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l. JIMMARY

Ondnel2, 1989 the Nationd Inditutefor Oooupetiond Sefety and Heelth (NIOSH) recaived arequest framthe
South DakataHedlth Departmeant to evauete expoaLreto, and hedlth effets from, methylenebigohenyl diisocyandte
(MDI) anong employsssaf ajendry fadlity in Desdwood, South Dekata: Theexpoare ooourred during insulation of
thebuildng withaMDI-palyd mixtureon ne6-10, 1989,

OnJdnel4 & 15,1989 NIOSH investigators condudted an environmentd and medica survey a thejendry fadlity
(FL. ThapeCo). Sxtenaeasampleswaeadleded for MDI. All employesswhowarked e thefaality duing the
Jne7-10, 1989 insuiation goraying completed asdf-adminigered symptom quedionrnaire. Employesswho reported
athmalikes/mpomswereinvited to patidpetein amedica evdugtion condding of: 1) individuel medica and
oooupetiond higtaries; 2) physicd examingtionslimited to theregairatory sygem, and 3) blood tets of theimmune
g/demfor patentid MDI dlergy (MDI-goadficsaum Ige and 19G). NIOSH investigatorsretumed on §/11/89to
aatan addtiond infametion from these sdected employess considing of: 1) puimonary fundion tests (PFTS), and 2)
repeet medical and cooupetiond hidaries limited physicd examinetions blood teds

Fvedaysdita theinauaion oraying ceesed, 7 of the 16 (45%0) areasamples hed deiedtable quentitiesof MDD, dl of
whichwearebdow NIOSH'srecommended exposurelimit (REL) of 50 ug/M2 and the Ocoupetional SAety and
Heelth Adminidration's(OSHA) pamissibleeqpoaurelimit (PEL) of 200ugyMe, Itwasnat possbleto esimetethe
conaartraionaf MDl inthejendry fadlity during thegoraying godlication

Saventy-five of the 78 employess (96%6) working during thewesk the Soraying was conducted completed the
wf-admingaed s/mptom questionaire: Thirtean employees (17%/0) wereidentified esshaving prabetle
MDI-induced resairetory diseese. Ten of these 13 hed regairatary symptomspardsting & leedt 6 daysdter theaoute
exposre and 4 employess (5%0) continued to haveresairatory symptoms 2 moninslater. Threeemployees(3%) hed
aonomd PFTs 2 of the 3 heving wheezing on physicd examingion. Al blood testsfar dlergy to MDI wereneggtive
Inedsnieteisdlation procsdures during gpplication of the M Dl insulaing meterid resuited inahigh prevdlence of
sf-rgported symptoms cong et with isocyaneteexposure. Four employesshed regairatory symptoms persding for
a leest 2 months fter the acute exposLre, 3 of whom hed aonomd FFT pettams and 2 of whom hed wheszing on
physcd examingion. MDI eqposireor dggarete smoking werethemedt likely causes of theabonomd PRTs

Onthebedsaf thisaurvey, theinvestigators condudied thet M DI exposLre prabebly ooourred during the gpdlication of
theMDI insdaionmeaid. Mod of theaoute hedlth effeds assodated with thisexpoaureresalved, however asrdl
numbe of employessreparted parddent regairaary symptoms
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adz1
On the basis of this survey, the investigators concluded that MDI exposure probably occurred during the application of
the MDI insulation material. Most of the acute health effects associated with this exposure resolved, however a small
number of employees reported persistent respiratory symptoms.

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

INTRODUCTION

Ondunel2, 1989 theNationd Indtitutefar Oooupationd Sefety and Hedlth (NIOSH) recaived arequest from the
South DekataHedlth Departmeant to eva ugte expoaureto, and hedlth effedsfrom, methylenebigohenyl diisocyandte
(MDI) amongemployessdf ajendry fadlity (F.L. Thorpe Company) in Desdwood, South Dekaia

Ondrel4 & 15, 1989 NIOSH investigators conducted en evironmental and medicd survey a Thorpesjendry. A
fdlow-up medica vist wes condudied on 8§/11/89 to datain additiondl infammetion. The compeny wesnatified of the
ewviromantd resutson 8/11/89, indvidud FFT resdtsweremalled to partiapeting employesson 105/89, and
individuel blood test resuitswere meiled to perticipeting employess on 12/20/89.

