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SUMMARY

On Sptember 22, 1986, theNationd Indtitute for Oooupetiond Sefety and Hedlth (NIOSH) received arequest
fromtheAllied IndLetrid WarkasUnion, Locd 816 to invedigateemployee expoaurestowdding fumes par,
adbestosand complantsof regairatory and ather hedith prodemsamong workasa the Four Whed Drive
(PWDySegave maenufeduring fadlity in Clintonville Wisoorsn

Basad oninformetion collected during awak-through survey of theplant on November 18-19, 1986, the NIOSH
invesigatarscetemined thet amedicd and induetrd hygienesunvey of wddarsand aninduetrid hygenesunvey of the
adbedosbrake shoemechining gperaionwereindicated. These srveyswere condudied from March 9to March
12,1987.

Parsord smpleswerecdllected neer thebreething zone of 33 weldarsand ardlyzed gravimetrically for totel Lt
and andlyzed by indudively coupled argon plasmaratomic emission oedrosoopy far 28mdds Taid arbome
wedding fume conoantraionsranged from Q7 milligrams par auic meter of &ir (mgM®) t0 6.2 mg/Me, Two
srmplesexcasnid the OooLpationd SHety and Heelth Adrinistration (OSHA) pamissieexuosLrelimit (FEL) of
5mgM? and 11 were gyedter then 50% of the OSHA PEL. Niickd conoantrationsranged from 0001 to 0.022
myM?3, onesample exoeadied the NIOSH recommendad exposurelimit (REL) of 0015 mgM?® and 4 were
gredter then 50% of theNIOSH REL. Sliver wasdetedted in 1 samplea aconcantration of 0015 mgMBwhich
exosadsthe OSHA PEL of 001 mg/M3. Produdion vaumeduring thesurvey weslower then usLdl.

Airbomeagbediosin pasond and aeasampesin thebreke shoe mechining areaweas bdow theandlyticd limit of
Odedion Buk samplesdf brekeshoesavings contamineting thefloor and equipmat inthet areacontained 10to
2% chrysttileagoestos

A quesionrareand garomery wereadminidered to 46 wedersand 36 nonswedding mechineshop employess
Wedashed higher prevdencesthen contrasfor 10 out of 12 work-assodated symptoms of imitation of the upper
and lower regairatary tradt, and for two of these symptoms (yeinitation and throet initation) the differencesbetwean
wedasand conrdswaredatidicaly Sgnificat. Amongwederswho hed ever smoked, therewesadatidicaly
sgnificant assoaaion bewean longer tenureasawddar a PWD and poarer parfammence on gairametric meeaLres
of arflow (FEV 1 and FE- 25-75) by multiplereresson andlysis


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

Based onthesereaits the NIOSH investigatars conduded thet there was ahedlth hezard from expoauretto
wdding fumea the Four Whed Drive Corparation, and thet apatentid for sgnificant exposureto adbetosexidsin
thelrakeshoemachiningarea. Recommendationsfar engineging contrdsto reduce expoaretowdding fumead
to asbetosdud areinduded in Section X of thisreport.
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INTRODUCTION

On Sptamber 12, 1986, TheNationd | ndtitute for Oocupationdl Sefety and Hedlth (NIOSH) received areguest
from TheAllied Industrid WorkersUnion, Laocd 816 toinvedigate expoaurestowd ding fumes peints adoestos
and complantsdf resaratory and ather hedith prodemsamong warkassa the Four Whed Drive (FWD)/Seeyave
menufeduring fadlity in Clintonville Wisoonsin

NIOSH invedtigators conducted awak-through survey of theplant on November 18-19, 1986. Based on
asvaiosmeded thet time, the NIOSH invedtigetaors mede prdiminery recommendetionsand revieved thesein
theintaim letter dated Decamber 8, 1986. OnMarch 9-12, 1987, NIOSH conducted anindudrid hygenesurvey
and amadicd evdugtion of erployessa Four Whed Drive Corparation, Clintonville Wisoonsn. On April 20,
1987, aletter was sat towarkerswho patidpeted in the medicdl Surnvey, natifying them of their oan puimonery
fudiontest readts Onduly 27, 1987, the NIOH investigatars st anintaim letter to the compeny and union
dfiadssummaizing theresdtsof theervironmantd avey.

Duing theinitid welk-through vist, Sxteen wddaswereinavienved informely. Severd of theseworkarsreportad
work-assodated symptoms such as cough, sretiroet and eyeinitation, and neary dll expressed concem over
longtem dfeds of repedtad expoareto wdding fumein aressthey conddared poarty ventilated. FvefullHime
ey pantasinthe pantody Sopweredsoinavieved Someregparted oocesond eyeimitationwhenusing
uehenepaints Nonereported work-sssodated symptoms suggestive of excessve vt exposre, and dl wore
ppliedar rearatorsar helf mesk resairators equipped with en arganic vigpar catridge whileqoray painting.

Copesdf previausinvestigetions condudted by the U.S Departmant of Labor, Oooupetiond SAfety and Hedlth
Admindraion (OSHA), Apdleton Area Office during March 1985 and Septamber 1986 ware ddtained fram the
comparly adrevieved Duing theMarch 1985 ingoedtion, parsond ar samplesfar sdedted employessinthe pant
and body shop indicated exposres exossding the OHA pamisshleexposurelimit (PEL) for cadmium (oray
peinter), dhromete (two Soray paintersand one body shopworker), nuisance dust (body shopwarker), and leed
(body shopworker). Additiondlly, PAVD wesdted for ddfidendesin thar regairatory pratedtion programand
madicd survelllance program for leed-exposed workers: During the September 1986 OSHA invedtigetion,
persord bregthing zonear samples adllected from four paintarsindicated expoauresin excess of the OSHA PEL of
50 micogramsper cubic meter (mogM®) for leed. Onebody shop worker wias exposed to totd nuisancedugt in
exaessof the OSHA PEL of 15 milligrams par aulic meter (mg/MP).

Reauitsfrom semi-annud blood leed monitaring of waorkerswith potentid leed exposrewerereieved ad
revieved. Theseinduded blood leed tessfrom 27 employess on Decamber 10, 1985, and from 23 employesson
Jy 22, 1986. Noblood leed levd exosaded 20 micrograms



per dadliter (mog/d) (The OSHA adionlevd is40mayd). Aninguiry tothe OSHA dfficewhich goproves
laboratoriesfor OSHA - mandted blood leed monitaring revedled, however, thet in Decamber 1985, thetet Ieb
wasnat goproved, bessd on pafomance on quattaly prafidency teds Thelabwasgpprovedin Uy 1986. Itis
thuspossblethet trueblood leed levd s may have differed from the reported resiitsin Decamber.

Duing theinitid wak-through, apatentid for hezardous expoaLreto adbestos during alrake shoemedhining
oparaionweasoosaved. Thispatentid hezard was destribed and recommendations mede regarding its beteament
intheintaim lettersto the company dated Deoamber 8, 1986 and JUly 27, 1987.

Based oninfametion datained during thewdk-through vist and ather informetion gethered, it wes dedded to

condud amedicd and indugnd hygienesurvey foausing onwelding gperdionsand aninduetrid hygene
assmat o thebrake shoemedchining oparation a the PWD/Seegrave menufediuring fadlity.

BACKGROUND

A. Rant Produdion and Workforoe

PWD Carporation menufadures heavy duty, multipe-ade divetrudksand firdrucksa the FVD/ISeegrave
fadlity in Clintorville Wisoonsn. Four hundred and thinty-five parsonswarearoyed there at thetime of
aur intid vist, 313 of theselbang union hopemployess Mgar processssat theplant indude mechining of
purchesed forged and caet metd parts autting and gamping of shegt metd, wdding of vaiousframeand
body essambdies panting, and find assamily.

B.  PoossDexyipionand Employee Duies

Mog wdding oparationsooaur inthree departmeants farication (32 weders), ceb assamidy (8wddas),
and ladder shop (13weldars). Maost wedingisMIGweding (metd inat ges) onmild sted, with some
cevaned, danessged and duminumdsobangweded A svdl amout of SVIA (hidded med ac, o
"dick") weldingisdso donein thefehrication departmant. Sx wddaswark inother aress of theplart
(modly assamidy), induding two pat-imewedarsin themedhineshop.

