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l. SLUMMARY

InMay 1989, the Nationd Inditutefar Oocupetiond Sefety and Hedlth (NIOSH) recaived areguest from Sims
Rediator Shop located in Decalur, Geargiato: 1) evauste oooupetiond expoauresto leed duing thedeaningand
rgpar of automaohileand commaad redistars and 2) asss with the desgn andimplementaion of aconpee
environmantd and medical monitaring program meeting the Ooaupetionel Sefety and Hedlth Adminidration's
(OHA' lead dandard.

OnMay 3, 1989, NIOSH condudted anevironmentd and medicd evdugion: Theevironmeanid evaugtion
condded of: 1) adlledting persond bresthing zone (FBZ) arr samplesto daaminethe concantrations of arbame
leed among 4 employessrepairing rediators 2) odleding 2 generd ar samples 3) aosavingwork pradtioes and 3)
aving theovadl roomvartilaion. Themedical evauation condsted of adf-adminidered quetioreire a
medicd and cooupetiond higary, alimited physicd examingion, and blood leed levd and freeaythrocyte
protoporphyrin (FER) concentration

The8hour imeweghted average (TWA) PBZ concantrations of leed for 4 radiator mechenicsweare 50, 30, 20,
and 10 micogramspar aubic meter (UgMP). Although sampling wes nat conduicted for thefull 8hoursof the
workdhift, the conoantraions meesured should dosdly gaproximete 8-hour TWA exposresbessd onthe
uniformity of thework edivities parformed over thehift. Onedf these4 concantraionsareat or sbove OSHA's
Pamissble Expoaure Limit (PEL) of S0ugM? asan 8-hour TWA. Theladk of any generd roomor local
ventilation gopeared to beresponsblefor thedevated PBZ leed concantraions

All svenemployessof theshop (5 mechenicsand 2 ddivery employess) patiaipeted in themediicd evaugtion.
Theblood leed levdsof the 5 radiator mechenicswere 64, 46, 30, 28, and 23 miaogramsper dedliter (Ug/d); the
blood leed levdsof the 2 ddivery parsonnd were 17 and 18 ug/d. Onemedhanic hed ablood leed levd over 40
uyd (thelevd a whichthe OSHA leed dandard reppiresblood leed teting evary two months), and ancther
medhenic hed ablood leed level over SOugd (thelevd a whichthe OSHA dandard repiresramovd fromthe
aeawhaethedromelead exceadsthe adtion leve (30 ugM®). Bath employesswith devated blood leed levels
dso hed devated FEPlevds (155 and 70 ugd). Nonedf the 7 shop employessrgparted symptoms or hed

physcd findngsuggestived leed paisoning

Thisshgpwasnat conduding adivitiesgpadified by OSHA'sleed dandard (exposLre monitanng, resairatory
pratection, housekegaing, hygiene pradtioes; providing dathing, medicd survellanoe, and avwritien comliance
program).

Onthebeasd theevironmentd and medica deta, ahedlth hezard exigted from ova-expoauresto lesd duing the
routinedeaning and repeiring of rediators Recommenddionsareprovided 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 Dacatur, Georgiato eva uete oooupetiondl exposuresto leed duning thedeaning and
rgoair of automaohileand commeaad redidars 1n addition to evauating employess leed expoaure, theowner
requested assggancein developing an evironmenid and medicd programin arder to comly with the
Oooupetiond SHety and Hedlth Administration's (OSHA'S) leed standard!

Thefaality omer wesinfamed of theenvironmeantd reauitsby tdgohonein ng 1989, Reaultsand interpretation of
individuel blood leed testsweremalled to partidpeting employessin e, 1989.

BACKGROUND

A. PocessDesxiption

Thisshgpdeansand rgparsautomalleand trudk redidors: Ddivary employessdrop off rediatorsnesding
reper to the hop which, arethen soeked in an akdine beth (sodium hydraxide) far gopraximetdy 30 minutes
toramovecarodon Aftar ramovd fromthebeth, theradidorsare dhecked for oodling flow by forang ar
through theaallsat high pressurewhilethey aresomarged inwter. If "ooding flow” isredrided, theradiaar's
topisramoved and theintamd aollsareindvidudly purged. Theradiaor'stopisremoved usng agestarch
which mdtstheleed-besed solder hdding thetop to theradiatar'smetd casing. Thistorch (compressed air
and propane) hedtsthe solder (65% leed, 33%tin) to goproximatdy 1500°F, thisproducesleed fume: Onee
theintamd callsaredeaned, theradiator'stopisonceagain Soldered toitsmetd casng. Only redidors
nesding thisdeening prooscure (purging theiintemd aallsto dlow adequete "aodling flo”) reuit in potentid
arbomelead exposre Thisshop processes goproximetdy 30 rediaors per day, with gopraximetdy 10
requiringintamd call purging

Somenewe ca modds patiadaly theforeignimparts uilizeplagic redietars: Removing thetop partion of
plagtic radiatars doesnat requirethe mdting or goplication of sdlder; therefare, the patentid for leed exposure
dossnatexis. Of the 30 radidarsthisshop processes per day, gapraximady 2 or 3aremede of pladic.

