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l. JIUMMARY

Onduly 20,1987, the Nationd Inditutefor Oooupetiond SAfety and Hedlth (NIOSH) recaveed areuest fromtne
United Sedworkersaf Amaica, Locd 7637, to evaugte expoauresto pant solventsa theBMY Corporationin
Yok, Pans/ivania Employesswereregparted to beexpariendng dryness of the noseand throet, heedadhes and
degdesess pdusmadnd cydeprademsamong sevad fardeanpoyes

On Sgatembea 15, 1987, aninitid evauation was conducted and sampleswere adlledted for quelitative andlyssof
arbomedvatsinthetoudHup pant depatmant. A fdlow up evironmantd evdugion of thefadlity wes
conducted on October 27, 1987, whichinduded adlledtion of ar samplesfar 13 argenic salvents asidantified during
theinitid vist. All eqpoareswerebdow the NIOSH Recommended Expoaure Limits (RELS), the Oaoupetiond
SHety and Hedlth Adminidration Pamissble Bxposure Limits (FEL9), and the Amaican Confarencedf
Govanmand Indugrid Hygends(ACGIH) Threshdd Limit Vaues(TLVS). Of thesolvenisdetedted, theranges
of expoauresin milligams par akic meter of &ir (mgi) and the highest percantage of the PEL. or TLV areliged as
fdlows tduene0847.0, 13%; xylane 0.6-21.1, 5%6; cumene non-daedtale 04, 001%4; 1,1, 1-trichioroethene
0.2-92.1, 5%, p-diaxane non-detectable-1.7, 479%; n-hexane non-detectable-4.0, 29/%; noutyl aodtate 0.7-52.0,
9%, methyl eyl ketone 3.0-169.9, 29%; methyl isoloutyl ketone 0.6-304, 15%; methyl iscenmyl ketone0.4-108,
56, and methyl amyl ketone 0.6-29.8, 13%. SnceexpoaLreto thesesolvert vgporshesan additive dfed, the
comhined eqpoareweas cdladaed and weswithinthre ACGIH TLV far mixtures

A quetionraredesgned to asoatain possble hedth effetswas completed by 72 erpoyess Fvearpoyess
submitted pre- and pog-dhift uinesamplesfar andyssof solvernt metabdlitesaswell esapog-chift blood samplefor
cdemingtion of ssumtduene On Augud 24, 1988, an additiond fallow-up urvey wes conducted dter an
ingpector reparted arecurence of symptoms (Luggestive of an acute asthima) upon reentaing the processing area
dter awowesk absace Duing thisaurvey ar ssmplesweare cdlledted for hexamethylenediisocyanete (HDI),
2dmahylaminoghend, ehylenediaming dethylendriaming and tiehylengeramine: Al ar ssmpleswarebdowv
thelimit of detedtion of the samplingrandlyticdl method. Inaddition, blood sampdlesweredravn fram 20 employess
and tested for immunogidoudin G (IgG) and immunogiddin E (IgE) antibodiesto HDI usng theradio
dlegosorbat ted (RAST) and ezymelinked immunosorbent assay (ELISA), repedively. Threedf the
employessdamondrated low levdsof spedific IgG antibodiesto HDI suggeding apest exposreto HDI. No
oedificIgE antibodesto the HDI were detedted.


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

Basad ypon the data.odllected during thisHHE, the NIOSH investigetors conduded thet the dfected workersare
exposd o a leedt 13 different peining olvants Although bdow therr repedtive RELsand TL VS thecombined
lvat expoaresmay be contributing to the employess reported heedaches eyeinitation, and sorethrods
Although HDI wesnat detedted inthealr during theNIOSH vist, it isan ingredient in somedf the peintsrgresanting
apatentid exposreto eanployessinthearea. Recommeandationsto reducethe potentid for hedth effedsare
providedin Sedtion VIII.

KEYWORDS SC 3795 (tank and tank componants) salvents peint, goray painting, isocyandtes HDI, amines
RAST, BELISA.
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INTRODUCTION

Onduly 20, 1987, NIOSH recaved areguest from the United Sesworkesof America, Locd 7687, to evdude
expoauresto pant uivaisa BMY Corparationin Y ark, Pansylvania Thereguest concemed employess
eqoauresto pant savensauning thetoudup painting of militery vehidesinthe Find Processing (toud+Hup painting)
and Sdl PatsPanting Depatments BEmployessin these departmeantsreported drynessof the noseand throet,
heedaches and degdesness aswdl ssmandinud oydeprademsamong sverd ferdearpoyes

NIOH invedtigetors conducted eniniid walk-through survey on Sgatember 15, 1987, inthe Find Processing
Degpatmat and the Svdl Pats Depatmant. Thisinitiad survey invaved gethaing infometion about the proocess the
warkfarce, theoooupetiond hedlth and sefety programs and reviening compery medicd records: Bulk ar samples
wereadleded for quditative andyses of vadile organic compoundsto provide anindication of potentia
conaminantsrdessed duing thepainting. Inaddiion totheseandyses alist of pant ingredientswes adllected (Table
1) toidentify ather patentid arbame contaminents: On October 6, 1987, aletter was sant to the compery
ammaizngtheNIOH stevist.

A fdlow-upindudrid hygeneand medicd survey was condudted on Octicber 27, 1987, to further investigate
worker complaintsand to asssssolvat expoares: Theenvironmantd monitaring congsed of adlledting persore
bresthing zoneevironmentd ar samplesfrom threetgpars (nonHarooessors) and 12 processorsfar expoauresto 13
vats Nealy dl theempoyesspresat inthe Hindl Processing and Sl Parts Depatmentsduning theday dhift
weaeinduded intheevironmentd monitaring. Areaar samplesfor sdveiswaeadledadintwo locaionsinthe
Find Frocessng building. A quesionmaire designad to asoartain possihble hedith effedtswas completed by 72
anpoyess Avearpoyessaiomitted pre- and pog-dhift uinesamdlesfor andyssdf sovent meiabdlitesaswell as
apod-dhift lood samplefar deemingtion of saumtduene

OnJanuary 22, 1983, thereslits of theblood and urinetestsfor expoauresto tduene xyleng, 1,1, 1-trichioroethene,
and ketonesweresant to the partiapents

Ondune17, 1983, the compery infarmed the NIOSH investigatorsthet an ingpector who retumed to the Findl
Proosss Areadter two wesks off work hed developad difficuity bresthing, chest tightness shortness of breeth, and
wheezing. Sncethesesymptomsmay havergaresantad asanstization to ather anisocyandtear toanamine
compound thet may be presant in the peints; the NIOSH investigatars conducted afdllon-up survey on Augudt 24,
1988, to monitar for HDI, 2-dmethylaminoethand,
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dhylenediaming dethylendiaming and trighylengeramineintre Find Processarea. Nineareasampleswere
adleded for HDI, 6 for 2-dimethylaminoathend, and S far ehylenediaming dethylendtriaming and
tnethylengeramine: Inaddition, lood samdeswearedravn from 20 employess and tested far immunogliaodin G
(I9G) adimmunogiaouin E (IgE) antibodiesto HDI using theradio dlergo sorbert test (RAST) and egymelinked
immunosorbant assay (ELISA), repedtively.

