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l. SLUMMARY

InMay 1989, the Nationd Inditutefar Oocupetiondl Sefety and Hedlth (NIOSH) recaived areguest from Sims
Rediaor Shoplocated in Chamdeg, Gergato: 1) eva ugte cooupetiond expoarestoleed duing thedeaningand
rgpar of automaohileand commaad rediatars and 2) asss with the desgn andimplementation of aconpete
environmantd and medical monitaring program meeting the Oooupetionel Sefety and Hedlth Adminidration's
(OHA' lead dandard.

OnMay 3, 1989, NIOSH condudted anenvironmeantd and medicd evdugion: Theenvironmeantd evaugiion
condded of: 1) adlledting persond bresthing zone (FBZ) arr samplesto daaminethe concantrations of arbame
leed among the4 employessregparing radiatars 2) dosavingwork pradtioes, and 3) dosarving theoverdl room
vartilaion Themedicd evelugion condged of asdf-adminigered questionraire amedicdl and cooupetiondl
higary, alimited physicd examingion, and ablood leed leve and freeerythrocyte pratoporphyrin (FEP)
conoairation

The8-hour imeweghted avarape (TWA) PBZ concantrations of leed for the 4 radiator mechenicsweare 220, 0,
50, and 0 micogramsper akic meter (LigMP). Threedf these4 concantrationsarea or aboove OHA's
Pamissble Expoaure Limit (PEL) of 50 ugM? asan 8-hour TWA.. Although sampling was not conoucted for the
full 8hoursof thewarkshift, the conoentrations meeaLred should dosdly gopraximete 8-hour TWA exposures
besad ontheunifamity of thework edivities parformed over thedhift. Theinfidet genard roomvartiletion, and
theladk of any locd ventilation gopeared to beregponsblefor thedevated PBZ leed conoantrations

All Sx employessdf theshop (4 mechenicsand 2 ddivary erloyess) particpeted inthemedicdl evauetion: The
bood leed levdsdf the4 redidaor mechenicsweare 41, 33, 32, and 13micograms per dedliter (uyd); theblood
leed levdsof the2 ddivery parsomnd ware21 and 14 ug/d. Onemechenic hed ablood leed levd over 0uyd, the
leve awhichthe OSHA leed gandard requiresblood leed teding every two months: Noneof the6 shop
employesshed devated FEPlevds Nonedf the 6 shop erployessreparted symptoms o hed physicd findings
goesived leed pasoning.

Thisshopwasnat conduding cartain adtivities oedified by the OSHA leed dandard (eposure monitanng,
regaratory protection, housekegaing, hygenepradices providing dathing, medicd survelllance, and awitten
complianceprogram).

Onthebedsaf theavironmantd and medica deta, ahedlth hezard exided from over-expoaresto leed
during therauinedeaning and repairing of redidtors Recommendetionsareprovided in Sadion VI of this
repart thet will et indimingting thishezad

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


adz1
On the basis of the environmental and medical data, a health hazard existed from over-exposures to lead
during the routine cleaning and repairing of radiators. Recommendations are provided in Section VIII of this
report that will assist in eliminating this hazard.

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

INTRODUCTION

TheNationd Inditutefor Oooupetiond Sfety and Hedlth (NIOSH) recaved areuest inMay 1989 from Sims
Rediator Shop located in Chambdeg, Georgiatto evauste cooupationdl expoauresto leed during thedeeningand
rgoair of automaohileand commeaad redidars In addition to evauating employess leed expoaure, theowner
repuested assdancein devd oping an environmenta and medicd programin arder to comply with the Oaoupetiondl
SHAety and Hedlth Administration's (OSHA'S) leed standard?

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

BACKGROUND

A. PocessDesxiption

Thisshgpdeansand rgparsautomaleand 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'stapisremoved usng agestarch
which mdtstheleed-besad 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 adequiete"aodling flow”) reuit in potentid
arbomelead exposre Thisshop processes goproximetdy 30 rediators per day, with gopraximetdy 10
requiringintamd call purging

Somenewe ca modds patiadaly theforeignimparts uilizeplagic rediatars: Removing thetop partion of
plagtic radiatars doesnat repuirethe 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 Chambles Gaorgaemployed 6 peode 3radidor

mechenics 1 shopmenegs, and 2 ddivay empoyess Although the shop meneger admindersthe
busnessfroman difice, hedso frequently asagsthemedhenicswith 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
Chamicd Ardytic Method (P&.CAM 173)2

