused in bath buildings

Reparted symptoms among warkersin Bullding 17-02 lay-up were d o compered with thoseamong
workersin norHay-Up departmentswithin Building 17-02. Theresutsarepresanted in Teble 12

Ovadl, 17-02 lay-up workersreported ameen of 7.0 symptoms, compered to 6.0 symptomsfor
norHay-upworkers

(podedt: p<0.05). Lay-upworkersreported Sgnificantly (p<0.05) more heedadhes eyeinitation,
runy nose, chet tightness neuseg, dhedt pein, and sorethroat then did noHay-upworkersinthe same
buldng Agan, adugmeant of rdaiveriskshy gander, moilehomeresdencg, and curart smoking
datusreveded no mgor differenoesbewean thetwo groups; therefore, anly unedjusted RR'sare
reported.

Thareweasno d4tidicaly sgnificart dfferenceintheovardl reparted prevaence of skin resh betwenthe
twogoups Howeve, theprevdenceof hend rashinthelay-up warkerswassgnificantly grester
(RR=180, p=0.007) then thenorHay-up graup. Contact with unoured resnsmight bealikey
exqadionfor thisdffarence



Tahle13 showsthe comparison of sf-rgparted physaan degnossstar thetiree sudy groups
Ovadl, therewereno Sgnificant differencesamong the three groupsin the prapartion of parsonswith
physdandiagnosad conditions: To evduatewhether saf-reported ilinessesdiagnosed prior t0 1987
may have bean aconfounding fadtar, an atempt was mede to adjuet the symptom prevadencesfor the
year of dagnoss Howeve, thelagenumbe of indviduelswho did nat repart theyeer inwhich the
condiionweasdiagnosad medethisandlyssinfessdle: Inaddtion, thefat thet theresnswere
inrocuced in late 1987 medeit impossihle to dsriminge thoseworkeswho werediagnossd witha
oadfic condtionineaty 1987 (1.e bewean January and JUly), prior totheintrodudion of thenew
resns Diagnodic aitaiafar meny of thesemedicd conditionscan vary widdy among individuel
physdansand both ove-diagnodsand undar-diagnod s can beexpected.

Table 14 howsthenumber and percaniage of responsssto the ugjedive quesion of whether a
worke fdt he'she hed aphend-forme dehyderesntdatediliness Onewarker from Building 1702
(lay-up) wesidentified as having bean trandfiared into Building 17-06 during the pest yeer and the
responsssweareexduded fromandyss Respondentsweregroupad into two categaries: 1) thosewiho
fet thet they hed aresnrdated ilinessand 2) thosewho responded "nd” or "dont know". Sgnificantly
morewarkasfromthe 17-02 lay-Up areabdieved thet they were exparienang hedth effedsfromthe
resnsthen ather the 17-02 nonHay-up workers (RR=175, p<0.01) or the 17-06 lay-up workers
(RR=55, p<0.01). Whenindividualswio regponded "don't know" wereexduded from theardlyss
17-02 lay upworkars continued to demondrate agrester propartion of workerswho felt thet they hed
aphendic resnassodaedillnessthen ether of thetwo groups

Rostive repondentswere asked whether or nat they hed recdved aphysidan diagnogsfor any iliness
duetotheresns The percantage of workerswho reparted aphysiaan diagnosad mediicd conditionas
areit of the phend-fomddenyderesnsissmilar among 17-02 lay-up and norHay-upworkers
Ressorsfor thismey indude different diagnogtic aiteria, refard pettamsto goadific providars ad
trandfer of warkarsfrom thelay-Up areaiinto ather jab categaries outside of lay-up.

Withinthelay-up areadf 17-02, warkerswho fdt they hed aresn-assodaadillnessdso foved a
greder number of symptomsthen lay-up workerswho fdt they hed no resnrassodaed iliness (89 vs
3.7; podedt: p<0.00).

Theresponsssto thequestion, "How often canyou smdl imitating adorsin your wark evirormant?” ae
domninTabel3

VII. Disussionand Codusas

A.  BEnviromatd

Ervirommentd resuitsand aosavation of thework environment indicated no environmentd conditionsat the
timedf thisinvedigation thet would exalan thereparted adverse hedth effedts. Themodt ugoect
compound, formeldehyde, was only quentitated on 6 of 19 parsord bresthing zonesadles with dl of these
levelshang gopraximetdy 006 pom. It should benated, howeve, itisimpossblefor theinvedtigatarsto
dgemineif expoaurelevdsweaegeda prior tothetimedf the NIOSH evduaion, which coinaded with
vatilaionimprovemats Asdl usedf phendic resinshesbean disoontinued e Boaing, further evelugtion of
thisaubdanceisdimposshle

