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SLIMMARY

On Deoamber 17,1986 the Nationdl I nstitute for Oocupetiond Sefety and Heelth (NIOSH) wiasrequested by the
Cdarado Department of Heelth (CDH) to evauete hedlth prodlems a the L auisana:Pedfic (L-P) plantinOlathe,
Cdaredo. Therequest wasprampted by locd physdanswho contected the CDH diter treging severd L-P
workeswith regaratory symptlomscongdant with ashma.: Thecompeny menufadureswtarooard usng amixture
o wax, 44-methylenediphenyl isocyanete (MDI) and smilar srudure digomersto bind together wood dhips

NIOSH pasomd meckeinitid stevidtsto theplant inMarch and Jly of 1987, duingwhichamedicd srening
quediomnarewas didributed to theworkfarce: From thisinformietion, agroup of employesswias selected for further
medicd teding. NIOSH investigetorsretumead to the plant during thewesk of August 23,1987 to condut amediical
evdugtion of theworkersand evironmentd monitaring of thewarkplaoe: NIOSH personnd dso contacted some
employesswho repartedy et thewarkforoe dueto breething prodlems and reviewed therr medicd records

Quantifisdeconoatraionsd MDI warefoundinonly two of the 23 parsord ar sardlesa timewdghted average
(TWA) concartrationsof 0015 and 0016 milligrams per aubic meter of air (mgfi?). TheseresLitsaebdow the
NIOSH recommended exposurelimit (REL) of 0.06 mg/n asan 8-hour TWA, andwaould bebdow the
Oaoupetiondl Sty and Hedlth Administration (OSHA) and Amaican Corferance of Govermmentd Indudtrid
Hygengss(ACGIH) aaling aitaiacf 02 mg/i?. Areadr samplesfor isooyanetegroup, wood dugt, adehydes and
tracearganicsweared o bdow thar respedtiveevadudion aitaia

Themedicd evauationidentified 13 casesof pumonery dissese (12 casss of asthma, and anecase of
hyparsangtivity preumaonitis) with medicd histary and diagnodtic findings suggesting they wererdated toisocyarete
exposre These13 cassswarein 3aurant and 10 former employess Modt of these cases prabedly resuited from
expoarelevdsthat exided dter theintrodudion of the diisocyareteresninto theplant in ine 1986, but before
effediveengneaing contrdsand persond pratection programswarein place

Onthebedsaf thedatacdlected during thissunvey, apatentia heelth hezard exiged from arbome expoareto
disogyanetes Indviduswho paform rouineand nonroutine mantenence adiviiesin thearesswhare MDI isusd
mey facearisk of sgnificant exqposureto MDI if the proper persord pratediveequipmant isnotused. Individlels
dreedy sasitized may continueto reedt to the diisocyandie d vary low or unmessrabdle conoatraionsdueto
indvidug susogatiblity. Recommencitionsfor environmeantd and medicd monitaring, enginesring contrdls persord
protecive equipment, work

pradtioss and employeeeducation arecontained in thisrepart.

KEY WORDS S C 2493 (Waterhoard) 44-mehylenadiphenyl isocyante (MDI) paymethylengpolyphenylene
palyisocyanete (FMA), agthme, hyparsangtive pnuemonitis agpen, wood du, isocyanete group.
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INTRODUCTION

On Deoambar 17,1986 the Cd arado Department of Hedlth (CDH) requested NIOSH'sassgancein evauding
regaraory prodemsamong enployessof the Lousana-Padfic (L-P) plant in Olathe, Cdarado. Thereouest wes
prompted by locd physdanswho contacted the CDH diter tregting sevard L-Pwarkerswith reairaiory symptoms
cosgatwithashma

NIOH pasonnd medeaninitid stevist to L-PonMarch 13, 1987, to conduct awak-through survey and cdllect
informationontheplant processss: On Uy 29,1987, aNIOSH medicd aurvey was conducted duningwhich medicd
Sresning quesionareswere ddributed to thewarkforce: From these guettionnaires agroup of enployesswes
sHeded for futher medicd teing. NIOSH invetigatorsretumed to the plant during thewesk of Augugt 23,1987 to
condudt amediica evdution of thewarkersand evironmentd monitaring of theworkplace: Individugl medicd
resitsof the Augud 23,1987 arvey weremdlled to partiapentsin January, 1988. Theplant meneger wesdso natified
by tdgphonedf thesummary medicd resitsin Januaty, 1988, Anintarim letter 9ating thefindingsof the NIOSH
uvey, dong with prdiminary recommendations wassat to L-Pand the CDH on April 11, 1988,

BACKGROUND

A.HatHiday

The Lousana-Padfic Corparation begen gperation of aweferboaerd menufacturing plant near Olathe, Cdarado
in Sgatember, 1984. Theplant processssagpen and pinetressinto weer dhips which arethen bound together
into wefeboard usng aheat and pressure cured resnfwax binding meteid. Thefadlity produces gopraximetdy
oneton of weferhoaerdsper day. Theplant hes 68,880 squerefedt (3 ft) under aneroof with 10268 g ft
utilized sswarehouse dorege and 1,296 9 ft as dffice oece

Theprocessa thetimedf plant gpaning invalved codting thewder diipswithawax anda
phend/forme dehyderesin, with SUbssquent pressing, under high tamperature and pressure, to produce
wdeboads Shortly dter production began in Sgatamber 1984, the CDH recaved complaints about mucosd
imtation symptomsamong nearbly resdants InJung 1986, L-P switched itshinding egant to awax/diisocyanete
comargion

B. Process Desription

To begnthe manufadtLiing process agoen (gaproximetdy 90%) and pinelogs (gppraximetdy 10%), in8to 22
feet lengths are.cut and trucked viaindepandent loggersto L-Pspropaty for dorage. After drying for 3to6
months thelogsareaut into 8 foat seionsand loeded into "hat ponds’, wherethey aresoeked far anehour in
water inorder to Sften thebark. Thelogsarethen floeted into the plart and areguided onto a"jadkladoe™
conveyar: thistrangpartsthelags up to thering ddbarke™ which dripsawey theberk. Thelogsarethenaut
doanto Binchlenghsby adeshe sav. They next enter the“welaiza™ and aredivered inowood dhips
gorodimetdy 2 millimaasthidk. The"'wet' wder dipsareplaoad intemparary doregehins A jadkladde,
Oeoarker, and wdeizer gparatar areresponslefar runing themechingy inthisarea. Theprodudion
opadionsuptothispont aerdaredtoasthe"gemned.



Thewa wder dipsarethen pessad through adryer ovenfar gopraximetdy five minutesin order to reducetharr
moidurecontant. Theoven tamparaurerangesfrom 1400°F a the entrance to 200°F a theexit. Fdlowing
arying, thewood chipsaretrangoorted to aather the urface dry doregebinor thecoredry daregelin. A dryer
gperator and autility men, located in ar-conditioned end osad contrdl rooms, werereponsiblefor the gperation
d thedryer oven, dong with the"Konus' unit, which suppliesthe heet for the pressand hat ponds

Thenext deged the produdion processinvalvesthe aoeting of thewefaswith theresnwax mixture: Theresn
usad for thisprocessisa 5050 mixture of 44-methylenediphenyl isocyanete (MDI) and smillar drudiure
digomas(pdymer mdecuescongding of anly afew monomaic units eg, dmas timas teramas). The
resnisadivered tothe plant in hested tank trucks and stored in outdoor heeted bulk storegetanks: When
nesded, theresnispiped intbamixing tank, whaeit ismixed with aperdeumwax. Theresnwax mixtureis
then piped tothe dlendars whereitisdidribuied onto thewood chips: Theentireresnddivary sygem fromthe
outdoor soragetarksto theblendarsisadosad sydem.

Twodffaet bendas a"core’ dender and a"uface' blende, areusad to goly theresnwax mixturetothe
wder dips Eachblender isgppraximetdy 20 fet long and 8 fedt in diameter and depositstheresiniwax mixture
onto thewood chipsthrough ginkler heedsinthe dlenderswhich ratate betwean four and five thousand
revauionspa minute Theblendarsaretaily endosad and arenat entered exaept for thetime pariodsrequired
for rouinedeaning or rgdlecamant of theqanner heeds

Theresnooated welesthentravd by conveyar from theblendersto the soregehinsabove thefamears'.
Thaeaethreedoragehins twosufaceand onecore: Thetwo surfacebing which reoave coeted wfersfrom
thesufaceende, sy thewdastothe"sufacefomes'. Theaorebin whichrexavesitswaersframthe
corebdende, apdiesitswetastothe"corefama™. Thefamarscongd of alarge soreen conveyor ontowhich
threwdasaessquatidly ddrbued tofom"mes’. Astreme’ssanessded sreen atasthefama, itis
gorayed with ardeeseagat (primaily weter with polymaized fatty addsand agmdl anount of enemusfie).
Next, the coeted chipsare ssouentidly deposted onto thesrem inthreelayas two outer sufecelayersand ane
aorelaye. Aswde me leavestheforme, itisautinto 8 x 16 sedtions and additiondl rdessing apant isqorayed
ontothetop surface of the unpresssd wefers: Theboardsare then conveyed to theloeder, which loedseght
masinothepressa anetime Thepressgparatesa gopraximetdy 185° C (Range 170- 200° C) ad
gooraximetdy 2300 1bsiir?. Retertion timein the pressvatiesfrom four to six minutes, depanding onthethickness
aof thewood and thequelity of theboeard. Finished board thidknessesrangefrom 7/16 to 34 inch. A press
opardar, located in asgparady ar-conditioned press contrdl room, isresponsblefor gperating the conveyar and
presscontras