BACKGROUND

A.  Processand Workforoe Destription

F.L. Thope Company menufadiuresgad jewdry for whdesdedidribution. Withinthisfadlity gadisceded,
ldered, buffed, finshed, packeged, and hipped. Thefadlity isgperated by 85womenand 2 men.

B. Fadlity andInslaion Desxiption

SnceFdoruary, 1988, Tharpeshes gparated in 2 rooms of awarehouse besement owned by Twin Gity Fuit
(Hgure ). Twin Gity Fuit pansto convat thewhdefadlity into ardrigerated warehousefor frut dorege
Refrigarated warehousssrequireinauliation, whichweas goplied by goraying MDI and palyd inal:1 mixtureontothe
warenoueadling, walls and bessment roomsadjecat tothejenery fadlity. Theinaulation goplication wescaried out
by acondrudion firm contracted by Twin Gity Fuit. Thegpdlication detesfor thevaiouswarehouse steswere
Frrodmedy.

4/30/89t0 510689 - Hrd floor.
522-23/89 - Twogmdl besement rooms(Hgurel, Rooms1& 2).
6/7-10/89 - Twolargebesament rooms(Hgurel, Rooms3 & 4).

Appraximetdy 15,000 pounds (30 drumsat 500 poundspar drum) of isocyaretewere usad toinaaethe
waehouse Thecorauiting firm provided supdied ar resairdlarsand pratedive auits to employess goplying the
insdaion. No atempt wesmedeto isdlate thefirg gory goplication becausethebuildngscaling and walswereinthe
congrudion phese, and theareawas gpento theoutgdear. During thegoraying of besamant rooms 14, the
coreulting firm attempted to isdlate the goplication areawith pladtic sheats adhared to the besamant aailing, walls and
floor. Thebathroomsarelocated inthe besamant room 4 (Hgure 1), and during thegoraying of thisarea (6/7-989) a
"tunnd of pladic” was condrudied to dlow ancessto the bettroom. By employeeacoounts this"pladtic tunnd” falled to
reech the besameant floor, and the bethroom walsand calling hed no plagtic covering. During thegaraying of the
besament room 4 (6/7-9/89), employess reported ahaze and range odor in the bethroom and thejewdry faality.
Duing thistime many emyloyessbegen expaiending symptos rediting inthejewelry fadlity doding & noon 6989
and re-opening on 6/15/89.

On @/12/89, acorauitart pafamed Drager Tube Air Sarpling for tduanedisocyanete (TD) & threesteswithinthe
fadlity. All threeresitswearebdow thelimit of detedtion (20 pab) far thesampdeandyss



V.

METHODS
A. BErviromentd
1 SampleCalledion

Sxtem aeaar smpleswereadleded for MDI on ne 14-15, 1989 & thelocationsidentified in Hgure 2
Samplesweare odlledtad using bettery-powered pumps attached viatygon tuing to impingarswith 15 millitersof
tduenecontaning 1-(2-methaxyphenyl)piparazne Sanpesweareadledted & aflow ratedf 10liter par minute
(Lpm), with tauene redlading evgparated salution. Upon compeion of sampling, theimpinger sdluionswere
trandered to 20 ml dassvidsand shipped refrigarated to theleboratary for anelyds Buk samplesdf the
ureedted isocyanate materid used intheinsulaion processwerenat avaldlefor [aboratary anelyss
Thesampleandysiswas conducted using NIOSH Method 5606 Theimpinger sdlutionsweareevgporated to
dynessinantrogen @mogohere leaving asarpleresduewhich conggsof theureadarivativesthat arefomed
when 1-(2-methoxyphenyl)piperaanereectswith MDI. Theseresdueswereredissolvedin 2 ml of 05% aoetic
anhydidein acgtonitrile, and SOmiardliter (U) diquoswereinjedted into thehigh pafamenceliquid
drometoggoh (HPLC). Theuresswereidentified and quentified by usng theratio of theoutputsfromean
dedrochamicd and anultravidet detedtor. Thelimitsof detedtion (LOD) and quentitation (LOQ) for MDI using
thismethod are0.02 and 006 micrograms pa sample (uy'sample), repadivey.