B. Mead

1

Theeisaninoressad prevaence of sf-reported resairdary tract symptomsamong workersinthe
lay-up areaof Building 17-02 when compered to ether 17-05 or therest of theworkarsin 17-02
Thexedfferancesarenat reedily exalaned by thearbome sampling resutsfor phend, formeldehyde,
amines o tatd paticulatesthet were dotained during the NIOSH dudy. Sncethequesioaredata
weaenat datained during the pariod when the resnswerefir infroduocaed, ar before changesin
ventilation and wearing of pratedive goveswereinocarporaed, it isnat posshleto peculaedoout a
OHfintive assodaion bawen priar ar samplesand symptom prevdence



Theused aha resn sygarsinthesameaeawoud imparr dfartsto atribute thereported
rearaory complanistoasngeagat. Inepreiaion of dgedivemessramanissuch ssaossdhift

monary fundion testing and sarid peek flow messremantswould dso beimpaded. Thelow ar
levdsdf fomeldehydeand phand levdsabosarved during the NIOSH vist mekedassficationby
expoaregroupsdificut, if notimpossble

Themadcd litaralure uggedsthet unoured resn meterid adharant to dudt particulaemay be carried
inothelower regaratary tract. Sncethe phendicresnsarenolonger inuse, thishypathesscannat be
tesed further inthelay-up area

A reviev of quesiomaredetasuggestsasmilar prevaence of sHf-repoarted dametitisamong bath the
172 lay-up aessand 17-05 lay-up arees. A review of OSHA 101B formsand compeny medicd
records aso reveded cases of damrtitisthet could beduetowarkingwith theresins: Workersin
17-02 lay-up areahed ahigher prevdence of sHf-reported hend reshesthen nonHay-upworkers: This
ugoeststhet contact with one of the metaias may beresponsblefar some casssof dematioses A
higher prevdence of hend rasheswesreparted inthelay-Up aress A likdy exangtionisthat theradhes
reflect bathimitant and dlergic contact dammetoses and further, thet these skin conditions may regpresant
reedtionsto morethen oneegat.

Demaosesdueto phend-farma dehyde resins have been destribed as early as 19362 Weicharck
notesthet finshed poymaizad padicsarerare causes of henmful skin efedtsand further eqdanstietitis
modly monomers hadenars and ather additivesthat aeregoonsiblefor thedamnétitis?

Thaeaemutipeagaisintheresnscgpebled causng bath dlergic contadt and imitant demmetosesin
thelay-upwakes TheMaaid Sey DataShedsfor sverd of theresnsconfirm thepressnce of
svad demicdsthet aeknoanto causedamditis Inaddtiontofreeformedehyde dicylddehyde
aresdtion by-product detected by our evironmentd sampling of the unoured phendlic resin, hesbean
to cause contact sanditization ? Depolyconoensation and saf-condansation reedtionshave
been destribed by Bruze ssregponsblefor thegengraion of ather intermediate compoundswhich thet
att ascontact saditizas? Bven pratedivegoveshave beanimplicated in thedevelopmant of suchskin
dsordasasitching, imitation, eczamg, and hend svet#
Becauethe quesiorarewasadmindaed shortly &ter thenew ventilation sygemwesingdled, the
reaits presanted heremay nat adequatdly reflect the curant o previous prevadence of symptoms
Catanfeduresof thecurant stugtion in the 17-02 building have bean desribed by Qulleninhis
dsausson of thesmdromed multipednamicd sansitivity.” Heddfinesthissyndromeas"an acopired
dsorder dheradtenzed by recurant symptams rferableto multiple argen sydems coouningin
responseto damordrable expoauresto many damicaly unrdated compoundsa dosssfar bdow

thoseedabishad inthegenerd populaionto causehanmful dfeds™ Hefurther audinesseven mgiar
dagnodicfedures

a 'Hrrzcdigckr isaoquired in rdation to some documenibleenvironmentd expoarg(), insUit(s), or
I b

b Symporsindvemarethenaneagans/dam;

0  Symptomsrenur and ebetein responseto pradidabledimui;

d Sympoomsaediatad by expoaresto cdhemicdsdf divarse drudiresand taxiodlogic modes of
adiony

e Synplomsaedidted by eqposresthe aredemondraile (dbat of low levd);

)  BExpoarestra diat sympomsmug bevay low, by whichwemeen many dandard devigtions
bdow "averapge’ expoaresknoan to cause adverse humen resoonses;

g Nosngewiddy avaladetes of argan s/dem fundion can eqdan s/mptoms



VIII.

