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LUMMARY

OnNovamber 13, 1935, theNationd Inditutefor Oocupetiond Seety and Hedlth (NIOSH) recaved areouest
fromthe Grgphicsand Communication Inlemetiondl Union (GCIU) to evduete hedlth prodems possiily rdated to
expoauresto vatsa Gray Rinting Company in Fodarig Ohio. Evironmantd and medicd evdugtiosweare
conducted on March 18-19, 1986.

Sheat-fed press operator doohal exposLresranged from 247 to 501 mgfi?, and averaged 407 mg/ne? (Sandard
deviation () + 89) over wowarkdays Theppersondl breething zone ngphihaconoentrationsranged from lessthen
008 Mg/ 10 89 mg/n® and averaged 4.2 mgfi? (sd + 32). Thesereslitsarewdl below theexposurelimits
recommended by NIOSH (980 mg/n? far isopropandl and 350 mg/n? for ngphthes).

Theweb-fed pressoparator ngphthaexposUresranged fromlessthen 0.08 mg/n? to 7.7 mg/n and averaged 2.2
mgi? (sd + 1.2) mg/in for two shifts. Theseworkerswere do exposed to low conoantrations of isoprapanal
(<100mg? assan8-hr TWA).

Thehighest shart-tamisopropandl exposLrewas 726 mgin®. Thelowest shart-term aritarion for isopropyl
doohd (Amaican Conferanced Govammeantd Indudtrid Hygienids (ACGIH) Threshdd Limit Veue-
Sot-Tam ExposureLimit (TLV-STEL)) is 1225 mg/in?. Shart-term exposuresto blanket and rdller deening
svatwaelow, gangrdly <10 mgfin?. Onemessured exposurewasnear 40 mgn®. TheNIOSH shart-tem
recommended exposurelinit (REL) for these salvertsis 1800 g/,

A quesioarewasadminderad to 8% of curent employessto assessthe prevdence of neratoxic and ather
medicd symptoms patentialy essodated with expoauresto arganic alvents Fnd andyseswerelimited tomdles
wokingon Shiftsland2 Thaewasahigher prevdencedf eech of 37 symptams with theexogation of
heedeche, among the 36 men ampoyed in prining gperationsthen anong the 16 men erdoyed inthebindary,
wheretharewasno dirett exposreto salvents: Thesedfferenceswearedatidicaly sgnificant for symptomsrdated
to oatrd navous sysem depression, difficuity concentrating, dizziness cough, chest pain, and dry kin

Although ontheday of theNIOSH survey, ar concantraions of ngphthes and isoprapyl daohd werewdl bdow
the OSHA and NIOH evdudion aritaia, NIOSH invedtigatorsdocumented an increesed prevdence of
naeuratoxic, resairatary, and skin prodemsamong workersamployed in printing gperations which useavaidly of
agenicovats Recommeandaionsto minmizewarker expoaureto sovertsareprovided in Ssdion VI of this
report.

KEYWORDS SC 2732 (comnmedd printing, lithograohic), salvents ngphihes doohds neuratoxic symptoms
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INTRODUCTION

OnNovambe 13, 1935, theNationd Inditutefor Oocupetiond Seety and Hedth (NIOSH) recaved areouest
fromthe Grigohicsand Communicaionsiniemetiondl Union (GCIU) & the Gray Rinting Comperyy, Fostarig, Ohio
to evauate potentid exposLresto solventsusad in offset printing processes and to deeminewhether hedith
pralemsreparted anong warkersa the plant could berdated to theseexposres: Neurataxic efedsof solvernts
usd & the plant werethe primery concams

A survey to adlledt evironmentd and medical detawas conducted on March 18-19, 1986. Theevironmania
invedigetars colleted persond ar samdlesover two warkshifts to messUre exposureto isopropyl doohd and
demningivats Themedicd investigatorsissuad asdf-admindered quesionaretowarkeson dl warkdhiftsto
adlet demogrgohic, wark higtary, medicd higary, and symptominfarmmetion.

BACKGROUND

TheGray Rining Company began oparationin 1883, At thetimedf thisevalugtion, produdioninduded 30
monthly megazinesplusvaiouscommedd catdogsand brodures Thetatd plant employment wes 186

workes Thisplant producesprinted meternid usng phatographic typesetting, and sheet-fed and rdll-fed (Web-fed)
offst lithagrgphic printing processes

Thebessd trelithogrgpohic processisthednamicd trestment of aprining plateto mekeit sdedively

watar-repdlent (ink-reogptive) and weate-reoeptive (ink-repdlant). Thisreguiresdampening aswl asinking
s/demsonlithoggohicpressss Theshed-fed pressesa the Gray plant usad the Danlgren dampening sysem. This
s/demusssamixtured 10-15%isopropyl dooha withwater. Thefountain solution for thewebfed presseswasa
mixturedf agyad withweter (1-3 cuncespa gdlondf wale).

Thepimary usedf sdvat inthe pressooms ather then isopropyl doohdl, wasfar weshing printing plates
o/lindas barkes and sreans Quditaivedhamicd andysesreved ed thet the solvent (blanket and rdller weeh)
usd a thetimedof thisevdugtion wes predominently aCy-C,, ngphthamixture (RT-41064 Solvent). It contaneda
grdl anount of tduene. A olvent usad for the same purposg, far gapraximatdy seven yearspriar to May 1986
(3304A Salvart), contained 1026 2-ethaxyethendl. For ashort time period (about two weeks) 3304C solveart,
which contained 10% prapyleneglyad monomethyl ether, wasusad. Therewaremany additivesand goedid use
sventshare modtly usadingmdl amounts: Thefreguency of usewesvaidde

Produdion areavertilation was provided by severd rooftop units (GE, Y CG-A saies gesdedtric), withvarying
cgpaditiesfor heding and codling. Manudly adjusted dampers on esch unit were st to provide gopraxinmetdy 2006
freshartopataess Theonly locd exhaug provided wesfor the diiersfor web-fed printed metarid. Therewasa
wdl-mounted exhaudt fan (gpprox. 4 damete) of unknown capeaity inthewebfed pressink doregearea

EVALUATION DESGN AND METHODS
A.  BEnviromatd

Worker expoauresto the organic solvents and isopropend usad inthe printing gperaionswere mesaLred
usng dandard ar sampling tedniques Full-dhift parsond bregthing zoneand areadr sampleswereadllected
by dranvingaknoanvdumed ar through glass tubes containing adtiveted coconut shell cheracel (150 mg),
wsng bettery-powered samding pumps a anomird flow rate of S0 milliliterspar minute (mi/min) for the
arganic Dvat samdesand 20 m/iminfor theisoprapend samdles: For parsond samdlesthe pumpwies
atached to thewarker'sbdt and the dharcod tubewasdipped tothe cdllar or lgpd intheworke'shregthing
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zore Thesamesampling goparatuswas usad to colledt Short-term parsondl samples (Up to 60 minutes
duraion), but & aflon~ratedt 200mlimin. It should benoted thet thefull-shift samplefar isopropend wes it
intotwo sampling paricdsdueto sampledr vdumelimitaions of themethod.