B.Medicd
Ondnel5, 1989, 75 of the 78 anployesswarking during the ine MDI soraying compleied astreaning
quesionrdrethet diated demogrgohic and symptominfametion. Erpoyesswhoansvared yes' to 2 df the
fdloning 3 quesionswereasked to patidpetein amedicd evaugion
1)  Sncedne?, 1989 haveyou expaiencad ay wheszng?
2  Snedine?, 1989 haveyou expaienced ay sortnessof bregth?

3 Snedune?, 1989 haveyou expaienced any dhest tightness?

Themedcd evdugion condded of:

d amedcdd and cooupetiond hidary, and

b apysd eanrdiond thelungs
A proeble case of MDI-induosd resairaiory disseseweas ddfined as 2 of thefdlowing 3 symptoms
-whe=zing, hortness of breeth, and dhet tightness: assodiated with wark (Symyptoms begen dter 6/7/89, and
aeted avay fromthewarkste).

Employesswho met the abovee case ddfinition and were continuing to have adhmasymptoms duing the
NIOSH gtevist, hedt



1) pumonay fudiontess(PFTS pafamed on 8/11/89, ad
2 sauntededfor patatid MDI dlegy on 7/1589 and 8/11/89.

The PFTswere pafomed usng an OhioMedicd Modd 822 ary rdling seded sairometer atached toa
Soiratech 220B dedicated computer. Messremantsinduded forced vitdl cgpedity (FVC) and one-ssoond
forced expiratary vdume (FEV,). Testswere conducted acoording to the gairometry proosdures autlined by
the Amaican Tharadc Sodety, whichishriefly Summaized bdow.? Patidpantsweareingrudedinthe FVC
manueve, withademondration provided. Three acogptale FVC menewverswere paformed by the
partiapert, with thelarges FVC and FEV/; rearded, evenif the 2 vdueswere nat darived fromthesame
arve Tedswaeoconsdaed "rgrodudble’ if thelarget PV C and the seoond larges FVC dd nat vary by
morethen 36, and if thelargest FEV; and the seoond largest FEV; did nat vary by marethen 526, A
resrictive pattem was oefined asan PV C <80% of predicted, and an FEV-1/FVC ratio >70%3 An
oosrudtive pattem was defined asan FEV; <80% of predicted and aFEV-1/FV Crdio <70%3

Employess ssumwestedied for potantid MDI dlergy by messring for goeafic antibody (IgE and IgG) to
MDI-HA (humensaumdbumin). Brymelinked immunosorbant esssys (BLISA) werenunonsgaa 1:10
dluionsand intereted as postiveif absorbences excesded mean conrd seravauesby 2 dandard

devigions

Contrdsweareemployesswho did nat repart any of thethreeadhmadike symptomslisted ebove

Probetle casssweare comparad to contrdsfor 8 demogrgphic infomition, b) previoudy diagnosed conditions
of aghmg, eczamg, o dlagies and ©) prevdences of ather conditionslidied onthe sreaning questionaire. Odds
raios(OR) wareused to edimetetherdaiverik. Oddsratiosand confidenceintevaswerecdouaed usng
Faiinfa* Pvadueswerecdaulaied using a2-tailed Fisher'sexact test or the Sudentst-test.

