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. SUMMARY

OnNovamber 6, 1986, the Nationd Inditutefor Oooupetiondl Sefety and Hedlth (NIOSH) wasrequested by the
ACMI Company, Norwalk, Ohio, to evaluete an autiresk of dametiis A NIOSH team condudted astevigt on
Deoamber 3, 1986. NIOSH invedigatarsexamined ssven out of eight employessengagad inthis processand
andysed theworking procedlres

Fromareview of company records it was conduded thet the dematitis outioresk wias restricted to the aress of
light-camier assambly, where5 of 8 eanployesshed reported askinraghin 1986. Theouttreek Sarted dfter a
dhengein produdtion; fibermetswerergalaoed by Sngegaticd fibers and soon theresiter produdionwias
increesad. Cases ooourred bath beforeand efter the sedlant, L odtite 640, was chenged to

Epo-Tec377.

Toassamhblethelight camiers thefibersarewetted with isopropyl doohd and theworkpieceis mede watarproot
usngasedat. No pratedive messreswereteken to prevernt aoddentd skincontact tothe sedlant. Ervironmentd
and persord hygeneweareinaffidat. Conssquantly, the skinwias continuoudy contamineted with the sedlart
(Lodtite640 or later Epo-Tec 377) toaminor or mgor degyree

Atthetimed thesurvey, two o the cases showed skin conditionstypicd for resalving danretitis Tdgohone
intervienswith theworkers physiaans documented onecasedf sansitization to L odtite 640, and theather to
Epo-Tec 377. Al afected employess showed completerecovaery when on sk leave or trandfared to other aress
of produdion.

Based onthesereaits the NIOSH investigators cond uded thet denmétitiswias caused by expoaLreto isopropyl
doohd and sedants ether theaarylic resin, Lodtite 640, or the gpaxy resin, Epo-Tec 377.

Only if skincontact isreduced to aminimum, can devdgoment of further damtitisbe prevented when suchinitart
addlegmicresnsareused. Thismekesit necessary to redesign theassambdly proceduresand toimplemant it
evironmatd conrdsand pasord hygene

Keywords SC 3841 (Manufacturing, Medical Eouipment), aonylic resin, epaxy resin, isopropyl dooha,
dametitis opticd fibars
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II. INTRODUCTION

OnNovamber 6, 1986, the Nationd Ingtitutefor Oocupetiond Safety and Hedlth (NIOSH) recaived arequest
fromthe ACMI Compeny, Nowalk, Ohio, toinvestigate an outtresk of dametitisamong essamblasof
oydosopes Therenuest wissinitiated by thelndudrid Commissonadf Ohio, Divisonof Sdely and Hygene The
repuester asked NIO3H toidentify thecausss of denmitisin light canier sssamiders

On Deoamber 3, 1986, NIOSH vigted the plant, evaluted thework process and examined theskinof the
asmles

1. BACKGROUND

The ACMI Compeny producesrigid and flexible cystosoopes and ureterosoopestha areused by physdansdl

ove theworld

Orehundred twerty produdion and meintenencewarkersareemployed. Theprodudionisarganized intofive
or shopsof about 20warkasesch. Mod of the demnatitis cases repartedly ooourred among light camier

asambles(Hedricd Assambly Depatmen).

Theprocesshesbean located inthisareadf thelant sncethebegiming of 1984. A oflindricd tubeisfird

wrgpped infiberoptic gassfibasand theninsarted into awider one. The space between thetwo tubesisseded to
mekeit wataprodf &t bothends Additionelly, & theviewingend of thelight camer some partsaresreved onand
tightened uLsng thesameresin. Rior to May 1986, thedlassfibarswere purdiesad in preformed shedts with the
fibershonded together by an gpoxy resin; these preformed shetswierewrgpoped around theinner oylindricd tubein
thefird degedf assambly.