Higher flon-rete (200 mi/min) areadr samples (five) and bulk liquid meterid ssmples (eght) wereadledtad to
beusad for quelitativear contaminant and Solvert draratarization. Thedharood tubeswere desorbed with
cabondalfide(CS)) adinitidly soresned by gesdrometography (GC) and flamerionization detedtion
(AD). Rationsof eech of thebulk liquid ssmplesweare dther mixed or extracted with CS, and screened by
GCHD. Rgressaivesampeswearethen andyzed by GC-mess gpedramelry toidentify components
(30meer DB-1 fusad dlicacallary cdunnfor dl andlyses).

Thequditativeandyses shoved thet the condituents of thebulk liquid and ar ssmplesweare mixtures of
dipheticand arometic hydrocabons diffeing inballing pant range: Thearometic contert wesgenaraly sl
Commonmixtiureswere Cy-C,, diphetics C,-Cyq diphatics and C,,-C, dipreticsintheliquid buiks ad
CyCp dipreicsinthear buk ssmpes Minor pesksonthedromalograrswareidantified as

1,1 1-ricoroghaneand tduene. Oreliquid bulk ssmplewas markedly different fromtherest. Itwesan
essiidly equd mixtureof eyl aodateand 2-haxyethyl aodate Thiswesasolvert baing ussd duing the
teardon mantenence df the4-unit Gossweb-fed press

Foty-threear ssampleswerequantitatively andlyzed far the Cy-C,, ngohtheumixture (quentitated astoted
hydrocabons), 1,1, 1-riciioroathene, and tduareidentified by thequelitativeandyses Thedharood tubes
weredvided into front and back sedtionsand andlyzed by GC acoording to NIOSH Method 15012 The
sampleswerefird desorbed with 1 ml CS,, thenardlyzed by GGHD. Thelimit of detedion (LOD) for this
mixturewas 003 my'sample, and thelimit of quentitation (LOQ) wes 006 mg/sarple

Thinty-four ssmplesweare quentitatively andlyzed for isgoropend. Thesesamplesweredivided intofront and
back sadtionsand andlyzed by GC aooording to NIOSH Method 1400 Thesampleswerefir desorbed
with 1 ml of CS, containing 1 miadiiter/ml of tdueneasanintemd gandard and 1% sscbutand asanadin
desoption. Thesampleswerethen andyzed by GC-HD. TheLOD far thismixturewas 003 my/sample
and theLOQwas 009 my'sarple

Rersond expoauresfor thefull work shift weremonitored, aswell asshort-tam (task dependart)

expoares All wakesinthe pressaresswearemonitored over twowark shifts Overhaul maintenencewes
bang pafamed ononed theweb-fed presses. Othawisg, dl pressaresswere gparainginanomd
fahion

B. Medcd/Epdamidagc

A brief Hf-adminigered quedionnairewas provided toworkesondl three dhiftsto asoataininformétion
regarding demogrgohics jab and medicd higtory, and symptoms patertidly rdated to expoaureto organic
lvats Upon compleion, thequetionnairewasreviewed with eech partidpant by aNIOSH investigeior.
Thesymptom quedionraireisamodification of the'" Sivedish 16" neuratoxic quesionreire? and hesoeen used
inanumber of ather dudiesof theeffedtsof solvants® Each of the 37 symptoms wias soored on a4-point
de "nata dl” (soore=0), "alittle’ (soore=2), "modarady’” (soore=3), and "quiteahit”’ (soore=4). The
werecombinad into eight symptom dudars; besad largdy on previousfadtor andlyses® and bidagic
plaushility. Thedugtarsrdated to symptoms of dfedive didinoences mamary loss reairetary symptoms
somatic complaints kin pradlams penpherd mator and sensary prodlams and symptoms of centrd nevous
gydem dgresson. Heedachewas conddared sgparatdy. Each duder sooreranged from Oto 4 (averege
sorefar eechsymptominthedude). Such soaresreflect bath frequency and intensity of thesymptoms
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Because neurataxic symptoms ooour primetily esaresponseto acute or reoant exposureto olverts
workerswearedassfied onthebessof dgpartmeant inwhich they warecurrently employed. Four such
Ogpatmantswereidantifiedt printing (offst press), bindary, dffice and"athe™ (induded att, copy
preparation, camerg, negetive dripping, plating, composing and maintenence). Becausedf thedifferancesin
thedemogrgohicsand job daredaridicsof dficewarkersand themixed neture of the personnd and potentid
expoaresamnong thewarkasdassfied in"atha™ departiments modt of theandlysesof therdaionghip of
olvert expoareand the cocurrence of symptoms comparetheresults of the solvent-exposad printersand the
unexposad hinders: Satisticd andysesweare pafamed using SPSSPC? Thegympiom sooreswere
andyzed usng bath perametric (essuming namnd didribution of deta) and nonHperametric datidical
procedures: Ardlyssof covariancewas usad to edjudt far theinfluence df patentid confounders(ege,
education, smoking satus caffeneand dooha consumption).