EVALUATION CRITERIA

A. Bwviromatd Brdugion

Asaguidetotheevdugtion o the hezards posed by warkplaoe exposres NIO3H fidd d&f employ evironmenia
evdugion aitaiafor asssssmant of anumbe of damicd and physcd egants Theearitaiaareiniendied to Suggest
levdsof exposureto which mogt workersmay be exposad up to 10 hours per day, 40 hourspar wesk for awarking
lifeimewithout expaiendng adverehedth efeds Itis hoveve, impartant to notethet nat dl workerswill be
pratected from edverse hedlth effedtsif ther equoaresare maintained bdow theelevds A svdl parcaniagemey
eqaiaealvasehadth efedtsbecause df individud susogatibillity, apreexiding medicd condition, andlar a
hypersanditivity (dlergy).

Inaddition, some hezardous SUbstances may adt in combainetion with ather workplace expoaures thegenerd
evironmat, or with medicationsar pasond hehitsof thewarker to produce hedith effeds evenif the cooupetiond
expoaresaecontraled a thelevd st by theevduation aitaion. Thesecombined dfedsaredften nat conddared in
theevduaionaitaia Also, somesubgtances are aosorbad by direct contedt with the skin and mucous membranes
and thuspatentidly inoressetheoverdl eqoosre Findly, evdugtion aitaiamay dengeove theyearsasnew
infammetion onthetaxic efedsdf an egat becomesavalade

Thepimary sourcesof evironmentd evdugtion aitenafar threwarkplaceare 1) NIOSH OritaiaDocumentsand
Recommeanded Exposure Limits (REL), 2) the Amaican Corfarence of Govenmantd Indudrid Hygieniss (ACGIH)



Threshdd Limit Vaues(TLV'9), and 3) the U.S Department of Labar/Oocupetiond Sty and Hedlth
Admindraion (OFHA) oooupetiond hedlth dandards[Remissble Exposre Limits (PEL)). Often, theNIOSH's
REL and ACGIHSTLYV aelower then the corresponding OSHA'SPEL. Bath NIOSH'sREL axdd ACGIHSTLV
usLdly arebessd on morerecant inffomation then arethe OSHA dandards The OSHA dandardsdsomey be
required to takeinto aooount thefeesihality of contralling expoauresin vaiousindugrieswhaethe egaisare ussd, the
NIOSH-recommended gandards by contredt, are besed primaly on concamsrdaing to the prevention of
oocypetiond dsesese Inevduating theeqpoaurelevdsand therecommendaionsfar reduiding theselevdsfoundinthis
repart, it should be noted thet indudry isreguiired by the Oocupetiond Sefety and Hedth Adt of 1970 (29 USC 651, et
5}) tomedt thoselevd spadified by an OSHA dandad

A timewaghted average (TWA) expoarerdasto theavaagearbome conoaraion of asbdanceduinga
nommd 8- to 10-hour warkday. Some substances have recommended shart-term expoaurelimits or aalling values
whichaeintended to pplemeant the TWA whearethere arerecognized toxic efedtsfrom high, hart-tem expoaures

B. 44Meahylenadphayl isocyande(MDI)

MDI isanaomdicdisocyande  Althoughthemganty of dudeson arometic diisocyaneteshavebeen doneon
tduenedisooyanete (TDI), Sudiesdoneon both dhamicdsfind smilar helth effedts® Exposireto MDI and TDI can
ooour viaingestion, skincontat, andinhdation. Inhelation of agrosdlized isocyandtesisregponsdefar themgianty of
reported hedlth effets

Thelugistheprimary argen dfected by inhded isocyaretes Advaereedionsindude

- Uope arwey imitation, dheradterized by cough, and
rhinitis®®

- aoute adhma, manifested aswheezing, bresthlessness and et
tightnessooounming immediately fter eqpoare®4

- ddayed asthma, menifested eswheszing, bresthlessness and chet
tightnessooouning severd hoursfter expoare®

- dud asthmg, menifeding aswheezing, bresthlessness and dhet
tighnessoocuning inbath animmediaeand ddayed
mg,lo,m

- hypersansitivity pneumonitis deredteized ssdronicfeve,
melaiss, dy cough, and progressivedysones ™ and