Whilethereisno evidancein thisevauation thet condusively damongraesthe coourence of this
conroversd syndroe it isnevathdessimpoartant to condgder thisasapossihlity. Thargpeautic
intervention mud tekeinto congdaration thevay red psydhosodd dressarsinvaved inastugion
daradtaized by awidy, feer, and unoatainty. Theseaedsoussadin ddial insevard atides® The
rdeof oooupationd sressinthewarksite heshbeen thesuljet of arecant NIOSH pubication®

Recommanddias

1
2

Rior toinroduang new dremicdsinto thewark environmeant, warkersshould bebriefed by newdetter ad
ardly ebout thehedth effedts of thesechamicas

Theventlaion sygemin Bulding 17-02 should be adjudied so thet warkers can useit without disoomfort.
Thedsoomfart indudesexcessve add and drying out of eyes

Industrie hygenedatacdlected onworkersshould be provided to theworkerswith en explanetion of the
resuits

TheBodng physdansand indudrid hygienist should do paiodicwalk-through surveystirough dl aessof the
fadlity and ansiver quesionswarkershave about thar work evironment.

Hfartsshoud bemedeto enauretre theresairator progyam remainsdfedive. Warkasshould bemede
avarethet they can havearearator even though they arenat baing exposed to demicasin
conoatrationsexossding the OSHA limits: Thisisaaurant palicy and should bestressed

Although reoant chengesin the persondl pratedtion program haveteken place, thefindings of increesed
prevdences of sdf-reported dematoses among lay-up workers undersoore the need for continued
evdugtion of demmetdagic conditionsamong thewark-force: Rratedivegloves shauld beevaugted for
pemegtlity to theresnssysamsin uss, asrecommended duning thepreviousSte vist.

Itisimpoartant bath for diagnodtic and prognastic purposesto differentiate betweaninitant dametitisand true
dlergcaontadt damretitis Thedevdopment of agandardized pratood for evaugting individuelswith
posshledlegic contadt damretitiswould bean gopropriste method for detlamining theeidlogy of Sugpected
work-rdated dematoses Such teting should be performed under the guidence of an expariencad
dametdogst.

Thefinding of ahigher prevdenced resairdary tract complaintsamong the 17-02 lay-upwoarkesmey save
asabedsfor inoessad aurvellance of erployessinthiswork area. Snoe hedth sremning proceduresarenat
dwayshdpfu inevduginglonHevd ar mixed expoaures indviduglized evaugtion of erpoyesswith
ugpected cooupdtiond ilinesses may bemoregppropriate: If puimonery fundion tedting ispafomed, it
should bedonein acoordancewith thetednicd guicdlineseteblished by the American Thoradc Sodety.




IX.

Refaencss

1

14.

16.
17.

Maten KE: Old and new, mainly cooupetiond dametdogical praldensin the produdiion and processing of
pladics In: Maibech, HI (ed): Oooupetiondl and Indudtrid Demmetdogy, Chicego, Y eer Book Medicd
Rublishers 1987.

Nationd Inditutefor Oooupetiond Seely and Hedlth (NIOSH): Critariafor arecommended dancerd.
Ocoupationd expoaureto phend, (DHEW Pub. No. 76-196), 1976.

Natiordl Infitutefor Ocoupetiond Sfety and Heslth (NIOSH): Currertitelligence bulein 34-
Fommdehyde Bvidancedf cadnogeridity. Onginreti, Ohior Natiordl Inituiefor Ocoupetiondl SHety and
Herith, 1981 (DHHS(NIOSH) Publication No. 81-111).

GammegeRB, Hanthome AR Currant datusof messlremant tedhniquesand concentraions of
formddaydeinresdences In Turoski, V (ed): Famelddhyde Aryticd Chemidry and Toxiodogy.
Devdgped fromas/mposum sponsored by the Divison of Ervironmentd Chemidry & the8ah Meding of
the Ameican Chamicd Soddly, S. Louis Missoun, Apxil 8-13, 1984,

Godeh T: Resdantid formedehyde contaminents Sourcesand levds CommatsTaxiad 2(3): 115134,
1988.

U.S Depatmeant of Labar: 29 CFR Pats 1910 and 1926 Ocoupetiond exposLreto formedehyde, Find
rue Vd.52 No. 233, Decamber 4, 1987,

Alexandesson R BExpoaureto fameadehyde, effedsof puimonary fundion. Arch Env Hedth 37(5):
279-283,1982.

KiloumKH, & d: Pumonary and nerdbdhaviard dfedsof famadenydeexposre. Arch Env Hedlth
40(5): 254-260, 1985.

Sthechter EN, @ d: A dudy of resaratary fectsfrom expoareto 2 pom fomedehydein hedthy
abjedts Arch Env Hedlth 41(4): 229-239, 1986.

GarbdeJ, @ d: Regaratary fundionand symptams: Anevironmeantd-gaidamidogical sudy of ruober
workersexposad to aphend-formddenydetyperesn. Amind Hyg Assoc J37(9): 499513, 1976.

ImbusHR, Todhilin St Acutedffect upon puimonary fundion of low levd expoareto
phendl-formaldehyde resin coeted wood. Am Ind Hyg Assoc J49(9): 434-437, 1988.

