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SUMMARY

OnMarch 10, 1988, the Nationd Inditutefor Oooupetiondl Sefety and Heelth (NIOSH) recaveed areguest for
tedhnicd assdancefrom the Oooupetiondl Seety and Hedth Adminiration (OSHA) to evdugte possbleadverse
hedlth efedtsamong workersexposad to nidkd and cadmium dugtsinthe manufaciure of nidkd-cadmium betteries
a Gates Enargy Produdts Incorporated, Gainesville Harida, Inresponseto thisrequet, NIOSH investigetars
conduded eninitid Survey Apnil 12-13, 1988 which induded awak-through survey, dsoussoswith

and union rgresantatives and areview of thecompeany'servironmenta and bidogicdl (uine) monitaring detafor
nickd and cadmium adllected over thepedt sevard years

Medcd sarveyswere conducted in Februery and October 1989 diter review of the company'sextensve
enviroomenid and bidogicd deta(dotained duing theinitid stevist) indicated thet the pressad plate, plate
preparation, and platemeking arees of the plant hed thehighest patentid for worker exposreto cadmium. The
puposed thefird medicd Srvey weesto evdugte vaiausindicatarsof rend andimmundogic dausin mdewarkers
exposad to cadmium and nickd dugtsintheplatemeking and pressed plaeareadf theplat. However, the
cadmiumexposad maewarkersaso hed high expoauresto nickd, whichisaso consdered apatentid nephrotoxin
Litleinfometion intheliteratre edgs about the possble synerg sic ar antagonidlic effeds of heavy metdsonrend
fundion Thepuposed thessoond suvey westo evdugte aresswith minimd expoaureto nidkd but with ether low
o highexpoauresto cadmium

Ova-expoareto cadmiumweasdealy evidant in cadmiumexpossd warkesfor bath arveys Ninedf 39

(23%0) cadmium-expossd warkersin the Felruary 1989 medicd aurvey hed uinecadmium levdsgreder then 10
uyg aedinine Inthe October 1989 medicd aurvey, 13 of 47 (28%) workasinthelow and 21 of 49 (43%)
workasinthehigh cumulaivearbome cadmium eqposuregraups hed uinecadmium levdsgregter then 10 uglg
aedinne IntheFeoruary 1980 madicd survey, threedf the

30 cadmiumexposad workers (8%6) demongiratied evidence of cadmiunHinauced abnomd rendl fundion using
three sreaning tets[urinedbumin, beta-2smicrogiaoudin (B2M), and retindl kinding pratain (RBP)]. Of thesethree
warkes two hed devated uinelevdsof dbumindone whilethe ather o hed devated uinelevdsaf RBPad
B2M. (All devaed levlswereddined by theaithmetic meen o the aredtininegandardized messrematsinte
unexposd plustwo sandard devidions) Smilar resutswerefound inthe October 1989 medicd survey. Threeof
91 cadmiumexposed warkers (3%0) hed devated uinelevdsof dbuminwhilenonehed devated levdsof uine
RBP. Nonedf the 6 workersdestribed hed known non-oooupetiond causss of rend dysfundtion (eg, didbetes
hypertenson). In comparison, of the 69 unexposed warkers evauated in both Srvey's nonehed evidence of
onomdly highlevdsd uinaty pratans

No condgant differencesin urine prateinswere aosarved betwieen the cadmiumeexposed and non-exposed
gaussinthisandyssaf ather the Feoruary or Octobar 1989 medicd arveys Inaddition, cumulaivearbome
cadmiumledsdd nat haveasgnficant rdaionghipwith any messre o rendl fundion used in our invetiggtion
Howeve, inbath arveys theandyss of cadmium-exposad workerswith uinecadmium|levdsgrester then 10 uglg
aregtinine (comperad to thosewith lessthen 10 uyg arestining) deay suggedisthet the group with higher exqpoare
dd havemodest devaions of theurinery highimdecda-weight pratien dbumin, and thelov-mdecdaweight
praens RBP, NAGA, and AAP, conagat with mild gomeruar and tuboular dysfundiion asreported by atharsin
amilaly eqpossdworkes



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

Thus it gapearsfram our invetigation thet cadmiumiinouosd rend dysSundionisevidant with curant avalledleand
recommencisd Sreaning tessin thissiudy populaion. Thisinvedigation dso damordratesthet subdinicd efeds
achassgnificat inoessssin meen levdsd uinary tubular ezymesNAGA and AAParegpaatin
cadmiumexposad workerswith urine cadimium levdsabove 10 ug/g aredinine compered to those bdow this
led.

Onthebedsar thisinvetigetion, NIOSH investigetors conduded thet ahedlth hezard from overexpoareto
cadmum dug exigsa the Gates Energy Produds Inc, Ganesiille Haridayplant. NIOSH recommendsthet
expoaureto cadmiuminany form beredriced to thelowest conoaniration feesible besed on evidence thet

cadmiumisapaentid humen cadnogen. Recommancetionsregarding medicd monitaring arepresantedin
Sion VIII of thisreport.

Kemwords SC 3691 (Soregebattearies), nickd, cadmium, nickd-cadmium btteries, urinary cadmium, rerdl
tubular enzymes nacatyl guoosaminidese NAGA, danineaminopgtidese AAP


adz1
On the basis of this investigation, NIOSH investigators concluded that a health hazard from overexposure to
cadmium dust exists at the Gates Energy Products, Inc., Gainesville, Florida plant. NIOSH recommends that
exposure to cadmium in any form be restricted to the lowest concentration feasible based on evidence that
cadmium is a potential human carcinogen. Recommendations regarding medical monitoring are presented in
Section VIII of this report.