After leaving the press the boards are autometically unlceded, ther edges trimmed, then aross out to produce 4
by 4 shedts andfindly dacked & theend of theconveyor. Thedrgoper oparator bundeseech dack, raysa
pratedtive codting, and fendlsthe compeny logo anto the Sdes of eech dack. Thisprocessiscariedautina
ray booth usngwate-besed paints The"grada™ then dampsthewood with the gppraaride gradeidentifier,
and thedadksaremoved by farklift toawarehouse areafar dorege



C. Mantenence Opadions

Svad dfferet manenenceadiviiesareconduded intheat. One"desnup’ erployeeisreponsblefor
plant:widegenerd housskegning duties Repairsand generd preventive maintenence arecondudied by a
millwright and dedridan who haveassparatewark aregy but dsowork on theequipment throughout theplant as
necessay. A “knifegrinda™ oparaor worksin asgparae areadf the plant and isresponsblefor repairing the
Hedesusad inthewdaiza; thisindudesbebhiting and apening. Thequelity contrd linetechniden (and
somdimesthequdity contrd Spavisy) isreponsblefor deening thegamner heedswithinthebdendas The
deaning of agoinner heed takesgopraximetdy 30 minutes di-2-ethyihexylphthelate (DEHP) isused for this
procedure: Thedenging of Sainner heedsisaso paiodicaly necessaty: thisoparaion canteke sevard hours

D. Workforce

Thefadlity isoparaed by 4 raing hiftsand enpoysatatd of gopraximetdy 100 amployess Each dhift
anpoysgopraximetdy 18 warkas with the pammeneant day shift employing anaddition 28 arployess. Jbtiles
with therr desripionsareprovided in Appandix A.

E Parsord Pratedtive EQuipmant

Regaratarsfor pratedtion againg wood dugt arerequired to bewom during deenup wark inthefarming and
Hendng aess and aeavaladefor ather adtivitiesduring which suidantid amounisof wood dus might be
gagaed Theregaraorsavaladefor thesejobsindudes half-mesk regarator with argenic vgporhigh efidency
catridgefilters(TC-23C-204) and Snge-usedust mesks (TC-21C-132). Two differant typesof regarators
aedavaladdefor deening or eteing theblendas Theseindudear-applied hoods Type C-aontinuous
flow dass (TC-19C-34) and pressre-demand saf-contained bregthing goperaus (SCBA) (TC 13F133).
Glovesand coeted Tyvec suitsare d o Sypposed to bewom during thisprooedre. Thespplied ar hoodsare
dso usd duing thewaxing of the conveyor bdtsto thefomersand ather nontroutine maintenence adivities thet
kring theampoyesinto dose contact with meterid containing theMDI resn

F. Reoat Changesand ProcessRevisons

Aswasprevioudy nated, amgor dangein resn sydams(from aphend-fomel dehydeto MDI) coourred in
Jned 1986, Fdloning thisdnengein resn system, subssouent equipment and procedurd drangeswearemede
in October, 1986. Theconveyer bdtsto theformer wereendased, and an endosurewas built abovethe press
aeato cgpuretheemissonsrdessad by the deaming boardsduring and diter the press oparation. Inaddition,
modficationswareundawey a thetimed theinitid survey to decreesethe Szedf thehood abovethepressssin
ode toinesethedfedivenesd theedhaud fansinthisarea: Thear supply compressr far the continuous
flow aupplied ar reqaratorswas dso baing modified a thetimedf theinitid Survey othet ther intskewould be
located outgde of the plant, ingteed of intheareabeween theblendersand the oven. Therdesseagant Jrayed
onto theforming met and surface of the unpressad wterswias dhanged in Decembar 1986, and sncethet time,
four dfferent rdesse agantshed beenused



V.

MATERIALSAND METHODS

A. Erviroomand

Anewvironmantd survey was conduded Augud 26 - 28, 1987. During thissurvey, parsond and areaar
sampleswere cdllected for 4 4-methylenediphanyl isocyanete (MDD, isocyanete group, wood dug, adehydes
andtracearganicoompounds Rarsond ar ssmplesware adledted inthe vidnity of theemployegshresthing
zone Gangd aeaar sampeswaeodleded ather intheimmediaework aeadf theempoyessarindose
praximity to partions of the produdtion line(“"process’ sarples). All ssrdesweareadledted using
bettery-powered pumps attached viatygon tubing to the gopropriste cdlledion media. A brief discussonof the
raiond far ssmdeadledion and the sampling and andlytical methods usad ispresanted bdow.,

1 MDI and Isocyanete Group

Theisooyandte usad inthe plant was composad of monomaic and Smilar fruduredigomas Snce
mambasd theisocyandtefamily areknown to causeregairaory imtation and ashma, the cdlledtion of
samplesfor thesecompoundswasamgior componatt of theervironmentd suvey.! Parsond samplesfor
MDI wereadlected on aglass tube contaning two sedions of glasswod coeted with areegat,
N-{4nitrophenyimethyl)propylamine. Thelocaionsand durdions of sample adlledion are providedin
Tddes1and2 Falowingsamaling, thetubesweare ket refrigerated and hipped oniceto thelaboraary.
Theandyssweas conducdted in accordence with NIOSH P& CAM 347 usng high presareliquid
dvomatogrgohy and an Uitravidet detector st at 254 nenomearsto detemine the conoaniration of MIDI 2

Current thinking Suggestisthet unreected iSooyanete groups atteched to pdymericisocyangte compounds
may do caueeffedssmilar tothemonomer®* Therdfore sarplesweredso cdlledted whichwould dlow
thedgamingtion of theamount of isooyanetegroup contribouted by the palymethylengodlyphenyl isocyarete
(PMR) vepor and aarosdl presat inthewarkplaceamogphere: Inorder to accomplish this identification
and quentitation techniques destribed in Great Britains Heelth Sty Executive Method MDHS 25 (March
1987) for isooyanatesweareused?® Thisinvaved theadledion of sardlesinimpingaswith 15 millitarsof
tduenecontaning 1-(2-methoxyphenyi)pipe-azine.: Dueto theflammetility and taxicity assodiated with
tduane only aeasamdesweareadledted. Sarpdlesweareadledted & aflow ratedf 1LOliter per minute
(Lpm), and during sampling, evgparated solution wesrglaced with anly tduene: Thesaluionswearekept
refrigarated and shipped add to thelleboratary for andlyds A bulk sampledf theisocyanetemetarid usadin
theplant wasdso sat to thelaboratory under ssparate cover toadintheandlyss

Thesampleandysswas conducted by Method MDHS 25° Theresgat

1-(2-methaxyphenyl)piparazine was ussd to reect with isocyandtesto fom urees: Thesewerethen
meeared by highypafomenceliouid dyometogrgphy. Theuressweareidentified and quentiteted by usng
thar reqponsesto dedrochemicd and uitravidet deiedtors: Theraio of thereoonses of thetwo detedtors
far eech compound wes used to identify which compoundstiet duted during theardlysswereuress The
dedrodhamicd regponsedf thesecompoundswias usad to deeminethar concantrationinthe sample by
compaing theregponses of theidentified uressto theregponses of thedandards A moreddalled
desipion of theexpaimentd method isprovided in Appendix B.



At eechaeasamplelocation, deby-sde sampleswere cdlledted to comparetheresLitsof Method
MDHS 25 and P& CAM 347. Thelocaionsdf thesesamplesand ather infarmetion partinent to sample
adledionisindudedin Tebles2and 3.

2 Wood Dust

Thedus from some goedes of wood aredso known to causeresairatary imitation and aghma®

Thaeforg arsasamplesfor tatd wood dust were collected to determine the rd aive conoanirations of wood
dintrevaiousaessd theplat. Sandesweareadleded a aflow ratedf 1.8 Lpmusng preweaghed
payvinyl dHaridefiltas (type PWSB). Thesampleswearethen equilibrated inthelaboratory belanceroom
and post-weighed aocording to NIOSH Method No. 0500." Inarder to detaminethedry weight (lessthe
water content) of thewood dug, the samplesweareplaced inan oven a 40° C ovamight and rewaighed the
fdlonmingday. A competeliding of infametion partinat to ssmpleadledioniscontanadin Teble S,

3 Aldehydes

Althoughthe curant rdesseagant in usedid not contain any ddehydes prior tothe NIOSH aurvey, the
CDH hed conducted labaratory thermdl decomposition dudieson two of the previousrdeese agantsusadin
theplant. Samplesdf these bdancesweare hedted to 125° Cfor anehour. The heedgpece gesesof these
sampleswarethen andyzed by gesdramaiogrgphy/mess spedromary (GC/MS). Themgar
componaniswerefound to be aoatal dehyde, propioneldenyde, butyraldehyde, pentand, and hexandl.

Othear compoundswearedso found to be presart, but & vary low levds

Sneesomemambarsdf thedddhydefamily can causeregairaary imitation, andin rare cases sansitization,
samplesfor these sbganoes were dso collected during the NIOSH environmentd auvey.2 Samplesweare
adleted & flow ratesof 1.0 Lpm (for soreaning)) and 0.070 Lpm (for quentitetion) using gasstubes
oontaining 120 mg/60 mg bads of the sorbent S pek 20F coeted with N-barylaminoethend and
pplied by Supdoo. Sampleswareandyzed for ddehydes using ages dramatogrgph equippad with a
flameionization detector in acoordencewith amethod upplied by the Bureeu of Engraving and Rinting, with
modficaions

4. Trace Organics

Sreming sarpleswearedso adlected to detemineif any ather argenic Sbdanceswerebaing @mitted from
theprooessasaresit of thereedtion or themmd decompoasition of either theisooyanetes; the pardeumwax,
thewood, or rdesseagatsusdintheprocess Sampleswere callected at flow rates of 1.0 Lpm (for
sreaning) and 0150 Lpm (for quentitation) on dhercod sorbent tubes: All charoad tubeswere desorbed
with 1 ml of catondiadfide Thehighvdumesampleswaesresned firg by gesdyometogrgphy and one

of thesampleswas further andlyzed by GC with amess Joedrophatometer detector to identify components
All ather cheroodl tubesswearethen

andyzed quentitatively by gesdrametogrgony with aflameionization detedtor. Thirty-meer DB-1 fusad slica
callay cdummswereussd far dl andlyss(qalilessmode).