Nationd Indtitutefor Oooupetiond Sdely and Hedlth (NIOSH): Gritariafor arecommended danderd,
Oooupationd expoareto formadehyde, (DHEW Pub. No. 77-126), 1976.

CanWS e d: Imitationand odor from formeldehyde: Chamber dudies Procssdingsfromthe ASHRAE
Conferance |AG 86 Maneging Indoar Air FPR Hedlth and Energy Consarvaion. ASHRAE, pp. 126-37,
1986.

SutemenD, @ d: Beaviard sandtizaion to imtantsodorants dter aoute over-expoares JOooup Mad
30(7): 565567, 1988.

BdlaWilsonKH, & d: Conditioning of physicd symptomsdter neurataxic expoaures JOooup Med
30(9): 634-636, 1988.

SimC, WilliansMH: Efedt of odorsinaghma. AmJMed 80(): 18-22, 1986.

EikssonNE, @ d: Howeasand aher trigger fadtorsin aghmaand rhinitis- Aninguiry dudy. Allegy 42(5):
374-381, 1987.

Report of the Consensuis Warkshop on Formadehyde: Env Hedlth Pargpect 58: 323-331, 1934.



©

B8 R B

Boanige MF. Fomeeintheuineasalidogicd indicator of fomdddhydeexquoare A reviev. Amind
Hyg Assoc J46(11): 900-908 1987.

ShwatzL: Damaitisfrom synindicsandwaxes Am JPub Hedlth 26(6): 536-592, 1936.
Wadad H: Sinhezadsintheplagicsindudry. Beufsdametosen 18(1): 25-34, 1970.
Mdter KE, Sautter E: Fhend-formeldehyderesnin peper. Contact Damtitis 11 127, 1984,

BrueeM: Contect damrtitisfrom phend formeldehyderesins I Maibech HI (ed): Oooupetiond and
IndLrid Demmetdogy, Chicago, Y ear Book Medicd Publishars 1987.

Mdlgrom GA: Patedivegoves Redudion of skineqposuretodemicds I Maibech Hl (ed):
Oooupdtiond and Indudrid Demmetdogly, Chicego, Y ear Book Medical Publishers pp. 126-133, 1937.

QulenMR Thewarker with mulipednamicd sastiviies Anovaview. It QulenMR (ed): Workerswith
Chamicd Sasttivities Ocoupetiond Medidne Satedf the Art Reviews 2(4): 663-665, 1937.

Brodky CM: Mutipedhamicd sastivitiesand ather ‘environmantd iliness: A psychiaid'sview. Ine
QulenMR (ed): Wakerswith Chemicd Sastivities Oooupetiondl Medidne Satedf theArt Reviews
2(4): 695-704, 1937.

LenisBM: Wakaswithmutipednamicd sangtivities Psychosoad intaventions: It Qullen MR (ed):
Wakerswith Chemicd Sadtivities Oooupetiond Medidne Satedf the Art Reviews 2(4): 791-800,
1987.

Nationd Institutefor Oooupetiond Seety and Hedlth (NIOSH): Sressmanegamant inwork sattings
Gindnnati, Ohio DHHS (NIOSH) Pub. No. 87-111, May 1987.

Ameican Thoradc Sodely: Sandardization of gairomery - 1987 ypdete AmRev Resar Dis138:
1285-1296, 1987.




Auhorhipand Adkno

Report Prepered By Babby J Gunter, PhD., CIH
Regiord IndLetid Hygieig
NIOSH - Dawve Regon
Deawve, Cdorado

SeveKlincanicz, D.O.
Medicd Offior

NIOSH - Medicd Sstion
Gndmeti, Chio

Williand Danids CIH
IndLetrid Hygiengt
NIOSH - Dawve Regon
Dewve, Cdorado

Origneting Offioe Hazard BEvdudionsand Tedmnicd
AssganceBrach
Divisondf Survellance Hazad
Evduations and Hdd Sudies
Gndmati, Chio

Report Typed By: MaileF. DiGaoomo
Soday
NIOSH - Dawve Regon
Dawer, Cdorado

Vidoral. Linon
S

day _
NIOH - Medicd Sation
Gindrreti, Chio

Didribuionand Avalenlity of Repart

Copiesdf thisrgpart aretamporatily avaladle upon reguest from NIOSH, Hazard Evalution and Tedhnicd
Assgance Branch, 4676 CaumbiaParkway, Gindnnati, Ohio 45226. After 90 days therepart will beavaladle
through theNationdl Tedhnicdl Infametion Savice (NTIS), 5285 Rort Royd Roed, Sringfidd, Virgnia22161
Informetion reparding itsavalahlity through NTIS can bedatained from NIOSH
Rublications Officea the Gindnneti address: Copiesof thisrgpart havebeensant to:

AerogpeceMachinig Intemetiond District Lodge 751
Boang Compary .