INTRODUCTION

OnMarch 10, 1988, the Nationd Indtitute for Oocupationd Sefety and Hedlth (NIOSH) renaived arequest for
tedhnicd assdancefrom the Oooupetiondl Seety and Hedth Adminiration (OSHA) to evdugte posshleadverse
hedlth éfedtsamong workersexposad to nidkd and cadmium dugtsinthemanufadiure of nidkd-cadmium betteries
a Gates Enargy Produds Incorporated, Gainesville Horida, Inresponseto thisrequest, NIOSH investigetars
conduded aninitid survey on April 12-13, 1988 whichinduded awalk-through aurnvey, dsoussonswith
menegamat and unionrgresantatives and areview of thecompany'sevironmenta and bidogicd (unine)
monitaring detafor nickd and cadimium colledted over the pedt severd years

Medcd aurveyswere condudied in Feruary and October 1989, The purposedf thefirgt medical Survey wasto
evdugte vaiousindcaorsaf rend and immundogic gatusin maewarkersexposad to cadmium and nickd dugisin
theplatemeking and pressed plaeareadf theplant. However, the cadmium-exposad mdewarkasadso hed high
expoauresto nidkd, whichisaso conddared apatentid ngphrataxin. Litleinformetionin theliterature edds bout
theposshlesnargidic or antagonitic effetsof heavy maidsonrand fundion. The purposeof the ssoond suvey
wasto evdugtearesswith minimel exqposureto nidkd but with gther low ar high expoauresto cadmium

Rdiminary resitswerergported to OSHA, the compeny and theunion on May 26, 1983 (initid wak-through),
Septembear 1989 (Interim Report No. 1 - February 1989 mediicel survey), and April 19, 1990 (October 1989
medicd auvey).

BACKGROUND

A. HaiHidory and Warkforce

GatesEnagy Produdss Inc, Ganesiille Harida, manufaduresavanidly of rechaergestlenickd-cadmiumadlls
and betteriesfor indudrid and comrsumer golicaions: Theplat wasarigindly built by the Generd Hedtric Co.
(GB) in1963, and omvned and operated by GE until Januery 1987, when Gatespurdhesed thefaallity. The
hourly warkfarceand many of the adminidrativeand menegament 9t havebeanrdtainad by Gates From
1977 until 1982, rechargedhle sedled leed odlsand betterieswered o menufaciured a thisplant.

Thefadlity employsgapraximetdy 1080 produdion workersand 190 maintenencewarkas The
plate-meking aress have goproximatdy 360 produdion workersand 60 maintenencewarkas The
workforceispredominently femde, particulaly medhine oparaorsinvalved in meking pressed plates plete
preparation, winding, cell assamidy, and teding. Theplant usssaraiaing shift schedlieinvalving four s#s(or
dhifty) of warkers most on 12-hour work shifts dtemeting 3- and 4-day work wesks

IN1977, the plant begen an edendveevironmenta and bidagical monitaring programwhichindudes
pre-amploymant besdine dataand persond exposuredtafor airbome cadmiumand nickd, and
caregponding uinary cadmiumand nidkd levels: The detalbese hesbean mainiained and continuoudy
pdemanted uptothe presart time: Thear and urine monitaring detlaare computerized and acoessibleto
Gaesgdf for avaidy of andyses In 1988 done over 1,000 parsond exposredr sampleswere
obtained and added to the detabese,

B. PoossDexipgion

Themenufadureof nidkd-cadmium adisinvavesanumber of prooesses paforaion, nidkd plating, nidkd
duny, Sntaing, impregretion, dedrochamica deaning, prperation of pressad plates (anather type of negetive
dedradd), pae preparaion, cdl assamidy (winding, filling, and dasing the odllg), and teding,

1  Hdemeking (Snieed Ades)

Thedrudurd subgraefor theplaeiscabonded. Inthepaforaion areg, rdlsof cabon ded ae
unwound and paforated (hdlesare pundhed inthe sted shets). Thenext Sepisnickd plaing, where




the paforated ded Sripisweshed inan dkdinesalution, rinsed, pidkded in sufamic add, and pesssd
through plating betrswherethe ted isplated with nidke fromanickd sufameteinidd bromidesalution
Thenidkd-plated 9ed dripsare usad for produding bath positiveand negative plates Mogt employess
inthe plalemeking departimant aemen

A duny contaning malic nidkd powds isprepared inthedury room. A layer o theduny is
gpplied to the nickd-plated drip and pessad through Sntering ovarnsin aredudng amogpherewhare the
duny isdied andthenickd powde isaneded

Thesntered dripsare thenimpregreted with ether nickd nitrate salution (for the positive dedrode) or
cadmiumnitratesdlution (for the negetive dectrods), trested with sodium hydraxide, weehed, and dried

Thedripsarethen brushed and weshed in en dedtrochamicd deaning oparaionwherethedripsare
immasad insodium hydraxide sluion
2. PesdRae

Andtaretivetotheimpregneted, Sniered negtive plateisacadmium oxidepresssd plate: Inthe
Pressed Hateareq apedeis prepared contaning cadmiumaxide. Thesubdratefor thepressed plateis
thenickd-plated, perforatad carbon ged trip destribed previoudy. Thedtripisdippled and o, anda
med teb may beatached. Oparatarsweating dovesgoply the pedeto thedrip a thepesting
mechines Thepedtad dripsaredried, o (dit) into nerrower drips and revound. Mogt mechine
oparaarsinthe pressad plateareaarewomen. Men pafam modly mechinesgt-up, adusiment, and
manenance

3. HaePegadion

In the plate preparation department, dedrode sripsaredit, out, or punched, and ingoedted a
donnart tebles Mog mechinegparatorsarewomen.