On Decambe 21, 1983, aldter wassat to the company onthedatus of theantibody testing for evugtion of
expoaLIestoisocyanete pants

BACKGROUND

BMY Corporation menufadures military tanksand other tracked vehides: After thevehidesareassamided ad
ray-painted by 7 paint tunnd warkas they aresant tothe Findl Processing (toudh-up painting) building. Inthis
Ogpatmant the paining dfidendeson the vehides are camedted and the arigindl peinting ismodified. Appraximetdy
47 processorstoudup and paform quelity dhedksto essrethd dl venides met contract padfications: The
norHarooessor group congsted of tapers (Who goplied tapeto aress of the partsthet arenat to be painted) and
ingoedtars Whilethar jaoswerenat primatily painting, they wark indose praximity tothepaints: Frocessarsmainly
uebrushesand sl cansdf paint to pafom thetoud-up painting but cocesiandlly useoray gun godlicatorsfor
lnief paiodsaf ime However, the processarsin the Sl Parts Departmant did Soray peinting far mogt of thar
work shift. Oncecompleed, thevehidesare dhecked by anedf four govammeant ingoediors

Thepantsusad for interior and extarior camouflageindude gpaxy and palyurdthene. Thepdyurahene painisare
sngecomponant paniswith hexamethylene diisocyanete (HDI) concantraions of lessthen 015%. Somedf the
gpaxy painiscontan dehylendriaming and afew may coniain 2-dimethylaminogthend o ather amines Mot of
thepant ingredientsreparted by the paint menufaduresaeliged in Teble L. Todeenthepaint brushesandto
ramove paint fram the kin, the processors frequently use 1,1,1-trichloroethene

Theveidesmey havesevard doarsand open perds Al thevehideshave sdl edosed aresswhich arediffiaut
towakin Twodf thegmdles goeosswithinthevehidesarethe diivar'scompartmant and benegth thefloar. The
aaM goece under thefloor islessthen threefeeat high and may requireyp to an hour to peint by hend. Half-face
resaratorswith organic vgpar catridges areavallddeto the paintersbut only afew workarswear them. These
resairaors provide adeguiate pratetion for expoaure to salvents during brush peinting, but are nat edequetefar goray
pering
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V.

Thetwo roomswhare Hnd Prooessng isparformed are eech goproximatdy 42 fest wide by 180 feet lang by 20
feat high. Eachroom hescalling fanswhich edhaudt 12900 aulic feet of ar par minuie Tharearedso four sy
ar intake dudsper roomthet provide 12500 aubic fedt par minute. At eechend of theroomsare overheed doars
for thevenidesto enter. Thesedoarsaregpeninwamwesther but dosad for moet of thewinter. Duringthe
NIOSH evdustion thedoarsweredased in themoming and gpeninthe dtamnoon.

Inthe Smdl Pats Depatman, threeemployess (tgpers) place mesking tgpe on vehide partsin preperation for goray
peining. Thesepartsare ugpended from hooksand move onaconveyar sysem. Appraximetdy 23 prooessors
ey pant the patsastheconveyar movesthepat infront of agoray booth. Only goaxy pentsareussd inthis
aea Thegray panteswear haf-faceresaraarswith orgenic vigpor and prefilter catridges

METHODS

A.  Bwviromaid

1

AreaBuk Air Samples

Bulk ar samdeswere adllectad on four danderd cheraod tubesfor organic salvenisplusone
Ambarsob XE-347 tubefor ketones & aflow ratedf oneliter per minute (Ipm). Thesamplesweae

desorbed with cabon diquifide and qudlitatively andlyzed by ges-dromatogrgphy/mess soectromery
(GC-MS).

Organic Savats

Thearganic alveart vgparswere collected on gandard (10050 mg) chercod tubesat aflow ratedf 0.2
I[pm. Thesampleswere desorbad with cartoon disulfide and andlyzed by ges dyometogrgohy
acocording to NIOSH Methods 1501, 1003, 1500, 1450, and 16021

Ketones

Theketonevapars (methyl eyt ketone, methy isoouiyl ketone methyl amyi ketone, and methyi
isoamyl ketone) were cdllected on Ambersorh XE-347, 16080 milligram tubes & aflow rateof 0.2
I[pm Thesampleswearedesorbad with carbon disufide and andlyzed by ges drometography
acoording to NIOSH Method 2500

|sooyanates

Hexamahylenedisooyanetewas adleded in midget Greanburg-Smithimpingarscontaning 10ml of
theabsoring solution, 1-(2-methaxyphenyl) piperazineintduene & aflow raledf L0lpm. Tduene
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waspaiodcdly added to theimpingarsduning samaling to compensdtefor evgporationloss: The
smpeswaeandyzed by high pafamenceliquid drametogrgohy acoording to the British Hedth and
SHAdy Exeautive, Methodsfor the Detammination of Hazardous Qubstances Method 252

5 Amnss

Bhylenedaming dehylendriaming and tiehylenteramineware adleted by draming QL lpmaof ar
through sampling tubes containing XAD-2 resin aoeted with 10% 1-ngphthylisathiocyandte. Samples
wareardlyzed by desorbing with dimethyiformemide and quentitating theamine daivetive by high
pafamanceliquid dhromatogrgahy using uitraviolet detection acoording to OSHA Method 602

6. 2Dimahylaminoghend

2-Dimethylaminoethend wes cdlledted on slicagd tubes (3002150 ng) a aflow retedf 02 1pm, and
andyzed by gas chromatography aocording to NIOSH Method 2007

B. Meddd

On Septambar 15, 1983, NIOH invedtigatarsddributed aquesionnareto dl enployessinthe

processng aeawho wereavalade onthe day of thesurvey and agresd to patidpetein theinvedigetion. The
quesiomairewas desgned to asoatain the prevaence of upper resaratary tract, skin, generd hedlth, ad
neurcbehaviord symptomsamong theworkersover theprevious 30 days

Snceno unexposed rfarence group was avallaile we dassfied theworkersinto two groups: processors
and norHorooessars (Induding tgpersand ingoedtary). Thisdassfication wesbesed oninitid informetion thet
ugoested thet processarsheveahigher patentid expoaLreto paintsand sdlvents: Althoughthe
nonHprocessorsworked in aresswhere painting was done and occas andlly parformed peinting oparations
thar overdl expoaureto paintsand paint solveniswasthought to belower then the processors whose primeary
joowesperting

Fve processorsrandomly sdedted to have persond evironmeantd ar monitaring done agresd to ubmit pre-
and po-ahift unesamplesfar messremant of urineketones hippuic aod (meabdliteof tduene), methyl
hippuricadd (meabdited xylene), and tricoroeodtic add (metebdlite of 1,1, 1-richloroethene). Inaddition,
apog-dhift blood samplefor ssum tduenewas dotaned onthe samefivewarke's

OnAugust 24, 1983, NIOSH aatained blood samplesfrom theiingpector who reported the adhmadike
s/mptams Inaddition, themenegamant and union rqresaniaivesidantified 19 aher employessframthe
processng aeawhowareavaladeontheday of thesurvey and willing to submit ablood psdmen for
detemingtion of the plaamaimmunogldouins (tatd 1gE, and adific 1gG and IgE) to bath HDI and
dphenyimahanedisocyanete (MDI). Sncesomergpartsindicateanimmundogic aosseedtion bewean
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MDI andHDI, levdsaf 1gG and IgE to bath compoundsweretested. Theintent of theserdogic survey wes
to ddeminewhether ar nat subtieimmundogic chengeswerepresart inany of thewarkersexposed tothe
pans Thus thepressnceor dosencedf symptomswissnat aaitaionfar patidpetion.

