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l. SLUMMARY

InMay 1989, the Nationd Inditutefar Oocupetiondl Sefety and Hedlth (NIOSH) recaived areguest from Sims
Rediaor Soplocated in Lavrencaville Georgator 1) evauete oooupetiond exposuresto leed during thedeaning
and repar of automahileand commeaad rediatars and 2) asss with the desgn andimplementation of aconplete
environmantd and medical monitaring program meeting the Oooupetionel Sefety and Hedlth Adminidration's
(OHA' lead dandard.

OnJdine2,1989, NIOSH conduded an environmentd and medicd evdugtion.: Theavironmenid evaugtion
condded of: 1) adlledting persond bresthing zone (FBZ) arr samplesto daaminethe concantrations of arbame
leed among 3 employessreparing radiaors 2) adleding 1 generd ar sample, 3) dosarvingwork pradtices and 3)
absaving theovadl room ventilaion. Themedicd evaugtion congsted of asdlf-adminisered quedioréire a
medicd and cooupetiondl histary, alimited physicd examingtion, anda blood leed levd and freeaythrooyte
pratoporphyrin (FEF) conoentration.

The8hour imeweghted average (TWA) PBZ conoantraions of leed for 3radiator mechenicsweare 60, 50, ad
20 micogramsper cubic meter (ugMP). Although sampling was nat condudted for thefull 8-hoursof theworkdthift,
the conoantraions meeaLred hould dosdly gaproximiete 8-hour TWA expoaLresbessd onthe uniformity of the
work adivitiespafomed over thedhift. Two of these 3 concaraionsaretherdarea or sbove OSHA's
Pamisshble ExpoareLimit (PEL) of S0ugM® ssan8hour TWA. Theindfident genard room vertilation, andthe
ladk of any locd ventilation gppeared to beregponsiblefor the devated PBZ leed conoantrations

Four of thegx shopemployess (3 machenicsand 1 ddivery employes) partidpeted inthemedicd eveluetion. The
bood leed levd of the 3radiator medhenicsware 33, 26, and 13 miaograms per dedliter (uyd); theldood leed
levdsaf theddivay endoyeewas 11 ugd. Nonedf theemployesstesed hed ablood leed levd over 20ugd
(trelevd awhichthe OSHA leed sanderd requires bl ood leed tesing evary two months). Naredf the4
partiapeting employesshed devated FEPlevds Nonedf the4 shop enployessreported symptoms ar hed
physcd findngsuggestived leed paisoning

Thisshopwasnat conduding cartain adtivities gpeaified by OSHA'sleed gandard (exposure monitanng,
regaratory protection, housekegaing, hygenepradices providing dathing, medicd survellance, and witten
complianceprogram).

Onthebeasadf theenvironmentd data, apatentid hedth hezard exiged from over-expoaurestoleed duing the

routinedeaning and repeiring of rediators Recommendaionsareprovided in Sedion VI of thisreport thet will
asg indimireting thishezard

Keywords SC 3714 (motor vehide partsand acoessries), rediator shops leed, inorganic leed, blood leed, free
aythrocyte protoporphyrin, FEP.
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INTRODUCTION

TheNationd Inditutefor Oooupetiond Sfety and Hedlth (NIOSH) recaved areuest inMay 1989 from Sims
Rediator Shop located in Lavrenceville, Georgiato eva uete oooupetiond expoauresto leed duing thedeaning and
rgoair of automaohileand commeaad redidars In addition to evauating employess leed expoaure, theowner
repuested essdancein devd oping an evironmeantad and mediica programin arder to comply with OSHA'sleed
dandard?!

Thefaality omer wasinfamed of theenvironmeantd resuitsby tdgohonein ng 1989, Reaultsand interpretation of
individuel blood leed testsweremalled to partiapeting employessin ne, 1989.