4. Cdl Asamdy (idudngWindmg & o)

Inthewinding aperation, the negative and positive dedrode plates are wound with peper sgparaorsto
fomadls TheadIsareputingdenidkd-plated 9ed oylinders and patassum hydroxidededrdyteis
added. TheodlIsareseded dosed, charged), tested, and ingpected.

V. EVALUATION DESGN AND METHODS

A.  BEnviromatd

Toevdude curat expoaLrelevds printoutswere datained from the compeny’'s computerized hedth and
sely databeseliding dl parsord exposure sampling resuitsfar 1988, Thisinduded 1030 pasond samples
for nided and cadmium. [The compeny detawerergparted as 8-hour imeweighted avarages (TWAS).
However, therewas no indication whether thesewere bessd on adiud 8-hour messramanisaor

represanted 12-hour samples celaulated as8-hour TWAS] Twenty-seven job categories workgations, or
oparaiosweare Hetted for andyssfrom the Hate-meking, Pressad Hate, Flate Preperation, and Winding &
Clasng dgpatmants

Rintoutsdf the compeny'ssampling resutswere sorted by department and by ather jabtiieor
workdation. Consderablemanud comypilation was aso necessary dueto ladk of condgtent workgtation
tamindogy. The pedte preparation prooessessin the Pressed Hiate Department induded job titlesand
workdation locations designeted in the detabese as peete meking, mixing, blending, weighing, big mixer, and
ardl mixe. Pedemedhineoparatarswearegrouped toindudedl thevaioustypesof pestegppicaion
mechinesdesigneted by different neamesinthedatabese. Thewedterecovary oparaionsweregrouped,



induding josoparaions desigreted ssrevark, redamer, and heker. Maaidshendinginduded jobsliged
asmovarena movepason. Sntaing fumeceinduded joosoparationsliged asfumeoe, harizontd fumece,
vatica fumeog and sniaing fumece Impregnationindudid ligingsaf "inp. lines' aswel asindividlel line
numbarsidaniified by compeny parsonnd asimpregrationlines: Mainienencejabsindudad medhenics
dedridans mechinigs wddars(nat teb weding medhines), blade adjudtars tod mekers and somdlimes
mechinesa-Up. Sorting and sacking induded operatorsworking a mechinesdesigneted by apresstomege

For eech of the 27 joslioparaions anelyzed, persond sampling cetafor 1988 were Satidicaly andlyzed to
compute meen, median, danderd deviaion, andrange. Subssquently, thejabgoparaionswereranked
aocoording tothar meen cadmium and nidkd concantraions: Occasordlly, asnglevdueconsdearadly higher
thenthe ather ssmples (apossble outlier) devated the meen congdarably ebovethemedian. Congdaration
wasgventoranking thejabsby median aspahgosmoretypicd of theusud expoarerange howeve, this
weasfound to havelitle effect onthe ovardl job exqpoareranking, and westhus nat pursued.

Medicd
1 Fouay 19899 Medcd Suvey

a Patidpat SHedion

Aspat d theprdiminary investigetion, areview of the compeny'sextensveavironmatd ad
bidogicd detaindiceted the pressed plate and platemeking areadf theplant hed thehighest
potentid for worker exposureto bath nidkd and cadmium. Sncewewished to comperethese
reststo other dudies only mdewarkesweresdedted to patidpetein theinitid sudy.

Fomapatentd lig of 42 mdeday-dhift warkerswith goproximatdy 10 yearsof wark
expaiance (in cadmium-exposed arees) & the compeny, wewere ableto abtain partiapetion
from40(95%) erpoyess Fomapatentid lid of 43 mdesdaied employesswith & leest 10
yearsof work exparience (in cadmiumand nickd non-exposed arees) & thecompary,
paxtiaipetion was datained from 39 (91%) employessto savessardaat populaion

b.  Suveyindrumats(mghods

Thesudy consged of aguedionnaire messLremant of haight, weight, and blood pressure
adledionof a"goat” fird-vaided moming uineand fading saum samdes Thequestionaire
odleed infometion ebout cheredtaridics such as agg, history of disbetes hypatendon, smaoking,
nongeraidd anti-inflammetion drug use, and previous cocupationdl expoaLresto cadmium, leed,
advats

Bidogic makesweresHetted to assess sevad typesof rard fundion. All uinetedt resuits
weaeaedinnegandardized to adjudt for vaiaionsin uine concantraions. Indicesof rend
fubular fundion induded uinary exargiion of phogphorous and thelow-mdlecularweight
pratans betar2-miaroglooulin (B2M) and retind-hinding protein (RBP). Inaresssd urinaty
exadiond thesehidogic makascanindicaterend tubuar dyfundion.

Makesdf red tubuar injury (or recart odlular damege) induded the urinery brugh border
mamranearymesdanineaminopepticese (AAP), gammaguiamyl trandferase (GGT), ad
thelysosomd erymeN-acatyl guoosaminidese (NAGA). Inareesed uninery exargion of the
arymesinasodaionwith high uinecadmium levdsisthought toindicateinaressed doughing of
mamranssand organdllesdueto tubular dysfundion or increesed cdll tumover with necrosisand
regengraion

Messremansrdietingdomaua fundionwearesaum aedinne Whichinoessss ssthe



domaua filtration rete decreeses), and urinedbumin (Which canincreese with eonanrd
domaua pamegality to mecromdenues).