V. EVALUATION CRITERIA

A.  Bwviromatd Brdugion Qitaia

Asaguidetotheevdugtion of the hezards posed by workplace expoares NIOSH fidd 9&f enploy
evironmeantd evauation aitaiafor essessmant of anumba of demicd and physicd agats Theeaitaia
aeintended to uggest levd s of expoaLreto which mogt workersmay be exposad up to 10 hoursper cey,
40 hourspar wesk for awarking lifeimewithout expaiendng adverehedth effedts Itis hovever, important
tonotethet nat dl warkearswill be pratedted from edvarse hedlth efedtsif their eqposresaremantained
bdow theelevds A sl paoaiage mey expaienceadvare hedth effedtsbacause of individud

aodtiblity, apreexdding medica condtion, andlor ahyparsangtivity (dlergy).

In addtion, some hezardous sUbdances may adt in combingtion with ather workpleoe expoaures theganerd
evironmat, or with medications ar parsond hehitsof theworker to produce hedlth dfedsevenif the
oooupetiond expoaresare contrdled & thelevd st by theevdugtion aritarion. Also, somesudancesare
absorbed by direct contet with the skin and mucous memtranes and thus patentidly increesethe overall
eqoare FHrdly, evdugion aitaiamay dangeove theyearsasnew informeion onthetaxic effedsof an
agent becomeavaladle

Thepimary sourcesdf evironmeanid evduation aitaiafor thewarkplaceare 1) NIOSH Qritaia
Documentsand recommandations 2) the Amaican Confarenced Govermantd Indudrid Hygenidts
(ACGIH) Threshdd Limit Vdues(TLV9), and 3) the U.S Department of Labor (OSHA) oooupetiondl
hedth gandards Often, the NIOSH recommenddionsand ACGIH TLVsarelower then the coresponding
OHA dandards Bath NIOSH recommendationsand ACGIH TLVsuaLdly arebesad on morereoant
information then arethe OSHA dandards The OSHA sandardsdso may berequired to takeinto aooournt
thefeeghility of contrdling expoauresin vaiausindLgrieswherethe agaisare st the
NIOSH-recommended Sandards by contragt, are besed primarily on concamsrdating to the prevention of
oooupdiond dseese Inevdueting theexpoaurelevdsand therecommendtionsfar reduiaing theselevds
foundinthisrepart, it should benoted thet induetry islegdly required to meet thoselevelspedified by an
OSHA dandard.

A timewdghted average (TWA) expoaLrerdearsto theaverage artome concentration of asudance
duinganammd 8- to 10-hour workday. Some sUibgtances have recommended hort-tam expoaLrelimitsor
aaling vdueswhich areintended to spdemant the TWA wherethare are recognizad toxic efedtsfram high
shot-temexpoares
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The ACGIH hesegtahlidhed guddinesfor eqpoauresto mixtures of hezardous substanceswhich resit in
avereedfedsto theexposed warkers* For sbdanoeswith additive effedtsthesum of thefdllowing
fradionsshould nat exosad unity.

CUT1+C2T2+C3T3+..CnTn=<1
C=amogohaicconoatraion T =cooreponding TLV
If thesum of thefracion excaadsane, thenthe TLV of the mixture should be congdered asbaing excesded.
B. SovetsBExposuresand Neurdogicd Hfedts

Inadudy of 80 car and indLetrid goray peintersin Siveden, Hoffson, e d found agatidicaly sgnificant
inoreesein neureghenic symptoms (bnon fatigue, conoantration difficuities memary impainmant, ganad
initahility and daohal intoleranoe) as compered to unexposed contrdls® Theseworkerswereexposad to
graximetdy 20 different solvents dthough the esimeted aggregete exposreremained  rdaively low
levds Theexpossd group dso exhilited adecressad pafomence on tessof Smpleredion time, menud
Oextanity and perogationd goead and memary. Other dudies such asthet by Gregarsan, showed smilar
resuitsand demondtrated acomdation betwean neurotoxic sgnsand exposres® Usngthesame
quesiomdreasthat usad inthissudy, Fider, et d.” damongrated asigrificant camdation beweantheamount
of vespantsussd and avaiey of nerdbdhaviard symptomsamong agroup of condrudion peinters A
sudy by Mdlov, implicated methyi-nHouiyl ketonewith the development of paiphard neurgpethy
(dgurbanced nevefundion) inagroup of goray pentars® A workshop convened by theWorld Hedlth
Orgenization dassified neurdogicd effedsaf solvat expoareinto threetypes ranging from mild oantrd
navouss/sem symptomsto severedvonic taxic enogpelopethy (dementia)

Theoooupetiond hedth literature d o contansreparts of workplece environmeaniswith expoarestoa
mixturedf organic alvanisa low conoantrationsthet heveresuited inemployes hedth prodems: Frequantly
reported symptomsindude hesdaches degplessness and diduroances of themengnud oyde®

C. Spaofic SudancessCommonin Pants
Tade2 presistheevdugion aitaiafar the Lbdances sampled during thisinvestigetion.

1 Tduae

Oaoupetiond expoarestotdueneare nonmly through inhdation of tduenevgporsand kin
asoption of tduereliquid. The precominant effect from expoaureto tdueneisdgresson of the
oanrd nevoussydem. Expoauresto 754 mgin® of tdluenefar eght hourshes produced milld fatigue,
weskness confuson, walay eyes and atingling sension of theskin. At higher conoanirations effects
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indude nevousness musdefaigue insomnig, and imtationtotheeyes Workasexposed tolessthen
754 mg/n have complained of heedeches lassitude, and neusea. Tdueneabuseby ddlibarady
inhdling puretduenevgporsar toluene-besed paintsfor thar eupharic proparties hesinduosd
progressve damegeto the cantrd nevous sydem srudure and fundion thet gopearsdter 1.to 0 years
of repested expoare Repedted o pralonged skin contact with liguid tdluene hesadefatting adtion,
causing dying, fisaring, and demetitis ™