Begmingin May 1986, anew tedmiqueweas gradLelly inroduoed into thelight caner assambly gpardion. The
company improved thelight transmisson by rgdadng thefiber metswith Sngle, unbound fibars: Thesesnglefibars
aretamporaily bound together by wetting withisopropyl doohadl inthefird degesdf assambly. Gredler dedaity is
damanded. 1nJuly 1986, produdtionincreesed. Consequantly, ovartimewasfrequant, and workars oart
conddaaly maoretimeesch dey assambling thelight camers: In Sgatember 1986, theaneardiic aorylic ssdant
(Lodtite 640), whichwias used to sedl bath ends of thelight carmier, was replaoed by an gpoxy resin (Epo-Tec 377).
Thischangeinduded economic and tednicd bendiitsand the company hesno gansto reum totheaarylic sseant.

Four women havewarked inthisdepartment Sncethe beginning of produdionin1984. InApil, Uy,
Septamber, and Novamber 1986, four nev womenweretrained inthisoparation. Inthe period betwean May
and October 1986, two of the arigind four warkersand three of thefour new aperatorsreparted of bligersonthe
hendsand disoontinued thiskind of assambly work.

IV. EVALUATION DESGN AND METHODS
Mehodsand Maeids

ThreeNIOSH phyddans onedf whomisadamaadogd, conducted asrvey & the plant on Decaber 3, 1986.
Informetion was abtained concaming plant processss and metaidsusad. Thewarking condiions, cutaneous
expoares and produdion methodsinthelight assambly areawerediredtly aosarved. OSHA logsfar thelat 5
yearsand hedth recordsfrom the compeny nursefar 1986 werereviewed, for casssof damditis

All light camier sssamblesand ather eanployesswith skin prademson thefingarsor hendswereintevienved, and
thar handsweareexaminad Theintaview condgted of quesions concaming work hidary, symptoms, onset of
s/mptoms and madicd tresmatt.



V. EVALUATION CRITERA

A

Contet damditis

Inganard temstoxic damicascan causedaritisby two differert medheniss 1) imitation, and 2) dlegic
srgtizaion

D

2

B.

Imtationof the skin can bethe conssouenceof mednanicd traumg, aarasion, or taxic demicd dteraionsof
thevaiouslayasdf theskinauface For example, contact with solvents deyressestheskin, causingit to
becomesdry and cadked. Lyesoitenstheskin and addsmay causereedionssmilar tobums: Al these
dteraionsreducethenaturd protedtive capetillities of the skinand may fadlitete the pendiration of any taxic
aibdanoess Thelonger andlor themarethe skinisexposed toinitating conditionsthe gredter isthelikdihood
for thedevdopment of damdiis: Limiting contaat with toxic substanoes prevantsfurther devd opment of
imitant demmetitis dthoughit mey tekealang paiod of timeuntil it compledy resdlves

Sstizdiondf theskin canbe caussd by agrest vaidy of sdances Theahlity toinducedlegy vaiesfrom
ubdanceto sbdance (eg. itishighfar poisonivy or gpaxy resnandlow far doohds). Themedheniam
invavedisanimmundogicd regoonse, nat animitant effect. Inmost droumgiances anehesto repestedy
comeinto contact with asubgtanceto becomedlagic. Expoauresat highar conoantrations mey increesethe
risk of developing contect dlagies

Thesusogaibility to devdgp dlegy vaiesfrom pasonto parson. A parson, nat affaing fromdlagic
contact damdtitiseven ter alonglading continuous exposre mey dill becomedlagica somelaer time
Thereisno sremethod to predia whowill become sangtized