U.S Dept. of Labor/OSHA - Regon X

NIOSH - Dawve Regon

Weshington Sate Hedlth Det.

For thepurposedf infoming effected employees; coples of hsremtsfﬂl bepoded by theerpoyerina
prominant place acoessbleto theemployessfor aperiod of 30 cdendar days

grWNE



Tadel

Boang Compary
Auumn, Weshington
Juy 6-7,1983
Rasord Bresthing Zoneand AreaConoanirations of
Fomeddhydein Bulding 1754
PERSONAL SAMPLES
Formaldehyde
Cdllection Method Job SampleTime (mgm3
Orbo 23 Tubes PBM 650-11:12 Trace
11:48- 242 N.D.*
Orbo 23 Tubes PBM 6:53-11:10 Traoet*
11:47- 236 Trace
Orbo 23 Tubes PBM 655-11:12 0073
11:46- 232 0.066
Orbo 23 Tubes PBM 6:58-11:13 0.049
11:50- 245 Trace
AREA SAMPLES
CdletionMethod ~ Locetion SardeTime Fomeldehyde
(mofm)
Orbo 23 Tubes Digoenang Rack 7:10-11:13 N.D.
11:42- 218 N.D.
Impingas 7.30- 215 0.007
7.30- 215 Trace
Orbo 23 Tubes Area5-Oven 702- 131 N.D.
Orbo 23 Tube Area5 - Debagger 7.07- 115 N.D.
Impingas Area83- Back 7.20- 210 0.010
Comer 7.20- 210 Trace
Impingas BAT Wirg 7.25- 218 0.010
7.25- 218 Trace

*N.D. - Not Detected
**Traoe- Bawen Limit of Detettion and Limit of Quentitation



Tade2

Boang Compary
Auumn, Weshington
Jly 67,1983

AreaConoatrationsof Formddehydein Bullding 17-02

SarpleType

Orbo23 Tube
Orbo23 Tube

Orbo23 Tube

Orbo 23 Tube
Impingars

Impingers

Impingers

*N.D. - Not Detected

Location

Soray Boath

Area66 - Renvork

Aread

Area5- Packaging

Lay-upB-16

OvenArea

ing Tine

7:.59- 100
712-11:13
7.30- 120
7.30- 120
7.00- 106
850-10.00
850-10.00
804- 100
804- 100
830- 100
830- 100

**Traoe- Bewean Limit of Detedtion and Limit of Quentitation



Cdledion Method

Orbo23 Tubes

Orbo23 Tubes

Orbo23 Tubes

Orbo23 Tubes

Orbo23 Tube

Orbo23 Tube
Orbo23 Tubes

Cdledion Method

Impingers

Orbo23 Tube
Orbo23 Tubes

Orbo 23 Tube

Tade3

Boang Compary
Auumn, Weshington
August 16-17, 1983
Rasord Bresthing Zoneand AreaConoanirations of
Fomeodhydein Bulding 17-02
PERSONAL SAMPLES
Job ing Time Fomd
(mgfr)
PBM Sdion4 7.06-11:27 0.056
11:30- 230 0.050
PBM Sdion4 718-11:30 Traoer*
11:30- 239 Traoe
PBM Sdion4 710-11:30 Trace
11:30- 230 Traoe
PBM Sdion4 710-11:20 0.038
PBM Sdion4 710- 1:08 Trace
PBM Sdion4 717- 103 Trace
Baoygng F-BM 815- 255 N.D*
Saion21 11:30- 242 N.D.
AREA SAMPALES
Locdtion SargeTinme Fomedehyde
(mgfnr)
Sdion4 725- 120 0.006
725- 120 Traoe
730- 235 0.012
730- 235 Traoe
725- 238 0.010
Sdion21 815- 255 N.D.
Area5- 7.15- 106 Trace
Baypgng 7.15- 1.06 Trace
RocesSampe
S.'ajqn4- 710- 1:05 0.285

Bawing



Tdde4

Boang Compary
Auumn, Weshington
August 17,1988

AreaConoatrationsof Formdldehydein Bullding 17-06

CdledionMethod Locdtion eTime
Impinger Area2l 810-25
Impinger Area2l 810-25
Impinger Area2l 810-25
Impinger Area2l 810-25

Traoe* - Bewemn Limit of Detedtion and Limit of Quartitation

Fomel
(mghn)

0.008
Trace
0.006
Traoe*



=

PBM
PBM
PBM

PBM
Digoensng Rack

PBM
PBM

Sray Boath
Rework

Rework
Debagger - Areas
Opedor - Oven

*N.D. - Not Detected

Table5
Boang Compary
Auumn, Weshington
Jly 67,1983
Rasord Bresthing Zoneand Area Conoatrationsof Fhend
Buldng 1754

SogeTime
Pasord Sangles
6:50-11:12
11:48- 242
6:53-11:10
11:47- 236
655-11:12
11:46- 232
6:58-11:13
AreaSarples
710-11:13
Buildng 17-02
Pasord Sangles
7.30- 120
7.00- 106
759- 1:00
712- 112
7.30- 120
707- 115
702- 131

**Traoe- Bewean Limit of Detedtion and Limit of Quartitation

(mgf)

Traoet*
N.D.*

Trace
Trace

018
Trace

Trace

N.D.