Compleelood countisand messremanisaf ssumimmunogloudinsigG, IgA, IgM weare
aiained. Theblood countswere processsd & alocd university hosaitd leboratory within4
hoursaf adledion. The population of goadfic lymphocyte sUgpopulaionsand number of

neturd killer adlswere determined using afluoresoant edtiveated odll sorter. Neturd killer odll
adtivity, & two effectarftarget ratios wes determined a aNIOSH laboratory in Gindnrét.
Faamensweareadlected over ad-day pariod, with goproximatdy the same number of
exposad and uneposad partidpantssubmitting spedmenseech day. Employesswaregiven
ingrudionsto subomit afirg-vaided goedmenin themoming and were gprisad of thenecessity of
dhonging and denging dathespriar to themoming tesing.

Edimdion of eqpoare

Toetimateeschwarka’scumulaiveexposureto arbome cadmium and nickd, for thetime
peariod between 1977 and 1989, ardragpedtive exposure mdrix, by work areaand
contaminant, was condrudted. Exposure priar to 1977 wasedimated with the 1977 expoaure
Oeta, Inceno mgar dnenges hed been medeto the manufaciuring operation befareingtituting
indugtrid hygenemonitaing.

Each retrogpadtive merix, by waork areaand contaminent wes condrudied inthefalloning
mame. Theddawerefird grouped by year. Arithmetic meanswerethen calaulated for eech
year farwhich detawereavalable Thesemeanswerethen evduated for thepresance of a
datigicaly sgnificant upward or onward trend. If suchatrend wes presant, esch meenwes
conddared to beanindgpendant evart, and thet vaue wes used in the cdll rqpresenting thet yeer.
For yearsinwhich ddawearenat avalladle themeans of the odison ather Sdeof theempty
adl(9 wereaveraged, and thet vduewas used in place of themissing vaug(). If adaidicaly
donficant trend wasnat presart, dl the detacdlleted for dl theyearsweareaveraged to aredle
aremenfar theetiretimepaiod

Eachwaorka'stimeweghted arbome expoaLre (TWE) was cdauaed by multiplying the
duration of expoareinagvenwark area(t) by theannud esimeted arbome expoarefor thet
work areaand year (E) and then summing these vaues to dtain cumulaive expoare
Because computed expoaure dayswere done on the bed s of digosed cdendar daysand noton
thebedsaf warking deys theedimeted cumulaive eqpoareismultiplied by 2400365
(euminganemployeewarked an average df 240 dayslyerr) to datain thefind edimeteof
aumuaiveexpoare

Altardively, uinecadmiumlevdsaedso amesaredf dronicexpoareto cadmumandae
prabedly abeter indicator of anindividud'sintamly absorbed cadmiumdose: Urinecadmium
levdsabove 10 uy/g aedtinine are congdered to indicate ovar-expoaLreto cadmium. Thus bath
mesaresaf caomium exposrewareevdueted inthisinvetigaion



Satidicd Methods

All gatigicd methods induding comparison of meansand cordaions werepafomed usng the
FSSPC-HusSidicd pedkage Megared urineconcentraionsof medls prateins and
erymeswaed| aedinnegandardzed for indvidue intepreiation and dalidica andlyss Two
indvidueswith auineareginined lessthen 50 mg/dL. wereexdudad fram theanelysssince
previousdudeshavehonn suchreadtstobeurrdigdle Theurineand blood resitsof the
expossd workerswere compered with those of the unexposad workas: Inaddition, the
exposd indviduasweredassified into two groups acoording towhether thar urinecadmium
wasabovear bdow 10 uyg aredinine Refarencerangesfor dl laboratory tedsconducted are
presated in Appadix A.

Urineand ssumvduesfor rend, hematdogic, andimmundogic paramgiersweredl compered
using dudat'st-ted to test the difference bawean group meansfor continuous varigles
Didhatomousvaiddeswereandyzed usng a2X2 contingancy tehleand chi squareor Fidha's
exad teg, ssgppropride

Whenanindvidud dosavaionwasnat avaladle thet detumwes coded asamissng vaue
Cinicd test reststhet werereported asbeing bdow thelaboratary/slimit of deeionwere
recorded as0.

2. Odobe 1989 Medicd Suvey

a

Patiapent SHedtion

Based on 1988 arbame cadmium leveshy departmant and job tile, dighle partidpantswere
caeyarizad into 3 graups acoording to cadmiumexpoaure: nore, low, and high, Thisa prian
SHedionof patidpentswasdonepriar to cdauation of cumulaive cadmiumexpoare Almest
dl patidpentshed a lesgt 10 yearsof work expaience

rvey indrumants(methods

Thesudy consged of aguedionnaire messLremant of haight, weight, and blood pressure
adledionof a"goat” fird-vaided moming uineand fading saum sanmdes Thequestionaire
adleted Smilar damogrgphic and medicd infametion asadminidered in the Felruery 1989
urvey (ssesdionlV. B. 1L b).

Bidogcmakersto asesssevad typesd rend fundionwearesmilar tothosesdeded inthe
Feruary 1989 arvey. All uinetest resitsweare aredinine-dandardized to adjudt for vaiaions
inuineconoatraios Indicesaof rend tubular fundion far thissunvey induded urinary exardion
of cddum, phogohorous gucoseand thelowv-malecuia-weight pratin, retind binding protein
(RBP). Urinary exadiondf B2V wesnat messred inthisaunvey.

Makesdf red tubuar inury (or recant cdlular demege) induded the urinery brush border
mamranearymesdanineaminopepticese (AAP), gammaguiamyl trandferase (GGT), ad
thelysosomd erymeN-acetyl guoosamindese (NAGA).

Messrematsrdleting gomauar fundionwaresaum aredinineand ssum ureanitrogen (bath

o whichinoeeseasthegomaua filtration rate decresses), and urinedbumin and totd pratain
(bath of which canincressewith gonomndl gameardar pameghillity to mecromdlecules).