B.Medcd
1 Curet Employess

Onduy 29-30,1987, 97 of L-Ps 100 eanployess completed asreaning quesionarethet diated
damogrgohic and symptominfammietion. Respondentsweere dheradterized into two groups besad on
responsssto thesequesions

a Withinthelag month, haveyou expaienced ay wheezing, and isthisassodated withwark?
(Assoaaionwithwork wes ddfined as smptoms baginmning whileat wark, abeting upon leaving the
warkste oocuning lessfrequently whileat home, and ooouning lessfrequently on daysaff-wark)

b Withinthelagt month, haveyou expaienced any satnessof bregth ar difficuity brething, andisthis
asoaaed withwork?

0 Withinthelag month, haveyou exparienced any pein or tighinessinthe dhedt, and isthisassodated with
work?

All thosewho resoonded "yes' to any of these questionsand alike number of randomly chosen
partiapantswho responded 'no’” to dl these questionswere asked to particpetein afdllow-up medicd
evaugion conducted thewesk of Augugt 23, 1987. Thisevdugion condged of:

d maid quetiorareandafoousad physcd examingion of thepumonary sygem: Thephysdanwes
kept unaware, & thetimed examingtion, of theresLitsfrom the pulmonery fundion tests (FFTS), ad
peek exairatory flow rates (PEFRS),

b) pre-andpog-ahift PFTs[foroad vitd capedity (FVC) and one ssoond foroed expiretory vdume
(FEV,)] usngan ChioMedicd Madd 822 dry rdlling seeled spirometer attached to aSairatech 2208
dedicated computer,

0 said PERsuangamin-Wright'sparteble pesk flov mete far 7 daysevary 3hourswhileaweke
Threeexrdaionswererecorded esch time, and themaximum of the three was acogated esthe PEFR
deemirgtion,

d) asssssmat o MDI dlegy by messuremantsdf saum Ige and 1gG antibody titarsto MDI
(MDI-RAST and MDI-ELISA, respedtivey).

A casedf oooypationd induced esthmaamong current employess was ddfined aswheezing, shartnessof
bresth, and chet tightness assodiated with work (as defined ebove) and either of thefdloning: ) vaiiehlity
of 2006 or morein pesk expiraory flow rateson any workday, b) a15% or

moredeoramat in FEV; acossawarkshift.
Contrdsweredl as/mptométic respondaiswho patidpeted in thefdloa-up medicd evdugion



2. Fome BErdoyes

Toidentify potential aghmacasesamong famer employess werevienvedt

a) thecompanies OSHA 200logs

b) warkers compensstion daimsfiled againg the compary,

0) locd physidan recordsfor any L-Pemployess ad

d ocowakesknomedged ay curat and fome workershaving bregthing prablens

Meegring lung fundion acrossawarkahift wes nat posshlein former warka's o medicdl recordswere
usad to doocumant arway reediivity, or lossof lung fundion. Weddfined acase of oooupetiond asthmay
among famer enployessaswheszing, hartness of bregth, and dhedt tightiness assodiated withwork (es
defined above) ad ather of thefdlowing

a anFEV,lesthen 806 prediced, o
b) apostvemaheddinedelangetet (MCT).

Oddsratioswith confidenceintavalsware calaulated using Epiinfo® Pvaueswarecdauated usnga
onetaled Hehe'sexad tes or the Sudant'st-test. Attack reteswere cdoulated for agpedfied time peaiod
usng thenumbe of new cooupetiond eshmacasss asthe numardar, and thetatd number of warke's
eva-arpoyad d theplant asthedenomindar.

V. EVALUATION CRITERA

Asaguidetotheevdugtion of the hezards posed by workplace expoares NIOSH fidd 9&f enploy
environmantd evduation aitaiafor asssssmant of anumber of demicd and physcd egats Theeaitaiaae
intended to suggest levd s of expoaureto which most workers may beexposad up to 10 hoursper day, 40 hoursper
week far awarking lifeimewithout expaiendng advarse hedth efedts Itis hovever, impartant to notethet nat
warkerswill be pratected fram adverse hedlth dfedtsif thar exposresaremantained bdow theelevds A ardl
peroantape mey expaience adverse hedth effetsbecause of individuel Susoeptihility, apreexising medicd condition,
andlor ahypasanstivity (dlegy).

In addtion, some hezardous SUbdances may adt in combingtion with ather workpleoe expoaures theganerd
evironmat, or with medications or persond hehits of theworker to produce hedlth effeds evenif the cooupetionel
eqpoaresaeconrdled & thelevd s by theevdugion aitaion. Thesecombined efedtsareoften not condderad in
theevduationaiteia Also, somesubdancesare absorbed by direct contact with the skin and mucous mambranes
and thuspatentidly increesetheoverdl expoaure FHrely, evdugtion aitaiamay drangeove theyearsasnew
informetion onthetoxic effedtsof an agart becomesavalladle

Thepimary sourcesdf evironmanid evdution aitaiafor thewarkplaceare 1) NIOSH GritaiaDocumantsand
recommeancitions 2) the Amaican Conferanced Govanmantd Indugrid Hygienss (ACGIH) Threshdd Limit
Vdues(TLV'9, and 3) the U.S Departmant of Labor/Ocoupetiond Sefety and Hedth Administration (OSHA)
ocoupetiond hedth gandards: Often, the NIOSH recommenctionsand ACGIH TLV'saelower thenthe
caregponding OSHA gandards Bath NIOSH recommendtionsand ACGIH TLV'susLdly arebesed onmare



recat infometion then arethe OSHA dandards The OSHA dandards dso mey berepuired to takeinto acoount
thefeedhlity of contralling expoaresin vaiousindudreswharethe apantsare used; the NIOSH-recommanded
dandads by contradt, arebesed primatily on conoamsrdaing to the prevention of cocupetiond diseese Inevduing
theexpoarelevdsand therecommendetionsfor reduding theselevdsfound inthisrepart, it Should be noted thet
inolery isrequired by the Oooupetiond Sefety and Hedlth Act of 1970 (20 USC 651, & ) tomedt thoselevels
oadified by an OSHA dandad.

A imewdghted average (TWA) exposurerdasto theavarage arbome conoantration of asubdanceduing a
nomd 8- to 10-hour workday. Some sUiodianoes have recommended hart-term expoaurelimits or calling vaues
which areintended to Lpplemant the TWA wherethere are reognized taxic effedtsfrom high, short-term expoaLres

Fdloningisalrie dsousson o thetaxiodogy and evironmenta evaugtion aitaiafor thesubdancesevdugted inthis
anvey.

A. MDI and Isocyanete Group

44 Mehylenediphanyl isocyanete (MDI), dhemicd famula CsH; INLO,, isnamdly asolid meterid a room
tamparaurewithawhiteto peeydlown cdar. Thisodoessaudance withamdeouar weight of 250.3 hesa
low but sgnificant vgpor pressureof 005 mmyHg a 20°C (68°F). High mdecular waght diisocyardieslike
MDI presat Sgnificant vigpor hezardswhen hested or usad in exathemic produdtion jprooesses® %0

MDI isenaometicdisocyande  Althoughthemgarnity of dudieson arametic diisocyanetes have bean donean
tduenedisooyanete (TDI), Sudiesdoneon both dhamicalsfind smiler hedth effeds™® ExpoauretoMDI and
TDI can ooour viaingestion, skin contedt, andinhelation. Inhelation of aerosdlized isooyaretesisregposblefor
themgjarity of reported hedth effects

Thelugistheprimary argen dfected by inhded isocyaretes Advaereedionsindude

- Upper arway imitation, cheradterized by cough, and
m'n'ﬁsl’LlZlS

- aoueadhma, manifested aswheezing, bresthlessness and et
tightnesscoouming immediately fter eqpogre#

- Odayed adhma, manifested aswheezing, bresthlessness and chet
tightnessooouning severd hoursfter expoare™

- dud asthmg, menifeding aswheezing, bresthlessness and chet
tighnessoocuning inbath animmediaeand ddayed
pettey 41519

- hyparsastivity preumonitis dheradeized ssdranicfeve,
melaise dy cough, and progressive dyspnes; 2

- as/mptomatic pamenant lossof lung vaumes=#

Catanindviduesmay devdap disocyanete sansitization, whichisusLelly menifested esaddhlitating ashmadike
illness causad by vary low, even unmesaurablediisocyanete conoartrations™® Other adverse hedlth effedtsin
humansduetoisooyanatesexposre aeskin and eyeinitatio ™2, skin hyparsangtivity®®2, and psydhdagic
gmptoms? Inanimels isooyanatesmay causerand taxidty, and canoar