=

PBM - Sion4
PBM - Sion4
PBM - Sion4
PBM - Sion4
PBM - Sion4
PBM - Sion4
PBM - Sion4

Location

Cawd Box Area

Table6
Boang Compary
Auumn, Weshington
August 17,1988
Rarsond Breathing Zoneand Area Samplesfor Phendl
Building 17-02 - Fersord Samples

ing Time

6:55-240
6:55-238
7.00-230
710-230
710-230
710-105
7:10-928

Bulding 17-05- AreaSarpes

ing Time

817-230



Jolocdion

Knodkout - Saion 5
Knodkout - Saion 5
PBM - Sation 67

Sdion5

Sxd & Al - Saion 67
Sad & Fll - Sation67
Sad & Fll - Sation67

Tade7

Boang Compary
Auumn, Weshington
AugLgt 16,1988
Rarsond Bregthing Zoneand AreaConoanirations
o Tad Paticuaein Buldng 17-02
ing Time
Pasord Sangles
6:53- 1253
7:39- 240
745- 248
AreaSarples
6:55- 1258
657- 1.00
7.00- 1:00
7.00- 1:00

Tod Patiadae

(mgh)

089
770

014
019
051



Bregthing Zoneand Generd Room Air Conoartraions

Sagle# Job/l ocation
A-1 Wrgoper/Sdion4
A-2 Rework/Sation 66
A-3 AreaDepatmant 21
A-4 AredSard and Hl

Bvdugion Qitaia

Laboratary Limit of Detection 0002 mgffilter

N.D* =noneddettedinsamples

Tdde8

o Antimary

ing Time

7.35-235
7:50-248
817-25
6:58- 100

05

Artimay
()
ND*

ND*
0.001



TABLE 9

HETA 83-24
TheBoang Compary
Auun, Weshington
Woaork aresswith a leegt 10 partidpants
Buildng 17-02
Wok Area Jbedivities #patidpents
001 plager mold mekers 13(3%0)
002 plager wrgp 54 (14%)
007! pamenent wrap 51 (13%)
005 beognglouing 36( )
009 plader fabrication 47 (12%)
065 findhadtim 45 (12%)
066 rework, deburr 3R (8%)
067 vaouum blagt 14 (4%)
09 ingoection 20(5%)
Other aress 60 (15%)
(officearess digoatch, ingoection)
Unknown ar missing 10(3%)
Tod 382



TABLE 10
HETA 8824
TheBoang Compary
Aubum, Weshington

Damoggphicsof Sudy Groups

Buldng 1707 Bulding 1706

NoHay-up Layp Layp
numoar 261 105 44
menage(sd**) 360(103)  37.7(99) 377(103)
#fameles 83 (329%) 92 (83%) 38(87%)
#nmodilehome
resderts 76 (29%) 38(36%) 12(27%)
m#yBMIe 44(43) 42(40) 34(43)
Jroke's 96 (379%6) 47 (45%) 15 (34%)
men pack yearssmoked 144(138) 136(106) 127(100)
yrswith Bosing 6.1(65) 38(60) 6.1(75)
m nonet 30(4.2) 16(28) 25(23)

*  Thenumbe of warkersinthe Building 17-02 (261) exdudes 16 indvidudswhosework areawesambiguous
** Jandard Devidion



Compai
of Bulding 17-02 Lay-up Workersand Building 17-05 Lay-up Warkes

1r-2lay-wp 17-06Lay-up

heedeche 85(81%) 3A(7%)
By 59 (56%) 23(52%)
eyeinitaion 65 (62%0) 20 (46%0)
runny nose 62 (59%0) 22 (50%)
oough 45 (43%) 10(23%)
gnuscongestion 48 (46%) 16 (36%)
dhegtigt 45 (42%) 8(18%)
dotofbresth 32 (31%) 8(18%)
wheeze 19(18%) 6 (14%)
tirgirg 28(2%0) 11 (25%)
fever 15(14%) 7(16%)
itthing 60 (57%0) 23(52%)
neusea 46 (44%) 10(23%0)
medepars 27 (26%) 11 (25%0)
chetpan 37 (35%) 6 (14%)
rethroa 60 (57%0) 18 (41%)
DERMATOSES:
17-2lay-up 17-06Lay-up