Tduereeqoaremay bemessredin severd ways Parsord breathing zonear sampling may be
doneto asssssavironmantd levdsar it can beesimated through the use of urineand blood tets
Tduaremesared diredy intheblood can saveasaguideto evironmentd expoare ThisisusLely
messred & theed of adhift

Urinehippuric aadisanather test usad to messuretdueneexposure. Howeve, ather subdanoes
mod notebly cartain food presarvaivees, can causehippuic aod to befound intheurine: Hippuricadd
can bedhedked befareand diter thewark dhift. Thedifferencebaweanapre and pod- dhift vaue
rgresisan edimeteof thetotd workday exposuretotduane: Theamount of hippuic add foundin
theurine can do beinfluenced by anindividue'skichey fundion

2. Xylee

Aswith tduane, exposremay ooour through bregthing vapars and through direct skin contedt.
Xylenevegpor may causeinitation of theeyes noss, and throet. Repested or prolonged skin cortact
with xylenremay causedrying and ddfetting of theskinwhich mey leed todamndtiis Liquid xyleneis
imtating to theeyesand mucous membranes and agaraion of afew millilitersmay causedhamicd
preumonitis pulmonary edamg, and hamathege. Repested eyeexpoareto high concantrations of a
xylenevapor mey cauerevarsbleeyedamege AauteexpoaLreto xylenevapar many causeoatrd
navoussysem dgresson and minar reversblefedsuypontheliver adkidneys: Athigh
conoatrations xylenevgpar mey cause dizziness fepgaing, rowsiness and UNCONSJOLEESS
Workersexposad to conoantrations ebove 869 mg/n complained of lassof gppetite, neuses,
vamiting, and abdomirdl pein. Brief exposredt humansto 869 mg/n hes causad imitation of theeyes
nosg, and throat ™2

Xyleneexposuremay bemessured by ar sampling or by lood and uireteding. Methylhippuicaad
isthe breskdown product of xyleneand canbemessred intheuine: Unlikehippuricaad,
meathylhippuric add doesnat gopear intheurineasaresLit of expoaureto ather damicdsar food
produds Theintapretation of methylhippuic add resitsissimilar to thet for hippuric add resits
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3.

Qumae

Cumenevaoar isvay imitaing to theeyesand mucous mamranes Itisadgoressant tothecantrd
navoussydem and hesapatentid neradtic effedt. Contact with theskin causesserythemaand
imitetion™*

11.1-Trichoroghane

Likemeny ahe ovats 1,1, 1-richoroghaneisdoimitaing to theeyes muoous mambranes and
skin; sswdl asbengacanrd nevoussysem deressat. Inaddition, 1,1,1-trichioroethene can cause
proarhythmic adivity which sansitizesthe heart to gpingohrineinduced arhythmias: Thissomeimeswiill
caeacadac ares paticuaty when messivdy inhded ™ Urinetriciorosoatic adid canbemessured
to asessexpoaretothisapat. Prdonged or repested skin contact may result in drying and aradking
dueto dfatting adion ™

p-Dioxane

p-Dioxareisanimitant of theeyes muocousmambranes and ki on proonged expoaureitistoxicto
thebrain, liver and kidneys Theonset of p-diaxane paisoning ismerked by dronvsiness heedede,
neusea, vomiting, and initation of theeyesand reairatory tradt. Prdonged or repested skin contact
may reut indrying and aradking dueto ofatting adion ™

nHexane

Nomd hexaneisamild upper resairdary intant and causss oatrdl nervous sydem depresson.
Symptoms such as dizziness havee bean dosarved when concentrations exaesdied 3624 mgin but not
when bdow 1762 mg/n®. Until recarntly, drvonic effeds from hexane:and smilar hydrocarbonshed
rady beenreported. However, in 1967, severtean casss of palyneuritiswerergparted anong
workersexposad to n-hexane & conoentrations of 1762-3524 mg/ne. Other sudies have reported
nhexane neurgpethy among fumitreworkersand among workersexposad to nthexene usad asa
Svatinpadicoamats nHexane hesproduced sensory-motar or motar pariphard neurgpethy in
workerswho dvonicaly inhaled workplaoe concarntrations of gopraximatdly 211 to 846 mgin? andin
individudswho aausvely inhded thecompound. 25-Hexanediane ametabdlic product of nthexang
posssssesagreder neurataxic patentia then the perent compound and isbdieved to beresponsibdlefar
prooudng paipherd neurgpethy inhumans: Inhdlaion eqpoaureto meihyl ethyl ketonein comaingtion
with nthexanefor 15 wesks patentiated the neuratoxiaty of nthexanein meleralswhen compared with
expoaLresto nhexanedonefor thesame paiod ™2
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7.

Ketones

Keonerdastoadassdf dnamicd subdancssthet indudethe carbonyl group (C=0). Cammon
examplesdf ketonesusad in peinting aremaihyl eyl ketone, methyl isolutyl ketong, and methy
isoamyl ketone All kelonesaremodaaeinitantsof mucousmemranes: High expoauresto ketones
resut in centr navous systam depression and prenarcatic Symptoms which mey progressto
narcods Chronic exposure may produiceatoxic sensory-mator paipherd neurgpatty. Symptoms
indudelossof tedtile sanseand sasitivity to pein and temparaure. Mator invdvement isrevedled by
musdewesknessand diminished or logt degp tendon reflexes™ Skin contact must beavoided because
o ranid defatting adtion, often leeding to demditis™

Dighylendriamire

Didhylendiaminevgparsmay causeeyeinitation, induding lacrimetion, conjundivitis and comed
edama(swvdling of theantaior partion of theeye), and helo vison (parogption of helosand lightsaround
ayjedts). Inhdation canleed toinitation of thenoseand throat aswell aslung effects menifeded as
dysoneaand cough ™ Didhylendriamineisaknoan skin sanstizer and may contributeto brondnid
aghmain exposad workas™

|0cyandtes

Thedisooyandtesand palyisocyanetes may be conddered together, Snoethey havesmilar
toxicdogic propaties Bxpoauretoisocyandes can cause skinand mucous mambraneinitation,
rausag, vamiting and ebdomind pan ™ In igh concartrations isooyanateshave apimay imitat
dfect ontheregaratary trat. They candso att asrearaary sansitiza's produdng eshmedike
s/mptomsinsangtizad indviduels evena vay low conoantraions

Ashmetic atadks meay coour immediatdy dter eqposirear a anintarva of hoursefter cessation of
expoaLre presting asnoctumd cough and bresthlessness: ExppoaLreto isocyanetes may doresitin
dranicimpeimmant of pumonary fundion® 1sooyaneteexposreduring acddantal saillsisamgor
cauedf sdtizaion, and thareisevidance thet messve expoares may roduceeffedsonthecantrd
ravoussydem®