Theaurat fedad OFHA dandadand ACGIH TLV far MDI isacaling limit of 02 milligrams per auac
mae of ar (mgf?) [002 partsaf MDI par million patsof air (pom)] 2 Thecurent NIOSH REL far
oooypationdl expoaureto MDI is0.05 mg/? [0.005 ppm] for up to a10-hour workshift, 40-hour workweek,

andaadling of 02 g/ [002 pp] for any 10-minue sampling period

TheNIOSH recommeanded danderd gopliesto diisocyanate monomears anly, and nat to higher pdymersof
thesecompounds Littleisknown about thetaxiodogicd efedsof paymeicisocyanates Nolongtem sudies
of theeffedson humans of polymaicisooyanateshave besn conducted® However, it isgoeculated thet the
inhdlation of any gpedeshaving multiple unreedted isocyanetegraups ey impelr regairetary fundion ar giverise
tosargtization3*

OnFeruary 2, 1983, the United Kingdom Heelth and Sefety Commission st a"*common contrd limit'” for
warkplaoeeqoaretodl isocyanetes Thisnew conird limitis20 ug of isocyandte graup per adic meer of ar,
exressed assan eght-hour TWA, and 70 ug of isocyandte group per aubic meler of air, asa10-minuie TWA.
Thisnaw contrd limit, inunitsof ug (NCOYN, reqiresthat theandlytical methodsbe gpplicebleto " totd
isooyanete’, thet is thesum of dl isooyanate oadies induding monomersand prgpdlymars®

B. Wood Dugt

Expoareto differant types of wood dust hesbean reported to have resulted in numerous hedith effedts induding
dlegicresdions dvonic nordllegic resairatory disseseand nesdl snuscanoar % Obdrudiveresairetory
effeds devd opmant of lung fibrag's and impeimant of themuoadilliary desrance medheniam haved o bem
reported*®% Inthemganity of these sudies aparticular type of wood hesbeenidentified esthe caustive
agent of the particUiar hestth effect. Heelth effedsuniqueto aspen wood gt hesnot been desoribed.

The OSHA PEL for totd nuisancedugt is 15 mgfi? ® The ACGIH TLV far hard wood dugt (asinfumiture
meking) is1 mgi?, and for soft wood dugt (nonallergenic types) 5 mgin?, withan STEL of 10mgn®® Thareis
aurently noNIOSH REL for wood dus.

C. Alddhydes

Aldehydesareahighly reedivedassdf subdances Typicaly thesecompoundsareimitaing totheskin, eyes and
resardory tract. Acuteexposremay resuit in pumonay inuiessuch asedamg bronchitis and
brondhopneumonia. Skinsansitization mey devegpin someindividuglsresuiting in contact denetitis and mare
rarely, exposremay leed to asthmatic attacks® After hypearsangitivity develaps individelsmay develop
gymptomsdueto ather ddehydes® Theervironmanid aitaiadiffer for vaiousddanydes



VI.

RESULTS

A. BEviromand

1 MDI

Thereatsd the parsond samplesadllected for MDI arepresanted in Teble L. Asevidenced by these
resuts quantifistle concanraionsaf MDI werefound inanly two of the 23 parsondl samples colledtedd
TWA concantrationsof 0.015 mgfi* and 0,016 mg/n® werefound in sarples adlledted on alinetedhnidan
and dry end uility men, respedtively. Thesereslitsarebdow theNIOSH REL of 006 mgin? asan 8-hour
TWA, andwauld bebdow the OSHA and ACGIH cslling aitgiadf 02 mgin?. Rved theremeining
sampleshedlevdsa MDI whichwereabovethelimit of detedion (LOD) of 03 micograms (ug) per
sampe but bdow thelimit of quentitation (LOQ) of 1 uy'samde MDI levdsintheremaining 16 ssmples
waedl bdow theLOD. The23 parsond samples aollected encompessad 13 differant job categariesover
athreeday paiod.

Theraaltsdf theareasamplesadlected far MDI arepresantedin Tahle2. Aspreviaudy noted, two
dffeent sampling and andlytical methodsfar MDI [P&CAM 347 (sorbent tubemethod) and MDHS 25
(impinger method)] weredtlizedinthe adlledion of theareasamples: At eech samplelocation, sdeby-dde
samplesweareodlected in order to comparethetwo methoddlogies: Thereduitsof the P& CAM 347
adyssreveded quantifislelevdsd MDI infived the 11 sanpesadleded TWA conoantrationsof
MDI inthesesamplesranged from 0.016 to 0.061 mg/n, with amesn conoantration of 0036 mgiT®. In
theremaining Sx samples fiveMDI levdswearebdow theLOD of 0.3 ug/sample and oneweasbdow the

LOQd 1L0ugsample

Trerestsof theMDHS 25 andlyssreveded quertifisdlelevdsof MDI indght of 12 samplesadledted
TWA concantrationsof MDD in these samplesranged from 00008 to 0.061 g/, with ameen
conoartration of 0019 mgin. Intheremaining four sanples aneMDl leve wasbdow theLOD of 0086
uysample and threewerebdow the LOQ of 028 ug/sample

With the exogation of the sample cdllected in the press contral room, theseareasampleswere"process'
smpesadleded intheimmediaevidnity of the produdion operaions: Asauch, they reflet therdative
megnitude of emissonsat dfferat locations on the produdtion lineand do nat reflect persord expoaures As
previoldy desribed, the production linewestatly autometed and contrdlled by employesslocatedin
syardecontrd rooms (Whereno guantifisdlelevdsaf MDI werefound). Employesswould nat nonrelly
be presatinthe production aress exaet for brief pariadsof timeto paform rouinemeintenance (.6
wading o fomer conveyar bats) ar nonHoutine meintanence adivities (unplugging jammed conveyars
repars or edusmants). For such brief pariods of expoaure, the goplication of aaling aiteriawouid bemost
goproprigte Under these draumgtances, none of thesampleswould exosad the NIOSH REL, OSHA
PEL, or ACGIH TLV of 02 mg/n? asaalinglimit.

Whileacompaison o thetwo methodsrevedled dulicate determinetionsin someindances onthe
avaape theimpinge reitswaeganardly lover then thosefrom the sorbant tubemethod. Although the
exatt cauefar thisdsorgpancy isnat known, itispossble thaet NIOSH method P& CAM 347 mey have
hed apostivebias parhgos dueto theformation of interfering compounds upon ar axidgtion o
decompaostion of theresgant. Itisdso posshletia thisdisorgpancy may beduein pat toagreger
adledion efidency o thesorbart tubefor MDI vaoor.



2 |socyanete Group

Thereslitsof theareasamples adlledted for tatd isocyandesare provided in Tadle 3 which providesbath
thenumber of micomdes (umd) of isocyanete group (NCO) presat asM DI and edimetes of theumnd of
NCOgaup presatassFVIA. A combirgtion of thetotd umd of NCO group presant from thesetwo
urcssisthen exoressed asa TWA conoaniration [in micomaesof NCO group par auic meter of ar
(umadi?)] for esch of thesamples

Asevidenoad by these data, quentifisble concantraions of tatd NCO graupswearefound inaght of the 12
impinger ssmplesadllected. TWA conoanirationsranged from 0.0089 to 0.80 umal NCO graupin?, with
ameen concantration of 026 umal/n?. Theamount of NCO groupswiasbdow the LOQ of 0.0023 umdl
inthefour remaining samdes

Asindicaed previoudy, these sampleswere process samples; adllected & locationswhereworkersarenct
nomly presant exogat for brief pariodsdf ime: For such brief expoaures theuse o adling ariteiawould
bemog goprgriate Inthiscase, dl expoaureswould bebdow theleve recommended by the United
Kingdom Heelth and Satety Committeefor isooyanategroup of 1.7 umad/n asal0-minutecdling,

Basd onanardyssdf theandyticd method, the vdues of RVIR-Garived isocyanetegroup are only
edimaesaf the conoentration and are prabebly somenwhit low. Thesevaues added to thosefor
MDI-daived isocyanete group, mekethe edimatesfar tatd isocyanate group d o someniet low.
Thaefare when meking dedsonsregarding the nesdsfor engineging contrds or persorndl pratedtion, it
would beprudant to view these detass rgresaniaive of theminimumamounispresat.

3.Wood Dust

Theresitsof thedeven aeaar samplesadledted for wood dugt arepresanted in Teble4. TWA
conoantrations of wood dust ranged from 002 to 1.7 mg/n, with ameen of 047 mgin?. Al of these
residtswouldfdl below the OSHA PEL of 10 mgin? for nuisance paticlateand the ACGIH TLV of 5
mgfi? for softwood dusts: Althoughthe ACGIH TLV of 1 mgfi? for “cartan types' of hardwood dugt
doesnat oeaficaly identify agoen, it would beprudent to usethismareredridive aritaion asaguiddinefar
contralling dugt exqpoares DuingtheNIOSH survey, only theareasample adllected in theweferizer work
aeareveded aconcantrationin excessof the L g TLV.

Rdaivdy litlemaigurecontert remained in the cdllected dugt onthefilters thewdightsefter equilibretion and
dta hedtingto APC warevary Smilar (average of 8%less).