Onceapason hesbeoome sansitized to acartain SUbdiance, expoauresto even minimd amountsmay cause
vaedlagcredions Vay diten adereasein exposredoesnat prevant repested atacks Thedleganic
ibdanceshaveto bediminged from theenvironmant or thedlergicindividudl hesto betrandared to anather
evronmat
Often initant chemicalsdestroy the pratedive idd of the outer skinlayarsand mekesthem mare
pameddeto dlagenic Lbdances Contat dlergy may become upaimposad onanimitant kin
dsorder(25)
Inthefdloning, thedamd taxiaty of themod importent used dhremicdsare disoussat
Soadfic subdances
1 Isopropyl dodhd
|soprapyl doohdl isafrepuently used soivert. It moderatdy imitatesand diiesthesking Allegic
sstivity isvay rae Smilar todhyl daohd thet iscontained indoohdlic beverages it can dfet the
oard revoussygem(1,2) Inthear itspamissble eqpoaurelinitis400ppom (B)myfin.
2. Lodite640

Areadic anylic seanisareliouid achesvesthet herden bewean mad partsintheabsancedf ar.
Thefuly paymeaized produt isnat taxic but the arigind compoundsmay haveinitart and dlergenic
patentid.(24,5) Insomedroumdances during processing on mechines swarf of thehardened resiniis
proouced and may dso cauebath dlegic ar imitart skinreedions(6) Only incompleteinfammetionis
avalableon posshletoxiodogicd efedsof thechemicasgpedfied ontheMataid Sy DataShet
(MSDS) for Lodite640. Smilar compoundsaf methearyidtesor dmethearylateshavee been desribed
tocaredlagcdamditis(25) They aemildimtanistoeyeand kin Aaylicaddsareimitating




Svarecomed bumshave bean reparted dter acuie exposreto mathearylicaod. Aaylicaod hes
a0 proved to beembryatoxic and teratoganic inrats(6)

Epaxy resns

Epoaxy Tedhndagy Incorporated, the manufadiurer of BEPO-Tec 377, consdarsthe compostion of it
thisprocuct esatradessaret. A genard destriptionwill begven of thetaxiodlagicd propattiesof
GoOxy reans

Epoxy resn sysams induding BPO-Tec 377, congg of two parts- aresn and ahardener - which
mugt bemixed immediady priar to gpplication, if curecooursa roomtamparatiure: Thegooxy resnis
dheradaizad by adhemicaly reedtive configuration of an axygen aiom and two calbon etoms the o
cdled gpoxy graup. Over A% of thegpaxy resnsaremede by the reection between gaicilarahydin
andbigohend A. By conirdlling theratio of gacdhlarahydinto bigohend A, menufadiurescandatan
resmswithvaiousmdeouar waghts Thevisoosty of theseresnsinresseswith theinoreesein
mdecda waght. Many resnsdf thistypearesdudein esch ather, and avaidy of combingionscan
beddtained(2) Many ather dhamicdshaving an gpoxide group are producsd and used asgpoxy
resns(256,7) Pdymeization and the aregtion of atight crasslinked palymer newark areachieved
by adding curing egantsand cataysts(2) Cuing agantsindudediphetic amines amineadduds
palyamides tartiary amines arometic amines oydophetic amines adid anhydrides and athers
Madfiesor edditivesareinooporated to dhengefledhlity, visoosty, srength, cdar, and heet ad
utravide resgance Themod impartant modifiesconoaming theskin arereedive diluentsor alveants
achasgyddyl ehers

Epaxy compoundsimay adversdly affect the skin, muoous mambranes lungs cantrd nevoussystam,
andliver. Theloav-madecula-weght monogpoxides areweekly anesthelic and aresrang initants
Inhelation can cause pllimonary edemaand seoondary puimonaty infedion. Skininitationinvarying
Oayressup to necrods can result from pralonged contadt, typicaly dueto ssturated dathing. Inaddition
to pumonaty efedts induding sansttization from vadile herdena's vporsimey do causeeyeimitation
Tumarshave bean produocad inexpaimentd animdsfaloning bath cuianeous and SUboutaneous
adminigration of ssverd gpaxy compounds(6)

Dammditisfrom contact with the gpoxy resnsar thar curing agantsmay bedueto ather imitation or
dlergcsadtization. Epoxy resnshavebean doanto bedrong sandtizasto humans Themot
highy sangtizngistheresnwithamdeouar weght of 340. Cligomaswith mdeouar waghisaf mare
then Q00 wearefound to be pradically nonsarsitizing. Highimdleouar weight resnfomulaions
howeve, may dso containresnsof lower mdecular waght.