¢ Eimdiond exposure

Edimetesdof eechworker'scumulaiveexposureto drbome cadmiumand nickd were

cdadaed usng theindudnid hygenemessremanis aatained by thecompany far thevaious
from 1977-1989 (as desribed previoudy insedion IV B. 1. ¢). Urinecadmium

levelsweredso ussd ssamessuredf dronicexpoareto cadmium (ssesdion V. B. 1. c).

d  Sdidicd Methods

All gatigicd methods induding comparison of meansand cordaions werepafomed usng the
SASfar Parsond Computars (varson 603) daidicd peckage Messred uine
conoatrationsof mas pratans and erymesweredl aetinine-sandardized for individue
interpretation and datidicd andlyss  Tenindviduals (5 cadmiumexposad, 5 nonexposed) with
uineaedinnesd lessthen 50 ar greder then 300 myldL. wereexduded fromtheandyssof
red fundion testssnce previous dudieshave hovn such redLitsto beunrdisde

Theuineand blood reaitsof thelow and high cadmium-exposed warkerswere compered
with thoseof thenonexpossd warkers: Inaddition, the cedmium-exposed indvidlelswere
dassfied intotwo groups acoording towhether their urine cadmiumwas above or bdow 10
Lg’gcrea]nne Refarencerangesfar dl laboratory tests conducted are presanted in Appendix

Unnearjsetmvduesfd rendl prametersweredl compered Lsing sudartst-test or anelysis
of vaianceto tet the difference between group meansfor continuous vaiailes asgopropriae
Didhatomousvaiddeswereandyzed using a2X 3 contingancy tehleand chi squareor Hdha's
exad teg, ssgppropride

Whenanindvidud aosavaionwesnat avalade thet dtumwescoded assamissngvdue If a
goadific messramant (gther dinicd test or indudrid hygiene monitaring result) wesreported as
below theleve of detedtion (LOD), theindividue'sresult wes cdaulated ssthe LOD vaue
dvided by thesguareroat of two. Thiswasdoneto minmizebiasdof ether assgningavaued
zaoor theLOD, sncethetruevdue of thedosarvation prabebly liesin bawean ather of these
evpans Thismehodisuseful for produding good edimetes of bath the meen and sandard
devidionfor agven tes when thedetaare nat highly skewed (e geometric dancird devigtion
lessthen30). V.

V. EVALUATION CRITERIA

A.  Camum
Cadmiumisaheavy med used inthe menufaciuring of betteries pigments and jenvdry, and asaneutron
asorber innudear reedtars: Cadmiummey enter thebody gther by ingestion (svalloning)) or inhdlation
(bregthing) of cadmiummetd or axide
Cadmium acdate dHaideand aifaeaesdubdeinweter, whilecadmium axideand aulfidearedmodt
insdubde?
1 Absopionand Messuramat

;/6t0].0paoatd ingested cadmium and 15to 30 pearoant of inhdled cadmiumis absorbed
wtothebody Cadmiumistrangoarted from the Ste of absorption by red blood adisand plaama Itis
Ogpogted in organsthroughout thebodly, but mgar dgpostion cooursinthe

liver andkidneys Medlahionanishbdieved to bethedhid pratiein responsblefor cadmiumt




rangpart intheblood?

Undar nommd conditions thekidneysaocoumulatethe gredter conoantration of cadmium. The

edimeted heif-ifed cadmiumisextrerdy lang, gopraximetdy 10-30 years othet modt of the
cadimium ebsorbad inthebody isretained* Cadmiumisexadad fromthebody vay doMy and thus
acoumuaesinthecortex of thekidney over alifeime However, theurine concaniration of cadmium
mey gedtly decreesewith theprogresson of interdtitid filrogsand dyonicred dissese ot theurine
conoatraion of cadmiumisinat auseul indicatar of rendl cadmiuminthepresance of sevarecadmium
nephTopethy.

Theblood conoantrationisthe bet indicator of reoant cadimium exposLreand absorption (mainly the
|t few monthg). >° Thelblood cadmiumlevd inthegenard populdionislessthen 7 micrograms (Lg)
per dediliter (AL) of whaleblood. Chronic cadmium exposure can be assessad by mesaring the
cadmium contant of thekidneysthrough thetedhnique o neuron adtivation andlyss’ Theuine
cadmium conoaniration, awiddly usad index of expoaure, isprimaily anindicator of dronicedqoare
Inthegenard populaion, trea/eaggemray cadmumlevd is0.36 ugg aedining and vduesabove 2
uygaedinneaeexcsxdngy rae

Aninaressein urinecadmium conoantration may ooour for tworeesons: FHrd, sharttam, high levdsof
expoaureto caomium mey resuit inincressad blood levdsand ovarflow exardion (incressad desrance)
by thekidney.* Such expoauresexossd the atlity of theliver and kichey to bind and retain cadmium by
medlathionaninthesetissies Peek incressesin degrancesare uaLdlly rdaed anly toveary aoute
excessveexpoaresand theinoresein uineistrangent. Seoond, aninressein uinecadmium
conoantraion mey do reflet rerd tubular dysfundion, resLiting in adecressein the aality of rend
tubular odlsto absarb cadmium® Cadmiumingomauafiltraeisua gly bound to metallathionain
whidhisalon-mdecuaweght praien and thusmey competewith ather lovsmdecua-weght
pratensfor resbsorption by rend tubular odls

AateTaxiaty

Aauteinhdaion eqposureto cadmium can cause pneumoniaar puimonary edamg, aswell ssliver ad
kichey damege™® Y Ingetion of taxic quantities can procice neuses, vomiting, and diarhea,
Exposureto an arbome conoantration of 40 mg/in? isconsidered immediatdly dengaraustolife
Chronic Toxidity