BACKGROUND

A. PBoossDesxipgion

Thisshopdeansand repairsautomaohileand trudk radiatars: Delivary employessdrop off rediatorsnesding
repeir to the shop, which are then soeked in an dkdine beth (sodium hydraxide) for goproximetdy 30 minutes
toramovecarodon. After ramovd fromthebeth, theradidorsare dhedked for "oodling flow” by forang ar
throughtreaallsa high pressurewhilethey aresubmerged inwae. If "ooding flow” isresrided, theradiaar’s
topisremoved and theintemd aallsareindividlaly purged. Theradidor'stopisremoved usng agestarch
which mdtstheleed-besed lder hdding thetop to theradiatar'smetd casng. Thistorch (compressed air
and propene) hedtsthe sdlder (65%6 leed, 35%tin) to gopraximetdy 1500°F; thisproducesleed fume. Once
theintamd callsaredeanad, theradiaor'stopisonceagain ldared toitsmed caang. Only redidors
nesding thisdeaning procedure (purging theiintemé aallsto dlow adequiete“aodling flov”) reuit in potentid
arbomelead expoare Thisshop processes goproximetdy 30 rediators per day, with gopraximetey 10
requiringintemel coll purging.

Somenenve car modds paticulaly thefaragnimports ulilizepladicredistors: Removing thetop poartion of
pladtic redidars doesnat requirethe mdting o gpalication of salder; therefore, the patentid for leed expoaure
dossnat exig. Of the 30 redidarsthisshop processes per day, goproximatdy 2 or 3aremede of pladtic.

B. Woakforce
Atthetimed thisevdugion SmsRedidor Sopin Chambleg Georgaemployed 5 peode 3rediator

medhenics 1 dop manegs, and 1 ddivay eardoyes Although the shop meneger admindarsthebusness
froman dffiog hedso frequently assdsthe mednenicswith repairs



V.

V.

EVALUATION DESGN AND METHODS

A. Bwviromaid

Four bregthing zonear ssmplesweare adlledted using mixed cdlulose eder filters (AA) and veouum pumps
oparaad a 20litasper minuie Thesampleswereandlyzed far leed aooording to NIOSH Physicd ad
Chamica Andlytic Methods (P&, CAM 173)?

Medicd

All 5shgp empoyess (4 rediator medhenicswhichinduded the shop manege, and the 1 ddlivary
employed waeinvited to partiapetein themedicd Survey, however anly 3df themednenicswareavaladle
Thedudy consged of: 1) amedicd and oooupetiond hidary, 2) anexamingtion of thegumsfor the presance
o a"leadling', 3) lood ardysisfor lesd and freeaythrocyte pratoparphyrin (FEP), and 4) a
sf-admindaed quediomdare Thequesiomareweas designed to gether damogrgphicinfommetion and
identify symptoms assodiaied with leed paisoning. Thellood wasandlyzed in oneof the OSHA goproved
laboratariesfor blood leed andlysisbased on prafidency tesing® Blood lesd wes arelyzed uilizing anodic
dripping vattimetry, and FEPwas detammined by phatofluorometric tedmicues?

EVALUATION CRITERIA

A.  Bwvromatd Qitaia

Asaguidetotheevdugtion of the hezards posed by workplace expoares NIOSH fidd 9&f enploy
evironmeantd evauation aitaiafor essessmat of anumbe of demicd and physicd agats Theeaitaia
aeintended to uggest levd s of expoaLreto which mogt workersmay be exposad up to 10 hoursper day,
40 hourspar wesk far awarking lifeime without expaiendng advere hedth effedts Hovever, natl
workerswill be pratected from edvarse hedlth efedtsif thar exposresaremantained bdow theelevds A
gl percantage mey expaience advare hedth effetsbecause df individudl Susoeptibility, apreexising
medicd condtion, or ahypasastivity (dlergy).

In addtion, some hezardous sUbdances may adt in combingtion with ather workpleoe expoaures theganerd
evironmat, or with medications ar parsond hehitsof theworker to produce hedlth efedsevenif the
oooupetiond expoaresarecontrdled a thelevd st by theevdudtion aitaion. Thesecombinad effedsare
often nat consderad intheevaugtion aiteria. Also, some Sbdianoes are aosorbed by direct contact with the
skinand mucous mamlranes and thuspatentidly increesetheoverdl eqpoare. Aindlly, evdugion aitaria
mey dhangeove theyearsasnew infometion onthetaxic effedtsof an agant becomeavaldde



Thepimary sourcesof evironmantd evdugion aiteiafar thewarkplaceare (1) NIOSH aitaia
dooumentsand recommencitions (2) the American Corference of Govemmental IndLtria Hygienists
(ACGH) Threshdd Limit Vdues(TLVS9), ad (3) the U.S Department of Labor (OSHA) oooupetiond
sty and hedth dandards Inevauating theexposurelevdsand the recommencitionsfor redudng these
levdsfound inthisrepart, it should benoted thet induetry islegdlly recpired to meet thoselevd sspedfied by an
OSHA dandard.