Rersonsweare et to exdusion from detaandlysisif they hed waorked with neurataxicanis prior to
empoymant a Gray Rinting, if they partiapeted in ahaay inwhich exposureto neurataxic Lbdanceswes
prabetle, or if they hed ahidory of amedicd condition or took medicationswhich could causesymptams
sSmilar tothoseunder invedigaion

V. EVALUATION CRITERIA

Asaguidetotheevauetion of the hezards posed by workplaoe exposures NIOSH fidd &t engloy
environmantd evdugtion aitaiafor asssssmat of anumber of demicd and physcd egats Theeaitaiaae
intended to uggest levdsaf exposLretowhich mogt workersmay beexposed up to 10 hoursper day, 40 hours
pear wesk far awarking lifeimewithout expaiendng advasehedth dfeds  Itis however, important to notethet nat
dl workerswill be pratected from advierse hedlth effedtsif thar expoauresare mainiained bdow theselevds A sl
paromntage may expaianceadvaerse hedth effedsbecause df individud susogptibllity, apre-exiding medica
condition, andlor ahyparsasitivity (dlegy).

Inaddition, some hezardous SUbstances may adt in combainetion with ather workplace expoaures thegenerd
evironmat, o with medications ar parsond hehitsof theworker to produce hedlth efedsevenif the
oooypdtiond expoaresare contrdled & thelevd st by theevdugtion aitaion. Thesecombinad effedtsareoften
not conddared intheevdudion aitaia. Also, some subgtanoes are aosorbed by direct contact with the skinand
muoos mamranes and thus patartialy increesetheovardl equoare FHrdly, evdugtion aitaiamay dengeover
theyearsasnew information onthetoxic effetsdf an apant becomeavalade

Thepimary sourcesdf evironmentd evdution aitaiafor thewarkplaceare: 1) NIOSH GritaiaDocumeantsand
recommianded expoaurelimits (REL'S), 2) the Amaican Canfarence of Govanmeantd IndLgtrid Hygiensts
(ACGIH) Threshdld Limit Vaues(TLV'9), and 3) the U.S Departmernt of Labor (OSHA) oooupetiond hedlth
dandards Often, the NIOSH recommenddionsand ACGIH TLV 'sarelower then the coresponding OSHA
dandards Both NIOSH REL 'sand ACGIH TLV'susLdly arebessd on morerecant informdion then arethe
OHA dandards The OSHA pamisshleeqpoaurelimits (FEL'S dso may bereguired to tekeinto acoount the
feeghility of contrdling exposuresin vaiousindLgrieswharethe agarts are usad, the NIOSH-recommaded
dandards by contradt, arebesed primarily on conoamsrdaing to the prevention of oooupetiond disesse In
evaugting theexpoaurelevdsand therecommencitionsfar reduiding theselevdsfound in thisrepart, it shoud be
noted thet indudry islegally reouired to medt thoselevdlsgpadified by an OSHA dandard,

A timewedghted average (TWA) exposurerdasto theavarage arbome conoantration of asubdtanceduing a
nommd 8- to 10-hour warkday. Some subgtanoes have recommended shart-term expoaurelimits or aalling vaues
whichaeinteded to Lpdamant the TWA wharethare are recognized taxic efedsfrom high ort-tam

eqosLres
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A, Nehthes

Theodffst blanket & rdler wesh vt usad & Gray Rintingwes conddered ahigh flesh ngphthawitha
bailing paint rangedf 110-200°C (230-300°F). Efedtsdf expoareto theseolvanisare primeatily aoute,
unlessggnificant anounisof sbganceshown o bemaredronicly toxic arepresat, Lich ssbazenear
dyad eéhers Epidamidogic dudieshaveshown thet exqposreto smilar refined patrdeum solverts (minerd
goints Sodoard solvent) can causedry thraet, buming or tearing of theeye, mild heedeches dizziness
respiretory initation, and demmatitis® (Themenufadturer reported thesetypes of effeds induding aneshesa
dter inhdlaion expoaureto excessvedr conoantrations (>100 pom), inthe metend sHely detashed far this
lvat. Skincontact wasnat recommended, and eyeand reiratory protedtion wererecommeandedt)

TheNIOSH REL for mingrd sairitsand Soddard solvert isa350 mgfin? (60 pam) TWA exposurefor up
toal0-hour wark shift, 40-hour workweek. 1n addition, acailing conoantration limit (15 minutes duration) of
1800 mg/n? isrecommended. The ACGIH TLV-TWA for Soddard solveart is525 mg/n? (100 ppm).°
TheOSHA PEL for Soddard salvert is 2900 g/ (500 ppm).”

B.  Isopropyl doddl

Isopropyl doohdl isconddared to bedf low taxiaty by any rautedf eqpoare. Incommonwith ather
doohds it hesmild centrd nervous system depressant proparties: At 400 pomit hesbean found to cause
mildinitation of theeyes nosg and throet3°

TheNIOSH REL far isopropyl doohdl isa984 mg/in? (400 ppm) TWA exposrefor upto alO-hour

work shift, 40-hour warkweek. In addition, aciling (15 minutes duration) conoentration of 1968 mgin? (800
pam) isrecommended. The ACGIH TLV-TWA far isoprapy! doohdl isaso 984 mgfin® (400 ppm) 8 The
TLV—STI;L i51225 mg/ (500 ppm). The OSHA PEL is984 mg/n? (400 pm) for an 8-hour TWA
expoaure

C.  Gyu ahas(2ehoxyehyl aze)

Inits 1983 review of thetaxiaty of thedyad ehars2-methaxyethend (2ME) and 2-ethaxyethend (2EE),
NIOSH recommended that these Subatances be regarded in theworkplaoe as having the patentid to cause
averereprodudive dfedtsin bath mdeand ferdeworkes Theserecommendatioswearebesad onthe
reaitsof severd dudiesthet demongrated doserdated emlaryataxiaity and ather rgprodudtive effedtsin
svad gadesd animdsexposed by dffaent routesof admindration. Expoaresdf pregrant animesto
conoantraionsof 2ME or 2EE & or bdow their respective OSHA PEL sled to incressad inddences of
aembryonic degth, teratogeness ar gomth retardation. Expoaured maleanimdsresuited intedioular araphy
and geility. NIOSH urgesemployersto reduce expoauresto 2ME and 2EE to thelowest extart posshle
Inaddition, NIOSH recommeands cauion inthe usedf ather srudurally-rdated glyod ethars induding
2-dhoxyethyl acdae Prdiminary test resltsindicate thet they d o havethe patentid to causergprodudtive
dfedtsamilar tothoseof 2MEE and 2EE. NIOSH recommendsthat warker exposreto theseglyod ethars
becontrdled tothefulles extart possble™
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VI.