Oooupetiond expoaureto cadmiumisusLdly dranic. Chronic cooupetiond expoaureto cadmiumcan
prodloeseverd toxic effedts, of which themost impartant areemphysamaiand kichey dissese? Al
oocupetiondl exposLre hesbeen assodated with cancer of the prodatedland, and thereisevidence the
cadmium exposLremay be assodated with lung canoer 24

Kidney dssseisoned thedfetsaf cadmium expoaurewhich hes aroused conddardble concem
Thaeisddeinthelitaraure boout thelevd of cadmium exposurewhich, over apaiod of time will
cauekidney damegeamong individuels cooupetiondlly exposed. Theinitid Sgnsaf cadmium
nephropethy (kidney damege) areaubie. Affected warkerswill usely haveno symptonsintheealy
dages and thar kidney fundion tetsmeay dill bewithinthe broed range of nomrd. Cadmium
assodated rend dissese may continuear develop long fter expoaureto cadmium oseses™

Becausedf kidney hesan enormousresarvee capeaity, results of theusud rend fundion tests (dlood urea
nitrogen (BUN), saum aregtining, and ssum uric aad) will nat becomefrankly aonormdl uniil onethird
to one-hdlf of thekidney's capadity heshbean destroyed ™ For thet reeson, moresanditivetessof red
dysfundion havebeen ought. Thesetessindude uinary lonv-mdecula-waght pratein exadion auch
asbaa2-microgldouin, reind-hinding pratain, rend brush border eymes (uch asAAP, GGT,
NAGA), and dgamingtion of phogphete, cddum, guoose, and amino add exareion.

BEnvironmanid



VI.

B.

a Bidagjcd moitaing

Bath blood and uinecadmium are patentidly ussful for deteding excessve exposrepriar tothe
Oevdopmant of rend tubular damege, though nather iscompledy rdiddefor thispurpose
Based on aurently avallable deta, guiddines have bean devel oped by vaiousexpat bodies
(NIOH 1976, Warld Hedlth Organization (WHO) 1980, Americen Conference of
Govanmanid Indudrid Hygenss(ACGIH) 1989) which suggest thet, to prevent rerd
dysfundion (primerily rend tubular pratainuna) inworkersexqposed to cadmium, the
conoartration of cadimium should nat excead 10 ug/g aredtinine (gppraximetdy 10 uglLiter) 2

The ACGIH and the WHO have d o reoommended thet cadmiumin thellood not exossd 10
uglL, inorder to prevent patentia rend damege™ *° The WHO dso recommended, asan
adionlevd, tretif theindividuel urinecadmium leve exossoied 5 uyg aredlining, conird
messresshould begpplied. The WHO recommendaionswere besad onsgnsof rerd
dgurbencefound inwarkersexposad to cadmium and induded thefdlowing: (1) incressed
proteinunia; (2) inoressed rendl desranceof spedific proteins (B2M, RBP, dlboumin, randferin,
and1gG); (3) increesed plasmaureaand aredtining and (4) parturbation of somefundiond teds
achasaedinnedeaae” Honveva, thaeaeiraffidet daato evdusewhether limiting
cadmumintheuinear blood ispratediveagand canog.

b. BEwiromaid dadads

TheNIOSH recommendad expoaurelimit (REL) for cadmiumdugt isthet employersreduce
oocypaiond expoaureto thelowest feegblelimit (LAL). Thisisbesed ontheNIOSH
recommeandation thet cadmium and itscompounds be conddared asapatentid cooupetiond
cadnogan® TheACGIH Threshdd limit value(TLV) iscurrently 50 ugfi? asan 8-hour
timeweghted avarage (TWA), but the 1983-89 edition indudesanatice of intention to reduce
thecadmium TLV to 10 ugin? and to desigrete cadmium asasuspacted humen cadnogen
Theaurat OSHA Pamisshle ExpoaureLimit (FEL) isen 8-hour imeweghted average
(TWA) of 200 ug/in? (cadmium dul), atthough aninterim pratedtion messLreof S0 ugintis
auretly beingenfarced. A mﬂaﬁdfdmﬁmlmbalmﬂggqamjwm
whichwould reducethe PEL to an8hour TWA of either 1.or 5ugyi.

Nickd

Inorgenic nickd isasiver-whitemetd, and rickd sdtsaeaydds? Inhded nidkd isabsorbedinthelung
better thenin the getraintestind tract, and theamount of nidkd absorbad degpends on thetypedf nidkd
compound? Thepatentid and reported heelth effedtsdueto nicke indudeinaressad risk of gedtric canoe,
inoressad risk of saraomg, dvonicimitation of the ypper regairetary tract menifedied by rhinitis snustis
pafaraion of thenesd sgptum, ancamia(lassaf smdl), pulmonary imitation and fibrods preumooconioss
aghma, and dammditis®

Bventhough avalladle evidenceind cates an assodiation between humen expoauretoinargaric nidkd andthe
devdopmeant of canoar, themixed expoaLres bath to different nidkd compoundsand to ather damants
frequently coouningintheworkplace, have preverted conplee differentiation of the efetsof individuel
compounds: NIOSH hesidentified nidkd asasugpect cardnogen becausewarkersinthenickd indudry
haveexpaienced exosss|ung and nesdl cancars®

Nickdl aocumulatesinthekichney of test animalsand can cause ngphrataxiaity a high conoertrations Blood

ad m’gerid@ areussd to deeminerecant nidkd exposure, but neither index refledtsthe body burden of

ndd.

TheNIOSH recommended expoaurelimit (REL) for nidkd is0.015 mg/in?® asa10-hour TWA.2 The

ACGIH Threddd limit vdue (TLV) for metalic nidkd iscumenty 1.0 mgfi® asan 8-hour time-weighted
(TWA), but the 1989-90 editionindudesanatice of intention to reducethenickd TLV to 0050

andto designete nickd asaconfimmed humen cardnogen® The OSHA PEL for nidkd isan 8-hour
TWA of L0mgfi?.