C. BygnsingCotrds

Locd edad venilaion (LEV) sydemsweaeavalddea somewdding daionsinthefaricaion
Ogoatment, but thesewerenat used rautindy.



V.

EVALUATION DESGN AND METHOD

A

BEviromatd:

Air samplesfor welding fumeswere adllected on preweighed payvinyl dlaride (PVC) filtes: Rersord
sampleswereadledted by plading thefilter cassattes near the bresthing-zone of thewarkers: Thefilter media
weareconnedted viatygon tuoing to bettery aperaied sampling pumps oparding a anar flow ratedf 1.5liters
per minute(LPM). Thepreweghed PV Cfilterswereandyzed gravimetrically for toid dugt and were
andyzed viaindudivdy coudled argon plaamaratomic emisson goedrasoopy (ICR-AES) acoording to
NIOSH Method No. 7300", atedmiquethet providesfor thesimuitaneous andysisof 28 metdsof
taxiadogicd impartance. A lig of thesedementsand their comesponding anelyticd limitsof detedionis
prestedin Teble L

Sampling for asbestos was conducted & the breke shoe gperation to eva uste employee expoaLresto
arbomeasbedosfibas Rersond samdeswere adllected near thelregthing zone of theamployee
respongblefor essambling brake shoesand ganerd areaar sampdlesweare cdlledted inan areawhere
aenpoyessweaelikdy toente. Bath pasond and ganerd aeaar ssmdesweareadleted onAA 25
millimeter filters connected viatygon tuiing to bettery powered sampling pumps gperating a 30 (LAMI). Alll
achegios sampleswere andlyzed viaphese contragt microsoopy acoording to NIOSH method #7400
Addtiorelly, abuk metaid sanped davingsfromthebreke doe pedswes adlleted and ardlyzed via
pdlaized light micosoopy.

Medcd:

A drudured quesionnareand agaromelry test (atypedf lung fundion ted) wereadmindered to Sudy
patidpants Thequetionnarewasadminigered by NIOSH intavievers and contained quesionsabout
reairatory and other symptoms anoking histary, demographic vatiales and cocoupetiond higary. The
regaratory symptom partion of the questionairewasamodfied varson of oneused in previousNIOSH
dudies? For the puposedf thisrepart, asymptomwhich aworker indiceted to be""better on daysaway
fromwork” isrefared to asa"work-assodaed symptom.”

Saromery wes meesred with an Ohio Medicd IndrumentsModd 822 dry-rdlling sed sairometer
connedted to a Jairotech dedicated computer. Thefdlonming arometric messremantswarerecorded for
eech pattidpant: theforoad vitd capedity (FVC), thefaroed expiratory vadumein 1 ssoond (FEV D),
FEV1/FVCrdio (FEVIFVC)%b), and the FEF 25-75%. For adetailed explangtion of theintarpretation
of indviduel aromery results sseAppandix A.



All curent weldersa the FVD/Seegravefadlity, esdetemined by company parsond lids wereinvited to
patidpateinthedudy. Curent mechineshop employesswho werenat wedears (two mechineshop
anployess pafomed wdding onapat-timebessand areinduded inthewd ding group) wereussd asa
compaison o "contrd” graup far thewddas: Onthebedsaf thewalk-through ingpadtion, themedhine
dhopwak evronmant wasconddared rdatively freeof regairaary imitants and it wes assumed thet
wddasand mechineshopwarkerswould besmilar intams of ather fedtarstihet might effect reparting of
ymploms

Forty-ax curent weldarsand 36 contrd's completed bath the quesionnaireand sairomery, and one
wdder and onecontrd completed the gquestionneire, but dedined garomery. Partiapetion raleswere80%
for wddasand 95 for contrds

Sx ather warkeswho partidpeted in thesudy arenat induded inthedataandlyss Two of theseworkers
worked inwdding aresshut were nat themsdveswe darsand four hed been mechineshop employess
whentheinitid lis of dudy partidpentswas aregted lbut hed bean trandfared to ather dgpartmentswhenthe

sudy was pafamed.

For eech symptom aprevdencerratio, the propartion of weldersreparting asymptom divided by the
propartion of contrdsreparting the same symptom, wascdaulaed. Theprevdenceratiowaesaduded for
the propartion of curent Snokersin eech group to computea* smoking-adjudted prevaenceraic’ (FR)
with a95% corfidenceintavd (95% Cl), usng the Mantd-Haazd edimate and tes-besed method,
respedtively.® For explanations of the prevaencerratio, smokingradjusted prevalenceratio, and 95%
corfidanceinavd, sseAppadx B.

For andyss sympiomswearegroupad into 4 categaries 1) lower respiratary tract initetive symptoms 2)
work-assodated lower resairdary tract symptams- i.e, symptomswhichimproved on daysaway fram
wark; 3) work-assodated muoous mamlraneinitation symptons- symptomsrdaed toimtaion of the
eyes, noss, and throet thet improved on daysawey fromwork; 4) other work-assodiated symptoms-other
s/mptoms “condiituiiondl” in neture, thet improved ondaysaway framwark.

Toandyzethe pumonary fundion deta, the sairamery reitsof wedersand contrdswere compered,
wEing ttessand andyssof covaiance, and an assessmant was mede of whether, anong weldars
pumonary fundion wes assodaed with thetatd imeworked ssawdder a8 PVD/Seegrave, usng mutiple
linear regression* "Resicldl™ spirometry vaues (obsarved minus predicted), rether then peroant of predicted
vaues (cbsavedipredided times 100), for dudy partidpentswere used throughout the andyssto adjudt for
ageand heght (sse Appendx C). Because previous sudies have suggeted thet welding fumemey affect
anokasand nonamokearsdfferatly, garomery dataweareandyzed ssparady for eva-amokasad
never-amokas



V.

EVALUATION CRITERIA

A

BEnvironmantd Brdugtion Qritaia

Asaguidetotheevdugtion of the hezards posed by workplace expoares NIOSH fidd 9&f enploy
evironmeantd evauation aitaiafor essessmat of anumbe of demicd and physicd agants Theeaitaia
aeintended to uggest levdsof expoaLreto which mogt workesmay be exposad up to 10 hoursper cay,
40 hourspar wesk far awarking lifeime without experiendng advere hedth effeds Itis howeve,
impoartart to natethat nat dl workerswill be pratected from edvarse hedlth ffedtsif therr exposresare
mantaned bdow theselevds A sl peroantage may exparienceadvarse hedth efedsbecause of

indvidlel susogatiblity, apre-exding medicd condition, andior ahypasastivity (dlergy).

In addtion, some hezardous ubgtances mey at in combaingion with ather workplaoe expoaures the
ganad evironmat, or with medicaions ar parsond hehitsof theworker to produce hedlth dfedsevenif
the cooupetiond expoaresareconrdled & thelevds st by theevdugion aiterion. Thesecombained dfeds
aeditennat consdarad intheevaudion aitaia. Also, some sUbdanoes are abosorbed by direct contat
withtheskin and muoous mambranes and thuspatentidly inoressethe oveardl eqoosre. Frdlly, evaugtion
aitaiamay dengeove theyearsasnew infammetion onthettaxic effeds of an agant becomeavalladle

Thepimay sourcesof evironmentd evadugion aitaiafor theworkplaceare 1) NIOSH

Recormmeanded Expoare Limits (REL 9), 2) the Amarican Conference df Governmantd Indudnid
Hygieniss(ACGIH) Threshdd Limit Vaues(TLVSP, and 3) the U.S Department of

Labor/Oooupationd Sofety and Hedlth Adminidration (OSHA) oooupetiondl hedth dandards: Often, the
NIOSH RELsand ACGIH TLVsarelower then the corresponding OSHA dandards Bath NIOSH
RELsand ACGIH TLVsuadly arebesad on morerecart information then arethe OSHA dandards The
OSHA dandardsdso mey berenuired to tekeinto aooount thefeesihlity of contrdling eqposuresinvatious
indudrieswherethe agantsare usedt, the NIOSH RELS by contradt, arebesad primatily on conoams
rdating to the prevention of cooupetiond diseese In evduating theexpoaurelevdsand therecommeanddtions
for redudng theselevelsfound inthisrepart, it should be noted thet indudtry isreired by the Oooupetiondl
Sty and Hedth Act of 1970 (20 USC 651, & s511) to met thoselevd spedified by an OSHA dandard.