RESULTSAND DISCUSSON

A. BEviromaid Reslits

Sx heat-fed pressworkersweare monitored for full-ghift isoprapendl and solvent exposuresover twowark
dhifts Reslitsarepresatadin Table L Aloohal exposuresranged from 247 to 501 mg/in?, and averaged
413 myfim? (dandard deviation () + 101) onthefirs day. Theparsond ngphthaconoanirationsranged from
41t089mgn? and averaged 5.7 mg/n (sd + 3.3) anthisday. Ssoond day exposreswaresimilaty low,
ranging from 26310 468 mg/n and averaging 402 mg/in® (sd + 84) for isopropand and lessthen thelimit of
detection (0.03 mg/n), or none detected (ND), to 2.8 g/ for ngphnthes: Thesereslitsarewl bdow the
evdugionaitaia

Theful-ghift eqpoareresitsfor thewebfed pressworkasare presantedin Table2. Thengohtha
exposreswaevay low, ranging fram ND (<008 mg/in) to 7.7 mgin? on thefirst day and ND to around 2
mgfi? onday two. Thesewarkerswere dso exposad tolow concantrations of isopropend. TheresLits
could nat be quentitated Snceisopropend isnat desorbed wl without eddingadesoptionad. Itisunlikey
thet any of theseworkerswere exposad to doohal concantrationsgreter then 100 mg/n? asan 8-hr TWA.

Tade3 presistheresitsof 9xten Sort-tem samples cdllected over thetwo day evdugion. Thesewere
adllected during variousweshup, seup, and dangeover tasks and duning thergdenishing of theaoohd
dampening sydemsfor the shed-fed presses

Theshed-fed pressoparatars may parform up to 20 blanket and rdller weashesper hift. Thistask takes
about twominutes Web-fed press oparatorsdeen blankesand rallersup tofivetimes per hift, a
20minutetask. Typicdly, agoved hendisused to goply thesolvart. A ragisdipped into asalvert bucket
and thenthesurfacesarewiped. Itispossblefor thesolvent to gt into theglove and betrgoped there
Somdaimesthe salveant isgpplied to the surfaces usng asuirt batlewhile theralesare saming; thenthey are
wiped down

Redending the Dahigren dampaning sydem for the shed-feed presseswith isopropyl doohdl isaypatentialy
highexpoaretask. Thiswasdonetwice pa shift and took from fiveto fifteen minutesfor theworker todo.
Depanding ypon the press gparating conditionsthere may be ather additiveswith thedoohd, in svdl amounts
Induded could begum arabic, subatradtive plate gum, No Mdld, and fountain solution.

Thehighest isopropend eresting from thergdenishing adivity (Teble 3), onthedaysthet we
monitored, was 726 mg/n. Threedf thefour messremants mede averaged 666 mgin®. Theather
messLremat was4.1 mgn?. Thelowes shart-tam ariterion for isopropyl doohd (ACGIH TLV-STEL) is
1225 mg/n?. Expoauresto blanket and raller washwerelow, genardly <10 mgin?. Onemessred
expoaurewasnear 40 mginy. TheNIOSH short-tam aiterion for these solventsis 1800 mgyi®.

Two parsord samplesweare submitted for andlysisfor ethyl aodateand 2-ethoxy ethyl aodate Thesewere
adleted fromworkers pafarming meintenence on theweb-fed pressbeing ovetauled. Nether of the
adytesweareddeted onather sarple

Medicd/Eademidogic Resits
Of atatd of 185 workesaemployed a Gray Rinting Compery, 146 (79%0) compleled quettionreires

Thirty-ninedf 46 (85%) printersperticipeted, aswell as48/65 (74%) bindars 2025 (80%0) dffice
parsod, and 3949 dasdfied ss"athe™ (Tabled). Oveadl, thereweare 0 individudswith previous or
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extranenusexpoaresar medicd condtiorswho were congdeared to bedigblefor exdusonfromandlyss
They weredidribuied among the depatmentsashownin Tade4. All andysesweare paformed bathwith dl
patidpentsand without thosedighblefar exduson. Therewareno subdiantive or sgnificant differencesinthe
adyss Only theresdtsinwhichal sgedsareinduded arepresanted here

icinformetion about thefour departmant groupsispresanted in Tadle 5. Thareisaggnificant
dfferenceinthemaefaméeraio bawean the exposed group (printing department) and the unexqposed
contrd group (bindery departmant). Only 33%0(16/48) of theindary warkersweremde, wherees 92%
(3639 of theprintarswaremde. Inaddition, thebindary warkershed asgnificanty higher (p=0001) length
o enpoymat trenddtheprintes Thetwo depatimeniswere, however, Smilar intemsof raoe agg
education, curent smoking Setus and consumption of ceffene. Theprinting department hed ahigher median
number of daohdlic drinksper week, though the differencewes nat datistically sgnificart.

Symptom sooreswere cd aulated for eech department by gender (Table6). Overdl, comperison of
s/mptom sooresbaween the bindary and printing departmentsreveded no atidticaly sgnificant
differences with theexogation of heedeche: Inthet ingtanoe warkersinthelbindery complained of
sgnificantly moreoocurence of heedeche: Indimodt dl cases famdleshed higher symptom sooresthen
maes regardessdf the degpartimant inwhich they worked.

Because ot of the symptoms assessad in thisevaustion ooour nonmelly inthe generd population, parsons
with higher reparting of symptos (1., higher thenwould be consdared to bewithin nomnd limitsinthe
oganad populaion) wereatitraily defined esthosewith symptom soores of 20 or gredter. Toadhievethis
soore anindvidua would haveto repart anaverage of 2 (Malittie’) for dl of thesmptomswithinasymptom
dude. Fom Tadle7, it can besen thet, with the exogation of heedkeche, the highet prevdence of mare
smiouscomplansweaed kinprademsand mamary didurbences