RESULTS



A. Bwviromaid

1

B. M

Cadmnium

Cadmium conoantrations (parsond samplesanly) aeshownin Table 1, grouped by department o
aen A rddiveranking d the27 job categariesby meenar cadmiumlevd issownin Tabe2 By fa,
thehighest cadmiumlevdsaein the Presssd Hate Departmant. Thesix highest expoaurejdb
caeyarieswaed| from Pressd Rae Infedt, dl 12job catsgoniesandyzed in Presssd Hatewarein
thetop 13 job expoaure categariesfor cadmium. Four of thejob categaries pedte preparaion, pege
dpping (only 1 samplein 1988), peste mechine gparaors and processimechingry sat-up, hed meen
cadmium expoaLresinexcessaf 100 ugfin?. All meen conoantrationsin Pressad Plate exossded 30
ugi®. Thecompany'sreairator palicy recuired useof resairatorsfor jooswhoseexpoaLrelevds
exceeded the pamisshle expoaurelimit (PEL) enforced by OSHA a thetime: To compensatefar
12-hour workshifts Gatesmodified the OSHA PEL by redudngitby 33%. Atthetimed the
NIOSH initid survey in April 1988, the company wasusing the OSHA PEL of 200ugin?. Atthetime
of the February 1989 NIOSH fallow-up survey, the compeny wesusing the 1987-1988 ACGIH
TLV o S0ugim? which OSHA weseafardng & thet ime. Inthe1987-1988 TLV bookie, the
ACGIH proposad tolower the TLV to 10 ugn®. Tweanty of the 27 joos andlyzed hed meen
cadmiumlevdsinexaessof theproposad TLV of 10, induding dl jabsin Pressad Flaeand FRate
Preparation, 4 b categaniesin Hatemeking, and thewinding jaosin Winding & Clasing,

Theused regaratary pratedion would cartainly modify theamount of cadmiumthet adudlly entersthe
body. A rearatory pratedtion palicy wesestahlished a thiscompany in 1977 thet reuired the use of
regaratarswhile pafaming catainteskswithinjoos: Howeve, thelevd of ddall inthework histories
ddnat dlow thedooumentation of theusedf resairatarsamong thewarkasin thissudy.

Nickd

Nidkd conoantrations (from persond sampling) arehownin Table 3, grouped by depatment or area
A rdaiveranking of 26 job categoriesby meenar nidid levdsisshoanin Teble4. Orejob
caegary, dpping pedtein Pressad Flate, did nat heveany ar nickd monitaring conducted in 1988,
Thehighes nidkd exposuresarefound in Flaemeking and Hate Preparation. Nidkd durry
preparation and Snteing fumece gparaion in Ratemeking, and mateidshendingin Rate
Prgparation, hed meen nickd concantrations above 100 ug/n?, athough the median exposLresfor
sntging fumecssand metaidshandingwerebdow 40, dueto asngedevaed ssmpeinesch of
thosejab categories

Sxtean of the 26 job categories analyzed hed mean nicke concantrations abovethe 15 ugin® NIOSH
recommeanded expoaLrelimit. Thesejoosinduded dl job cateparies (thet wareandlyzed) in
Raemeking and Hate Prgparation, plusthewinding gparationinWindng & Clodng. Al jabsin
Pressad Flate hed meen nidkd conoantrationsbdow 15 ug/in?, exogpt for theditiing categary. The
company repuiresresairatorsbewom by workersinthenidd durry room, thehighet
nickd-expoaurejob category.

cd

1

Fehruary 1989 Medicd Survey
a Patigpais

Overdl, 40 cadmium-expossd produdion workars and 39 non-exposad sdaried employess
patidpeted intheaurvey. Theresitsof onenonexposad individud wereexduded from
andydssncealae review of hisempoymant hidary reveded thet hehed previody warked in
thenidkd-cadmium battary produdion areafar 3years Oneindvidud from theexpossd group
dd nat submit uinepedmen, o hisreslitswarenat indudad inthesiudy. Thetwoindvidugs
whoeuineaedinnewastoo low tointapret acourady weared o exduded from theardlyss
Insummary, oneexposad individud and three unexposad individudlsweareexduded from
andyds Othawiss if for tednicd reesons agpedific messramant wasnat dotained, an
indvidue'sresLit westrested ssamissing vaue




icand aher charadaidicsdf thepatidpenisaeshownin Tade5. Therdaat
populationwasdder (499 vs419; t=4.4, p=0001), and hed agregter proportion of white
individLels (90%6vs49%6, X?=12.5, p=0.004), and reported more pack-years of smoking
among thosewho amoked (202vs9.1; t= 2.7, p=0.009).

Theuinemdd concenraions presanted are corrected for aredlinine. Cadmiumeexpossd
workesdemondrated Sgnificantly higher levelsof uinenidkd and uinecadmiumtrentie
nonexpossd group. Ninedf the 39 cadmiumexpossd warke's (23%) hed urinecadmium
levdsabove 10 ug/lg aredtinine. Nonedf the non-exposad eanployessdemondraied urine
resitsabovethislevd.

Medicd Hidary

SHf-reparted medicd hidoriesfor sHeded medicd conditionrsaredhoanin Teble6.
Rercantapesare cdaulaed anly far thoseresponding to the quiestion. *"Dantknow* isdassfied as
amissngreponee Thereditsweareandyzed usng a2x2 contingency telewith cdlauaion of a
dhi-uareor 2aled Fshe'sexad tet.