A timewdghted average (TWA) exposrerdearsto theaverage artome concentration of asudance
duinganamd 8- to 10-hour warkday. Some Ubdtances have recommended shart-tam expoaurellimits
(STEL9 o calling vdueswhich areintended to Sppdemant the TWA wherethare arerecognized taxic effects
fromhigh ottemexpoares

Taxicdogy and Medicd Qiitaria

Inhelation (breething) of leed dugt and fumeisthemgior raute of leed expoaLreintheindugtrid setting A
ssoondary source of leed exposure may befrom ingestion (svaloning) of leed dudt deposited onfood,
dgaetes or ather dgjedts Onoeasorbed, leed isexareted from thebody very dowly. Absorbed leed
interfereswith red blood odll produdion and can damegethekidhneys paipherd and cantrd nevous
sygams and theblood foming argans (bonemarrow). Theseefedtsmay be manifested asweskness
tiredhess initetility, digestive dguroences high blood presaure, kidney damege, mentd ddfidency, ar dowved
reediontimes Chronicleed exqpoaureisassoaiated withinfertility and with fetel demegein pregnant women
Thareissomeevidencethet leed can dsoimypdr fertility in oooupationdlly exposed men®

Theblood lead et isonemesare of theamount of leed inthe body andisthebest avalladle mesare of
reoant leed aosoption. Aduitsnat cocupetionelly exposed usdly have:ablood leed concentration lessthen
Duyd; theavarageislessthen |5 uyd.5” In1985, the Cantarsfor Diseese Contrdl (CDC) recommended
25 uyd asthehighest acogptablelload levd for young childen® Sincetheblood leed concantration of afetus
isgmilar tothet of itsmather, and Sncethefausshrainispresumad to be et leest s sadtiveto theeffect of
leed asachilds the CDC aolvisad thet apregnent womerisblood level bebdow 25 ugd.2 Reoart evidance
sggeststhat thefetus may beadversdy afected & blood leed concantrationswell bdlow 25 ugydl.°
Futhamaore thereisevidenceto uggest thet levdsaslow as104 ug/d dfect the paformenceof childrenon
educationd attainment tegt, and thet thereisadose-regponse rdaiondhip with no evidence of athreshdd or
sHelevd. 22 |ead levesbetwean 40460 ugfd in leed expossd workersindicate excessive ebsorption of
leed and may reaitin some adverse hedth effets levesof 60-100 ug/d represant unecogptbledevations
whichmay cauesioussalvere hedth efedts(Tabe 1). Levdsove 100 uyd areconddaredtobe
extrendy dangarousand often require hogaitdlization and medicdl trestmant.



TheOSHA gandad for leed inair is50 uyM® calaiated asan 8-hour imeweighted averagefar dlly
exposure! Blood leed and Zinc pratoparphyrin levels must bemonitored & lesst evary 6 monthsfor
workersexposad to & lesd levels above 30 ugM? for marethen 30 daysper year, and et leet evary 2
monthsif theworkers lagt lood leed was &t or exceeded 40 ug/d whdeblood. Thestandard dso didates
thet workerswith blood leed levdsgrester thet 60 ug/d whdellood mugt beimmediady ramoved from
further leed expoaureif corfirmed by afdloa-uptes. Workerswith averageleed levdsof S0ug/d or greter
mug beremoved. Removd isdso posshleonmedicd gounds Removed workershave pratedtion for
wagg, bendfits and ssniarity for up to 18 months ar unil they can retumto leed exposre aress?t