Thedipreticaminehardenasare dronginitants paticllaly becausedf their highly dkdineneture, but
mey dso cocasandly causedlegic sasitization

Epaxy damdiisusLely gopearsfirg onthehends particdaty bewean thefingars inthefinger wels
onthebedk of thehends and onthewrids: It may vary inseveity frommild eythemato amerked
bulousauption resarblingabum. SastizationisusLely assodaed with ahighly pruniticeryation
congding of finevesdesonthefingersand hends: Theeruption may oreed rgpidly to ather regions of
thebody.(257)



VI, RESULTS

A

Evaugion of work pradtioes

Themenipulaionspafomed by ligt carer essamidershaveinvalved direct skin contect with isopropyi
doohd, aneerdhic aaylic sedlant (Lodlite 640 prior to September 1986), and goaxy resin (Epo-Tec 377
Snce Sgptember 1986).

Theresnand the herdener compoundsare manuelly poured into an gpen containgr, acadentd alllsmey
OCCLE.

For assambly, the opticd fibersarewetted by pouning isopropyl doohd over thefibersand coeting them by
didng trefingersover thelength of thewied fibers: Although goveswere provided, thisproosdrewes ot
dwaysdoneusng goves becausethey decreesemenud dextaity. Snoetheoplicd fibasarenat
contamineted by piecesof 9Tl gassfibersand do nat esslly breek, they arenat likdy to poseany hezard to
thein

Thered of theassambly ismodly donewithout goves For sedling, theresinisgoplied by aotton dticks It
eadly flonsdong themed surfacesand geisinto contadt with theskin of thehend halding thework piece: At
thevieningend o thelight canier, whereadditiond 9l pieossareattached, the opticd fibersare coeted with
resninthesamefasion aswithisopropyl doohd. Theresn may dso drgp onto theteble surfaoe, o thet
findly thewhdewarkplaoe may be contamineted.

Thus thefingersand handsarein minar ar mgior contact with theresnmodt of thewark diy.
Medicd Daa

Onacompary liding of acddentsor illnesseseght cases of skinrashwerereported for 1986. Nokin
rasheswearerecorded in prior years: Basad on the case definition - reported skin resh during 1986 - we
cdouaad rdaiverisk of demmitisfor the different depatments of the company, eechin compatisontothe
reg of thecompeny warkforce (Teble 1). Theprevdenceof damdtitisweshighest (63%0) inthe H-Med
dgpatmat. All 5cassswereinthelight cary assambly group (rdaiverisk compered totheret of the
workforoe 22, 99% corfidenceintavd 958). Theskinexamingionwesdfered tothelight camer
asamies dl wareexamined exogat for oneparson onleave: Oneparsonin Quelity Contrdl, who reported
askinrahonthehendwesdso examinad. Rved thesaven light camer assamblasexamined desaribad their
sinraghesasitching and bigers thet coourred predominently onthar fingars: The person from Quelity
Conird reported only rednessand itching.