A imewdghted average (TWA) expoaurerdersto theaverage artome concentration of asudance
duinganome 8to 10-hour workday. Some sUbdanoes haverecommended hart-tem expoaurelimits
(STEL) o caling vdueswhich areintended to Sypdemant the TWA wherethare arerecognized taxic
dfedsfranhigh, ort-tam expoares



Informétion on possbile hedth efeds of exaessveexpoareto wdding fumeand sdecdted medsthet may be
foudinwdding fumeare provided bdow.

1

Tatd Welding fume nat ahawise dassifiec?”’

The hedlth effeds assoaated with exposLre to weding fumes are depandart onthetoxiaty of
indviduel componat metds: Thisdassfication goliestowdding eviromantswhere
conoatraions of taxic metas (1.e, dyomium, caomium, 2nc) arenct in excess o their respective
expoareaitaia Uadly inthesestugtionsthemgor componat of thefumeisiron axideor
duminum axide, depending onwhether thebesemad iscarbon (mild) ged or duminum. Oxidesof
thesemedsareconddared njsxnepaﬁajaesba&-:(jmtrﬁrSrr\g'MBmtma
Chramiun'8®

Chromium compoundscan adt asdlergansin somewarkersto cause damditisto exposad kin.
Aaueedpoareto dramium dug and mis mey causeimitation of theeyes noseand thret.
Chromium exigsin dyaméesin oned threevdencedaes 2+, 3+, and 6+. Chromium compounds
inthe 3+ datearedt alow ader of taxiaty. Inthe6+ date dhyromium coumpoundsareimtantsand
aarosve Thishexavdent fam may becardnoganic ar nonscaranoganic depanding onalulality.
Thelesssdudefomsaecaanoganic. Workersinthedyometeproduding indutry havebean
regparted to haveaninareesed risk of lung cancar. Theknown hedlth hezardsfrom exoessve
expoareto dramumwdding fumesaredamditis uograion and paforation of thenesd sgatum,
imtaion of themuoous membranes o thelaryr, pharyrnx, conjudivaand dvonic aghmétic bronchitis

Iron axidefume’®

Inhdlaion of iron axidefumear dugt causes an goparently benign preumoconicsstamed 9daross
Iron axidedonedoesnat causefibrogsin thelungsof animels and thesame proebly gopliesto
humens Expoaresdf 6to 10 yearsare usLely consdared necessary before changesrenognizele
by x+ray can ooaur; therdained due gives x-ray Sedonsthet mey beindidinguisheblefram fibratic
[preumoconicss

Nickd "8

Méalicndd and catan soudenickd compoundsasdug or fume can cause saditization resuing in
damditisandor asthma. Nidkd fumeinhigh conoatraionsisaregaretary imitart. Nidkd is
cadnogancinanimds and severd gadamidogc dudieshavedhonn aninoressad inddence of



canoa of the paranesd Snusssand lungsamongwarkasinnidkd rdfingiesand fadtaries Sugaidon
o caanoganaty hesbean foousad primarily on reareble patides of nidkd, nickd subaufide, nickd
oxide and onnickd carbonyl var.

5 Swvae®

Inhdlation or ingestion of sdluldesiver compoundsover many yearsmay causeaganadizad
bushblack dsodaraionof theskinknown asagyria. Siver dgpodits (agyrass), inthe
conjundiva comeg, ad lens of theeye have d o resulted from Siver expoaure and deressd night
visonwasreparted by somedfected workers but no dgedtivefundiond defiatscould be
Oemondrated.

Hfedsaf ArcWdding on Resaratory Symptomsand L ung Fundiion

Previoussudieshave nated avaiety of acuteand dhronic heelth pralems assodated with arcwelding,
which havenat dearly bemn attributableto any snde metd fumear gesexpoaure, but which may berdated
tothecombined éfedsof differant exposresaredted by acwedding. Somemdd fumesand gesses
oganarated by wdding arerearatary imitants and symptoms of eye, nose, and throet initation aswell as
oough, and phlegm produdtion havee been reparted by weldarsin assodiation with their work shift 2
Wedars have bean reported to have an increesed prevdence of dvonic bronchiis™®* Somedudies
haveds Srovnwddasto havelove pumonary fundion vauesthen norvwedars induding lower tatd
lung capedity (TLC)® and lower FVC and FEV 1.2 However, it hesnot bean possibleto tribute
dhengesin pumonary fundion to goaaific equoares and nat dl dudeshavefound lover pumonary fundion
inwddas® Inaddtion, itisnat knownwhether dhangssiin lung fundiion assodated withwelding can inthe
aosancedf amoking ar aher expoaures leed todinicly sgnificant onamrditiesin lung fundion: Expoaures
encountered by weldarsvary with thetype of welding process themeteria welded, and theuseof local
vertilationand pasord pratediveeguipmant. Thadfarg itisnat posshleto mekerdiddegengdizaions
about hedth effedtsaf wdding indl warkplaoes: Differencesin eqoosuresmey exdanwhy vaiousdudes
of wddarshavenat produced conddent reults

VI. RESULTSAND DISCUSSON

A

Bviromatd:

Quelitativeand quentitetive ardlyticd resuitsfar meidsvial CR-AES ad toid weding fumeviagravimetic
andyssaepresatadin Tade2 Theereadtssdow thepresanoedf duminum, barium, cldum, dramium,
QopPe, iron, megnesum, manganese, malybdanum, nickd, siver, titanium, and znc. Theranged arbame
conoatrationsfar eech of these metdsare presanted dong with thar coresponding environmentd aiteria



Indvidld ar sampling resutsfor thevaious depatmanisare presantad in Tables 3to 6. Ervironmantd
conoatrationsare provided for totd welding fume, iron axide, and for thoseather metds (nidkd and silve)
thet were presant & concantrations greter then 50% of thear repedtive most ringent cocupetione
expoaurelimits Addtiondly, resutsfor totd dromium arepresated o illudratethefadt thet higher
conoantraionsof dromium aepresat inaresswharewdding of danlessded wespafamed Thehigher
conoatraiosaemedt likdy atribuibleto dramium VI, afomadf dromumtretispresartindanes
ded.

Tad wddng fumelevesranged fram 0.7 milligrams per adic et of ar (mgM°) to 6.2 mg/ME2,
Orethird of thesampleshed quentiies of tatd welding fumegreter then 50% of the ACGIH TLV ad
OSHA PEL of 5mgM3 and two of these samples exoeatied these ariteria. Nickel conoantrationsranged
from 0,001 to 0.022 myM?3, 1 of the 33 samples exoaeded the NIOSH REL of 0.015mg/Me and 4 of 33
weaegreter then 50% of thar mogt resridive cocupetiond exposurelimit; noneexcssded the OSHA FEL
of L0mg/M®, Siver wasdetected on 1 of 33 samplesat an drbome conoantration of 0,015 mg/M3, which
exossded the OSHA PEL of 001 mg/M3. Al other detected metalsdid nat excssd any of the
evironmend aitaia

Somewdding ondanessged wes condudted during theadledion of threesampdles: Taid dyamiumin
these samplesranged from 0.023t0 0061 mg/i®. Chromium conoantrationsweare 0010 mg/i? or lessin
dl ahe sarples

Reslitsof parsond and genard areadr sampling for asbedtosin thebreke Shoe assambly areaindicated thet
arbomeconcantraions of adbestioswearebdow theandyticd limit of detedion. Howvever, abulk ssmpled
metarid avingsfromthelreke shoe pedswere adllected and suomiitted for andlyss Thishbulk sample
showed thet thismeterid contained 10 - 2026 drysatileaghetos

Medicd

Tade7 summaizesacomparison of weldarsand contrdswith regpect to sododamogrgohnic
daradgidics Thewddaswearesomenhd younger then thecontrdlswith 57.5% and 37.8%,
repedivy, bang 45 yearsdd or less A higher proportion of welders (85%) hed marethen 12 yearsof
education compered with contrals (2.7%6). Fewver wedars(25.5%0) then contrals (405%0) werecurrant
smokers but wedershed ahighe propartion of ever-amokersand mare peck-yearsof sSmoking. Contrds
hed adightly longer averagelength of enployment & PAVD. Amongweldars theavarage numbe of years
wddngwas20.1, and ahigh propartion of thoseyears (17.7, on average) wes pent wedinga PAVD
Corp. Nonedf thecontrashed ever worked asawd der.