Thehigher prevdenced symptom complanisand the higher symptom sooresamong womenisof
paticua conceminthisevauation, becausedf thelarge dgoaity inthe gender meke-up of thetwo groups
(pining and bindary departmants) under investigeion. Becausethareweretoo fev womenintheprinting
Ogoatmant (3/39) to pafom adratified anelyssto contral for confounding by gender, futher andlysesof
s/mptom sooreswereredricied to melesin theprinting and bindary departments: Therewearesgnificanty
higher meen symptom sooresamong thefive printerson Shift 3 then among the printarswarking on ether of
theather wo dhifts Becausetharewareno sgnificant differencesinthemean sooresof Shifts1and 2, their
reitswerepoded. Tahle8 presantsthe comparison of meen symptom soaresfor Shifts1and 2vs Shift 3.
Indl cages Shift 3 hed higher sooresthen the day and evening dhifts yet tharewas no evidence of ahigher
expoaurepatentid during thenight shift to acoount for thisdifference. Becausethereweareno Shift 3binday

wokestodlow draification by shift intheandyss thefind group andysssweareredrided to
maeson Siftslad2

Becauseno subdantid differenceswere sen betwean the smple paramdtric and nonHperametric andlyses
(eg, Sudat'st-tet vs MantWhitney U te), theuse df andydsof covaianoe aparamdric test, wes
Oeamad vid for the assessmant of potentid confoundars Becausedf therdatively sl number of
patiapants symptom sooresweare modded on department (bindery=0, printing=1) and only onepatentid
confounder a atime: Thefadtors assessed in theseandyseswere age, yearsamployed in current job, yearsof
gthod, smoking 9atus (cureant ar norreurrent), ceffeinelevd, and doohdlic drinksper wesk. Thelatter two
vaighleswere categorized into low, modarate, and high consumption. Noneof thesefadtarshed aggnificant
effect on the symptom soore; therefare, unedjusted meens df the symptom sooreswere compered for males
onSiftslad2intheprining and bindary depgatmants Theeresdtsarepresated in Tade9. Indl casss
exogat heedecheand sométic complaints; the meen symptom scoresware higher among the solvent-exposad
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printersthen among theuneqposad bindey warke's: Thisdifferencewes satiiically sgnificant for
%ﬁ %/.Org)dam(mo.oz), paipherd sansory symptoms (p=0.04), and catrd nervoussydem

Toasessthecontribution of eechindividudl symptom to thesymptom dudier's theprevdence of eech
symptomispresated in Table 10. Each symptom wasrated asabsant (soore=0) or presant (Soore=2,3, o
4). Meaningful comparisonsamong theexpossd and unexposed femdes cannat be mede because of thefew
womenintheprining depatmat. Among themdes therewesahigher prevdeanced dl symptomsrdating
todfedt; however, anly the differencesin"troude concanirating” and “dizziness' reeched Sdtidicd Sgnificance
(p<010). Thesymptomsa CNSdgressonwered| datidicaly sgnificantly devated anong theprinters
Thes/mptomsdf traudle conoantrating and dzziness ey, infadt, rdateto asmilar dgoressant dfet onthe
canrd nevoussydem. Al threesymptoms assodiated with memary disurbencesweremore prevaent
among the salvent-exposed warkers though none of these differences was datidically Sgnificant. Reparting of
thesymptamsin theresairatory/chest group wesdevated among theprintars mogt notahly dhet pein
(p=0.05) and cough (p=0.07). Although mogt of the sometic complaintsweremore prevalent among
printers thereisardativdy high beckground rate of these symptoms amaong the unexosed bindary worke's
Thesy/mptom primeatily regponshblefar theinareesein the skin pradlamsisdry skin, rather then kinresh,
Didurbencesin bath motor and sansory agpedsof the pariphard nervous sysem gopear tobemoare
prevdet among theprinters with thedevationin numb fingarsbang datidicaly sgnificant (p=005). This
however, coud beather ardfledion of paiphard nevedamegear sssodaedwithdry kin. Thereis
evidencethdt thelatter may betrue Of the 30 printerswith dry skin, 9 (30%) dso complain of numbnessin
thefingas Honeve, anly 1 of the 22 indviduglswithout dry skin (4.5%/6) do hesacompaint of numinessin
thefingars(Rdaive Rik=6.7; p=0.03).

Svad quetionsweareasked of dudy partidpents partaning towork pradticesand usedf pasord
pratediveequipmet, theresLitsof which arepresanted in Table 11 Among thesolvert-exposed workers
noneindicated theusedf cattridgeresairatorsand only 2 (5%) sad they nommlly woreasmodk o protective
dathing. Although mod (97/4) printersworegloves morethen helf of thfevvhodd sdtre thregovesdd
not fit |crope1y Mod printers (92%0) edt & theworksite, inaressing thair potentia for ingestion of taxic
meaids

C. Disusdon

Theenvironmantd reaitsshow thet, during thetime pariod of theevaugtion, persond inhdlaion eqpoaures
weelessthentheevdugtion aitaia 1sopropyl doohd expoaresweareganardly lessthen helf of the NIOSH
REL, and ngphthaexpoauresan arder of megnituckelessthen theNIOSH REL. Thareisthe possihllity,
however, of synergidic adion dueto the combined expoaretoisopropend and thengphnthes: Parautaneous
aosoption of these salventswisslikely, but nat ddleto bemesaured. Thegrestest patentid for aoute, high
inhelation and cutaneous expoares arethe redenishing of dampening systams (isopropend), and the sa-up,
weehup, and jab diengeover tasks (ngphthes). Extraparsond pratedtion & thesetimeswould dminishthis
potenid. Mog workeswear govesto preveant direct contact with solvents hovever, unlesstheglovesfit
wal, they mey dffer litleor no pratedtion and, infact, mey inaresse skin contedt by trgpping thesolvert
bewen thegoveand thehend. Whileinhdaion expoauresin excess of theevaugion aitaiawerenat
meesred, the uncontrdled usedf Slvartsprovidesapatentid for high expoaures

Tharewasagood patidpetion retein the quesiomareevaugtion of Gray Rinting Campery. Overdl, 79%
(146/185) of thetatd workforce completed quesionnares: Ressonsfor nat partidpating induded vecation
(3, 9k leave(7), a work but unavalade (21), and rfusas (3). Therewasno reesonto bdievethat parsons
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wereuravaladefor teding for ressonsrdated to aposstle assoaation betwean hedth datusand expoare,
whichooudleed toasgnificant sHedionbias Howvever, if warkersweareno longer employed because of
illnessar asansitivity to thednamicasin thewarkplaos, they would nat have been induded inthisevaugion.
Thepaenid for thistyped "hedthy warkea™ hissexdsin aosssadtiond evdugtionssuch asthisaunvey.