In onergparted casg, a35-year-ad mde deve gped acough and chest tightness fter heqray
painted hiscar with apdyurethene paint contaning prgpdymaized HDIL. A ey later heagain
grayed hiscar with the same peint and deve opad acough and conddarable chet tightnessthet
pasdedfar twowesks A monthlater heweasin arcom adjacant to agoraying oparationwith the
samepant. Within 15 minuteshedeve oped acough, tight det and dhills: Thesymptoms progressed
into asaiousaghmetic reedion, far which heweasadmitted to anintensve careunit & ahogaitd. Three
monthslater the petient'sssumwas andlyzed with the radioellergosorbant test (RAST) and found to
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VI. RESULTS

havedevd opad IgE antibodiesto the MDI. Other sudieshaveinplicated 1gG antibodiesinthe
pethogenesisof ashmaand dvediitis®* Thelevdsdf SoadficlgGinthesedfected warkaswere
conddaady highe thenthosefound inthissudy.

|gG antibodiesto HDI have been progpedtivdy dudiedinapopulaion of 150 arployessby Granme
e d.? They evduated warkersin afectory thet Soray peinted truck cabsand found thet 21% of the
workersdemondrated evidence df 19G antibodiesto HDI, deaiteavironmeantd levdsdof isocyanste
thet werewd| bdow the OSHA gandard, and, in some cases nonddledtable No evidence of
immundogicd dssssewasfoundinany of threwarkaswith apostivelgG antibody toHDI. The
authorsconduded thet low levdsof goadific IgG to anisocyaneteare smply amerker of expoaureto
thecompound.

A.  Bwviromeid Suvey

1

AreaAirbomeBuk Sarples

Themgar compounds detedted onthebulk ar samples duning the toudn-up painting ware
1,1,1-trichloroethene, toluene nHoutyl acetate, xylenes p-diaxang, nthexang, cumeng, methyl eyl
ketone methyl isoutyl ketone, methyl isobemyl ketone, methyl annyl ketoneand severd unidentified
compounds: Thisisinayeamat with theinformetion onthe vdaile components o the peints supplied
by the paint menufeduras

Organic Sovats (nonkeonesy

Thirty-wo persond bregthing zone samplesfar seven nonketone arganic lvertswere adllected from
threetaparsand 12 processars (Table 3). Taueneexpoauresranged from 08 to 470 mgin,
1,1,1-Trichlorosthene expoaures ranged from 1.3to 92.1 mgyin?. n-Butyl acetate exposresranged
from 0.7 to 520 mgfin?. XyleneexposLresranged fron 0610 21.1 mg/in, Cumeneexposres
ranged from non-detectebleto 04 mg/n?, p-dioxane expoauresranged from non-dgtectableto 1.7
mgi?, and nthexane exposuresranged from nonsdetedtableto 40. All samplesweaelessthen 14
paocatof theTLV.

Ketones

Svatemn pasord bresthing zone samplesfar methyl iyl ketong, methyl isolutyl ketong, methyl
iscamyl ketone, methyl amyl ketonewere cdlledted fram theemployess (Teble ). All eqpoarelevds
waewithintheNIOSH RELs Theexpoauresranged from 3.0to 1609 mg/n for methyi ethyl
ketong, 0.610 304 g/ far methyl isooutyl ketong, 04to 108 mgin for methyl isoamyl ketone, and
0610 298 my/n far methyl amyl ketore: All ssmpleswerelessthen 0 paroat of the TLV.
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4.

Threddd Limit Veuesfor Mixtures

Sncethesalvent vgparsfrom the paintsareamixture, the combined exposrewas cdadaed in Teble
5asdesyibad ealier. Ontheday thet the NIOSH investigtors ssmpled for solvents the cdaulated
addtivedfet weslessthen unity, and therdfare, withinthe ACGIH TLV for mixtures Ingenard, the
processorshed ahigher additive solvert exposrethenthetgpars: Thisismod likdy duetothe
prooessors dosepraximity to the paints

Heamdhylenedisocyande

Panscontaining lessthen 0.15% hexamethylene disocyanete were baing goplied during the sampling.
Nireareaar sapeswere adlledted for hexamehylenedisocyaretein thetoudhup peinting aress
Sampling equipmat wes plaoad ontebles near pant cans and onvehides  All smpleswere
nonoetedeblea alimit of detection of 042 micrograms per aubic meter of ar (Ugfi).

AmMines

Ored thepaintsin useduing the sampling contained an unknoan concantraion of diehylendtriamine
Rveaeaaar smpesweareadleded for ehylenediaming dethylengriaming and triehylengeraminein
locationswith patentidly highexpoares Al fivesampleswerenon-ddiediableat alimit of detedtion of
417 ugfim? far dhylenediamineand 17 ugfin? for dighylendriamineand trighylengtetramine

2-Dimahylaminoghend

Noned the paints usad duning the sampling were rgported to contain 2-dmethylaminogthend.
Howeve, 2-dmahylaminoethend isfrequently usad in peintsand canresult in aghmedike symptonmsin
mearpoyess Sx aeasanplesweareadleded for 2-dmehylaminoghand inlocationsof
patentidly highedqposre All sarpdeswarebdow thelimit of detedtion of 208 ug/n'.

B. Meddd (Quediowdre)

1

Partidipaion

Forty-nine (70%) of 70 workersidentified by the personnd rodter asprocessars agyead to partidipetein
thesudy. Twenty-three ather individud swhosejob categary induded tgpas ingoedtars and afew
peint tunnd workers (Who weer aupdlied ar resairators) dso pattidipeted. All of the23indvidudsinthe
NoNHarooessr categanieswho responded are exposed to the paints and Solvantsinthe course of thar
work adivities Snceonly 3 of the norHarooessrs (tgpars) were presant inthe Frocessing and Sl
Pats Depatmentsontheday of thesurvey, expoaresof theremaning 20 nonHorocessorswearenat
assesd duning thisevlugtion.
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2

Demoggphics(Tade6)

The49 processarshed amean age of 36 years (range 281061 years). Farty (820) of thewarkers
waende Theavaagetimeworking asprocessorswas 54 years (fange: lessthen 1 year to
13years). Twaty (41%) of thecurat wokaswearesnokas Theavaagesnoker hedal4.6
pecklyear Nidary of dgareteuse. Thereweareno Sgnificant differencesbetwiean processors o
nonHorocessorswith respect to agg, duration of employmeant, or smoking Satus

Wark Habits(Table6)

Althoughvay litle goray peinting in the Frooessing Departmant was dosarved during the sunvey,
twenty-four prooessors (49%0) reported Soraying palyurethene paint for an average of 20 hrshweek.
Farty-one (84%0) reported thet thar jolasinduded brushing palyurethene paint for enavarage of 21
hoursper wesk (hrswk). Twenty-seven (55%0) workers gorayed gpoxy peint an averageof 17
hrewesk. Farty-9x (94%) brushed gpoxy paint anavaragedf 25 hrswesk. Processarspafamed a
dgnificantly gredter amount of brushing the paintsthen nonyprocessors: Saray painting gpertionswere
nat Sgnificanty differet bewean thetwo groups

S/mpoms

Among the processars heedache wasthe mogt common symptom a work ated during the pest 30
days with 73% reporting thissymptom (Teble 7). Other symptomsreportad indude soretthroet
(61%), excessfatigue (55%0), d zzinessllightheededness (49%0), watary eyes(33%), and shortness of
bregth (30%0). Twenty-nine percant complained of coughing godisand twenty-ax paroant complained
o inragesar imitaion, with the same numbar reparting snuspain (Teble 7).