Tae8 howsacompaison of symptom frequendesinwedersand contrdls sraified by curent smoking
datus and the smokingrad usted prevdenceratio for eech symptom. Weddarsweredightly lesslikdy then
contrdsto haveausud cough (PR=0.7,959% Cl 05- 1.2) or usd phlegm (PR=08,95% Cl 05- 14)
thencontrds  Howvever, wddarswaremorelikdy to repart symptoms of dyanic bronchitis(FR=2.7 5%



Cl=07-99). Asexpaedad, dronicbronchitiswas morefrequent anong curent Snokersthen curart
nonamokas but 14% of nonsamoking weldersreported dhronic bronchitis compered with none of the
nonamoking contrds: Weldaswearedso morelikdy to report having hed adhet ilinessthet ket them
fromthar usLd adivitiesfor asmuch asawesk during the pedt threeyears (PR = 36, 9526 Cl 09- 145).
Noredf thee differenceswes ddtidicdly sgnificart, asshown by the 98% confidenceintavels which
indude 10.

Weddasweremorelikdy then contrdsto repart lower resairatory tract symptomsthet improved onday's
avay fraomwork. ThePRsfar thisgroup of symptamsranged from 1.2 for work-assodated plegm to 39
for work-assodaed dygonea. Noneof these PRsdiffered significantly from 1.0,

Threework-sssodaed muoous membrareinitation symplomsware morecommon inwddasthenin
contrals imegpedtivedf amoking daus For eyeimitaion (FR=64, 9% Cl 1.7 - 239) and throet
imtation (FR=38, 959% Cl 10- 14.3), the differences betwean wd dersand contrdswere datidticaly
sognficat. Work-assodaed nesd congestionwasdso marefrequant inwddars(PR=22, 99%Cl 09-
5.3).

Woaork-assodated naussaand heedecheswere morefrequant among we darsthen contrals and these
dfferenceswere accounted for by nonramokers Work-assoaaed fever was only reported by 2
workers bothwdders

Ovadl, the prevdenceratio exosaded 1.0 for 10 of these 12 work-assodated symptons dthough anly
two of thesedevated prevdenceraicsware daidically sgnificart.

Thefrequendesdf symptomsregparted by weldersin thefabrication, cab assamidy, and ladder
departmentsareshownin Teble9. For mogt symptoms thelowest prevalenceswerereported by ladder
sopeardoyess Thisgroup dso hed thelowest proporion of amokes: Thirty-one peroant of falrication
Ogoatment employessreparted symptoms of dyonic bronchitisand thirty-eight percent reported
work-assodaed cough. Nonedf thewddarsin theather two departmantsreparted these symptoms

Reatsfar garomelry test resduds (abosarved minuspredided) for wedersand contrdsare summaizadin
Tade10. Asindicated by the negtivevaduesdf theresduds curant and ex-amokershed lover puimonary
fundion then predicted far their age, height, raog and sex. Compaing eva-amokingweldarsto
eva-amoking contrds thewd dershed lover resdue sairomelry resuits (grester negetive devigtion from
predicted)) then contrdsfor FEVL, (FEV PV C)% and FEF 25-75. Howeve, thedfferencesweare
ganadly smdl and nat gatidtically sgnificant, contraling for cument smoking and pedk-yearssmoked.
Among never-amoka's weadershed lower sairomery resdudsthen contrasfar FEV1, FVC,
FEV1IFVCY% and FEF- 2575, and these differences ware dso nat datidticaly Sgnificart.

Fewer wedersthen contralshed aonomnd goiromery acoording to the ariteriadestribed in Appandix A.
Threewddarsand four conirds hed dosrudive aonomndlities onewd der and three contralshed restridiive



abnomndities and onewddar and anecontrd hed mixed (abodrudive and restrictive) ononrdlities All
agjedswith aonomd resitswarecurant or ex-anokas  Thedfferancesinthe proparionsof weders
and contrdswith variaustypes of aonomnd test resitswearenat datidically sgnificant by Fdher'sexadt tet.

Tddell ammaizestheregresson andlyssaf Jaromery resduds (dgoendant vaiailes) anangwddarsin
tamsof theesimeated regyesson coefidents ((39) for yearsworked asawd der & Four Whed Drive
Coporaion. Theeareesimeated sgparatdy for ever-anokersand nevar-amokars For evar-anokas the
codfidentsareadjusted for current smoking datusand pack-yearssamoked.

Among eva-amoke's therewesadatigicaly sgnficart, inverserdaionship bewean yearsworked asa
wdder & FWD Corp. and thefdlowing resdud sarometry resuiits 1) resdud FEV 1 (Oosaved FEV1
minuspredicted FEV/ 1) (3=-36cc per year, 5% Cl -56 - -1600year); 2) resdud (FEVIFVCO)% (3=
-0.35% per year, 95% Cl -0.68 - -0.04% per year); and 3) resdud FEF 25-75 (3= -65cayear, 95% Cl
-111 - -190dyerr). Theregresson codffident for yearswelding a Four Whed Drivewas negative, but not
donficanty different from O, whenresduel FVCwesthedgpadat vaidile Fgurel donsHEVL
resdudsplatted againg yearsworked ssawddar a Four Whed Drivefar eva-amokingwedas andthe
"begfitting” linefrom therdationghip betvwean thosetwo varighles g ugted for smoking datusand
peck-years FHgure2 fonsadmilar platwith (FEVIFVCYbonthey axis Fromthispldt, it isgoperent
thet the negativedopedf theregressonlinefor dl dosavationsislargdy dueto 1 dosavaionwith 41 years
wddnga FVD Coarp. and (FEV IRV C)% 3% lessthen predided. Thereyression lineshown exduding
thet "outlier™ cosarvation hesadopeof -0.13% per year (9520 of Cl -044 - 0.18% per yerr).

Amongwddaswhoweare neva-anoke's therewereno daidicaly sgnificant assodationsbetwean
aromery resdudsand yearsworked asawd dear a Four Whed Drive but dl reyession codffidentswere
postive

VII. DISCUSSON

A

Bviromatd:

It should benated thet during theenvironmentd Survey of March 1987 conditionswearenat represantative of
evayday oparaions Produdion rateswerebdow nommd, and thetack welder was nat in usein theladder
shop duing theday samplingwasconduded inthet area. Thetaok wdding gparationwasnat ventilated
and could beasgnificant source of metd fumesin thet shop when opaaing.

Twodf themetds detected, nidd and dromium, have NIOSH REL sthet arerdatively dringant
compared to ather gpplicableevironmentd aitaia Nidkd compoundsare conddered by NIOSH tobe
Ut caranogas: Andysesdf samples aollected show the presance of nidkd abovetheNIOSH REL.
Thereadtsd andysssfor taid dromiumaedl bdow thegopliccleevironmantd aitaia Hoveve, the
andyssspafamed do nat ditinguish betwean hexavdeat dyomium (dyomium V1) and ather foms of
dramum Ineschindancewharewdding was conduded on danessded theamountsof dromiumwere



conddaddy highe thenin aresswhare dainlesssed wesnat used. Thisdifferencewould modt likdy be
duetothe pressced dromium VI whichiscommonly foundin dainessged and isconsdered by
NIOSH to beasugpect humen cardnogen.

Degitethefadt thet the breke shoe mechining prooesswes enuiipped with locd exneust vertilation, the
acocumulaion of vishle particuiate meterid medhined from thebreke shoeswias nated throughout the area,
Thisaedesthe patantid for the oreed of asetoscontaning mataidsto aher aessof theplat. Also, the
worker dosarved inthisareawas ot weating gopropriate parsond protedive equipmant.