Reeh 48 (48%0) 20 (47%0)
Hand Reeh B3 11 (26%)
AmRah B(3%) 15 (35%)
Neck Raeh 14 (14%) 5(12%)
Nregpodng 100 43

Cl.. 9% Confidancelntavd
RR=RddiveRik

TABLE11
HETA 8824

TheBoang Compary

Aubum, Weshington

N of

PENPEPPRPOoORPPERPENEPRRPREE %
POOORORPRWNNWONMRR

Retes

pvdue

087
038

0.70



TABLE12
HETA 8824

TheBoang Compary

Aubum, Weshington

17-2Llay-up  17-02 NorHay-up
heedeche 85(81%) 183 (70%)
By 59 (56%) 162 (62%0)
eyeinitaion 65 (62%0) 117 (45%0)
runny nose 62 (59%0) 122 (47%)
aough 45 (43%) 100 (38%)
gnuscongestion 48 (46%) 127 (49%)
dhegtigt 45 (42%) 76 (29%)
dotofbresth 32 (31%) 73(28%0)
wheeze 19(18%) 49 (19%)
tirgirg 28(2%0) 70(27%0)
fever 15(14%) 30 (12%)
itthing 60 (57%0) 127 (4%0)
neusea 46 (44%) 74(28%)
medepars 27 (26%) 80 (31%)
chetpan 37 (35%) 49 (19%)
srethroat 6057%0) 100(38%0)
DERMATOSES

172 Lay-up 1702 NoHay-up

Reeh 48 (48%0) 96 (40%0)
Handregh B3 45 (19%)
Amrah B(3%) 60 (25%0)
Neck resh 14 (14%) 20(8%)
Facerash 14 (14%) 27 (11%)
Nregpodng 99 243

Compaisonof
of Bullding 17-02 Lay-up Warkasand Bullding 17-02 NorHay-up Workers

Retes

ClL

(10,13
(07,1.1)
(11,17)
(10, 15)
(08, 15)
(07,12
(10, 1.9)
(08,15)
(06,16)
(07,14)
(07,22)
(09, 1.4)
(12,2.1)
(06,12
(13,27)
(12,19)

(095, 1.59)
(123, 264)
(095,192
(090,326)
(070,232)

pvdue

013
0.003
010
010
043



TABLE13
HETA 83-24
TheBoang Compary
Auun, Weshington

SHf-Reported Fedings of 1lIness- Responsesto Quetions

A. "Areyoueaiaxdngay il hedth efedsthet youfed mey bedueto the Phend-Fomeadehyde Resins?!

17-021 a-wp 17-02 (NonH_ ay-up) 17-05Lay-up
Number 102 258 40
Yes 56 (53%) 81 (319 4(%P
No 23(22%) 9% (36%) 24 (56%)
DonitKnow 23(22%) 82 (31%) 12(28%)

a  Compaisonof 17-02lay-up and norHay-up: RR (Yesvsno or dont know) = 175 (1.36, 225)
b. Compaisonaof 17-02lay-upand 17-06 lay-up: RR=549(2.13, 14.14).

B. Of thoseregponding yesabove, "Haveyou been diagnosad by aphysdan sshavingamedicd condition thet youwere
tddisdueto the phend-fome denyderesns?”

17-021 a-wp 17-02 (NonH_ ay-up) 17-05Lay-up
Number 56 8l 4
Yes 11 (20%) 17 (21%) 1(25%)
No 41 (73%) 61 (78%) 3(75%)

C. "How diten canyou sl initating odorsin your work environmant?!

17-021 - 17-02 (Non-_ ay-up) 17-05Lay-up
Number 105 261 44
Never 1(1%) 7(3%) 1(2%)
A Lite 29(28%) 104(40%) 19 (46%)
ALd 66 (63%) 141 (54%) 21 (51%)

No Response 9(70) 9(3%) 3(1%)



TABLE14
HETA 88-294

ngCompary
Auun, Weshington

SHf-Reported Prysdan Disgnosad [linessss

BUILDING 17-02 Lay-up: N=105

DIAGNOSS Number
Urknoan

Allaty 27 (26%)
Adhma 5(4%)

Brondhitis 17 (16%0)
Snugtis 15(14%)
Hay fever 15(14%)

BUILDING 17-05Lay-up: N=44

DIAGNOSS Number
Urknown

Alley 14 (32%)
Adhma 5(11%)
Brondhitis 9(20%)
Snustis 6 (14%)
Hay fever 4(10%)

BUILDING 17-02 Non-Lay-up N=261

DIAGNOSS Numbe
Unknoan

Allegyy 62 (25%)
Adhma 13(5%)
Brondhitis 37(14%)
Snustis 17 (7%)

Hey fever 35(13%)

Onst before 1987

18 (17%)
4(4%)
8(8%)
7(7%)
11 (10%)