Thefreeaythrocyte pratgparphyrin (FEP) and 2inc pratopoarphyrin (ZPP) levdsaremesares of
inaferencewith hamogldain produdion & thetimethered odisaremede. Although somedisessesandiron
odidency anemiacan cauearisein FEP ar ZFP, inahedlthy individuel warking with leed, leed absaptionis
themodt likdy causefor uchaninaeese. Further, the FEP or ZPPlevdsinareese aoruptly when blood leed
levdsreach about 40 uyd, and they tend to Say devated for 3-4 months (the averagellife goen of ared blood
odl). Namd vduesaebdow S0 uyd. ™

The OHA leed gandard requiresar monitaring for leed evary 6 monthsif theinitid ar monitaringisabove
theadionlevd (30 uyM?), and evary 3monthsif theinitid air monitaringisebovethe PEL (S0ugMB). In
addition, the OSHA leed dandard requiresdood monitaring for leed evary 6 monthsif anamdoyeeis
exposad to arbomelead abovetheadionlevd for marethen 30 daysper year. If theblood leed leve is
above40 uyd, ablood leed test nesdisto be paformed evary 2 months: If ablood leed conoantration
avaags0uyd o marg thedfedted employee mugt beramoved fram further exqposreand monthly blood
leed tets parformed until theleve dropsbdow 40 uyd.

VI. RESULTSAND DISCUSSON

A. Bwviromaid

1 ArrSoges

Realtsadf theemronmentd sardesfar inaganicleed aepresatedin Tdde2 Twodf the3
partiapeting employesswho repaired radiators hed leed expoaures a or aoove OSHA'sPEL of 50
M ssan 8-hour TWA. Theoregenerd aeasamplewaswithin OSHA'sPEL of 50 ugM?® asan
8hour TWA. Although sampling wasnat condudted for thefull 8-hoursof thewarkdhift, the
concantrations meeaLred Should dosdy gaproximete 8-hour TWA exposresbesed onthe
unifamity of thework edivitiespaformed over thedhift.

2. Vaiildion
Thisshodsvattilaion condgted of onelarge exhaud fan located inthe comer of thebuilding. Although
ventilaionwasnat messLred inaquantitative menner, it wes goparant thet thisfan did nat offer locd

exag vailaion a thepant of leed generation. During NIOSH'ssurvey the shop'sdoarsweare ket
open, providing fresh ar; however, these doorswerergpartedy dased during thewinter months



VII.

VIII.

3. HygeeadHaskesaing

Leadingestion could dso be coouning from poor workplace hygiene (smaking, drinking, and eingin
thewark areg), dl three of whichwerenoted during NIOSH's snvey.

B. Medd

1 BloodLedTeds

Theblood leed and the FEP levdsfor the4 shop employessaeligedin Tale 3. Themeenblood
leedlevd weshigher anong therediator medhenics (24 uyd) then among theddivary erdoyes (11
ug/d), but thisdfferencewes nat datidicaly sgnificant [(t-test, p=0.38) Teble3)]. Noredf the3
rediator mechenicstested hed alblood leed levd above40 uyd (thelevd awhichthe OSHA
dandard repuiresmonitaring theblood for leed evary 2 months). Nonedf the4 partiapeting
emnployesshed devated FEPlevds (Tabled)

2. Smpomsad Fhyscd Fndinos

Nonedf the4 patidpeting employessreportad symptoms Luggestive of leed poisoning. Nonedf the 7
employesshedaled lineonthar gums

CONCLUSON

Onthebedsdf theevironmentd deta apatentia heelth hezard exided from over-expoaurestoleed during the
rouinedeaning and repaining of radiatars: Thisshop wasnat condudting adivities oeaified by OSHA'sleed
dandard (eqposre monitaring, reairetory pratection, housskesgaing, hygiene pradtices providing dathing, medicdl
uvallance and awritten complianceprogram). Recommenddionsare provided in thefdloning ssdtion to preveart
leed over-expoaures and devd op an evironmentd and medicd pragramin compliancewith OSHA'sleed
dandard?