Meadicd:

Themedicd survey wasintended to assessany rdaionship bewesnwork asaweder a Four Whed
Driveand rearatory symptamsand pumonaty fundion

A higher prapartion of weldersthen contralsreparted mogt of the symptaoms aunveyed, contralling for the
effect of anoking. Theassoaaion beweanwork ssawdder and symptomswias epeddly consdeant for
work-assodated symptoms: Although devated prevdenceraicswere datiticaly sgnificant for anly two
work-assodated symptoms, ten of the 12 work-assodiated symptoms hed prevelenceretios grester then
10. If the"true' frequenaes of work-assodated symptoms among welders and contrd workersunder the
condiionsat FWD Carp. wereegud anewould expedt, onaverage, 6 of the 12 prevdenceraiosto
exceed 1.0 and 6to belessthen 1.0. Theprabehllity of 10 or moresymptoms oocuming morefrequently in
wddashy chanceis0.019 (exat inomid probebility). Modt of thesework-assodated symptomsare
goesivedt edqpoauretoresardary tract imitants: Thisfinding isconsgant with theknown propartiesof
omecomponantsof weding fume and with symptomsreparted by ather workersexposed towd ding
fUTElz

Symptamsaf dronic branchitiswere reported more dften by weldersthen contrds though the difference
wasnat datidicaly sgnificat. Chronic brondhitisisaknoawn consecpencedf dgarettesmoking'’, and may
be causad by repedted arway imitation by dgardteamoke Chronic bronchitissymptomshavebean
asodated withweldingin ather sudies™ % and may be dueto repested expodUreto resairatary initants
presatinwddngfume

Cough and dyonic bronchitis gpeared to be assodiated with work inthefabricating area. Thismay be
rdated to thefinding of thehighest levdsof tatd welding fumeeqpoaurein thisdepartment during thesurvey.

Among ever-amoking we dersthere was an assodation betwean longer tenureasawd der & FWVD Cor.
and poore paformeance on garomaric messuresd arflow (FEV1 and FE2S-75). Inthisgroup, neceive
but nonsignificant, reyression codffidenisweredso edimeted far yearswelding & FAVD corp. when FVC
and (FEVIFVC)% werethe dgpandant vaiades (exduding 1 outier from the (FEV VPV C)% regression
andyss). Becaused thelimited bettery of pumonary fundion testswecould ressonedly cary out inafield
sdtingweweareungieto ddeminewhether reduoed lung vaumes reduoced arflow, ar bath, acoounted for



the assoaation dosarved betwean years of welding & Four Whed Drive Carporation and lover gairometry
resuts(sseAppendx A). Wedd nat find agmilar assodation betwean weding and pumonary fundion
among neve-anokas

Thesefinrdngssugoest thet pest exposred wdding fumea Four Whed Drive Carp. and dgarettesmoke
mey have"ineradied” to causeacombined advarseeffect on pulimonary fundionwhichisgregter then
eqedad framthar indvidLd efeds Thisdoesnat meenthet smokingisthe”'cause’ of thelover pumonaty
fundion sen among ever-amoking weldarswith langer duration of welding. Theassodation betwean
pumonary fundion and yearswedding & PA/D Carp. wespresant diter contrdling for theeffedsof smoking
inthegroup of ever snokears: Thegpparant interaction betwean agarette smoke and welding dosarved in
thissudy iscordgant with some ather sudies™® 8

Moare contrdsthen wedershed donomd garomery resuts but the numbersof aononmd resitswere
g, and thisdosavaion isconsdent with adnencefinding. Our sudy wesnat desgned to afributiea
cauetoany individud test resuiit and fooused only ongroup compaiisons

Svad limitaionsaf our survey nesd to bemantioned. Thiswesaaossssdiond dudy of curerntly
employadwddas Snoewarkerswho devdop adverse hedth efedsfromweding may bemarelikdy to
changejobs dosavationslimited to curat warkesmay undaresimetethe advaeredfetsof wdding.
Suchadudy cannat diredly meesLre dangesin heelth dueto an expoare, becauseindvidudsare only
duded once No ever-amoking we derswith betwean 9 and 18 yearsof tenurea FWD Corp. were
avaladefor teting, nor werehidaricd detaonwdding fumeexpoareavalade Thadfarg therdaive
effet of pest varsus marereoant welding fumeexposLre on lung fundion cannat be assessed

VIII. CONCLUSONS

1

Employessworking in thefabrication area (dgpartmant #02) were exjposad to conoantraions of tata
wddngfumeinexcessof the ACGIH TLV andthe OSHA PEL. and to concantraions of nidkd and silver
inexcessaof theNIOSH REL and OSHA PEL, respediivey.

Weddasa Four Whed Drivecurantly report morework-assodated symptoms o initation of themuoous
mambranesdf theeye, nose, throet and lover resairatary tract and haveahigher prevdence of dronic
bronchiissymptomsthen do nonrwdding warkers and these symptoms arelikdy to be caused by
excessveexposretowdding fume

Duration of work ssawdde a Four Whed Drive Carporation was assodated with lover vaues of
FEV1ad 25 anongeva-anckas Thisfinding uggeststhet theaumulaiveefect of pest
expoaretowddng fumes under condiionsa thisfadlity, haveinteractied with dgarette snoking to causea
Oereaseinthoselung fundion teds

Environmentd messramants uggested apatentid for sgnificant eqposuresto dramium VI duing daness



ded wdding. Obsavaions uggested apatentid for Sgnificant exqpoauresto adoetosinthebrakeshoe
asamhly aea

RECOMMENDATIONS

Thefdlowing recommendetionswere disoussed with rgresantatives of themanegemant and theunion during the
daang coferenceon March 12, 1987. Theserecommendaionsshould beimplemented if they havenat dreedy
been completed.

1

Gagd adlocd edas venilaion (LEV) sydemsshould beindgdled indl weding dgpattmeantsto reuce
thelevdsd me fume

Sncewdding and ather fumeproduang gparations arerautindy pafomed intheceb essambly area

(dlept. #03), thefabication area(dept. #02), and theladder shop (dgat. #04), exhaudt ventilation should be
usdtoremovemdd fumes 1dedly, fredy movestlefume hoodswith fledbleduding should beusad which
would dlow thewe der to postion the hood asdose as pradiicable to the piece baing wel ded.

AnLEV sydemdhoud beingdled intheladder shop a theteck welding operation. Thistypesysam could
beessly ingdled and would sgnificantly reducearbome concantraionsof metd fumeswhenthisopaation
isuming.

Locd exhagt vertilaion (LEV) sysarsdf thetype disoussad abovewareavaladea thewdding boathsin
thefaorcation area(deat. #02) hovever, these sydamswearedd and weare nat baing used during thetime of
our auvey. Thesesysamsshould bergpaired or replaced asnecessary, and earployessshould be
indructed inthe carmect usege of these syfems and encouraged to usethe sygams

RatdeLEV sydemsshould be ussd whenweding or cutting in confined arees Such asingdecals In
nonoonfined areess LEV sydamsshould be used, particulaty whenwarking with dainlesssed, aprimary
ourcedf cardnoganic hexavdat dramium (Or V), nickd, and ather taoxicmetds WhenusngLEV
sydams thehood should beplaced asdoseaspradticd tothearc ste. Provisonsshoud bemedetoenaure
thet wdding fumesdf thetaxic meidsarenat exneugad into en aeawhare ather workkersare presart.
Addtiondly, mekeup ar for confined goeceswhare LEV sydemsare usad ould bedean

Instusionswhaetheusedf LEV sydemsisimpradticd, workersshould be provided with gopropricte
resaratary pratedion. Supplied ar regaratorsare reuired in confined Specssinthe dosence of auffidant
contaminent ramovd andlar mekeup ar. Thistyped reairatar should aso beussd whenwddingon
danesded innonoconfined work oeceswhareusedf anLEV sygemisimpradical.

Thossworkerswdding far prdonged paiodsdf timein onelocaion hodd ueafanar LEV sydemto
prevart fumesfrom entaing hisher bregthing zone



10.

14.

16.

17.