- ag/mptometic pemmenart lossof lung vaumes 22

Catanindvidudsmay develop diisocyandte sansitization, whichisusLelly menifested essaddhlitating eshmadikeilliness
causad by vay low, even unmessLrable diisooyanete conoantrations® Other adverse heelth effedtsin humans dueto
isooyanates exposreareskin and eyeinitatio ™2, skin hyparsansitivity?2, and psychdogic symptoms® Inaniméls,
isooyanetesmay causerard toxidity and canoar>®

Theaurent fedad OSHA PEL andd ACGIH TLV far MDl isacaling limit of 200 micogramspar addic meer o ar
(ugn) [20 patsaf MDI per hillion partsof ar (ppb)] 2% Thecurent NIOSH REL for aooupationd exposureto



VI.

VII.

MDI is50 ugfi® (5 ppb) for up to a10-hour workshift, 40-hour workwiesk, and aciling of 200 ugyi® (20 ppb) for
ay 10minuesampling paiod®

TheNIOSH recommended dandard godliesto diisocyanete monomers only, and nat to higher polymers of these
compounds Littleisknown about thetoxiodlogicd effedsof pdymaicisocyanetes Nolongtemdudesdf the
efedson humansdf polymaicisooyanateshave bean condudted” However, it ispecuiated thet theinhelation of any
adieshaving multiple unreedted isooyanete groups may impeir reairatary fundion or giveriseto sansitizaion 2%

REQULTS
A.  Bwviromaid

Sven o the 16 (45%0) areasampleshed deedtdde quantiiesof MDI; dl werea lesgt 2 ordarsof megnitudebdow
NIOSH'sREL and OHA'sFEL (Tablel). Itweasnat posshleto esimatethe concentration of MDI inthejendry
faality duing the goraying goplication which oocurred 5 dayspriar to the NIOSH aunvey.

B. Meddd

Demogrgohicinfammetion and symptom prevdences of thesurvey patidpanisarepresatedin Tdles2and 3.
Heedkches imitation of thenose & thraet, and initation of the eyeswere the modt frequently reported symptoms 69%,
63%, and 59%, repectively.

Thirtean of the 75 (17%%) Lrvey pattidpents stified the case ddfinition for probeble M DI-induoad reairatory

dseee Tenamployess(13%) continued to havesymptonsa thetimedf NIOSH'sfird Stevist; dl 10 partidpetedin
NIOSH'smedicd evdugion. Two employess(3%) hedwheezing onlung examirgtion. All bood ssmpleswere
negetivefor antibody to MDI. Four employees (5%/6) continued to haveresaratary symptomsa thetime of NIOSH's
ssoond stevist on §11/89, two months dter theaoute exposre. Threedf these4 employess (4%6) hed aonomme
PFTs induding the 2 individuglswho hed wheezing on physicdl examingtion parfarmed on 8§/11/89 (Teble4). Twoof
the 3 anommd PFTsweareresridive pettemns(Tade4).

Compaing the prabelle cases of MDI-induced resairatary diseeseto the 45 contralsrevedled no sgnificant
difference betwean thetwo graups with regardsto ege length of employment, and previous physidan diagnosisof
ezemao dleges Praoehle cases gopearad morelikdy then contrdsto have hed asthma, dthough the difference wes
nat datidicaly sgnificant [OddsRatio (OR)= 651, 95% corfidenceintavd (95% Cl)= 065, 37.01, p=0.069]. In
addtion, employesstulfilling our probele MDIesaraary case ddintionwaemarelikdy torgpart 9 of the 16
s/mptomsnat induded intheresairatary case ddfiniion (Tebles).

DISCUSSON

Thissurvey identified 13 cases of probetle MDI-induoed resairatory dissese. Noworkersdied or were

hogaitdized, but 6 required evdugtions o aghmtic tresmantsinthelocd emergancy roomar by thar private
physdans

Environmentd sampling for MDI wasdone 5 daysdter the qoraying goplication. 1socyaretesarevary reedtive
dnamicdsand finding deedtaleamounts4 and 5 deysdter the oraying uggeststhet much higher conoaratioswere
prabedly presant duing the goplication.