Medicd

All 6 shop employess (4 rediator medhenics and 2 ddivary erployess) weareinvited to partidpetein the
uvey. Thesudy congged of: 1) amedicd and cooupetiondl higary, 2) en examingtion of thegumsfar the
presncedf a''leadling', 3) blood andyssfor leed and freeaythrocyte pratoporphyrin (FEP), and 4) a
sf-admingaed quesiomnaire Thequediomareweas designed to gether demogrgphic infametion and
indentify symptoms assodaied with leed paisoning. Theblood wesandlyzed in ane df the OSHA goproved
laboratariesfor blood leed andlysisbased on profidency testing.® Blood leed wasandlyzed by anodic sripping
valtimetry, and FEPwas detammined by phatofluorometric techniques?

EVALUATION CRITERIA

A.  BEwviromatd Qitgia

Asaguidetotheevauetion of the hezards posed by workplaoe exposures NIOSH fidd d&f engloy
emvronmand evdugtion aitaiafor asssssmat of anumber of demicd and physcd epats Theeaitaia
areintended to uggest levd s of expoaureto which most warkersmay be exposad up to 10 hours per day,
40 hours par wesk far awarking lifetimewithout expariendng adverehedth efeds Hovever, natdl
workerswill be pratected from edverse hedlth dfedsif thar eqposresaremaintained bdow theelevds A
9rel percantage mey expaienceadvaehedth effedsbecause df indvidud Susoeptiblity, apreexiding
medicd condtion, or ahypasastivity (dlegy).

Inaddition, some hezardous SUbstances may adt in combainetion with ather workplace expoaures thegenerd
eviromat, or with medicaions or persord hehitsof thewarker to produce hedlth effedsevenif the
oocypationd expoaresareconirdled & thelevd st by theevdugtion aitaion. Thesecombined dfedsare
oftennot consdared intheevdugion aiteia. Also, some sUiodianoes are aosorbed by direct contat with the
skinand mucous mambranes and thuspatentialy inoressethe overdl expoare. Firdlly, evdugiion aitaia
mey chengeove theyearsasnew infammetion on thettaxic effeds of enagat 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 Often, the NIOSH recommendationrsand ACGIH TLVsaelowe thenthe
carregponding OSHA dandards Both NIOSH recommendationsand ACGIH TLVsusdly arebesed on
morerecant informetion then arethe OSHA dandards The OSHA dandardsdso may berenuired toteke
into acoount thefeeshallity of contralling equoauresin vaiousindLanieswhaetheagaisareust the
NIOSH-recommended expoarelimits (RELS), by contregt, are besed primarily on concamsrdaing tothe
prevention of cocupetiond dseese Inevduating theexpoaurelevdsand the recommencitionsfor reduiang
theselevdsfound inthisrgpart, it should benated thet indLetry islegdlly renpired to meet thoselevd s pedified
by an OSHA dandad.

A timeweghted avarage (TWA) exposrerdasto theavaerage arbome concantration of asubdance
duinganom 8- to 10-hour warkday. Some substances have recommendad hort-tam expoaurelimits
(STEL9 o caling vdueswhich areintended to . pdemant the TWA wharethare arerecognized toxic effedts
fromhigh hort-tem expoares For the purposes of thisevaugtion, NIOSH hessdedted themodt dringant
eqoarelimitsasour evdugion aitaia

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 (svalonming) of leed dudt deposited onfood,
dgaetes or ather dgjedts Onoceasorbad, leed isexareted from thebody very dowly. Absorbed leed
interfereswith red blood odll produdion and can damegethekidhneys paipherd and cantrd nenvous
sygams and theblood foming argens (bonemarrow). Theseefedtsmay be manifested asweskness
tiredhess initetility, digesive dsurbences high blood presaure, kidney damege, mentd ddfidency, ar dowved
reediontimes Chronicleed expoaureisassodiated with infertility and with fetal demegein pregnant women
Thareissomeevidencethet leed can dsoimpdr fertility in oooupationdlly exposad men®