Wedng autainsshoud be purdnessd and ussd asmuch asposshleto mnimize utravidet (UV) rediaion
exposred oher warkeasinthearea

All welding and autting gparaions should comply with therepuiraments autlined inthe Generd Indudry
Oooupetiond Sefety and Heelth Sandards OSHA (290 CFR 1910.252).

Theadedoshrake hoeaeashould beisdlaed from ather aress of thefadlity to prevent theoreed of
asbedtosfibas

All acoumulated adbestosfibarsin the breke shoe areas should be deened up using gopropricte
proosures and aregular housskegaing schedule should beimplementad to prevent fuire acoumulation of
adhetoscontaning metaids

Theremovd of accumulated esbediosfibersinthe brake shoeareashould be acoonplished by theuse of a
vaouum sydam, dry svegaing tedniguesshould nat beused. 1dedly, acentrd veouum sysem equipped
withahigh effidency paticuaear (HEPA) filter shaud beindaled A partableveouum system eouipped
withaHEPA filter could beused ssan dteretiveto theingdlaion of acentrd veouumsydem Vaouum
"cdllectors’ should beemptied and their contents digoosed of using gppropriate prooediures

Approprigte pratedtive coverdls should be provided and wom by employessworking onthelbrake shoe
mechining gperation or deantup of thet area. Theseshould belaundered or digoosed of prapaty,

Ogoending onthetypeussd

Until effediveengineaing contrdsareinddled, the usedf an gopropriate reairator should berequired and
enforoed.

Whentheinddlaion of enginesing contrdsiscompleled, the arees Should be monitared for arbome
conaatraionsof tatd weding fume dramium VI, nickd and ather metd fumesindl wdding aressand for
adbedosa thelrake shoe oparation to deeminethe dfediveness of thesecontrds

Thepresant regairator program should bethoroughly reviewed and updated to ensLrethet thereirator
pragramisin compliancewith al repuirementsof 20 CFR 1910134,

Thepresant program far blood lesd monitaring should berevieved to eaLretret it isin compiancewith al
requiremantsaf 20 CFR 1910.1025, induding theuse of an OSHA-goproved lebaratary to pafamthe
blood leed messremants
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Tadel

HementsArdyzed by ICR-AESand Thar Caresoonding

Ardyticd Limitsof Defedtion
Four Whed Drive Camporaion
Cintormille Wisoorsn
HETA 86524
Ardyticd Limit of Detedtion
Hemat (micograrspa saple)
Alumirum 10
Artimory 10
Arsric 50
Baron 10
Baium 10
Bayllium 10
Cdaum 50
Cadmum 10
Cobdt 10
Chramium 10
Copper 10
Iron 10
Latharum 50
Magnesum 10
Manganee 10
Mdybdanum 10
Nickd 10
Lexd 25
Seaium 10
Sive 25
Tin 10
Teluium 10
Thelium 10
Titanium 10
Vaedum 10
Yitrium 10
Zrc 10
Ziraonium 10

Nae 1000 miaogars=1milligan



Table?2
Metasdetected on parsond breathing zonear samples

Four Whed Drive Corporation
Qirtorville Wisoonsin
HETA 86524
March9- 12,1987
SQubstance Rae Nurmber of samples NIOSH ACGH  OHA
(Metd) (mgvd) detected on REL LV PEL
(mMd) (oM  (mgWd)
Tadwddgfume 0.7 -6.2 333 - 5 5
Alumirum 0017-0.16 933 - 5 ---
Baium 0.001-0.005 933 - 05 05
Cddum 0011-022 32133 - 2 5
Chramum 0.002-0051 21/33 * 05 1
Copper 0.003-0.022 32133 - 02 01
Iron 017 -26 3333 - 5 10
Magnesum 0.003-0.063 32133 - 10 15
Mangenee 0014-044 3333 - 1 5C
Mdytdanum 0.002-0010 16/33 - 5 5
Nickd 0.001-0022 17/33 0015 1 1
v 0015 33 - 01 001
Titaium 0091 33 - 10 15
Zrc 0003-12 3333 5 5 5

C- anemployesseqpoareddl a notimeexosd theadling vdue

*TheNIOSH REL sfar dvamium compoundsdiginguishesdromium (V1) compoundswhich are cardnogenic (REL 0001 myi?)
and dromium (V1) compoundswhich are non-cardnogenic (REL 0025 mg/n). These REL sarenat goplicablefor totd
dromium whichweasmessred inthissudy.



Dae Job (typesed)

30987 Cohasamily (danes

30987  Cébasarhly (mild, glvaned)

30987  Rodf assamhly (mild gelvaned)

30987  Cébasarhly (mild, glvaned)

30987  Cabasarbly, Sdepand (mild, gavaned)
30987  Cébasarhly (mild, glvaned)

30987 Mis.

30987 Mis.

ENVIRONMENTAL CRITERIA

Tade3

Rasord ar sampling reauitsfor Weding Fumesin Departmat #03
Four Whed Drive Camporaion
Qintorville Wisoonsin

HETA 86524

March9- 12,1987

SndeTime SardeVdure

(minutey

431
425
424

415
414

(it

RREEES S

NIOSH REL
ACGIHTLV
OSHA PEL

* - grester then 50%6 of themogt Sringent cooupetiond aritaiafor thissuodance
ND - not detected

Ervironmental Conoentration (mg/M?®)
Toe Tod Iron
Weddg Cramun  Oxide
Fume
38* 0.029 083
22 0.006 0.70
24 0.005 083
14 ND 033
14 0.002 043
26 0.004 085
32 0.005 15
30 0.004 0.76
S 5
S 10

Nickd

0.010
0.002
0.002
ND
ND
ND
0.002
ND

0.015
0.1

Siver

ND
ND
ND
ND
ND
ND
ND
ND

0.1
001



Dae  Job(ypesed)
1087  Farelire(rild)

1087  Fareline(mild)

1087  Farelire(rild)

1087  Booh 15 (gvaresl)

31087 Baoh 9(gevared)

31087  Baoh 8(Eurrirum)

31087 Booh 11 (duminum, brasy
1087  Fareline(gvers, danies
1087  Farelire(ild)

1087  Booh 2 sickweding
1087 (mild, celvered], tairlesy
31087  Booh12 sickweding (mild)
1087  NexttoBooh 12 (gvared)
ENVIRONMENTAL CRITERIA

* - grester then 5026 of themodt sringant cooupetiondl arteriafor this

bgance

- exossds dringant cooupetiond aitaiafor thissubdance

ND - not detected

Tdde4

Rasord ar sampling resuitsfor Weding Fumesin Depatmant #02

(minutey

8

N
o

7

GERBE588a8

Four Whed Drive Corporation
Jirtorville Wisoonsin
HETA 86524
March9- 12,1987
Ervironmental Conoantration (mgM°)
SneTime  SardeVdure Tad Tad Iron
(litery Wddng Chramum  Oxide
Fume
712 39 0004 11
450 34* 0.008 11
705 56** 0.007 26*
694 6.2** 0004 0.79
680 22 0004 060
682 18 0.005 0.29
675 19 0.003 025
669 22 0051 0.79
672 33 0.010 14
232 17 ND 069
428 45* 0.023 15
662 21 0004 060
656 31 0.008 090
NIOSH REL -
ACGIHTLV 5 5themod **
OSHA PEL 5 10

Nickd

0.002
0.008*
0.003
0.002
0.002
0.002
0.001
0.022+*
0.003
ND
0.008*
0.005
0.005

0.015

Siver

ND
ND
ND
ND
ND
ND
0.015**
ND
ND
ND
ND
ND
ND



Dae  Job(ypeded)
187 Ladder shop(mild)
1187 Lader shop(mild)
187 Ladder shop(mild)
1187 Lader shop(mild)
187 Ladder shop(mild)
1187 Lader shop(mild)
187 Ladder shop(mild)
1187 Lader shop(mild)
187 Ladder shop(mild)
ENVIRONMENTAL CRITERIA

ND - not detected

Tade5

Rasord ar sampling reuitsfor Wedding Fumesin Depatmant #04
Four Whed Drive Camporaion
Qintorville Wisoonsin