RECOMMENDATIONS

Toeretha warkersare adenuetdy protected from theadvarse dfeds of leed, acomprehansve program of
prevention and survellanceisnesded. Theguiddinesfor suchaprogram arepresanted inthe OSHA leed
gandard! Inaddition to edifying aPEL for dirbomeleed, the OSHA leed Sandard dso contains oedific
provisons deding with mechenicd vertilation, resairator usegg, pratedtivedathing, housekegaing, hygienefadlities
arpoyeetraning, and medicd monitaring Theimpemantaion of theprovisans of thisstandard will hdptoenaure
thet theemployessare protected againg any potentid adverse hedlth dfeds of leed exposre

A aopy of the OSHA leed dandard acoompeniesthisrepart. Toassd theaemdoyer inimpemanting the
dandadskey provisos alxidf ovaview asthey rdaeto thefindingsof thisaurvey fdlow.

1 Thsradaor sxopdoudingdl alocd ednau vantilaion sytema thesource df leed fumegenaaion.
Vantilation nesdsto beingdled intheimmediate areawhere the tarch isused for mdting thetop off the
raddors Thisvatilaionwoud cgpturethelesd fumesbefarethey mix withthegenerd roomar.



All workersreparing radidorsshoud haevethar blood dravn and andlyzed for leed and ZPP contert evay 6
months If theblood leed leve isabove 40 ug/d, ablood leed test nesdisto be pafomed evary 2 months I
ablood leed conoantraion averages S0 ug/d ar mare, the effedted employee mut beremoved from further
expoareand monthly blood leed tests paformed until theblood leed level dropsbdow 40 ugd.

Thereshould beno eding, drinking, Soking, ar toleooo dhewing intherediaor repetr area.
Workeasshoud shower and changefraomwork dathesto sregt dothes efter their tour of duty.

Workasremoved from exposrefor devated blood leed or leedrdated ilinesshould have pratection of
wage bendits and senarnity for ypto 18 monthsar uniil they can retumto leed exposrearess

Gventhat aur eviromenta monitaring found leed levds above OSHA's PEL, eviranmantd monitaring
nesdisto be condudted quartarty until & leest twio conssoutive messramants teken ssven daysgpat, ae
bdow the PEL.
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TABLE1

Lowes Blood Lead L evds Reparted To Cause Hedth EffedsIn Adults

BloodLeadLevd Heelth Effect
100-120 ugyd Cartd Neavous Sygem Toxiaty (Enogphelopethy)
100 uyd Chronic Rerdl Damege
uyd Low Blood Court (Anemia)
60uyd Pregnency Complications
uyd DereeseHamogiohin Produdtion
Mild Cantrd Neavous Sydem s/mptons
uyd Dexreasse Paiphard Nerve Condudtion
RPetam Ddivay
Dduyd High Blood Pressure
Tabe2

PERSONAL BREATHING ZONE AND GENERAL AREA LEAD CONCENTRATIONS

SmsRedaar, Lawaeiille Geaga

June2, 1989
SargeNurber Jobll ocdion Sading Time M3 L ead
I Radiator Mechanic 7.15325 60
2 Radiator Mechanic 10:20-3:25 50
3 Radiator Mechanic 17.27-325 20
4 Mechanic Bench (Area) 915330 S0
Evauation Criteria 50ugM 3

Laboratory Limit of Detection 2 ug/sample



Table3
Blood Lead and FEP™ Results

SmsRadiator, Lawrenceville Georga

June?2, 1989
Job Title Blood L ead (ugdl) FEP** (uod)
1 Medhenic 33 25
2 Medhanic 26 23
3 Medhenic 13 A
4 Ddivay n 15

* - Blood leed, referencerangefor cooupetiond expoaure lessthen 40 ug/d.

** -HEP = Heeaythrocyte pratoporphyrin, nomd range: lessthen S0 ug/d.

Tdde4d

Compatison of Mean Blood Lesd” and FEP™ Resitsbetwean Db Titles

SmsRedaar, Lawaeiille Geaga

Jre2,1989
JhTitle N Blood L eed (ugdl)” FRuwyd)”
Mechenics 3 24 27
Ddivay 1 11 15

PvaLe' 038 021

* - Blood leed, referencerangefor cooupetiond expoaure lessthen 40 ug/d.

** \HEP = Heeaythrocyte pratoporphyrin, nomd range: lessthen S0 ug/d.
+- Sudent's T test.