Our regpiraiary cese ddfinition rdieson subjedtive, sdf-reported symptoms. PRTsand dlergy tesswearepafomedto



VIII.

aatan dgediveinfammetion. Thisfaality dd nat utilizzMDI initsroutine gpaaions o pre- and pog-ahift PFTsto
odeamineacutedfeds of expoarecould nat becondudted. PFTspafamed a apaticua imeaehdpful if
aonomd, but dueto ashmesepisodic neture anonmd test resuit canat beused toruleout thediseese Three
employesshed eshmadike symptomsand aononmd PFT's (2 hed retricive pettems). All 3employesshed long
dgardtesnoking hidoiesand werecurant amokas  Cigarettesamoking, likeMDI, typicaly resitsinan dogrudive,
not restridive, PFT pettemn. This"unuaud” restridive PET pettamn could bedueto: 1) severeasthma(howeve, thiswes
unlikdy duetothedinicd presntaion df theseindividuels); 2) amedicd diagnogsknoan ashyparsandgtivity
pneumonitis which MDI hesbeen reported to causs % or 3) atedicd erarinpafamingthe PFTs Inonedf the
casssthe FVC manewver continued for afull 6 ssoonds but thetest westamineted befare the partidpents PFT aurve
hed "platesued’ (therewasa0.15 liter dengein vdumeduring thelagt 2 ssoonds). Thus themeesred FVC wiess
lower thenthe"trug’ FVC o the person could edully have hed an dodrudive PFT pettern, whichismarecongdant
for both amokingand MDI expoare. Inather cass, dl threeindividualshed aonammd FFTs (Whether restridiive o
aodrudive) and further medicd evaugtion by therr private physdanswes uggesed.

Andevaed IgE or IgG titer of MDI-HSA suggeststhet theindividLe issensitized to M DI, and dftencordaeswith
pumonary or demd symptoms: Thenonmd IgE and 1gG MDI-ELISA titers dosarved inthisudy suggest ether @)
thedseesewesnat "dlergically” (antibody) mediated, b) the blood tetswerefd senegetives ar ©) theseamployessdd
nat haveisooyandteinduoad regairatary diseese. Although thistest hesfadse necgtivees and the dosence of detedteble
levdlsdf goadficIgE or IgG doesnat rueout "sansiization” 10" faseneggtive!’ resitswould bevary urusud, 22
Dissesemidasdficaionisapotentid biss particlaty sncethemgarnty of employess (9/13) recovared compledy
within2months These9 employessresaratary symptoms may havebeen duesldy to aouteresaratary tract
imtation. For the 3amployesswith persgent symptomsand abononmd PFTS these cassscould rgresant a
norHmMmundogicaly mediated dsseseprocess: Theliterdure sppartsanorimmundogic mechenism calsing
isooyanateinduced resairatory disessefrom dronicisooyanate exposre™

Thesymptomsknoan to beassoaaed with MDI exposureare non-gpedific, and the prevaence of thesesymptomsin
thispopulaion befarethe MDI expoaLreisunknoan. Howeve, bath thetypedf symptomsreported from thisfedlity
and thar megnitude aresimilar to thosein anather pubdlished aooount of high-doseisooyanete expoaLres®

CONCLUSION

Inedequeteisdlaion prooedlres duning the goplication of en MDI insulating meteid resuited inahigh prevdence o
sHf-reportad symptoms congdient with isocyanate expoaure: Thirtean employessreported symptoms congdent with
proletle M DI-induoad reairatory diseese. Ten of these 13 hed resairatory symptoms 6 daysdter theexpoaure
ceesed, and 4 employess continued to haveresairatary symptoms 2 months dter theaouteexpoare: Threedf these4
anployesswith parsdat rearaary symptomshed donammd PFTsmodt likdly dueather to dgardte snoking o
MDI exposure
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Tadel