B. Wokfoce
Atthetimed thisevdugtion SmsRediaor S1opin Chambleg Gaorgaemployed 7 peode 4 redidor

mechenics 1 shopmenegs, and 2 ddivay arpoyess Although theshop meneger adminider thelbusiness
fromthefrant of thebulding, hedo frepuently assssthemedhenicswith repairs



V.

V.

EVALUATION DESGN AND METHODS

A. Bwviromaid

Four bregthing zonear ssmplesweare adlledted using mixed cdlulose eder filters (AA) and veouum pumps
oparaad & 20litaspa minute Thesampleswereandyzed for leed anoording to NIOSH Phyicd and
Chamicd Andytic Methods (P& CAM 173)2

Medicd

All 7 doparpoyess (Sredaor medhenicswhichinduded the shop menege, and the 2 ddivary
employess) wereinvited to partiapeteinthesurvey. Thestudy conssied of: 1) amedicd and ocooupetiondl
higary, 2) anexamirdion of thegumsfar thepresance o a"leed ling', 3) lood andlyssfor leed ad free
aythrocyte pratoporphyrin (FEP), and 4) asdf-adminidered quesionaire: Thequestionarewas desgned
to gether damogrgohicinformetion and identify symptoms assodated with leed poisoning. Theblood wes
adyzedin onedf the OSHA gpproved leboratariesfor blood leed andlysisbesed on profidency testing.®
Blood leed wes andlyzed by anodic dripping valtimetry, and FEP wias deteminad by photofluorometric
tedniques’

EVALUATION CRITERIA

A.  Bwvromatd Qitaia

Asaguidetotheevdugtion of the hezards posed by workplace expoares NIOSH fidd 9&f enploy
evironmeantd evauation aitaiafor essessmat of anumba of demicd and physcd agats Theeaitaia
aeintended to uggest levdsof expoaLreto which mogt workesmay be exposad up to 10 hoursper day,
40 hourspar wesk far awarking lifeime without expaiendng adverse hedth ffedts Hovever, natl
workerswill be pratected from edvarse hedlth efedtsif thar exposresaremantained bdow theelevds A
gl percantage mey expaience advare hedth effetsbecause df individudl Susoeptibility, apreexiding
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 bdiances are aosorbed by direct contact with the
skinand mucous mamlranes and thuspatentidly increesetheoverdl eqpoare. Aindlly, evdugion aitaria
mey dhangeove theyearsasnew informetion onthetaxic effedtsof an agant becomeavaldde

Thepimary sourcesdf evironmeantd evdustion aitaiafor theworkplaceare (1) NIOSH aitaia
dooumantsand recommeancetions (2) the Amaican Conference of Govammeantd Indudrid Hygienists
(ACGIH) Threshdd Limit Vaues(TLVs), and (3) the U.S Depatmant of Labor (OSHA) oooupetiond
ey and hedthgandads Inevduating theexpoarelevdsand therecommendtionsfor reduang these
levesfound inthisrepart, it should benated thet indLetry islegdlly recpired to meet thoselevdlsspedfied by an
OSHA dandard.

A timeweghted avarage (TWA) exposrerdasto theavaerage arbome conoantration of asubdance
duinganom 8- to 10-hour warkday. Some substances havee recommendad hort-tam expoaurelimits



(STEL9 o caling vdueswhich areintended to Spdamant the TWA wharethere arerenognized taxic
efedtsfrom high hort-tem expoares

Taxicdagy and Medicd Qiitaria

Inhelation (bregthing) of leed dugt and fumeisthemgor route of leed eqpoaureintheindudrid stting. A
ssooncary source df leed exposure may befrom ingestion (swdlowing) of leed dust deposited onfoad,
dgarettes or ather dhjects Onoeabsorbed, leed isexareed from the body very domy. Absorbed leed
intafereswith red blood odl produdion and can damegethe kidneys paipherd and oatrd nervous
g/dams and theblood forming organs (boremarrow). Thesedfedtsmay befdt esweskness tiredhess
imtghlity, dgestive dsuroances high blood presaure, kidney damege, mentd ddfidency, ar dowved reection
times Chronicleed eqpoaLreisassoaaed with infetility and with fetd demegein pregrent women: Therelis
someevidencethet leed can dsoimpeir fetility in cooupetiondlly exqpossd men®