Thesampleadledad inthe boerd graderswork areawas exduded from thisdsousson dueto thefadt thet a
sgnificant amount of paint ovargaray hed acoumulated onthefilter, and theresLiting waght did nat ecouratdy
reflect thewood dugt concantraion inthisarea

4. Aldehydes

Thereslitsof theddehydeardyssdf thetwo high vdume (average 87 liters) and two low vdume (avarage
14litery aeaar samplescollected diredtly edjaoant tothe pressand farmersdid nat reved detedtiable
conoaraionsof fomeldehyde, acdddehyde, ar butyradenyde abovethar LOD'sof 2 ug, 3 ug, and 2 ug,
respedtivey. Thelaboratory method thet wes usad did nat dlow adequete peek ssparationto dlow fora
Odamingion of thepresance of proplioneldehyde



5. TraceOrganics

Thelaboraary andyssdf thetwo-high vdume (averepe A liters) and two low vdume (average B liters) ar
samples colledted diredtly edjaoant to the pressand famearsdid nat revedl any mgior componentsather then
tduene Thissbdancewasmod likdy camefrom neaby impinger sardaswhich contained tduene
resgat. Traceamountsof omeCH,s isomarssuch aspineneand limoneneweredso detedted, but in
amountstoo sl tocuentfy.

6. OSHA Ingoedtion Reaults

Rior tothe NIOSH dudy, OSHA conducted aningoedion of thefadlity. AsintheNIOSH sudy, OSHA
found no expoaresto MDI above OSHA'SPEL, however the compeny'sresairatory protection program
hed sverd ddficendes Theseinduded; thelack of awwritten dandard operaing procedures aladk of
proper training and ingrudion for employess using regairators aladk of fit-testing for adeuiste fecepiece s,
and theusedf rearatorswith condiions such asbeard groath, which would prevert agood face sel.

B.Medicd

Ningty ssven of the 100 plant employess completed the Sreaning quesionnareadmindared on Uy 29-31,
1987. Thethreeemployessnat complding the quesiomareware onveacation during our initid vist. Twelveof
the 97 employess (12%) asvaed "yes' tod leedt aned theadhmas/mptlom quetions: Al twelve, plus
twelverandomly dhosan asymptometic warkears agread to partidipetein thefdlloa-up medical evaugtion during
thewesk of Augudt 24,1987, Duning theintevening 3wesks howeve, fived thetweves/mptometic
employesswerefired or quit, and onedf thetweve asymptomitic respondantsrefused patidpetion. Tharefore
only 18 df the24 sHedted, plus oneamdoyeewho was on vacation during the sresning quesionaire,
patiapeted in thefdlow-up medical evaugtion

Betwen July 1986 and Augudt 1987, 93 employesswerefired or requested tamingtion from L-PsOlathe plart.
Our dreted review of these 93 ex-employessled usto contact and review medicd recardsof 20 fomer
workeas

Thirenwarkes threecurent and ten fomer, satisfied our case ddfintionsfar oooupetiond esthma TableSligs
thedincd, PFT, andimmundagic resuts of thesethirteen cages Thar agesranged fram 1910 55, withameen of
HAyeas Mdesrgaresanted 85% (11/13) of thecases Hleven of the cassswiere non-Higoenic white (85%0),
and twowereHigoanic (15%0). Therewereno sgnificant differences betwean the casssand theasymptamétic
contrdswith regard to agg, e, o race (Table6). Theonsat of symptomsamong the casssbegenin nel 986,
pesked in Augudt 1986, and continued gporedically over thenext nnemonths (Hgure ). Assuming the
inrodudion of MDI into thedlart in Jinel 986 westhe beginning of exposurefar warkersemployed prior to
May 1986, theonset of symptoms ter exposureranged fram the same month to nine monthslater, with ameen
latlency of 3months

Theovadl atack ratefram Junel 986 through AugLet 1987 was 6.7%. Attadk ratesfar thissametime paiad
among curat employesswas 3%, compered to 11% among fomer employess



Heven o thethirteen cooupetiond esthmacases completed the NIOSH questionare. Therewasno assodation
betwean cooupetiond eshmaand family hidory of ashma, eczamg, o heyfever (Tadle 7).

In addition, therewas no assodation betwean betwean cases and contrlswith regpect to smoking, previous
hidory of esthma, eczamg, Snusttis o heyfever (Tadle8). Theonecasewho hed previoushidary of aghma
Oestribad it as childhood aghmawith symptoms resalving 10-15 years prior towarking a the L-Pplant.

Hght cassshed MDI-RAST tedspafomed (IgE). Two of thesewere positivefor asangtivity of 25%, and
nonedf thecontrdswere positivefor agpedifiaty of 100% (Table9). Sx caseshed MDI-ELISA tedts
pafomed (IgG). Aved thesewere postivefor asandtivity of 83%, howeve four of theten conrdsweredo
postive, for agpadfiaty of 80% (Tadle 10).

O theten casssamong fomer employess fivie cases hed skintesting for atopy parformed by thar conauiting
physdas Threedf thesewerepodtivefor asangtivity of 80%. OF theten casesamong fomer eanployess four
hed mehedhdline ddlengeteting (MCT) pafamed by thar conauting physdans: Threewere positivefara
srstivity of 75%. Theonewarker with anegaive MCT hed symptoms mare suggedivedf hypersengtivity
preumonitis (faigug, meldse and night siveets) thenadhma. A trandorondhid bigpsy reveded diffusefitorogs
cosgat with hyparsandtivity pneumonitis. Thisindividid' sMDI-RAST and MDI-ELISA tets davn 24
Ceysdtea thelat MDI exposure waengytive

No assoaation weasfound between oooupetiond adhmaandjobtile (Table 11). (Thedatidticaly lover ik
asdaed with thejab tile BFB Donushesno plaushlehidagicd inteprdation.)

VII. DISCUSS ON
A.Medcd

NIO3H identified 13 casesof cooupationd pumonary diseese. Thisisprobehly not acomplete asoatanment of
casssbecause modt of thefarmer employess could nat bereeched. Nowarkersdied or were hospitdized due
toaghma, but afew repuired aghmetic tresimeant inthelocd emergancy roomar physidan offices

Bath MDI andwood dugt are patentid asthmegens however, anly afew particllar wood dugsareknoan to
caueadhma® neither being agoen ar pireusad inthisplants operation. Thegpidamic auvesuggetsapradlem
begningin Junel986, caindding with M DI'sinrodudion into thewarkplace while thetype of wood (90%
apenand 1026 pine) dd nat crange during theplantsthreeyears of gparation. Given theknown adhmegenic
propatiesaf MDI, and thetempord rdationship of M DI exposure and the gppearance of ashmainthe
workforos wecondudethat thisisMDI-induoad aghma

Themean latency bewean exposreand onsat of symptamswias3months: Thisdday of symptoms and the

low levdsaf MDI mesared in theworkplaoe, Suggest theilinessssweredueto M DI sansitization, rather thena
drect imtant efedt. If dl the cooupetiond ashma casssrgaresant MDI-sanstized individuls 6.7% of expossd
indvidudsweresangtized. Thisprevdenceissimilar tothosein ather reparts>16478%

| dentifying susogtibleor dreedy senditized individuelsby prejdlacamant sreaning examingionswould bevery
usgfu. Our detadoesnat ayppart usng afamily higary of eshmea, eczamg, or heyfever, or aparsond hidary of
adhma, eczamg, hayfever, Snusitis or smoking to precid MDI-induced asthma. Bath skintesting for aopy and
MCT hed rdativdy high sangitivities 60% and 75% repadtively, but neither wes paformed ontheconrd
popuaion. (Therdarepadifiaty and predidivevaue postivecould nat becdadaed) Thesetwotedsare



wuadly doneby paadigs@dlagdsar pumondogss), aerdaivdy exqpandve and cary thepatentid risk of
comdicaions Becausesaumimmundogic testsarenat postivepriar to expoaLre, thar patentid rdein
preplacemat sreaningislimited.

Givenaur irdallity tofind any predidive preamdoymant soresning tedsar idantify any paricllar areaar jabtitle
with MDI expoaure monitaring the current warkfarcefor ey MDI sansitization isimpartant becausethe
Svaity and pardgencedf symptoms gppesr rdlated to the megritude and ouration of exposure™® Anided
syexing tet hesasanstivity and spedfiaty which goproech 100%. TheMDI-RAST(IgE) test hed asandivity
o 23%, and agpadifiaty of 10026 (Teble90). TheMDI-ELISA(IgG) test hed asansitivity of 83.3%, anda
oadfiaty of 6026 (Table10). Soreaning quetionnaires PEFRS and FFTsweareused sspart of our case
ddiniions o sastivitiesare by ddfinition, 100%.

PEFRsshowved brondhid Iahility in 3 cessswherethe PFTswearenommd. Theinsanstivity of pre- and
pog-PFTsto diagnods oooupetiond aghmahasbeenwll documented 2 whilethe useof PEFRSisbecoming
moreacogted. Thareare however, limitations of usng PEFRsto diagnose cocupetiond esthma Thereareno
dandardizad aitaiafor apostiveresponss and thetedt iseffart-dgpendant and it requiresasrongly maotiveted
amnpoyesto complee

Fomer employessdd nat havethe gpportunity to perfom PEFRs o pre- and pog-ahift FFTs. Saromeric
evidence of adecressad FEV; (< 80% of predicted) waspresant in 9 cases of cooupationd eghmar Sevenof
theseninehed pre- and pogt-bronchodilator messLremantstaken, of which five (75%) demondrated revarsble
arway dodrudion (15% o moreimprovamat intre FEV,). Thetwowarkersnat demondrating reversidlity
hed nommd FEV/; reedingstekenwithintwowesks Inaddition, onehed apostive MCT and theather hed a
postiveMDI-RAST.