Genad AreaConoartrationsof MDI*
Twin City Fuit, Deedwood, South Dekata
HETA 89-278
Sanple# Location Sarding Time wyMEMDI
6/14/89
1 Asamiy 217-550 X
2 Asamby 217-550 X
3 Refrigaration 222-555 X
4 Refrigaaion 22-555 X
5 Updars 227-558 X
6 Updars 227-558 02
6/15/89
10 Asamiy 6.45-1.05 X
Asarhdy 6:47-1:18 02
12 Asamiy 6.49- 112 X
Asamiy 6:52- 105 01
14 Asarbly 6:53- 1:00 01
15 Assarhly 6:56-1:00 01
16 Bathroom 704-130 01
17 Refrigaaion 7.06-130 X
18 Asarbly 711-112 01
19 OfficeArea 713-135 X
Bvdugtion aitaiaNIOSH REL 50
NIOSH Caling (10-minue) 200
OSHA PEL 200
ACGIHTLV 200
Labardary Limit of detedion 02 uy'sarde

*MDI-44-methylenediphenyl isocyanete
x—nat detedted insample



TABLE2

Demoggohicsd Suvey Patidpants
Twin City Fruit, Deedwood, South Dekata
HETA 89278
Mean Rage
Ace(yeary 33 (17-62)
Lengthof Employment (veery 5 (1-28)
S 7AFamdes 1Mde

Race 7A\White 1 Adan



SYMPTOMS

Lowve Respiratary Tradt
Chet tightness
Sortnessof bregth
Wheszng

MucousMembrare | nitaion

Imtation of thenoseand throet

Imtation of theeyes
Cawghing

Gegrointestingl
Nausa
Abdomird Pan
Vamiting

Cordtitutiond
Heedaches
MdasTireddl thetime
FevalChills

Moaod
Vayinitde
Diffiauity degang
Depressd

Camitive
Difficuity conoantrating

Difficity remembaing things

in
ininitation

Bdance Rrddans

Tade3
Symptom Revdence Among Survey Patidpants
Twin City Fruit, Deedwood, South Dekata
HETA 89278
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PFT and Fhysicd Examingtion Resitsof theFour
Employess\Who Remaned Symptomiticon §/11/89

TABLE4

Twin City Fut, Deedwood, South Dekata
HETA 89-278
Regaratary Symptoms Pryscd FEV-1/FVC
Erdoyes Wheeee CT SOB) Exam FEV-1 %Ped FBE/C  %Pad Rdio
1 Y Y Y Wheeze 186 68% 251 3% 4%
2 Y Y Y Neg 207 % 284 8% 3%
3 Y Y N Wheee 202 3% 261 8% 7%
4 Y Y Y Neg 237 81% 2% &% 80%



Cough

Fever

Nausa

Abdomird Pan
Nose& Throet Imitation
Heedeche
Conoantration

Imteble

Bdae

*  OR=C0OddsRatio

Tade5

Symptom Prevadences Betwean Rrobeble MDI-Induod
Reqaratory Dissese Cagssand Asymptamdic Contrdls

Twin Gity Fuit, Deecwood, South Dekata
HETA 89-278

Cases Conrds

#(%) #(%) OR
8(620  9(20%) 640
32%)  0(0%) 550
96X  9(20%) 9.00
6400  7(16%) 465
12(92%)  22(49%) 1255
12@%)  25(56%) 960
323%)  1(%) 1320
4(31%)  2(4%) 956
5390  4(%%) 641

** O Cl = 95% Confidence Intavd
*** Pydve=2tdlad Hha'sExact Test

9B% CI**

142-3050

3.14-963

190-46.22

1.00-22.56

1.45-28007

111-21443

103-369.17

121-9146

114-3833

PVave**

5 R 88 B 8 R

9
o

S



FIGURE 1
Rough Sketch of Basement Floor Plan

Twin City Fruit, Deadwood, South Dakota
HETA 89-278
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FIGURE 2
Locations of MDI Samples

Twin City Fruit, Deadwood, South Dakota
HETA 89-278
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