Intheaudeardyssd thes/mptom quetiorare, therewereno Sgnificant devaionsin neuraaxic,
resaraary, or demetologic symptoms among the solvernt-exposad press oparaiars ascomparad tothe
uneqosed hinday warke's Howveve, andyssaf quesioraredaafromthemeninthepriningand
hindary depatments (Whowarked onthefirg 2 shifts) disdossd sevard sgnificantly higher prevdencesamong
thesdva-eqpossd warkas Theseinduded symptoms of CNS depression, such asafeding of bang"high'”
fromthedhemicdsusad a work, adecressed tderance to daohd, and difficulty driving hamefromwaork.
Thistyped s/mptom hesbean assodated with exposureto ovarts: Although thesymptomsuaLdly resit
from acute exposureand resdlve dter afew hours they aredf particular concem because parsons
expaiendng themaremoresulgect to acddants

Sy pradlems notadly numb finger's waredso devated anong theprinters: Thareissomeevidence,
however, thet thissymptom mey beanindication of skin prablems dso assoaiated with exposureto arganic
Slvatexposre Also assodated withwork in the Solvent-exjposad aressweareresairatorychest

s/mptoms espedidly cough and dhest pein. Bathisopropy! doohal and ngphthes areknown to beresairatory
imtants™*2 dthough thesesmptoms are s Elly ssen & levdlshigher thenweremeesured during the
eviromatd anvey.

VII. RECOMMENDATIONS

1

3.

To better contrd patentid kin aosorption, warkarsshould dways usew Hitting goveswhen handling
doohd and ngonthasdlvents: Glovesshould be dranged dilly or whenever sdlvart getsingdeof theglove

Thesdely and hedth committee should congder theimplamantation of areairatary pratection program et
Gray Rinting Compery. Although overexpoaLresto solvenisweare nat meeaLred during thetwo-day
evauetion, theliklinood should nat be overlooked, particulady during short-tem joswhich presart
gpportunity for acute, high expoaureto doohd or blanket and raller solvert.: Suchaprogramwould be
required to confomto the OSHA sandard (29 CHR 1910.134). Thiswould indudemedica evelugtion,
traning, fit tesing, and pariodic environmentd monitaing

Althoughingestionisnat amgiar route of ebsormtion of Solvearts eding & theworksteshould nat be
encouraged. Smoking a thewarksiteisof evenmoreimpartanceinitspotertid for inoreesing the
aosoption of olvents asit inoreesesinhdlaion of such subdances: Smokerswho chooseto continue
gmnoking should beencouraged nat to do o inarees of patentid solvent exposure
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TABLE1
Sheet-Fed PressWorker Expoures FUll-Shift
Gray Rinting Compary
Fodarig Ohio
March 18-19, 1986
HETA 86053
Conoenretion, mg/m3
|sopropenal NephthaMixture
CoCr)

439 6.7
501 88
35 42
491 54
34 89
247 41
300 65
468 25
467 28
408 24
A2 25
464 ND*
263 ND
300 3
o4 350
o4 2900
o4 525
003 003
009 006

Pres Job Sape
Duion
Mach 18
4-Cdor Heed Pressmin 0731-1455
(Hamsg)
2nd Bressman 0733-1457
Fesder Operaor 0745-1452
2-Color Head Pressman 0738-1457
Mille)
Fesder Operaor 0748-1452
2-Coor Head Pressmen 0753-1447
(Heddberg)
Haddbagpress Area 0800-1500
(#66)
Mach 19
4-Color Head Pressmen 0702-1455
(Hams)
2nd Bressman 0659-1455
Fesder Oparaor 0656-1455
2-Color Head Pressman 0705-1455
Mille)
Fesder Oparaor 0702-1455
2-Color Head Pressman 0736-1453
(Heddbeg)
Haldbagpress Area 0810-1453
(+66) .
Qitaia NIOSH
OHA
ACGIH
Ardlyticd Limit of Detedtion (LOD, mg/'sample)
Ardyticd Limit of Quentitation (LOQ, my'samye)

* ND = nonedetetted, vduewasbdow theardyticd LOD
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TABLE?2
Web-Fed PressWorker Expores, Full-Shift
Gray Rinting Compary
Fodorig Ohio
March 18-19, 1986
HETA 86053
Conpanirtion, mgin3
Pres Job Sape NegphthaMixture
Durtion CsCp)

March 18
2Unit Heed Pressmen 0637-1509 (16)**

2nd Pressmen 0643-1509 24

Jogoer 0642-1509 34
6-Unit Hesd Pressmen 0916-1450 (31

2nd Pressman 0702-1450 29

3rd Pressmen 0704-1450 27

Web Tender 0707-1450 (14

Jogoer 0711-1450 ND***
4-Unit* Heed Pressmen 0715-1410 44

Jogoer 0715-1410 1.7
March 19
2Unit Heed Pressmen 0634-1518 (13

2nd Pressmen 0635-1518 ND

Jogoer 0633-1518 16

(continuec)
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Table2 (continued)
Conoaniretion mgim3
Pres Job Sape NephthaMixture
Durtion CsCp)
Mach 19
6-Unit Heed Pressmen 0715-1450 ND
2nd Pressman 0715-1450 (23
3rd Pressmen 0718-1450 ND
Jogoer 0716-1450 ND
Qitaia NIOSH 30
OSHA 2900
ACGIH 525
Ardlyticd Limit of Detedtion (LOD, mylsarde) 003

Ardlytica Lirmit of Quertitation (LOQ, my/sample) 006

* - 4Unit pressundergaing teerdown meintenance
** - vauesin parathesssarebawen theandlyticl LOD and LOQ
*** - noneddeded, vduewasbdow theandyticdl LOD
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Press
Mach18

6-Unit, webfed

Shedfed,

2-color shetfedd
Miller)

4-color hetfed

Mach19
6-Unit, webfed

2-Unit, webfed

4-Cdor, dedfed
(Hamy

4Color, shestferl
(Haris)

2-Color, shetferd
Miller)