Theprevdencedf symptomswas compared bawean the different peinting gparaions (Jraying vs
brushing; payurethenevsepaxy). Warkeswho identified themsdvesas soraying gpaxy peint hed an
incresssd frepquency of heedeches as compared with thosewarkerswho did nat uisegoaxy pants
(2336 vs4/13; Rdaive Risk = 1.44; 95% Carfidence Intevd = 1.01, 205). Noather datidticaly
sgnficat dfferencesin symptom prevdence werefound bawean ather usasar nontusarsdf thetwo
paints usad or betwean parsons pafaming and nat parforming goraying ar brushing gperations
Sratification of theresLitsby gender revedled no Sgnificant differences bawean exposregrous

Neurdbehaviard Symptoms

Reported symptomsware grouped into categanies of mamary dfeds gegraintestind s/mptoms
doohd rdated symptoms neuragthenic symptoms, aogritivesymptoms, skin prolems, dnest
s/mptoms paiphad nevoussydem dyfundion, and heedeches: Symptonswearesoored ona04
paint scalewith higher sooresrefleding grester severity. Sooreswere adjusted for gander by andlysisof
covaiance
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Resitsof theardlyssreveded no datidicd differencesin meen soorefar any of theindividld
categarieswhen processors and nonHorocessarsweare compared (Table 8). Howvever, fordl 9
s/mptom groups nonrocessarshed agredler prevalence (p = 0004, 24aled Sgnted). Table8
conansthereslitsof theandyss It Should benated thet the meen sooresfar bath groupsisrdaivdy
low (<2 indl cases).

A meensymptom sooredf greeter then 2 far anindividld refledsameen of & leedt "allittie” for esch
g/mptominthes/mptomaomplex. Whenthenumba of indvidugsin eech groupwithasmptom
Soregrestar then 2 were compered, the nonHarooessor group hed asignificantly higher prevdence of
paiphard nevoussy/dem symptons (Tade9). Thaewereno ather datidicaly sgnificant differences

6. Bidagicd Maritoring Reits

Nowarkershed deedtdleamounts of urineketones trichlorcecdtic add, ar methyl hippuicadd. For
uinehippuicadd, themeen prehift concanraionwes 1.1 grams per liter (9) (range0- 22) and the
meen pog-ahift vduewas 1.2 gl (range0.1- 25g1). Nonedf thewarkashed tduenein pog-ghift
blood.

7.  Meadrud Dysudion

Fve (5520 df thefemde processarscomplained of mendirnue dysfundion, whileone(33%0) of the
femde nonHorocessorshed thiscompant, though thisdifference wes nat datidically sgnificant (Relative
Rik = 17; 9% CorfidenceIntavd =03, 9.2). Thecomplex prysdogy of themendrud cydead
thesdl number of women patiapeting intheudy prevert amaretharough examingtion of this
conoan and do nat dlow addinitive condusion about an assodiaion bewean solvant exposreand
madnd imegUlaities

8. RAST adELISA Realts

Threewarkesdemondrated low levdsof IgG antibodestothe HDI. Thesaum df aneindividue
showed an eivocdly podtivelevd of 1gG antibodiesto MDI, dthough no 1gG antibodiesto HDI
waepresat. Itisnat dear whethe thisrgaresantsareadtion of arossteedtivity or wasmardy afdse
postivelaboratory tes. Nowarkersdamondrated |gE antibodiesto the ather of theisocyandtes
teted Sncetheantibody levdsweareedrendy low, no atempt wasmedeto rdae symptomsto

antibody i,
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VII.

CONCLUSONSAND DISCUSSON

Thesymptoms destribed by theindividuals compleing the questionnare are competible with the known effedts of
many o thesolventsusad inthe processing areaat BMY . Although themeesured expoauresto theindividud
Slvetsaewithin OSHA dandards aswdl asNIOSH RELsand ACGIH TLVS thesdlvatscanhavean
addtivear synargdic effect onthe catrd nevoussystam and ather argansthat mey causesymptonstid are
dgoropartioneteto themessured arbame conoantration of theindividld olveants

Itisposshlethat somedf theindividud swho reoonded to thequestionare mey haveatruedlegcreedionto
omed thednamicdsinather of thepaints Cassicd dlegic reedionssuch asskin resh and eshmahave bemn
asxibad totheisooyaretesand amines However, norHmmundogicd medhenissfor isocyanete assodated
aghmahavedso ben desribed.

Thisdudy dd nat attempt to addresstheisse of true prevdence of serdogic markers of isocyande expoareinthe
peiningaea Thesdedion of paridpantsinthissudy wesnat random and thus caution mugt exardsad in
extrgpdating theseresitsto edimete thetrue propartion of individLasin thewarkforce with these Litle
immundogica denges

Thaeisno aurant evidencein themadicd litarature thet pedfic 1gG antibodiesto enisocyarete, & theleves
odeted inthisaurvey, haveany dinicd dgnificance Thereisdso no evidenceto appart theusedf thesetestsasa
Sreging tod, Snceimmundogicd testscan anly Spdemant and nat rqdacean gopropridedinicd evdution of
indviduelswith asgpected work rdatediliness

Indmodt dl cases therewearesmilar prevadenoes of initative symptomsin both processarsand nonHorooessars It
isunlikely thet group medicd sreaning ar further indugrid hygienemonitaingwill isdlaeasngeagat thetis
reqporsblefar themutiples/mptoms

Of mgor concamintheintapreaion of the quesiorareresLitsisthe ity to dginguish baween theeqposure
levdsin thetwo udy groups (processorsand norHarocessorsy). During theenvironmenta survey, the processors
hed agreder expoaureto the paintsthen the nonorocessors: However, many norHprocessarsindicated onthe
quesioarethat they d<o pafamed panting. Oveadl, thegroup of nonHarooessarsmodt likdly expeariencesless
expoaureto pantsthen the processars though for someindviduals thismey nat betrue: Obviowdy, thepatentid for
midassfication erar exddsregarding eqooareto thevaiousdamicds uchmidassficationwould dosoureay
expoaurerdated hedth effectsamong thispopulaion.

BEventhoughindividud solvent vgporswerenat presant in excess of expodureditaia, it would beadvisshleto further

reduceeqposrewhae possblein order to minimizethe patentid for hedlth effedtsthet may bedueto additivear
smagdicdfedsdf themixiures
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VIII.