B. BErvirommanid

Theresitsof theevironmenid survey did not reved any expoaLreto trace organics, ldehydes, wood dust (with
theexogaionof oneareasarpe), MDI, or isocyande group aoovetheevadugion aitaia. Inmodt cases the
restsdf the parsond samplesfar MDI wearebdow thelimitsaf quentitation or detedionfor theandlytical
mahodsusad Thisisnat suprisng, consdaing thehigh degreedf autometion of theprodudion line The
employesswho opaatethelinein these aress arel ocated in sperate ar-conditionad contrd rooms: Theanly
timeworkesene theeaessaewhenitisnecessary to conduct routine (eg, waxing of thefamer conveyor
bdts ar nontroutine (eg, equipment mafundionsor conveyar dogsand jams) maintenence oparaions

Inthecaseof thetwo parsond sapleswhich revedled quantifisdlelevdsaf MDI, bath employess(aline
tednidan and adry end uiility men) hed beeninvadved in thesetypes of adtivitiessomeime during thewarkahift.
Emphessshouid be plaosd on reduding the expoaures during these maintenence adtivities

Theraalitsdf theareasamplesshowed thearbome MDI and isocyanete group exposrea severd pantsaong
thepradudionline Whileempoyesspafomingwark inthesearessfor art pariodsof imewoud dill nat have
been exposad to these subdances above the calling evironmenid aitaia, the samplesdo provide ussfu
infametion ontherdaiveisocyanste conoatraions d vaiousaress of theprodudionline Thehighest
conoaraionsaf MDI and isocyanete group werenoted in the arealby theformers fallowed by thereer
enranceto theblender and the battomn of the conveyar tothe coreformer. Conoantrationsin samples odllected
dredly dongsdedf the presswerefound to bevayy low aor nondetedable, indicating thet the exhaudt vertilation
abovethe pressgopeared to be oparating effedtively. Theventilaion abovethe presshed undergonemgar
modficationsprior tothe NIOSH environmentd survey, o theserestsmay nat accurady rflet theprior



arbome conoatrationstret mey have edded previaldy inthisareaor thar resulting effect on expoaLresin oher
aessdf theplat. Inaddtion, acartan number of oparationd pralemswould have been expected to ooor
duingtheinitid paiod of produdionwith theisocyaneteinding agat. Thisprabedly resuted in personnd
gadngmoretimein theareafar the adjudmentsand maintenance, which could heveled to eninoressed
potentid for eqpoaure. Inaddtion, ddfidendesinthe compeniesresaratary pratedion program prolely
compromised respiratar dfediveness: Therdare whiletheaevironmenta detaisnat avallableto aouratdy
ceamirethehidanic expoaures itispraoedlethet isocyandelevdswearehigner inthe pest which dminished with
enviromentd contralsingalled in October 1986, and Subssquant modification to the pressexheudt hood.
However, four cases of isocyaneteinduced pumonary diseese rgparted symptoms ooouning ater Janurary 1988,
Sugpesting continued, thouoh perheps minimel, eqpoaure

VIII. CONCLUSIONS

Although parsomd exposureswerenat found to excsad the NIOSH REL, theevdugtion ideantified 13
guidamidagcaly defined casesof cooupetiondl pumonary diseese 12 casesof esthmg, onedf whichmay have
adudly been hyparsanstivity pneumaonitis Itislikely thet modt of these casesresited from thehigher MIDI exposure
levdsthet mey heveexidad harly dter theintroduidion of themetaid into theplant, when engineaing contrdsand
parsond pratedion programswaenatinplace. Individuelswho pafom rauineand nanroutine maintenance
adivitiesin theareeswhereisocyaretesare usad dill facearisk of Sgnificant expoaureif the proper parsond protective
equipmatisnatused Inaddtion, duetoindividue susoeptiility, someindvidudswithintheplarnt mey continueto
reect to theisocyanetesa vary low ar even unmessrable concantrations: Thereforg it isimportant to reduce
disocyaneteeqpoares sslow asposshlethrough angoing emphesson engineging contrds and the goprapride use
of parsord protedtion.

IX. RECOMMENDATIONS

In order to further reduce cooupationd expoaurestoisocyanatesand to prevent additiond casssof sangtization, the
fdloning recommendationsare provided

A. BEgneging Conrdsand Wark Pradtioes

Engineging contrds such asprocessendoaurear locd exhaudt ventilation, should be ussd wharenesdid to
mananewvrommenta concatraionsdf disoyaretesa or bdow therecommendad limits Thesesydams
should bedesgned to prevent the aooumuiation or rediradation of diisooyaretesin thewarkplaceenvironmart
and to efedtivdy ramove disocyande vgparsar aarosdlsfrom thebresthing zone of theamdoyess The
venilaion sygamsshoud be periodicaly chedked, induding arflov messremants to earetha thes/demsae
warking propaly. Exhaug vattilation sygemsdscharging to outsdear mugt confam to gaplicablelocd, Sete,
and Fedard ar pallution regulaionsand mudt nat condlituie ahezard toemployess o to the genard puldic.

Good housskegping intheworkplaceis of primeimpoartancein reduding exposureto diisocyanetes. Adeoiete
fadliiesfor hending allsand leeks of diisocyanetesshould be provided, and warkersshould bethoroughly
tranedindeanup procedures: Sallsshould be promptly desned up, and dl equipment usd intheexpoare
arees Lch asbudkes weghing containa's and funds $hould be decontamineted and deaned immediatdy
dter ue Toreduoethepossihility of lesks plagtic or rubber hossswhich become brittie from contect with
disooyanetes should be chedked and replaoed regulaty.



Saing, hardling, digpansing, and consuming food should be prohibited inwork arees repgardessof the
conoatraionsof disocyargtes. Inaddition, employesswhowork in aressthet usedisocyandiesshould wash
thar hendsthoroughly beforeedting ar usng tallet fadllities. Smoking Should nat be pamitted inaresswhare
disooyaretesare sored or usad because df the possihllity thet smoking meteriasmay become contamineted with
disocyardes

Sgswaning o thedange of expoaureto disocyanetesshould be posted in any areawhare cooupetiond
expoaretothedisocyanatesislikdy. Aacesstoaressof patentid high exposreshould beredrided to
employessequippad with gopropridie protecive gear.

Manitaing

A regular program of ar monitaring of diisocyanete concantraionsshould beimpemented. Thiswill pammit
engneging contrdsto bemodified ar improved to kegp the concantraions of diisocyandtesat or

bdow therecommendad limits Monitaring should dso be paformed wheneve thareisachangein the process
o meaidsused thet could inreesethe exposre of employess

. Pasord Pratedtive Equipmant and Clathing

Wheaeegneaing contrdsare used to kegp diisocyanete concantrations et or below the recommended
expoaurelimits minimd pratedivedathing isnesolad to sfeguard workes: Under these condiionsworkars
shouldwear coverdlsand rubboer or palyvinyl dhlaidegoves Whereliquid diisocyanetes mey bepresant on
floors pratecive hoe covaingsshould bewaom. If thepatentid exigsfor glashesar contact with aarosdls of
disooyandtes employessshould be provided with faoe shidds (20-am minimum) with goggles rudber o
paiyvinyl dhlaidegovesand gorans rubber boats and gopropriaterearatary equipmatt. Al protective
dathing thet becomes contamineted with diisocyanetes should bergalaoad or thoroughly decontamingedina
ution of 8% ammoniaand 26 liquid detergant inweter and deened bfarereuse

Inindanceswhereaginearing contrdsare nat feeslleand regairator useisnecessaty (g, mantenencewark,
tark deaning, or ather infrequent shart paiads of expoaure), amployessshould be provided with apropaty
Hetted andfitted rearator. A regardory pratedion progranwhich megstherequiremanisprovided inthe
OSHA "Gangd Industry Sandards', 29 CHFR 1910.134 shouid beput into place® Because diisocyanates
have poar waming propaties theuse of chamicd catridgeresairaars or gesmesksisnot recommended. At
presart, ar-purifying regaratarswith an end-of-savicedlifeindicator arenat availddlefor thediisocyandtes
DemandHype (negdtive presare) applied-air resairators are not recommended because of the possihlity of
faogneceleskepe TheNIOSH aitaiadocumeant should be corsuited for further informetion regarding the
sHedtion of the proper regiretory pratection for MDIL X

. Infaming Eployessof Hazads

At thebegiming of employment, dl employessshould beirfarmed of the hazards from expoaureto diisooyanetes
Broduresand pamphlasmey bedfediveadsininfaming employessdf hezards A continuing education
program, whichindudestraning inthe useof pratedtiveecuipmernt, such asregairators and informetion ebout the:
vaued the paiodic medicd examingions soud beavaladetothreemployess Employessexposadto
disocyanatesshould beinformed thet symptoms of exposure, such asnodumd dygones, may ooour sevard
hoursdte theend of thewarkshift. Because df the possihility of sendtization to thediisooyanetes employess
should bewamed thet theimproper homeused payurehene produdts, such asfaem kitsand vamishesthet
contan diisocyanetes may increesethar ik of devdl oping isooyanete hedlth prodlems: Eployessshoud be



indructed inthar own resoonsihallity for fallowming work pradtices and sanitetion proceduresto help protect the
hedlth and providefor the sty of themsavesand their fellow employess

E Medcd Soeaning

A programfar medicd soreening of workers patentialy exposad toisocyanetes should beindituted. For new
arpoyessthisshoudindude (1) amedicd higory to sk pre-exiding rearatary symptomsand diseese
egpaadly adhma, and an cooupationd history to seek evidence df previousexposuretoisocyanates and (2)
besdine FTsinduding, FEV, and FVC (and cdlauldtion of the FEV,/FV C rtio). All emdloyessshould be
intervieved and have FFTsat leest anudly. Any worker reporting symptoms such aspardsiant cough, cough e
night, wheezing, sortnessof breeth or difficuity bregthing, and anyorewith aonomndl FFT's should havefurther
medicd evdugion. Anyonewith documented hypersansitivity toisocyanete should nat heveawaork assgment
invalving expoaLretoisocyanates and may even beunddletowork inthegenerd aeadf isooyande use