4ol shestfed
(Hams

* - nonedatected, vduewashbdow theandytica LOD

Job Title

2nd Pressmen
JdPressmen
Web Teder

PressCleanup
Feader Oparator

2nd Pressmen

Heaed Pressmen
2nd Pressmen

2nd Pressmen

2nd Pressmen

Feader Opearator

2nd Pressmen

Feader Oparator
Feader Oparator

2nd Pressmen

TABLE3
Shat-Tem PressWorker Exposres
Gray Rinting Compary
Fodorig Ohio
March 18-19, 1986
HETA 86-053
Tak Pafomed Sple
Durdion
Blarket andraller washup 10431112
Blarket andraller washup 1042-1102
Blarket andraller weshup 1042-1107
Blarket andraller weshup 14451900
Repenishrdlerdampaning
lutionwithisopropend 1024-1030
Repenishrdlerdampaning
olutionwithisopropend 1356-1408
Weehand ssupfor new job 0803-083%6
Weehand ssupfor new job 0802-0834
Weaehand supfor new jab 1423-1518
weehand sstupfor new job 1422-1518
Jobchangeover, blanket weeh,
dengeplaes 08300934
Jobchengeover, blanket weeh,
dengeplaes 08300934
Jobdengsover (ssebove) 1248-1340
Jobdengeover (ssebove) 1248-1340
Repenishrdlerdampaning
lutionwithisopropend 1330-1337
Replenishrdler dampening
lutionwithisopropend 1217-1231
Critgia(15-minuteedposre) NIOSH
ACGIH

Ardlytica limit of dtection (L

OD), mg/sample

Ardlytic limit of quentitaion (LOQ), my/sample

** _vauesin parathesssare bawean theandyticd LOD and LOQ

Conoantrtion, mgim3

Isopropandl NaphthaMixture
GG

— 3
— ND*
—_ (83)* *
— 77
726 J—
600 —
—_ ND
— 82
— ND
— 84
238+ 31)
A4+ 39
ND ND
230+ 39
41 —
669 J—
1980 1800
1225 —
003 033
009 006
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Tdde4
HETA 85053

Gray Rinting Compary
Fodorig Ohio
March 1986

Sudy Patidiperts

PRINTING BINDERY OFHCE

Tatd employes 46 65 25
#Patidpeted 39 (85%) 48 (74%) 20(80%)
-Noexduson 3 41 19
aitaia**
-1ormoreexdudon 8 7 1
aitaia

* Other: art, copy prep, neetive stripping, plating, composing,
mantaence
** Exdusonaitaia
- previous cooLpetiond expoaureto neuratoxicants
- habhiesusng neuratoxicants
- preexiding neurdogic dseese
- usedf pschoedivemedications

OTHER*
49

39(80%)
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NUMBER OF
PARTICIPANTS

RACE
Yowhite

EX
% mde

AGE
meen (sd)

YEARSIN CURRENT JOB
meen (sd)

YEARSOF SCHOOL
meen (sd)

SMOKING
% never Inoked
%0 ex-anokas
% curat Inokas

CAFFEINE (cupsday)

meen (sd)
ALCOHOL (arinkswk)
medan (range)
Compaisonshewean Printingand Bindary:

* p=0.00001 (Chi-square)
** p=0,001 (Sudkent'st test)

Tadeb5
HETA 85063
Gray Rinting Compary
Fodarig Chio
March 1986
Demogaohicsof Rinting and Bindary Depatmats

PRINTING BINDERY OFHCE

39 48 20

97 % %

o+ 3 50
363(94) 303(126) 419(140)
7583 131Q1*  122(105)
125(15) 120(9) 143(19)
) 15 6

5 e 15
38(22) 40(36) 23(15)
30(0-35) 02(0-35) 02(0-10)

%

6/

434(129)

107 (104)

130(16)

NEARS

34(24)

12(0-34)
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PRINTING (N€=39)
Maes(N=36)
Famdes(N=3)

BINDERY (N=48)
Maes(N=16)
Famdes(N=3)

OFFICE (N=20)
Maes(N=10)
Famdes(N=10)

OTHERS (N=39)

Mdes(N=26)
Famdes(N=13)

@ N = number of patidperts

Tade6
HETA 85063
Gray Finting Campary
Fodarig Ohio
March 1986
Symptom Soores (possblerange 0-4)
(Men(SD))
AFFECT MEMORY RESFRATORY SOMATIC XKIN
10(11) 1313 08(11) 06(0.7) 15(14)
10 13 038 05 14%**
17 16 11 08 32
09(09) 12(11) 06(0.8) 06(0.8) 12(11)
05** 09 0.2*** 04* 0.6***
11 13 09 08 14
04(06) 08(0.8) 0.1(03 02(04) 0.1(06)
02 06 00 02 00
06 09 01 02 02
09(09) 11(11) 05(08) 05(0.7) 1112
07* 11 04* 03* 08*
12 11 09 08 16

isonsbawean mdesand femdes (Sudant'st tex):

*p<010
**p<005
*** p<0.01
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PRINTING (N=39)
Maes(N=36)
Famdes(N=3)

BINDERY (N=48)
Maes(N=16)
Famdes(N=3)

OFFICE (N=20)
Maes(N=10)
Famdes(N=10)

OTHERS (N=39)
Mdes(N=26)
Famdes(N=13)

MOTOR

07(L1)
07
04

06(L0)
02*
08

02(05)
02
02
04(08)

04
06

Tadle6 (cont)
HETA 85063
Gray Finting Campary
Fodarig Ohio
March 1986
Symptom Soores (possblerange 04)
(Men(SD))
SENSORY CNS  DEPRESSON
05(10) 08(11)
06 08
00 08
0.3(08) 04(06)
00 00
05 06
0.1(04) 0.1(0.2)
02 01
01 01
0.2(06) 03(05)
02 02*
02 06

Compaisonsbawean mdesand femdes (Sudant'st tex):

*p<010
**p<005
*** p<0.01

HEADACHE

10(14)
09
20

18(16)
1.1%*
21

07(L3)
03
11

11(17)

02 *k*
28
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PRINTING (N=39)
Maes(N=30)
Fardes(N=3)

BINDERY (N=48)
Maes(N=16)
Femdes(N=32)

OFFAICE (N=20)
Maes(N=10)
Ferdes(N=10)

OTHERS(N=39)
Maes(N=26)
Femdes(N=13)