SardeTime  SardeVdume

(minutey

481
478

FABBEI I

HETA 86524
March9- 12, 1987
Environmental Conoentration (mgM®)
Tatd Tad Iron
(ites Welding Chomum ~ Orice
Fume
122 0.7 ND 021
717 10 ND 031
712 17 ND 055
705 10 ND 0.28
699 13 ND 049
650 15 ND 048
64 18 ND 046
636 15 ND 048
632 11 ND 031
NIOSH REL - -—-
ACGIHTLV 5 5
OSHA PEL 5 10

Nickd

ND
ND
ND
ND
ND
ND
ND
ND
ND

Siver

ND
ND
ND
ND
ND
ND
ND
ND
ND



Tade6

Rarsord air sampling realtsfor Wi ding Fumesin Departments#23 #22, and #16

Dae  Jb(ypesed) SgeTime
(minutsy

12187  Fird sy, dpL #23 (miscwedng) 460
12187  Fird asetly, dgt #22 (o weldng) 459
12187  Fird sy, dL 16, (s wedng) 455

ENVIRONMENTAL CRITERIA

ND - not detected

Four Whed Drive Camporaion
Qintorville Wisoonsin
HETA 86524
March9- 12, 1987
Ervironmentd Conoantration (mgM®)
SargeVdure Tatd Tad Iron Nickd
(liter9 Weddng Chomun ~ Oxide
Fume
690 08 0.003 017 0.002
688 09 ND 0.19 ND
682 10 0.003 031 ND
NIOSH REL 0.015
ACGIHTLV 5 5 01
OSHA PEL 5 10 1

Siver

ND
ND
ND

0.1
001



Age

Bducation

Snoking

TABLE7

Compatisondf Demogrgohic Vaiables Smoking, and

% Byeasorles
% 36t046years
%4610 B years

% S5 yearsand dder

%lesthen 12 years
% 12years
% morethen 12 years

% curat Inokas
0% ex-9nokas
% neva Inokas

Pack-years(among ever amokas)
meen
SD.

Yearsworkeda PWD
memn
SD.

Y earsworked asswdder
memn
SD.

Y earsworked assWdda a PWD
memn
SD.

Y earsworkad ssMaching & FWD

mem
SD.

Oooupetiond Higary inWedas
andContrds

Wddas Cortrds
(N=47) (h=37)
288% 16.2%
21.7% 21.6%
14.9% 32.4%
21.7% 20.7%
255% 27.0%
66.0% 70.3%
85% 2%
255% 405%
42.6% 3R2.4%
3L9% 27.0%
237 181
24.6 150
190 212
113 96
2.1 -0
111
17.7 -0
113
0.7(2) 199
30 102

(D Threeaurent wedarswarked as mechingsinthe pedt.



Comparlson of Symptom Frequenciles

TABLE 8

in Welders and Controls

CURRENT SMOKERS
Welders Controls

Number of particlpants

Lower Respiratory
Tract Symptoms:
usual cough
usual phlegm
episode of
cough and phelgm

coughed up blood
wheezing
chest illness
dyspnea

Chronic Bronchitis

Work-associated (3) Lower
Respliratory Symptoms:
cough _
phlegm™
dyspnea
wheezing

Work-assoclated
Mucous Membrane Irritation:
nasal congestion
eye irritation
nosebleeds
throat irritation

Other Work-associated
Symptoms:
nausea
headache
lightheadedness
fever

(1) prevalence ratlo
(2) 95% confidence interval

{3) "better on days away from work”

{4) zero in denominator

12

58%
33x%

33x
17%
25%
17%
25%

25%

42%
17%

8x
17%

33%
33x

0x
25%

B8x
25%
17%

8%

15

73%
60%

13x%
13x
27x%

7%
40x

20%

13%
42%

T%
13%

13%
13x
0x
7%

7x
27%
20%

0%

CURRENT NON-SMOKERS

Welders Controls

35

29%
37%

29x%

6%
23%
20x%
3lx

lax

14x%
31x%

9%
1ax%

29%
26%

3%
17%

11x%
29x%
lix

k13

22

41%
36X

18x%
5%
18%
5%
23%

0x

9%
13%
ox
5%

lax
0x
5%
5%

0x
9x
9%
0%

Smoking-Ad justed

PR
(1)

oo
o 4

R
OO W

SRR ]
[T % L V]

wWooN
o

~ g
- O 00 ~J

95% CI

(2)

(0.8
(0.1
(0.6
(0.9
(0.5

(0.7

(0.9
(1.7
(0.0
(1.0

(0.5
(0.7
(0.3

6.2)
2.5)
36.4)
7.6)

5.3)
23.9)
9.6)
14.7)

40.7)
4.5)
3.2)


adz1

adz1

adz1


TABLE 9

Comparison of Symptom Frequencies for Welders
in Fabrication, Cab Assembly, and Ladder Departments

(1) “better on days away from work”

Fabrication
Number of participants 26
Current Smokers 31x
Lower Respiratory
Tract Symptomg
usual cough 62x%
usual phlegm 6%
period of increased
cough and phelgm 31x
coughed up blood 31x
wheezing 27%
chest illness 23x
dyspnea 35x%
Chronic Bronchitis 31x
Work-associated (1) Lower
Respiratory Symptoms:
cough 3gx
phlegm 35%
dyspnea 12x
wheezing 19%
Work-associated
Mucous Membrane Irritation:
nasal congestion 38x
eye irritation 31x
nosebleeds 4%
throat irritation 23x
Other work-associated
Sysptoms:
nausea 15%
headache &%
lightheadedness hx
fever ax

Cab Assembly

25%

0x
gx

38x

0x
agx
25%
50%

0x

0x
25%
13x%
25%

38x
50%

0%
25%

38x%
13%
13x

0x

Ladder Shop

14x

14%
29%

29x
29%x
ox
0ox
29x%

0%

0x
29%
0x
0x

l4%
14%
Ox
(11

14%
0%
0%
0x


adz1

adz1


SnokingSeus Wddes Cowrds
Number Teged Curat 1n 15
Ex 20 1n
Never 15 10
Sk SAs  Mean (SEM)2 Men (SEM))
FEV1Resicd Curat -97 1) -9l (176)
(@9 Ex -182 (116) -69 (200)
Never 137 (131) 241 111)
FVC ResicLd Curat 100 (229) =72 202)
(ccy Bx -17 (116) 6 (211)
Never 115 (140 192 (212
(FEVUFVC) Curat -65 24) -32 (26)
Redlel
@) Bx -53 20) -45 (25)
Never -07 (L4) 02 07
FEF(25-75) Curat -1284 (446) -845 (356)
Resdd
(oc/sscond) Bx -1418 (249) -1186 (460)
Never - 447 (339 -300 2713
o) [cbsaved res.it - precicied reaif] - besed on sex, height, agg, and rece
@ Saadara o men
® pvauefor patid Ftet of dfferncein meansbewesn weldasand aontrdsamong curart and ex-amokers contralling for cumart soking Setusand pedkyearssmoked

TABLE10

Compaisondf Saromery Tet Resduds(1) inWddas& Cantrds

@ pvauefar tiet compaingmesninwddasand cortrdsamong neve smokas

p\Vdwe

08303)

053(4)

071(3)

070(4)

052(3)

061(4)

047(3)

0.78(4)



TABLE11

Regresson Codfidentsfor Saromery Test Resdues (1) veaus
YeasWorked asaWdde & PWD Corparation

Dependat Vaide (;Jif?_iisc?; Qurat& Ex-Snokas() R Never Snokers
Codfidet 959%06Cl Codfidet 959%06Cl
FEV1Reidd ooyear 36 (-56--16) 034 19 (4-&)
FVCReddd ooyer 20 (44-4) 011 17 (9-39)
(FEVUFVC) %Resdd  Ylyer 035 (-068--004) 017 012(-015-0.39)
FEF 2575 Resddl oofyesr 65 (-111--19) 024 26 (-50-102)

@ [obsarved test resut - precicted test result (besed on s, age, raoe, and height®)]

@ Adugted for current smoking fatusand peck-yearsof smoking

2

0.19

014

0.06

004



FEV1, (Observed - Predicted), liters
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Graph 1