Theblood led tegt isanemesare df theamount of leed inthebody and isthebest avalldde mesare of
recant leed absoption. Aduitsnat cooupationelly expossd usLaly haveald ood leed conoantration lessthen
Duyd; theavarageislessthen |5 uyd.5” 11985, the Cantarsfor Dissese Contrdl (CDC) recommendied
25 uyd asthehighest acogptablelload leve far young childen® Sincetheblood leed concantration of afetus
isdmilar tothet of itsmather, and Sncethefeusshranispresumed to be d leest sssasitiveto theeffect of
leed asachilds the CDC advisad thet apregnant womarisblood level bebdow 25 ugd.2 Reoart evidance
Lpesisthat thefetus may e edvarsdy ffected a blood lesd concarntraionswll below 25 uyd.
Futhemare thereisevidenceto suggest thet levdsaslow as104 uyd afect the paformenced dhildrenon
educaiond atainment te, and thet thareisadoseregponserddionshipwith no evidence of athreshdd or
sdtelevd. 2 |_ead levesbewean 40-60 ug/d inleed exposed workarsindicate excessive abosarmtion of leed
and mey reait in some advere hedth fedts levdsaf 60-100 uy/d represant unecogatedledevaionswhich
mey cauesFioussavae hedth effeds(Table 1). Levdsove 100 uyd areconddared to beextramdy
dengerous and often require hognitdlization end mediicel tremart.

The OSHA dandad for leedinar is50 ugM?2 calaulated as an 8-hour imeweighted averagefor deily
exposre! Bloodlesd and zinc pratoporphyrin levels must be monitored & leeet every 6 monthsfor
workersexposad to ar lesd levels above 30 ugM? far marethen 30 daysper year, and & leet evary 2
monthsif theworkers lagt blood leed wes a o excesded 40 ug/d whdehlood. Thedandard dso didates
thet workerswith blood leed levd s gregter thet 60 ug/d whdlellood mugt beimmediatdy removed from
further leed expoaureif confirmed by afdlon-uptest. Workerswith averepeleadlevdsaf S0ugd or grester
mud beremoved. Ramovd isdso possbleon medicd grounds: Removed workershave pratedtion for
wepg bendfits and sniarity for up to 18 monthsor urtil they can reumto leed exposre aress?t

Thefreeaythrocyte pratoparphyrin (FEP) and zinc pratoporphynin (ZPP) levdsare mesaLres of
interferencewith hemogidin produdion a thetimethered odisaremede. Although somedisessesandiron
odidancy anemiacan caueariein FEP o ZFP, inahedithy individuel warking with leed, leed absaptionis
themod likdy causefor suchaninoreese. Further, the FEP or ZPPlevdlsinareese aoruptly when blood leed
levdsreech about 40 ug/d, and they tend to Say devated for 34 months (the averagelifegoen of ared blood
odl). Nomd vduesaebdow S0uyd. ™

TheOSHA leed dandard requiresar monitaring for leed every 6 monthsif theinitid air monitaringisabove
theadionlevd (30 uyM®), andevary 3monthsif theinitid ar monitaringisebovethe PEL (S0ugMV). In
addtion, the OSHA leed sandard repuiresblood monitaring for leed every 6 monthsif an employeeis
exposed to arbomelead abovetheadionlevd for morethen 0 daysper yea. If theblood leed levd is
above40 uyd, ablood leed test nesdisto be paformed every 2 months: If ablood leed conoantration



avaapss50 uyd or morg thedfedted employee mudt beremoved from further exposureand monthly blood
leed tests parformed until theleve dropsbdow 40 uyd.

VI. RESUL TSAND DISCUSSON

A.  BEnviromaid

1 AirSargdes

Reslitsdf theervironmentd sarplesfar inorgenic leed arepresanted in Table 2 Oredf the5
employesswho repaired rediators hed leed exposures at or sbove OSHA'SPEL of S0ugMasan
8hour TWA.. Although sampling wesnat conducted for thefull 8-hoursof thewarkshift, the
concantrations meeaLred Should dosdy gaproximete 8-hour TWA exposresbesed onthe
unfomity of thewark adiviiespafamed over thedhift. Onedf the2 genad areasampleswasdo
above OSHA'sPEL. and NIOSH'sREL of 50 ug/M® asan 8-hour TWA.