RECOMMENDATIONS

Inview o thefindingsof theinveigetion, thefdlowing recommencetions aremedeto further reduce the patentid for
hedlth efedts therdy aedting asster and hedthier work evironmant for theamployess

1

2

Wheeposshle auiditutethe paintsthet contain HDI with paintsthet arefreedf dl isocyanetes

A regairatary protedtion program nesdisto beimplemented for thepaintas: Theddalsof thisprogram canbe
foundin theendossd NIOSH pubication, Guideto Indudrid Respiretary Pratection, DHHS (NIOSH)
pubdication number 87-116. The hdlf-faceregairatorsissuied to the processorswill reducetheir expoaureto
thesdlvats However, they will nat pratect theemployessfrom arbomeisocyanates NIOSH'spostionon
contralling reairetary expoauresto isocyanete-contaning pantsisthet theladk of waming propartiesof
isocyanetesdiminetes NIOSH goprovd for ar-punfying rearatars: Theprodemof sanstization of persons
expossd to vary low concentrations of isocyanetes didaes use of the bet avallablereairatory pratedtion.
NIOSH recommendsthet positive pressure pplied ar reairatorsbe used for reairatory protedtion eagaing
isooyanete-contaning panis?

A condant supdly of freshar to theintarior of the vehideswill reduiceisocyaneteand solvert eqposures: Inour
|etter of October 6, 1987, to the compearny, werecommended thet partable ventilation be used to provide
freshar intothevehidesby usng alargehose o flexbledudt work atached toafan. Sncethdt imethe
company hespurdnesed partablefansthet can be mounted on thetop menhdeetrance of thevehideto
provicefreshar inothevehide Inadditiontothis moreganad ventilaion inthe paint processing areawill
futher dluesovent vgoar concantraions

During toud+up painting, govesimpaviousto the peintsand salvertswill hdp to prevant skin contact thereby
avodngapossbledamd routeof exposreand kinpradems

Employessshauld be prohilited from esting, drinking, or smoking inthe Andl Processng and the Sl Parts
aes

Rumonary fundion tesing can be ussful inthediagnogsof wark rdated oooupetiond regairatary diseese
Basdine pumonary fundion testing should be conducted befare any expoaurecooursand prefarddly dter a
minmumof 3 daysaway fromwork (such s fter a3 day weskad) Appropriatetesingwouldindudethe
messuremant of FEV 1, FVC, and the FEV 1/FV C ratio, and should be conducted in accordence with
Amaican Thoradic Sodety Recommendaions?

Preand pogt dhift pumonary fundion tests said pesk flo messuremants and delemingtion of oedific IgG
and IgE antibodiesto theisocyanetes can d o beuseful todisintheevaugtion of individuals sugpected of
having cooypetiond ashmaduetoisocyaretes
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Tadel
ChemicdsContaned inthe Pantsused a BMY Corporation
BMY Corporation
Yok, Rars/ivana
HHE 87-367, September 15, 1987
Sudance CASNo.
tduae 108-88-3
xylae 1330-20-7
methyl acdtete 79-209
methyl eyl ketore 78-93-3
methyl isobuyl ketone 108-10-1
mehyl isoamyl ketone 110-12-3
nHoutand 71-36-3
eyl odlosave 110-80-5
ehyl cdlosdlveaodate 111-159
butyl cellosdlve 111-76-2
1,1, 1-trichloroethene 71-55-6
amae 98-82-8
noutyl acdate 123-86-4
diaogtonedooha 123-42-2
ddhylenetriamine 111-40-0
hexamehylenedisocyarete 822-06-0
gadoohydin 106-89-8
44isopropylidinedphed 80-05-7
2dmethylaminoehand 108-01-0
anyl dood 71-41-0
payamiceresn
€Poxy resin
A4isoprapylidnediphend gadiarahydrinresn
titenium diaxide
oot
cobdt titenete
dromeaxide
trivdent drame (weter )
tivdet dyame(insd)
dlica
tdc

edada pgrats
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Simmary of NIOSH RELsfar Organic Saveniswith Caresponding

OHA PELsand ACGIHTLVs
Compound NIOSH REL mgihr? OSHA PH. ad ACGIHTLV inmgi8
Tduae 3758 TWA 35 TWA
70 caling (10min) 560 STEL
Xylee 434 10-hr TWA 435TWA
868 aaling (10 min) 655 STEL
Cumere None 245 TWA (kin)
1,1 1-Trichiorogthere 1910adling (15min) 1900 TWA
2450 STEL
p-Diaxane 36adling (30min) O TWA (&in)
nHexae 308 TWA 180TWA
1800 caling (15min)
Methyl Ethyl Ketone 59010hr TWA 590 TWA
885 STEL
Methyl 1sobutyl Ketone 20010-hr TWA 206TWA
300STEL
Methyi 1soamyl Ketone 23010hr TWA 2A0TWA
Methyl Amyi Ketore 465 10-hr TWA 235 TWA
445 STEL
HexamahyleeDiisoicyanste 003510+ TWA 0035 TWA
Bhyenadamire None 5TWA
Dighylerdtriamine None 4TWA

REL_s=Recommended ExpoaLreLimits skin) = Potentid ExposLreby thecutaneousraute TLVs=Threshdd Limit Vaues mgi? =
milligansper albicmele of ar FELs=RamissbhleBExpoareLimits  8+r TWA =8 hour imewdaghted average STEL. = Shat Tem
ExpoareLimit (ACGIH)
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Tite

Tegpal

Tgpa 2

Tgpa 3

Processor 1

Processor 2

Procesor 3

Processxr 4

Processor 5

Processr 6

Processor 7

Spe
No.

C3
C6

C-19
C-20

C22
c21

C-16
C17

Time

(Mnies Tduee Xylae Cumae

480

2

g

411

428

251

TABLE3

Parsondl Breething Zone Solvart ExposLresin mgfin?

12

09

08

187

15

133

6.8

24

30

296

BMY Corpordion
Yok, Fars/ivaia
HETA 87-367
October 27, 1987

08

0.7

06

79

5.2

55

32

14

13

127

ND

ND

ND

01

04

0.2

01

ND

ND

ND

continued

111-Trichioro
ghane

38

35

13

132

93

263

02

398

635

21

p-Dioxare nHeae

ND

ND

ND

01

0.2

05

01

0.7

13

17

01

01

ND

02

01

ND

02

09

08

08

nBuiyl
Acdae

09

0.7

0.7

121

13

74

38

18

20

2.6
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TABLE 3(cort)
Parsondl Bresthing Zone Salvert Exposureinmgin®
BMY Camporaion
Yak, Farsjivana
HETA 87-367
October 27, 1987
Job Sage Time 111-Trichore nBuiyl
Title No. (mnues Tduee Xylee CQumae dhae pDioxare nHe@ae Acdde
Pocessr7 C-38 148 470 211 ND 378 07 40 6.7
C37
Procesr8  C-18 456 400 200 ND 617 13 19 520
C-15
Pocessr9 C-31 229 151 58 ND 300 04 02 48
C32
Pocessr9 C-36 145 119 53 ND 3H5 0.7 22 86
C-35
Processr 10 C-30 A7 16 11 ND 5.1 10 06 14
C-24
Processr 11 C-27 410 54 24 ND 879 14 11 36
Pocessr12 C-25 400 377 151 02 99 ND 03 239