FEV1, Observed - Predicted Value, Versus
Years Worked as a Welder at FWD, Ever Smokers
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vyears worked as a welder at FWD


adz1

adz1


(FEV 1/FVC)%, Observed - Predicted Yalue

10%

8%

0%

-8%

~-10%

-186%

-20%

-25%

-30%

-38%

Graph 2

(FEV1/FVC)%, Observed — Predicted Value,
Versus Years Welding at FWD, Ever—Smokers
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Appadx A

Intepreaion of Individud Saromery Tests

Thepuposed the pumonary fundion testswasto deemineif longerm employees asagroup, hed evidence of reduoad lung fundion thet
could bedtributed to expoaures indudng wdding fumg & Four Whed Drive Thefdlomng garomeric messreswere ussd to deemine
whether anindividlel hed puimonaty fundion resits outside the conventiond range of nonmdl: foroed vital cgpeity (FVC), 1-ssoond foroed
exaraay vdume (FEV1) and cdadaion of theratio (FEVIFVC)%. FVCisthetatd amount of ar thet can befordlly edded dter afull
ingaration; FEV 1istheamount of ar edhdled during thefird ssoond of afaroed exairaion. Any condtion thet impeirsFVC doimpeirs
FEV 1 (lbut nat necessatly (FEV/FVCO)0), but thereverseisnat true. Conditionsthat impeir FEV' 1. do nat necessatily impalr FVC. FEVL
and FVCareevduetad by compaing thamto"predided” vauesthet tekeinto aooount age, haght, sex, andrace. RUmonary fundionis
conddaed "nomd” if the FVC and FEV 1 ae80% or maredf thar predided valuesand (FEV 1IFVC)%is 0% ar more. Ganadly
Foeeking, alow (FEV HEV)%% (lessthen 70%0) indicates an " dodrudive impainment to exdhding rgadly, and alow FVC (lessthen 80% of
predided) indicatesarestridive’ impaimment of lung cgpeaity. If bath FVCand (FEV PV C2barelow a"mixed” impeaimart (bath
aodrudiveand reridive) issad to bepresat. Someindvidueswith modarae or severe dogrudiveimpaimmant arenat ddleto ampty their
lungsfully during thetimefarced vitdl cgpeatty isusLelly messured (6 ssoonds). Insuch cases the FVC may bebdow nonmd, indicatinga
resridivear mixed impaimeant, when, infadt, anly an dodrudiveimpainmant edds Additiond puimonary fundiontests nat suiteblefor “fied”
admindraion, areneded to dneradterize acouratdy thetype of donomrdity inuch parsons

Thefarced exarraary flow raleduning themiddehelf of exairaion (FEF25-75) isusLelly aso reduced when an dodrudiveimpamat is
presat. Howveve, snceit canvay widdy in bewean namrd individuelsand bewean differant testsinthe sameindividud, itisnat generdly
ussdtodiagnoeanimparmat onanindividud begs Inthissurvey, the FEF25-75 wes used anly for group comparisons

Vaiousoooupetiond and non-ocoupetiond conditionscan efect theresLitsof pumonary fundiontests Gigardterdated bronchitisand
emphysemaare probehly themost common causes of alow FEV 1/FVC among the ganerd warking popuiation, athough oartain oooupetionel
damicd and dugt exposrescandso cauear contributettoit. A low FVCismoresuggestivedf theeffedts of cooupetiond expoaresauch as
ayddlineslica, asbestos and hard metd dust. Abnomd test resLits by themsalves should beintarreted anly asanindicator of impeired lung
fundion, nat asdiagnosss of oadficdseeses Futhermare, they should nat necessaily beintarpreted inany individud caseasbaeing dueto
ather cooupationd expoaLresin generd or oeaificexpoaresa Four Whed Drive: That detemingtion can only bemedediter amare
compleemedicd evdugion then NIOSH provides



APPENDIX B

Expargtion of PevdenceRaios
and Smoking-Adjusted Prevdence Ratios

A prevdanceraioweas caauated by dividng the prevaence of asymptom (propartion of parsonsreparting thet symptom) anong wedashy
theprevdencedf asymptominocontras A prevdenceraio of 1.0 meansthat the same prapartion of weldarsand contrdsreparted the
s/mptom; aprevaenceraio of gregter then 1.0 meenstihet higher proportion of weldersrgported the sympton; aprevadenceratio of lessthen
10 meanstra fever we dersthen contrasreparted asymptom

Toedimateasngeprevdenceraio comparing dl wedarsto dl contrdswhile aooounting far theinfluenceof aurent smoking, wecomputed a
"smoking-adjuded prevdencerdio” Thisisawaghted averaged the prevdenceratiosfor smokersand nonamokers but hesthesame
intapreation asthe prevdenceraio for eech snoking categary (1., prevdenceraio greter then LOmeensasymptomismoreprevaat in
weddars. Thesmoking-adjusted prevaenceratio was computed using the"Mantd Haned etimetel® which refersto apedific method of
datidicd adjusment. For eech amokingraduted prevdenceratio, we computed a95%6 confidenceinterva which refledtsthelower and upper
limitsof possblevauesdf the"true" prevalenceratio (the prevalenceratio thet would be datained from averaging theresuits of alarge number of
dudiesaf wddasand contrdsunder the same conditions asin thisgudy) thet the detlawe cdllected would becorsgant with. Weussda
ddtidicd technigquecdled the"test-besed" method to compute these confidenceiintavds A propaty of these corfidenceintavdsisthet if the
vadue 10fdlswithinagven confidanceintavd, the caresoonding prevdenceraio edimeteisnat "satisticaly sgnificantly” different fram 1.0,
For example if theprevdenceratio edimetefar ag/mptomis 1.8 and the 95% confidenceintarvd is(08 - 4.1), weldersin the sudy populaion
waemarelikdy (L8timesmorelikdy) to report thet symptom. However, the difference between wel dersand contrds could have ooourred
by chence 36 or moredf thetimeevenif, ontheaverapge, wddersand contrds have the same prevdence of symptoms: |, onthe ather hand,
the 9% corfidenceintavd for aprevdenceratio doesnat indude 1.0, the coresponding edimete of theprevdenceratiois"datistically
sgnificantly” different from 1.0. For example if the prevaenceratio esimetefar agiven smptomis64 and the 95% corfidenceintava is(L7 -
239), wddarsweare64 timemoarelikdy to repart thet symptom then contrds: Such alarge prevalenceratio would be expected, by chance
lessthen o of thetime if the"true” prevdenceraiowere 1.0.



APPENDIX C

Computtion of Sairometry Test Resduds
(Cbsaved minus Predicied)
Saromery readtswereadusiad for height and apeasfalows Using an eguition derived from astudy of heelthy, nonsmokingindividuals®
(seebdow), thevduedf each lung fundion parameter meesred which would be expected, bessd onasulet'shaght and apewas computed.
This"predided” vduewas idtradted fram thevalue of the perameter "aosarved!” (1.e aduelly messured) inthet individud. Theresuit westhe
"resdud” vduefor thet lung fundion parameter. For exarde if agven sljed'sFEV 1 wes 236 litersand the FEV 1 expedted bessd anhis

haght and ageweas 3M8lliters then hisresdud FEV1would be-0.72liters InthiscasetheagjesHEV Lislessthen theaverape expected.
A postiveresdud FEV1indcaestne FEV Lisgregter then expected. Theresdud vduesfor FEVL, FVC, FEF 25-75 and (FEVIIFVC)%

weareusadinsubsuat andyss

Eoustions used to compute predided valuesfor garomety.

Mdes gede thenor equd to 5 yearsof eage

Pedced  FEV1 (liters =-4.203+ 0.062* hdght (am) - 0027 * age(yr9
FVC (liters) =-5459+0065* haght - 0029* age
FEF25-75 (liters per second) =-1.864 + 0.045* height - 0.031* age

(FEVUFVC)%=10364- 0087* height - 0140* age

Mdes lessthen 25 yearsof epe

Peddted  FEV1 (liters) =-4.808+ 0.046* height + 0.045* age
FVC (litery =-5508+0050* Height + 0078* age20
FEF 2575 (liter) =-5.334+ 0069 * haght

(FEVIFVC)%=10864- 0087* height - 0.140* age