2. Vaiildion
Although nat messred in aguentitative manner, thisshop dd nat heveany genad roomar locd
exag vailaion. Duing NIOSH'saurvey the hopsdoorswere kg, open providing freshar,
howeve, these doarswerereportedy dased during thewinter months

3. HygeeadHaskesaing

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

B. Medd

1 BloodLedTeds

Theblood leed and the FEP levdsfor the 7 hop employessareliged in Tale 3. Themeenblood
leedlevd weshigher anong therediator medhenics (38 ugd) then among theddivary erployess (18
ugy/d), but thisdfferencewes nat datidicaly sgnificant [(t-test, p=0.16) Tele3)]. Onedf theb
redigtor mechenicshed ablood leed levd above 40 ugyd (thelevd a whichthe OSHA dandad
requiresmonitaring the blood leed evary 2 months), and anather medhenic hed ablood leed leve over
uyd [(thelevd a whichthe OFHA sandard reuiresremovd from theareawhearethedrbome
leed exceatstheadionlevd (0 ugM3)].. Bath employesswith devated blood leed levelsdso hed
devated FEPlevds (155 and 70ug/d). (Teble 3)

2. Sympomsad Fhyscd Fndinos

Noned the 7 shop employessrgparted symptoms uggestive of leed paisoning. Nonedf the 7
employesshedaled lineonthar gums

VII. CONCLUSON

Onthebedsdf theeviranmentd and mediica deta ahedlth hezard exided from over-exposurestoleed during the



VIII.

rouinedeaning and repairing of radiatars: Thisshop was condudting oatain adivities oeaified by OSHA'sleed
dandard (eqposre monitaring, resairetory pratection, housskesaing, hygiene pradtices providing dathing, medicdl
uvallance and awritten complianceprogram). Recommenddionsare provided in thefdlonving ssdtion to prevert
leed over-expoaures and devd op an evironmentd and medicd pragramin compliancewith OSHA'sleed
dandard?!

RECOMMENDATIONS

Toeuretha warkkersare adenuatdy protected from theadvarse dfeds of leed, acomprehanave 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 provisons alxief ovaview asthey rdaeto thefindingsof thisaurvey fdlow:

1 Thsradaor sxopdoudingdl alocd ednau vantilaion sygema thesource df leed fumegengaion.
Vantilation nesdsto beingdled intheimmediate aeawhere the tarch isused for mdlting thetop off the
raddors Thisvatilaionwoud cgpturethelesd fumesbefarethey mix with thegenerd roomar.

2. Allwokesrgoaring radistarsshould havethar blood dravn and andyzed for leed and ZFP contart evary 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
expoareunil theblood leed levd drapsbdow 40 uyd.

3. Thereshoud beno smoking, eging, tabeoco dhewing, or drinking intheradiator repair area
4.  Wokessoudshowve and dengefromwork dathesto drest dathesdter thar tour of dlty.

5. Wokesramoved from expoarefor devated blood leed or leedrdated ilinessshould have pratection for
wage bendits and senarity for ypto 18 monthsar uniil they can retumto leed exposrearess

6. Gventhat aur eviromentd monitaring found leed levds above OSHA'sPEL, emviranmantd monitaring
nesdisto be condudted quartarty until & leest twio conseoutive messramants teken ssven daysgpat, ae
bdow the PEL.
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TABLE1

Lowes Blood Lead L evds Reparted To Cause Hedth EffedsIn Adults

BloodLeedLevd Hedth Effet
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 Nevous Sydem s/mptons
uyd Dexreasse Paiphard Nerve Condudtion
RPetam Ddivay
Dduyd High Blood Pressure
TABLE?2

PERSONAL BREATHING ZONE AND GENERAL AREA LEAD CONCENTRATIONS

SampeNumbe

2

Evauation Criteria
Laboratory Limit of Detection 20 ug/sample

SmsRediaor, Decaur, Gaorga
May 31, 1989

Job/l ocation Sding Time M3 ead
Radiator Mechanic 9.08-330 0

Radiator Mechanic 910335 30

Radiator Mechanic 9:12-3.15 20
Radiator M echanicdM anager 9.14-330 10
Mechanic Bench 915330

Entranceto MechanicArea 920-3.20

S0ugM?



TABLE3

Blood Lead” and FEP™ Results
SmsRadiator, Decatur, Geargia
May 31,1989
Job Title Blood L ead (ugdl) FEP(ugd)”

1 Mechanic 64 70
2 Mechanic 46 155
3 Mechanic 0 23
4. Mechanic 28 23
5. Mechanic 23 37
6. Ddivery 18 19
7. Ddivery 17 15

* - Blood lead, referencerangefor occupational exposure lessthan 40 ug/dl.
** -FEP = Freeaythrocyte pratopor phyrin, norma range lessthan S0ug/dl.

TABLE4
Comparison of Mean Blood Lead” and FEP Resultsbetween Job Titles
SmsRadiator, Decatur, Georgia

May 31,1989
Job Title N Blood L ead (ug/dl) FEP(ugdl)”
Mechanics 5 38 62
Ddivery 2 18 17
Pvaue* 0.16 032

* - Blood lead, referencerangefor occupational exposure lessthan 40 ug/dl.
** -FEP = Freeaythrocyte pratopor phyrin, norma range lessthan S0ug/dl.
+- Sudent'sT ted.