Theblood lead et isonemesare of theamount of leed inthe body andisthebest avalladle mesare of
reoant leed aosoption. Aduitsnat cocupetionelly exposed usdly haveablood leed concentration lessthen
Duyd; theavarageislessthen |5 uyd.5” 11985, the Cantarsfor Diseese Contrdl (CDC) recommended
25 uyd asthehighest acogptableload levd for young childen® Sincetheblood leed concantrtion of afetus
isgmilar tothet of itsmather, and Sncethefausshrainispresumad to be et leest s sandtiveto theeffedt of
leed asachilds the CDC adlvisad thet apregnent womerisblood level bebdow 25 ugd.2 Reoart evidance

goeststha thefetusmey be



aoversly affectad at blood lesd concantrationswell below 25 uyd.® Furthermore, thereisevidenceto
ot thet levdsaslow as104 uyd affect the parformence of children on educationdl attainment tet, and thet
thereisadosereoonse rdaiondhip with no evidence of athveshdld or sefelevd. °2 Leed levdsbewean
4060 uyd inleed exposed warkersindi cate excessvie dbosorption of leed and may result in someadvarse
hedth effedts levdsof 60-100 ug/d rgaresant unecogaiadledevaionswhich mey cause ssicusadvarse
hedth dfeds(Tabe1). Levdsover 100 ugy/d areconddared to beextramdy dengerousand oftenreguire
hosaitdization and medicdl tresiment.

TheOSHA dandad for leed inar is50 uyM® calaiated asan 8-hour imeweighted averagefar dilly
exposure! Blood leed and Zinc pratoparphyrin levels must bemonitored & lesst evary 6 monthsfor
workersexposad to & lead levels above 30 ugM? for marethen 30 daysper year, and et leet evary 2
monthsif theworkers lagt lood leed was et 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 averagelesd levdsof S0ug/d or greter
mug beremoved. Removd isdso posshleonmedicd gounds: Removed warkershave pratedtion for
wagg, bendfits and seniarity for up to 18 months ar unil they can retumito leed exposre aress?t

Thefreeaythrocyte pratgparphyrin (FEP) and Zinc pratoporphyrin (ZPP) levdsaremesares of
inaferencewith hamogldain produdion & thetimethered odisaremede. Although somedisessesandiron
odidency anemiacan cauearisein FEP ar ZFP, in ahedlthy individuel warking with leed, leed absaptionis
themodt likdy causefor uchaninceese. Further, the FEP or ZPPlevd sinareese aoruptly when blood leed
levdsreach about 40 uy/d, 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 leedleve 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 thelevd dropsbdow 40 uyd.



VI.

RESULTSAND DISCUSSON

A. Bwviromaid

1

B. Ma

Air Sardes

Realtsdf theemronmentd sardesfor inarganicleed arepresantadin Tele2. Threedf thed
employesswho repaired rediatorshad leed exposres a or above OSHA'SPEL of S0ugMasan
8hour TWA.. Although sampling was nat conducted for thefull 8-hour warkshift, the
conoantraionsmessured should dosdly gproximete 8-hour TWA exposuresbessd onthe
unifomity of thewark adivities paformed over thedhift

Vatildion

Thisshogsvatilaion condged of onelargeexhad fanlocated inthe comer of thebullding. Although
venilaionweasnat mesaured in aquentitative manne, it wes goparant thet thisfan did nat offer locd
ead vatilaion a thepaint of leed gengration. During NIOSH'ssurvey the shopsdoarswere kgt
apen, providing fresh air; however, these doorswererepartedy dosad during thewinter months

Hydieneand Housskesping

Lead ingestion could dso be oocuning from poor warkplaoe hygiene (smoking, drinking, and egtingin
threwark aeg), dl threeof whichwerenated duing NIOSH'saurvey.

0z

1

Blood Leed Teds

Theblood leed and the FEP levdsfar the 6 hop erdoyessaelided in Tade 3. Themeenblood
leed levd washigher among therediatar medhenics (30 uyd) then among the ddiivery employess (18
uyd), but thisdfferencewas nat datidicaly sgnificant [(t-test, p=0.25) Teble4)]. Onedf thed
rediator mechenicshed ablood leed levd above40 ugyd (thelevd a whichthe OSHA dandad
requiresmonitaring thelood leed evary 2 manths). Nonedf the 6 shap employesshed devated FEP
levds (Tebe3)

Symptomsand Fhysicd Findings

Nonedf the6 shop employessreparted symptoms suggedtive of leed paisoning. Nonedf the6
enpoyesshed aleed lineonthar gums



VII.

VIII.

CONCLUSION

Onthebedsaf theenvironmeantd and medicd deta apatentid heslth hezard exdded from over-expoaurestoleed
during therauinedeening and rqpairing of rediatars: Thisshopwasnat conduding cartain edivities oeaified by
OHA'slead gandrd (exposure monitaring, resairatory protection, housekegaing, hygenepradtices providing
dathing, medicd urvellanog, and written compliance program). Recommenctionsare provided inthefdloning
stionto prevant leed ovear-expoaures and devd op aneviranmeantd and medicd programin compliancewith
OSHA'slead gandad?