Theskinexamiretion reveded drynessof fingarsindl dght parsons but examingtionsamong unexposd
workesand ssordaid gef howed smilar findings: Intwo cassstheskin conditionwesindicative of
resdving danetitis

Thefirg cases ooourred shartly dter thedhengefram fiber metsto sngefibars (Fgure 1). Futhamorg an
incressein produdion, invaiving longer pariods of unintemupted pure assamidly, precedisd modt of the cases

Atthetimedt our invedigation, wereviened resitsof contat dlergy petch tets (induding Lodite 640 and
Epo-Tec 377), which hed been done onthreelight carmer assambly employess; by privatephysdans These
testsdocumented andlegy to Lodite 640 in one person and dlergy to aroutinetes-mix, Paaphenylene
damine inassoond Therdevanced thedlagy to PPD, whichisaften found in black ruboer, isnat deer,
Snceno dear source of expoaurecould beidentified. Thethird person reected srangly to L odlite 640, aswll
asEpo-Tec 377 but contact dlergy could nat be confirmed sncethetest conoantrations (50%0) werewdl
abovetheusd tet range, and may havebeenfdse postiveresdions (Thetwo ather casssamong light
carie assamideashavenat been teted)

Fdlowing aur invedtigetionin Januery 1987, the compenyy infammed usthet asixth parson devdlgped askin
rashand thet dlergy to Ejpo-Tec 377 was confirmed by petch teting.



VII. DISCUSSON

Todde Sx o eght light camier assamblershaveexpaiancad onsgt of kinresheswithin thepedt year. Intwo,
casssdlegy tesing uggestsor confimsan dlergy to Lodite 640 ar Epo-Tec 377. Therehavebeanfew

reported skin problemswithin ather departmentsof theplant. SinceMay 1986, assambly hesbean doneinaway
thet hes causad intense and pralanged skin contact with sedlanis: Thednengefram fibemetsto snglefibers and
increessd produdiion, coinddewith the outbresk of denmediis Bath eventshaveled to ardaiveinoressein
expoareto Lodite 640 (now replacsd by Epo-Tec 377) andisopropyl doohd. Onthebedsof thessquence of
evatsand thedhangesin the produdion prooess itisvay likdy thet the skin prablemswere caused by contadt with
resns

Bath aaylic and gpaxy resnsarepatent sastizasand haveinitant propatiesaswal. “Inthefird decededter thar
infrocudtion to the United Sites; the gpaxy resnswereregponsblefor agrest many casesof damnditis Some
fadtoriesrgported adameitisrate ashigh as 50 paroant of theexposad warkers with sanitizationin
gaoraximady 10 paroat. Asthehezardsof these substancesand ssfemethods of hendling them havebecome
better known, theinadence hes decressed, desitethefadt thet they are usad by more peoplein agreter vatidly of
waysthen ever before™(2) Thequatation rdaesto gpoxy resins but aoylic resnsposesmilar prodems

VIIl. RECOMMENDATIONS

1 Thewok processshould bere-desgned sothat no unnecessary contedt with theresinooours

2. Raedivedating, such assymihetic ruober goves shaud bewomwheneve thareisany chencefar skin
contad. Govesmededt payvinyldiaide (PVC) aeprderaile, sncelatex rubbar and many plasticgoves
arependrated by theresnsand catadyss However, even PV C can bedestroyed by cartain gpoxy
compounds Infométion onthe pratedtive proparties of govesmay beavallablefrom thesupplier.

3. Govessoudnat bewomwhen nat necessary, but they must bewom during adud contediswith theresin.
They mugt becorredtly removed. Repested usedf the contamineted gloves may leed to continuous contedt
with thetaxic compoundsingdethegloves o they should be chenged frequently.

4.  Tadegpsshoud becoverad with heavy peper, which should be dnenged frecuently.
5. Anunintarupted sy of dgpossble peper towdsmudt be provided, to deantup any acadentd sall.

6. Aadddatd sallsontheskinghoud beremoved immediady, usng awatalesskindeanar. Thentheskin
should bewashed with sogp and waer.

7.  Apevativesincarepraogram shoud beimpdeamanted. Befarethewark dhift and evary timedter deaning
theskin, theskin should bemaidaized. A moiderizer should be provided by the compeny and pleoad inthe
hendwasharea
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Figure 1: Duration of Employment, Changes in Production, and Onset of
Skin rash_in Eight Light-Carrier Assemblers since Start of
Production, January 1984.
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