Tade7

HETA 85053

Gray Rinting Compery

Fodarig Ohio

March 1986

Number (%) with Symptom Soore> 2

AFECT MEMORY RESPIRATORY SOMATIC XKIN

7(18)
6(17)
133

6(13
1(6)
5(19)

00
00
00

4(10
2(8
2(1H

12(3)
nEy

1

13(27)
3(19
10(31)

2(10
0(0)
2(109

ne@
727
4(31)

7(18)
6(17)
133

3(6)
00
309

00
00
00

2(9
14
1@

3(8)
2(3

1

6(13)
0(0
6(19

00
00
00

209
0(0

2(15

13(33)
10(29)
3(100)

16(34)
2(13
14(44)

19
0(0)
1(10

112
5(19

6(46)

MOTOR SENSORY ONS

3(2)
8(2
0(0)

7(1)
1(6)
6(19

00
00
00

2(9
2(8
00

5(13)
5(14)
0(0)

48
0(0
413

00
00
00

2(9
14
1@

DEFRESSON

6(16)
6(17)
0(0)

2(4
00
2(6)

00
00
00

00
00
00

HEADACHE

16(41)
14(39)

2(67)

B(X)
7(44)
21(65)

5(»)
1(10
4(40)

12(31)
2(9
10(77)
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Tade8
HETA 85063

Gray Rinting Compary
Fodarig Ohio
March 1986
Compaison of Symptom Sooresby Shift Among MdeRintas

Shifts1& 2 (N=31) Shift 3(N=5) ttest (pveug)
AFECT 08(08) 23(L4) o7
MEMORY 11(12) 28(L3) o4
RESPIRATORY/CHEST 05(08) 21(L1) 03
SOMATIC 04(06) 11(09) 19
KIN 11(11) 28(16) 08
MOTOR 04(09) 23(15) 5
SENSORY 0409 16(15) 16
CNSDEPRESSION 06(09) 19(15) 1

HEADACHE 09(L3) 12(11)

3
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Tade9
HETA 85063

Gray Rinting Compary
Fodarig Ohio
March 1986
Symptom Soores(Mean (SD.)) by Departmant Among Mdes Shifts1 and 2

PRINTING (N=31) BINDERY (N=16) tted (pvaue)

AFFECT 08(08) 05(08) 2
MEMORY 11(12) 09(10) 57
RESAIRATORY 06(08) 02(02) o2
SOMATIC 04(06) 04(04) 85
KIN 11(L1) 06(08) 08
MOTOR 04(09) 02(08) 08
SENSORY 04(09) 00(00) o4*
CNSDEPRESSON 06(09) 00(00) 004
HEADACHE 09(L3) 11(L3) 69

* norHparandric Mann\Whitney U test
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AHECT
tired

week
Ogpressd
imtedle
exdtadle
mood SMngs
troubleconoan
freling
confussd
depngmare
traudefdling
adesp
dzires

MEMORY

froude
ramarbaing

rddivesnatioe

froubleramamba

makenotes

REARATORY/CHEST

Tahlel0

HETA 85053
Gray Finting Campary
Fodarig Ohio

March 1986

Presnceof Each Symptom (Rated as Presant/Absan)

shart of bregth
couh
detpan
pelpitations

Compaison of mdesin printing and bindery depatmants
(Re'sexat ted)

*p<.10
** p<%

*xx < 001

(Rercentege)

FEMALES

3

INTING
N=3

28 ARY YIAABG

QA8 L

8BRE

BINDERY
N=32

S8 BRE BRERLS

&

& i

RRRE

MALES
PRINTING  BINDERY
N=36 N=16
39 19

39 25

% 25

47 3

4 19

25 13

47 19*
31 13

31 25

28 19

50 20
58 50

% 25

53 3

3 19

25 0*
4 13%*
3l 0
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Tadel0(cot)
HETA 85063
Gray Finting Campary
Fodarig Ohio
March 1986
Presnce of Each Symptom (Rated as Presant/Absan)
(Percentage)
FEMALES MALES
PRINTING BINDERY INTING BINDERY
N=3 N=32 N=36 (N=16)
SOMATIC
Oecreased gopetite 3 31 11 6
weghtloss 3 6 3 0
darhea 0 32 25 4
indigetion 67 A 42 31
nausea 3 47 26 13
XIN
dy kin 100 69 67 3B*
regh 100 2 25 2
MOTOR
incoordingtion 67 32 3 13
dec. amgragh 0 39 25 6
oec. legdregth 0 31 19 6
SENSORY
numbfinges 0 23 28 0**
numbtoes 0 16 14 0
CNSDEPRESSON
traudediving
home 3 22 22 o*
"hgh' fram
demcds 67 31 42 Q***
Ok, tdlerance
todood 0 26 21 o*
HEADACHE 67 66 39 44
Compaison of mdesin printing and bindery depatmants
(Re'sexat ted)
*p<.10
** p< (:5

*k* p< (Dl
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Tahlell
HETA 85063

Gray Rinting Compary
Fodarig Ohio
March 1986
Work Pradtices (Number, %) *

PRINTING BINDERY OFHCE

Useaf PPE**:

Catridge Repirator 0(0 0(0 0(0

Gloves 38(97) 6(12) 1(5

Glovesfit 18(47) 2(3) 1(100)

Smock 2(5 0(0 0(0
Eat aworkste 36 (R 10(20) 7(37)
Egindenaea 8(20) 3A(74) 8(80)
Wagh beforeedting 36 (R 45(%) 13(72)
Amongsnokas

Smokea workste 2(12) 3(14) 00

Wagh beforesmoking 2(12) 3(14) 000

* (Reroentages are basad on number of parsonsresponding to quedtion;
therdfare, denomingtor isnot condart)

** PPE: Pasond protediveeguipmeant
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TABLE 12
AREA SAMPLINGRESULTS
GRAY PRINTING COMPANY
FOSTORIA, OHIO
MARCH 18-19, 1986
HETA 86053
Conpanration, mgn3
Area Sape |sopropenal NephthaMixture
Durgtion CsCo)

Mach 18
Negetivedripping area (0830-1500 ND 13
Cdor-keyftrander-key aea (0959-1500 35
Mach19
Cdor-keyftrander-key area 0650-1500 50

Maling area 0645-1455 110 ND**