Onstt before 1987

Onst before 1987

37 (14%)
6(3%)
17 (7%)
3(1%)
21(8%)

296 7(7%)
1(1%)

6(6%) 3(3%)
56 3(3%)
1(1%) 3(3%)

1987-88

2506  4(10%)

1(206) 1(2%)

3(96)  2(5%)

2(506)  1(2%)
0

1987-88

12(5%) 13(5%)
529 2(0%)
13(5%) 7(3%)
9(3%) 5(2%)
6(3%) 8(3%)



FIGURE 1

BOEING BUILDINGS
Building 17-02

" Non-layup
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Assembly TP RPN :
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+ uncured phenolics in use
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FIGURE 2

BUILDING 17-05

Clean Room LAY-UP
N=44

Tank Line

Autoclave cure Paint and Ship

«« uncured phenolics minimally in use
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APPENDIX A*

Reported Levdsaf Fomeldehydein thelndoor Air Classss of

Typedf Resdace

U.S homeswithout

ueafomddehydefoeminaiaion (UFA)
U.S homeswith UFA (complaint

and nonoomain)
US Mabilehomes

Canedian houssswithout UFF
Canedian houssswith UFFA

U.S houssswithout UFH ad
without partide boerd

U.S houssswithout UFH ad
without pertide boerd suifloors

U.S nmablehomes
UK. huildngswithout UFH

UK. uildngswith UFA

U.S houssswithout UFH
U.S houssswithout UFH
U.S houssswith UFH

Pivate Resdanoss

No. of Formedehyde (ppm)
Reddenoss Memn
41 00101 003
636 0.01-34 012
431 0.01-35 0.38
333 (3%6>01ppm) 0.036
1850 (20°6>0.1ppm) 004
17 - 0025
600 - 0050
svad huda 012
50 <0.03>03 0047
(3%>0.1ppm)
128 0.01->1 0.093
(™%6>0.1ppm)
42 0.03-017 0.06
3 - 0.07
- - 0.06

continud



APPENDIX A

(continued)
Reported Levdsaf Fomeldehydein thelndoor Air Classss of
Rivate Resdences
No. of Fomddehyde (ppm)

Typed Resdace Reddenss Rare Mean
Mahilehomes(Minnesata 100 030 04

complans
Mahlehomes(Wisoonsn - 002-4.2 09

complans
Mahilehomes(Wisoonsin) 65 <0.10-368 047
Mahilehomes (Waghingion - o177 01044
complan)
U.S Mdalehomes

Never cooupied 260 - 0.86

Older occupied 025
Eagt Teness=homes 40 <0.02-04 006

AgeO5years 18 - 008

Age5-15years 1 - 004

Age>15years 11 - 003
Conventiond Cdlifomig
Cdorado, and S Dakatahomes 64 002-011 005
Spaddized housng 52 003-03 01

*GanmegeRB., Havthome A R. "Curant Satusof Messuramant Tediquesand Concartration of Farmeldehydein
Reddences” Turaski V. Fomddahyde Arelyticdl Chemidry and Taxiodogy. Page 125. Developed fromasymposum
goosored by the Divison of Ervironmenta Chamidry & the 187th Mesting of the Amaican Chemicd Soadly, S Laus
Missour, April 8-13, 1984."
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APPENDIX B
AS CHROUATOGRAP

L

_om.omﬁ T

89.03

T
PHENOL

68.97|.

48.92|-

28.87). z

Q

:

| 1 | I | I ! 2 | 1

8.81 A 1 1 1 1
1.50 3.56 5.62 7.68 9.75 11.84 13.87 15.93 18.00

SEQ 6360 GENERATED ORBO0-23 TUBE FROM
HEATED BULK MATERIAL (20-40 C)

MPURITY IN BULANK



adz1

adz1

adz1

adz1

adz1

adz1

adz1

adz1

adz1

adz1


ATOGRAPH

N

APPENDIX C

AS CHRO

G

10917} .

8. 12|

TOLUENE SOLVEN]

69.071.

CTED FORMALDEMYDE

49.02L

28.971

8.91 i 1 X 1 xt ._ 2 || i | & L X i | '
2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00

SEQ 6360 GENERATED ORB0-23 TUBE FROM
MEATED BULK MATERIAL (120 C)



adz1

adz1

adz1

adz1

adz1


D

APPENDIX

«AS CHRONATOGRAPH

135.40L

nom.ma__l

84.29].

50. .ww_ﬁ

3347

TSOPROPANOL

b

- Eﬂﬂ ACETATE

u.mﬂ‘ —

c

-

2.81 4.12 5.43 6.75 8.06
SEQ 6360 GENERATED CT FROM

HEATED BULK MATERIAL (20-40 C)

1.50

9.37

10.68

12.00


adz1

adz1

adz1

adz1

adz1

adz1