RECOMMENDATIONS

Toauretra workasare adequatdy pratected from theadverseeffedts of leed, acomprehensve program of
prevention and survelllanceisnested. Theguiddinesfar suchaprogram aepresanted inthe OHA leed
dandard’! Inadkdition to goedfyingaPEL for arbomeleed, the OSHA leed $andard dso contans gedific
provisons dedlingwith mechenicl vartilation, regairator usege, pratectivedathing, housekegaing, hygienefadlities
amployeetraning, and medicd monitoing ! Theimplemantaion of theprovisonsof thisstandard will hdptoenare
thet theemployess are pratected againg any potentid adverse hedth effedts of leed expoare

A opy of the OSHA leed gandard acoompeniesthisregpart. Toassd theardoye inimplementing the
dandardskey provisons abrief ovaview asthey rdaetothefindingsdf thissurvey fdlons

1 Thisredator shop shoudingdl alocd exnaud vattilaion sysem a thesource of leed fume genaration
Vatilation negdsto beinddled intheimmediae aeawhaethetarchisusad for mdting thetop off the
rediaars Thisventlaionwould capturetheleed fumesbefare they mix withthegenerd roomar.

2. Allwokesrguarnng radistarsshould havethar blood dravn and andlyzed for lesd and ZFP contert evary 6
months If theblood leed levd isabove 40 ug/d, ablood leed test nesdsto be parformed evary 2 months: |If
ablood leed conoantration averapes 50 ugd ar more, the dfeted employee mugt beramoved from further
exposreand monthly blood leed tedsparfarmed until theblood leed levd drapsbdow 40 uyd.

3. Thareshaudbenoeding, dinking, smoking, or tobeooo dhewing intheredidor repair area
4.  Woakesshoud hove ad dhengefromwaork dathesto dregt dathesdter ther tour of dty.

5 Wakesramoved from exposrefor devated blood leed or leedhrdaad ilinessshoud have pratedtion of
wege bandits and ssniarity for up to18 months or until they can reium toleed exposre aress

6. Gventhat our evironmentd monitaring found leed levds above OFHA's PEL, evironmenta monitaring
negdisto be conducted quartaty until & leedt two consaoutive messramats teken seven daysgpat, ae
bdow the PEL.
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TABLE1

Lowes Blood Lead Levds Reported To Cause Hedth Effeds In Adults

BloodLexdLevd Hegith Effect

100-120 ugd Cantd Navous Sysam Taxiaty (Enogohalapethy)

10uyd ChraricRard Damege

80ugd Low Blood Court (Anamia)

60uyd Pregrency Candlicaios

SOuyd Dexrease Hemogiahin Produdtion

Mild Catrd Navous Sygam symptams
0uwyd Decrease Paiphad Neve Condudion
Pretem Ddivay
Duyd High Blood Presare
Tade2
PERSONAL BREATHING ZONE LEAD CONCENTRATIONS
SmsReaddar, Chambles Gaoga
May 31,1989
SampeNumbe _Jb Sadig Time wM°®| ed
I Redigtor Medhenic 7:25300 220
2 Shop Manega/Medanic 7:45300 50
3 Redigtor Medheric 812-305 0
4 Redigtor Medheric 8301245 30
BEvdugtion Qitaia S0ugM?®

Labordary Limit of Detedtion Duyszarde



Tahe3

Blood Leed and FEP™ Reuits

SmsReddar, Chambles Gaoga
May 31, 1989
JbTitle Blood L eed (uyd)’ AP (uyd)”
1 Medheric 41 A
2 Medheric 10
3 Medheric K7 36
4. Medheric 30
5. Ddivay 21 14
6. Ddivay 14 26

* - Blood leed, referencerangefar oooupetiond expoaure lessthen 40 ug/d.
** -HEP= Heeaythrocyte pratoporphyrin, nommd range lessthen S0 ugd.

Tdhe4

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

SmsReaddar, Chambles Gaoga
May 31, 1989
Blood Leed =220
JbTitle N (meninuwyd) (meninuwyd)
Methanics 4 0 28
Ddivay 2 18 2
Pvduet 025 052

* - Blood leed, referencerangefar oooupetiond expoaure lessthen 40 ug/d.

** -HEP= Heeaythrocyte pratoporphyrin, nommd range lessthen S0 ugd.
+- Sudent's T test.