For proper pafameanced garametry, anumber of tedhnicd conddarationsshould be adoressed, induding the
usedf agairometer and test procedures meding ATS Spadifications ™ atrained and enthusiadtic technidian, and, to
theedtat feesble dong thetedswith samemeching tedhnidan, and timeof dey fromyesr toyesr. Other
fedtures of an cooupetiond pumonary disesse urvelllance program indude education of warke's maintenences
of medicd recordsand records of evironmentd expoaure, and gpidamidogic evdugtion of daa

Thedoaumat NIOH Gritaiafor aRecommended Sandard...Ooccupationd Expoaureto Diisocyandesshoud be
cosuited for more detailed infarmation regarding theserecommenditions™
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TABLE1
Resitsof Persond Air SamplesCdlleded for MDI

HETA 8709
Laudana: Padfic, Olathe, Calorado
Sde Sde TWA Conoaraion
Sape Empoyee Time Vdume MDI
Dae JbTitle (minues (Litery (mgyim3)
8/26/87 LineTedmidan 514 984 0.015
8/26/87 Board Grader 510 112 <LOD (0.0027)
826/87 Dryer Operator ari 9.9 <LOD (00031
8/26/87 Hedridan 455 %8 <LOD (0.0031)
8/26/87 Sashe Opador 501 113 <LOD (0.0027)
8/26/87 Board Grader 502 109 <LOD (0.0028)
826/87 Dryer Opaator 49 112 <LOD (0.0027)
8/26/87 Cleanup (presspit) 356 66.6 <LOD (0.0045)
827/87 LineTednidan 510 108 <LOQ[0.0056]
827/87 Millvwrigt 501 109 <LOD (0.0028)
827/87 BHedriden 510 112 <LOQ[0.0036]
827/87 Warehousamen 488 885 <LOD (0.0034)
827/87 Moahile Equip. Opaator 506 119 <LOD (00025)
827/87 LineTedmnidan 506 109 <LOQ[0.0055]
827/87 Board Grader 472 102 <LOD (0.0029)
827/87 Hedridan 470 9% <LOD (0.0031)
828/87 LineTednidan 513 110 <LOQ[0.0045]
8/28/87 Trucke/Srepper* 3381 84.6 <LOD (0.0035)
828/87 EFP Konus Operator 331 724 <LOQ[0.0069]
8/28/87 Utility Man, Dry Ed 412 0.2 0016
8/28/87 Weaizer 430 B3 <LOD (0.0031)
8/28/87 Dryer Opaator 558 129 <LOD (0.0023)
8/28/87 Board Grader 490 108 <LOD (0.0028)
Bvdudion Qritgia MDI

NIOSHREL 006mgin?10hor TWA /  02mgi 10minadling
OSHA PEL 02mgn, adling
ACGIHTLV 02mgih calling

AbbrevigionsandKey

MDI - 4 4-methylenediphenyl isocyande

TWA - TimeWeighted Avarage Conoariration for duretion of sampleadlledion g/ - milligrams par aubic meter of air

<LOD - Sanpewsslessthenthelimit of detedtion of 03 microgramspar sample Vauesexpressad in parenthesisreflect theminimum detecteblear
conoaraionsa eech ssmplevdume however, the adud ar conoentraionwasbdow thisvdue

<LOQ- Sarmplewsslessthenthelimit of quantitation of LOmicrogramsper sample Thevaduecontained in bradketsshauld only beconddered an
edimetedf theadud dr concantration.

*Thissamplewasodledad intheamployessimmediatework areaandwould  beexpectad todosaly reflect thepersond expoare



Sarge
Dexxipion

(Cdleted 6/26/87)
Peshit
AbovePressLoaders
PressContrd Room
Sded Press
Above Core Former
Conveyar to Core Former
Rear Hafom of Blender

(Cdllected 6/28/87)
Pesht
Regr Hafomd Bleder
Conveyar to Core Former
Above Core Former
Sdedf Press

Bvdudion Gitaia: MDI

38

376
381

TABLE2

Realtsof AreaAir Scples Calledted for MDI

HETA 87-09
Lougana Padfic, Olathe, Cdarado

P&CAM 347 MDHS25
Sge Sade
Vdure Vdure
(Lite (Lites
223 223
215 215
212 212
210 210
212 212
207 207
206 206
871 339
NA 375
69.9 376
756 331
845 334

NIOSH REL 005 mgfiv# 10 hour TWA, 02 mgin® 104mineling

OSHA PEL. 02mgin?, adling
ACGIH TLV 02mgin?, cdling

Abbrevidionsend Key

MDI - 4 4-methylenediphenyl isocyanete
TWA - Timeweighted average concantration (for duration of samplecalledtion) mgyi® - milligrams per auic meter of &r

<LOD - Lessthenthelimit of detedtion of 0.3 micogangug)/sande P& CAM 347, 0086 ugsande MDHS 25, Vauesin perarthess
rdflect theminimum detedtblear concantraionsa eech samdevdume however, theadud ar conoatrationwasbdow thisvedue
<LOQ- Lessthenthelimit of quentitation of 1.0 ug/sample P& CAM 347, 028 ug/sampdeMDHS 25, Thevauescontained in bradkets
should only be conddared edimetes of theadud ar conoantretion.

NA - Samplena andyzed dueto sardepumpfalure

P& CAM 347
TWA Conoentraion
MDI

(mgM3)

<LOD (00013)
<LOQ[00028]
<LOD (0.0014)
<LOD (00014)
0061
0016
0053

<LOD (0.0034)
NA

0021

0030

<LOD (0.0036)

MDHS25

TWA Conoatration
MDI

(mghd)

<LOQ[00010]
00037
<LOQ[00010]
<LOQ[00011]
0061

0012

0026

<LOD (000C2)
0032

00085

0014

00008



Sge
Dexxiption

(Cdllected 6/26/87)
Pesht
AbovePressLoaders
PressContrd Room
Sded Press
Above Core Former
Conveyor to Core Former
Rear Haform of Blender

(Colleted 6/28/87)
PresHit
Regr Hafom o Blender
Conveyor to Core Former
Above CoreFormer
Soed Pes

TABLE3

Restsof AreaAir Ssandles Cdlleded for 1Isocyangte Group

Sape

Time

SSRERER

3 8

376
381

HETA 8709

LoudamaPadfic, Olathe, Cdorado
Sarpe MDI
Vdure NCO Group
(Litery (mads
223 <LOQ[.0017]
215 0.0064
212 <LOQ[0.0017)
210 <LOQ[0.0019]
212 011
207 0020
206 0043
339 <LOD (0.00089)
375 0099
376 0.026
381 0042
3334 0.0023

PMPI*
NCO Group
(umady

<LOQ[.00Z
0.007
<LOQ[0.002]
<LOQ[0.002]
0.06

001

003

<LOQ[0.002]
0.05
0.02
0.03
<LOQ[0.002]

BEvduetion Qiteria - 150cyanete Group: UK HSC 048 umal/im? 8-hour TWA, 1.7 umad/n?® 104minadling

Abbrevidionsend Key

MDI - methylenebigohayl isocyandte

FVIR - Folymethylengoolyphenyl isooyarete

TWA - Timeweghted average concariration (for theduration of sample odlletion)

NCO Group - Isocyanete Group

unds- maomades

umdesin? - micomalespar audic meter of air

<LOD - Lessthenthelimit of detection of 000069 umd/sampdle

<LOQ- Lessthenthelimit of quentitation of 0.0023 umd NCO gaup/sarpe Thadare thevduescontanedin

bracketsshould only be conddered edimetes of the actud anountspresart.
* All vaueslided are only edimetes

TWA Conoaration
Tatd NCO Group*
(umdsmd)

<LOQ[0017]
0062

<LOQ[0017]
<LOQ[0019]
080
014
035

<LOQ[0.005]
040

012

019

0.006



TABLEA4

Realtsof AreaAir Sarmples Cdlledted for Wood Dudt
(samplesodlleted 6/28/87)

HETA 87-09
LoudanaPadfic, Oahe Cdorado

Sde Sge TWA Conoatraion
Sape Time Vdure Wood Dugt*
Locetion (minues) (Litery (mgh3)
FomingLire 330 634 015
Board Grader - Work Area 221 398 1.4**
Bdow CoreBlender 297 535 028
Bdow Wood Chip SoregeBins 225 405 035
Bdow Dugt Pardpitator 156 281 0.71
Bdow Dryer Entrance 290 522 063
Wdeizar - Work Area 211 30 17
Debaker - Work Area 303 545 018
Bdow Wdeaiza 298 536 045
Yad- Sasher Cab 310 558 0.02
Y ad- Forwader Cab 315 567 025

Bvdustion Qritaia: Wood Dud (mesaured astatd particulate)
OSHA PEL 10mg/n, 8-hour TWA (nuisancedus)
ACGIHTLV 5mgh, 8-hour TWA (softwood duf)

1 mgf?, 8-hour TWA (cartain hardwood dusty)

Abrevigionsand Key
TWA - TimeWeghted Average Conoantration for duration of sampleodlledtion
mgi? - milligrams per audic meter of ar
* \WWood Dugt - messrad astatd particulae
** Thissamplecontaned asbdantid amount of overgray framapant
Jraye, and therdfore does nat accuratdly reflect the thewood dust
conoatraioninthisarea