Mog of the patidpantsworetwo sampling trainsin cese thelaboratary wes unebleto andlyzedl therepuested solvaison onesample
Sncethelaboratory waesableto andyzefor tduane xylene cumeng, 1,1,1-trichioroethene, p-diaxane, nthexane, and nHoutyl aogiateon
eech sample theaverage exposre from thetwo sampleswss claulated for eech worker.,

Expoareditaiase Tdle2

Thelimit of detedionisQ.1 .
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TABLE4
Parsord ExpoaLresto Ketonesinmg/n?
BMY Corporation, Y ork, Ransyivania HETA 87-367
October 27, 1987
Job Snpe  Tine Methyl Bhyi Methyl Isohoutyl Methyl Isoamyi Metyl Amyi
Title No. (minutes Ketone Ketone Ketone Ketone
Toperl A-1 480 438 43 17 45
Tper 2 A-2 480 33 25 14 20
Tepar 3 A-3 480 30 25 22 33
Processor 1 A-8 463 529 194 09 205
Processor 2 A-6 457 39 11 26 130
Processor 3 A-5 45 3.2 31 04 35
Processor 4 A-4 439 90 14 0.7 13
Processor 5 A-12 441 6.2 08 6.1 08
Processor 6 A-14 428 86 06 22 06
Processor 7 A-13 21 100.0 94 6.0 89
Processor 7 A-10 148 1699 304 108 297
Processor 8 A-7 45 5.2 188 75 237
Processor 9 A-17 229 252 50 82 27
Processor 9 A9 145 412 93 58 120
Processor 10 A-15 A7 49 0.7 37 0.7
Processor 11 A-16 410 175 06 50 0.7
Processor 12 A-19 400 66.0 2712 08 2938

Bxoareaitaiase Tele2
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Table5
Addtive EfeatsCdauaionfor an8Hour TWA
Expoareto Pant Sdvents BMY Corparation, Y ark, Pansyivania
HHE 87-367, October 27, 1987

JbTitle AddtiveEfedsVdue
Tgoerl 04
Tgoer 2 039
Tgpa 3 036
Procesor 1 355
Proocesor 2 100
Processor 3 136
Processor 4 062
Processr 5 .04
Processor 6 084
Procesor 7 538
Processor 8 486
Processor 9 243
Processor 10 052
Procesor 11 125
Procesor 12 330

The ACGIH hesetedished guicHinesfar equoauresto mixtures of hezardous abdanceswhich reait in adverse dffedt to theeqpossd workes: For subsianoesswith addiive dffedstheam of the
fdloning fradionsshoud nat exceed ane

CUT1+C2T2+C3T3+..Cn/Tn=<1
C=amoghaicaonaatration T = camespording threshdld limit velue

If thesum of thefradion excess ang, then thethreshdd limit of themixturehould be consickred esbeing excesded
TWA =timeweghted avaage
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TABLE6
DEMOGRAPHICSWORK PRACTICES
BMY Corporation
Yak, Farsjivana
HHE 87-367
October 27, 1987
Processors Non-Processors pvale

Number 49 23
Age(meen) 36 30 8g+*
Yeas
Empoymant (mem) 54yeas 36yeas Or*
Smokes 20(41%) 7(30%) 36+
Brugh Epoxy 46 (94%) 8(35%) .000*
Brushing Epoxy
(meen hourswesk) 25 3 002x*
Soray Epoxy 27 (55%) 9(3%0) 20%
Sraying Epaxy
(mean hourswesk) 17 27 18 *
Brush Rdyurethere 41 (84%) 8(35%) 000
Brusing Ryurahene
(meen hourswek) 21 3 005+*
Sray Royuehene 24.(4%0) 8(3%) 25
Sraying Rdyurdhene
(mean hourswesk) 20 30 18 *
* - chi-uare

** _pooled tHed
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TABLE7
Symptomsduring pest month a work: Processors vis nonHarcoessors
BMY Carporation
Yok, Fargjivaia
HHE 87-367
October 27,1987

#ad (%) anog #and%among

Symptom 49 Processors 23 Non-Processors pvdue
Heedeche 36 (73%) 14 (61%) 42
Sore Throet 30 (61%) 17 (74%) 43
ExoessFatigue 27 (55%) 11 (48%) 74
DizznessLightheedd 24.(4%) 10 (43%0) 85
Waeay Eyes 16 (33%0) 10(43%) 53
Shotnessof bregth 15 (30%0) 8(34%) 3
Coughing Sodls 14.(29%) 11 (48%) 18
Sinraghnitation 13 (26%0) 8(35%0) 65
Snuspan 13 (26%0) 10(44%) 24
Nausa 11 (22%0) 7(30%) .66
Fardesany.

Merduel dsorders 5 (55%) 1(33%) 50
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TABLES8
Mean Symptom Soores Adjugted for Gandler:
BMY Corporation
Yak, Farsfvana
HHE 87-367
October 27, 1987
Processors Non-Processors pvee

Numbe 49 23
Memary @ 12 17 15
Gl ° 0.7 08 58
Aloohd-rdated? 14 15 56
Neuraghenief 16 18 46
Cogritive? 11 15 A7
Sin 13 16 31
Chet 9 09 13 12
Paipherd
Nevous Sydent 05 09 09
Heedeche 16 19 59

* rdledsamen o a leegt " alitle” for eech symptominthesmptom complex

** Heher'sexadt

Neurabdhaviard Quesiomare Symptom Groupings

a Trouderemambaing, rddivesnaticenat remambaing things haveto mekenates
b. Lossaf gpetite waight loss diarhes, indigestion, neuses, aramps and condlipetion.
C. Troudediving hame, decressed tderanceto dadnd, "hight' fromdhemicdls

d. Tired, week, dgaressd, imitele, dizzy, troudledegaing, troudefdling adesp.

e Troudle concantrating, confusad

f. Shart of bresth, cough, chest pain, heart pelpitations incressed pergpiration

g Dexressad am srength, decressad leg trangth, numb fingars numb toes incoardingtion.
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Gestrointestirel

Aloohd Symptons
NeLrasthenic Symptams
Cogritive Symptos

Raiphad Navous

Hesdadhe

Provessrs
18(37%)
6(12%)
16(33%)
18(37%)
18(37%)
16(33%)

6(12%)

1(2%)

37 (76%)

TABLE9
Mean Symptoms Soores Gredter Then2*
BMY Corporation
Yok, Farsivaia
HHE 87-367
October 27, 1987
Non-Processors pvdue
9(43%) 62
1(4%) 29
6(27%) 57
9(3%0) 84
9(3%0) 84
10(43%) 37
6(23%) 14
5(21%) O1**

13(57%) 10