Tade5

Ocopetiond AshmaCeses
HETA 87-09
LousanaPadfic, Olahe Cdorado
1D# Adma MDs  Smoke MCT FEV, >20% >20% MDI
s Dx (Pkyr)  Pos <80% drop drop RAST
_ - - - -  Phd BV ER (B
Curet Enployess
01 Y A 14 NA N N Y N
02 Y A 5 NA N N Y N
03 Y A 0 NA N N Y N
Fomea Edloyess
o4 Y HP 0 N Y NA N N*
05 Y A 12 NA Y+ NA NA Y
06 Y A 0 NA Y NA NA NA
o7 Y A 0 Y Y NA NA N
08 Y A 8 NA Y NA NA N
09 Y A 1 NA Y NA NA N
10 Y A NA Y Y+ NA NA NA
11 Y A 1 Y N N N NA
12 Y A NA NA Y NA NA NA
13 Y NA 2 NA Y NA NA Y
Y =Yes
N =Noornomd
NA =NatAvaldde
A =Adhma

+ =No bronchodilator regponse
HP=Hypasastivity pnreumonitis
* = Drann four wesksditer expoare

MDI
ELISA

z < <

NA

NA

NA
NA
NA
NA



Tale6

Compaing Age. Sex, and Race baween Adhma Casssand Contrdls

HETA 87-09
LoudanaPadfic, Oahe Cdarado
Cae Contrd
Number(N) N=13 N=10 PVdue
Age(mem) A R 0.650
Sx (Y%oMde 8% 0% 1.000
Reoe (% White) 8% 0% 1.000
(Y% Higenic) 15% 1%

* = Qudat'st-tes
+=Hda'seat teg, 2 taled



Tade7

Caompaing Family Higory Betwean Casesand Cortrds

HETA 8709
LousanaPadfic, Olahe Cdorado
Cae Contrd

Number(N) N=11 N=10 OR*
Femily Higary df:

Ada 1 1 00

Hayfever 4 7 057
* OR. =QOddsratio

** PVeuecdouaed uang onetaled Fsha'sExadt Tet

Pvdue*

A76



Compaing Parsond Hidgary of Casessand Contrdls

Tale8

HETA 87-09
LoudanaPadfic, Oahe Cdarado
Cae Contrd
Number(N) N=11 N =10 OR*
Rasord Hidary of:
Adhma 1 0 Unddined
Ecaa 1 0 Unddined
Hayfever 1 4 15
9n.atis 2 5 2
Bver Smokad 7 6 117
* OR. =Oddsratio

** PVduecdauated usng oretaled Fstha'sExadt Tet

PVvdue*
524

524

140



TABLE 9

HETA 87-099
LOUISTANNA-PACIFIC, OLATHE COLORADO

RAST as Screening Test

for Occupationally-Induced Respiratory Disease

Case Control

+ 2 0] 2
MDI RAST
(IgE)
- 6 10 | 16
8 10 18

Sensitivity = 26%
Specificity = 100%


adz1

adz1


TABLE 10

HETA 87-099
LOUISEANNA-PACIFIC, OLATHE COLORADO

ELISA as Screening Test
for Occupationally-induced Respiratory Disease

Case Control

* b 4 9
MDI ELISA
(1gG)

- 1 6 7

6 10 16

Sensitivity = 83%
Specificity = 60%


adz1

adz1

adz1

adz1


Tahlell

Rdaionghip Betwesn Oooupdiond AdhmaCasesand Job Title

HETA 87-09
Lousana-Padfic, Olathe Colorado
Cee Contrd
JoTitle: Number(N) N=13 N=10 OR* PVdue**
Trucker/Srgper 4 I 400 29
Mob. Equip. Ope. 5 2 250 33
Log Retrievd I I 0.75 692
Board Grader 3 4 045 337
Dryer Opaator I 2 033 398
LineTedmidan I 3 0l9 200
PressOperaar 0 0 0.78" o204
Prod Hedridan 0 I 00 435
Prod Mantenance 0 0 0.78" o204
GrenEdRdid 2 0 457" 308
KnifeGinder 0 I 00 435
Wdeize I 0 252 565
Utility 3 0 7.00* a2
BB Kous 0 4 00 024
Millvwight I 0 252° 565
Tongue& Groove 0 0 0.78" o904
Foramen I 0 252 565
Debarker 0 0 0.78" o904
* OR. =Oddsraio

** PVduecdouaed usng onetaled Hsdha'sExadt Test
+=05 added to esch cdll to detemine oddsratio®
++ = Pveue caouaied usng unedjustied Chi-Souered tet



HETA 87-09
Appadx A

A. Shiftjobiteswithther job desriptions

Mahle Equipmant Oparatars(3) - trangoorting, cutting and loeding thelogsinto thehat ponds

Log Retrievd (2) - Onceinddetheplart, removing thelogs from thehat ponds

Debarker (1) - conrdstremechinewhich drip theberk off thelogs

Wdeize (1) - contrdsthemechinewhich austhewood inowefas

Knifeginder (2) - Sapansthekniveswhich aut thewoodiniowefers

Dryer Opaator () - contrdsflow of thewdersinto thedryer and denders

Line Tedmnidan(1) - roudle shoatsthe procoessfrom the lendarsuntil thewdersare pressed into boards

PressOpaator (1) - contrastheflow of boerdsinto and out of thepress

Board Grader (1) - timstheedges of the nemMy formed boards asthey comeat of the press

Trucke/Straper (1) - dacks paintsand preparesthe boardsfor dorege

Produdion Hedridan (2) - troude shoaisthewhde plant for dedricd pradlems but soendsmogt o thedey around thepressarea
Produdion Mantenance (1) - rodleshoatsthewhdeplart.

Gean End Rdif (1) - janitarid savicssfor thewhdeplart, but soendsalarge hare of the day sivegaing up theaocumulated dut
unde thepressarea

Utility (1) - trolbdleshoasthewhdeplat.

BB Konus(1) - reponsiblefor oparating the fumeceswhich provide the dedriaty and heat for theplart.

pavisx (1) - menegamant repporsblefar thet dhift.

B Rammenert day jb ileswith their job desriptions

Rant Maneger (1) - overdl plart operaions

Swrday (3) - dficedeicd reponshlities

Rurdnesng Agart (1) - buying and reoaving of raw metaids
Laboratory Tednidan (1) - checksfor qudlity contrdl of theproduct
Tedmicd Director (1) - mainiansprodudionflow

Produdion Supaintendent (1) - ovarssssthe produdtion prooess
Mantenance Supaintendant (1) -ovassssthemantenance process
Millwrights(4) - reqporsldefor thededricd sysamsintheplat

Yad Leedmen (1) - mantanstheflow of logsoutsdethe plart

Mdale Eouipment Medhenics(2) - mantenance of theyard vehides
Moahle Eouipment Opardars(2) - aparatestheyard vehides
Tongueand Groove Opardars(3) - putstongues and grooves on the edges of thefinished boards
Warehousaman (2) - trangpartsthefinished boards throughout the plart
Rat Gle (1) - alsthremechiney

Dryer Utility Operator (1) - sssgsthedryer oparator

BB KonusAssdat (1) - Asagsthe EFB Konusopador.



0 pational Bgtlma Cases
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HETA 8709
Appedix B

Andyticd Method for Isooyante Group (MDHS 25)

Theimpinge ssmpleswaeandyzed for 44-methylenediphanyl isocyanete (MDI) and palymethylengodlyphenyl isocyanete (PMIFY) using
identification and quentitation tedniques destribed in Greet Britains Hedlth Sty Executive Method MDHS 25 (March 1987) for
isooyaretes with thefdlowing modificaions

Thesampesweredored ingasssantillaion vidsin therefrigarator for 11 daysbefarethey were aoetylated with acgic anhydiideand the
tduaneevgporated on ahatplate (60°C) and under adream of nitrogen. Thedry sampleswearethen sored intherdrigarator for 11 weeks

Thesamplesweareardyzed using the HRL.C conditions desribed in Method MDHS 25, exoet thet the samplesweare aodlylated befare
evgparaion of thetdueng thesampleresdueswearedisslved in 5 mL. of methend ingeed of 1 mL of aoetonitrile, themohile phesewas 67%%6
aodtonitrileand 33%0 sodum acdate buffer, and theflovrate wes ImL/minrather then 2 mL/min. Theandlyssdf thebulk ssmpeand the
impinger samplesindicated thet two compoundsweare irees, one of whichwesthe MDI ureas Therdiare, only ane pdlyisocyanete compound
wasadbsavedintresamples Under these conditions; the cgpaaity factar (K) for MDI ureawas 2.2 and 37 for the PMA urea. Some
samplesweredoudy and contaned vishle particulae dter addition of themathend. Thesesampleswerefiltared wiih Gdmen Aco dscsto
removethepaticlae

Sandard sduionsof MDI ureain methend were usad to gengrate the clibration aurvefor thededrochemicd detedtor. Thiscurveweas usd
to deeminethe conoantration of MDI ureaand FVIA ureaiinthesamples: Theresponsssof the uitravidet and dedrochamicd detedtorsto
theMDI ureain thedandardswere usad to deeminethevdue df theratio used for identification of the palyisocyanete iress

The LOQ for these samplesas detamined fram the M DI ureacdibration curve was esimeted to be 0.0023 umal of isocyanete group pe
sampleand the LOD was 0.00069 umd of isocyanetegroup per sample

Beforetheandyssd thesampleswas undarteken, an evdugtion of Method MDHS 25 was done using thebulk, MIF184, which hed been

stwiththesarpes Thereautsfromtheseexpaimatsuggest thet theesimete o palymehylengodyphenyl isooyanete using Method
MDHS 25 mey below.