Urineand Blood Teds

Tade7 owstheaithmaic meenvduesd theresLitsof theunneprateing and rend fundion
tests All conoatrationspresanted are corrected for aredlinine: Thereweareno differences
between the exposad and unexposed group with regpedt to therend ezymesAAPad
NAGA. Theunexpossd warkashed adatidicaly higher uirelevd of reind binding pratein
then the exposad workers (L0 vs 0.8 mg/g aredt; p=0.02). Theexpossd workersdemondrated
ahighe meen ssum aetininelevd then the unexposad group (L2 vs LOmg/dL; p=0001).
Two of theexposad, and nonedf the unexposad, workershed levdsof urinedbumin (corrected
for aredtining) over 20 mylg aredlining, avaue conddared to bethe upper levd of nondl.

Tabe8dowsadmilar andysscompaning expossd warkerswith high urine caomium (grester
then 10 ug/g aretining) to thosewith lower values (lessthen 10 ug/g aretining). Thehighuine
cadmium graup showed higher levdsof NAGA (10vs06 U/g aregt; p=003).

Tabe9 sowsthereditsof thehemetdogic andimmundogic perametessudied. The
exposed group demondrated ahigher tatd 19G (12314 vs 10359 mg/dL; t=3.0, p 0.0004)
andalover hamogiohin (14.8vs 152 g/dL; t=-2.2, p=0.03) and MCHC (34.3vs 346 gldL;
t=-22,p=0.03).

Table 10 comparestheimmundogic and hametdogic testsresLitsbetwean the high and low
cadmumgoups Thetwo groypsshowed no mgor differencesfar any of thesetests

Multiplelinear regression, used to adjuet far age, amoking, and aurent medica conditions
(hypetendon, disbetes), weare parformed in the essessmant of essodationsbetwean tet reLits
and exposuregroups (contained in Tables 7 through 10). Theseassodaionsdd not dienge
dgnificantly when adjusmenisfar thesefactorsweremede. Thardfare, only the unedjusied cita
aepresanted.

2. Odobe 1939 Medicd Survey

a

Patidpants

Ovadl, 118wokespatidpetedinthesuvey. Thetenindvidudswhoseuineaedinnewas
atha toolow or hightointapret acourady wereexduded fram theandlyssof therend fundion
tets Thus fivecadmiumexposad individua s and five non-exposad individudswere exd uded
fromardyss Itisnatlikdy thet abiaswasintroduced by exduding theseindviduelssncethareis
no damondrated assodation betwean cadmium expoareand aonommd urinearedtinine. If for
tedhnicd reesons agpeadific messuramant wasnat datained, anindvidud'sresUit westrested asa




missngvaue

Bassd onthecumulaive cadmium exposLre calaulaions partidpentswereredassfied into 3
gous(Tahe11). "No exposure was odfined aslessthen 20 ugryears whichwould
grraximeaeadsyea lifeime8-hour imeweghted avarage (TWA) exposred lessthen 05
wgir®. (Ningean of 2warkersinthiscategory hed acumulaive exposireof O ugryears)
"Low exposre’ was ddfined as 20 to 269 ugryears equivaant to a45year TWA exposrect
upto 6 ugin. "High exposure’ wasddfined as 270 ugyearsor gredter. Thehighest aumuative
cadmium expoare cdaulated among partidpantswias 1079 ugryears which would gpproximate
ad5year TWA expoaredt 24 ugi. Of nateistherdativdy high assoaaion baweanthea
priai” dassficaion of eqposureand thecumulaive cadmium exposureindex (71%
ooncordance).

Patidpetionraesfor dl 3groupswearesmilar & goproximetdy 80% (Teble 12). Inaddition,
patidpantsinthe 3 exposuregroupsweresmilar with respect to demogrgohic and ather
daradeidicsligedin Tahle 13 exogat 1) the non-exposad Snokershed maredgarette
peck-years(200vs11.6 and 15.1; p=002), ad 2) dl 3 groupshed sgnificanty different levds
o uinary cadmium, whichinoressed asthelevd of cumulative cadmium eposureinoressad (1.7
vs6.6Vvs104 ugg aedinine p<000L). Of note uinary meennidkd levdsweresmilar fordl 3
gous

Urineand Blood Teds

Smpleand mutipelinear regresson andlysswere paformed to essessthepossile
assdaionsbewean rerd fundion testsand cumulative cadmium expoaure, whilecontrdlling for
ather fadtorssuch ashypatenson, disbetes race and ape: No Saidicaly sgnificant differances
inrend fundion were dosarved among cumulaive cadmium exposre groups asmessured by
thetedsusadinthisinvedigaion

Further andlyss compered cadmiumexposad workerswith high urine cadmium (gregter thenar
equd to 10 uyg aetining) to thosewith lower values (lessthen 10 uglg aedtining) (Teble 14).
Thehigh uirecadmium graup hoved highar meenlevds o theuinaty tubular ezymesNAGA
(085 vs0.64 Ulg aedining p=0.05) and AAP (6.14 vs4.97 U/g credining p=0.02), even
diter edjusting for age, raoe, hypatendon, disbetes and nickd exposure, asgopropriae

A uirecadmiumlevd above 10 ug/g aredinine hesbean proposad by OSHA asthelevd &
which medicd removd of awarker would bemendetary.? Inpreviousstudies 10-15%of the
indviduelsexossding thislevel have been esimeted to eventuelly develop rendl dysfundion®

InHgure 1, alinear regresson modd from our detaof cadmiumexposad warkersshowed a
sSionificant assodation (R=0.29; p<0.001) betwean cumulative cadmium exposreand uine
cadmumlevds Udng thisregresson mood, an esimated cumulaive expoare of 520 ugryears
isnesded to reech auinecadmiumlevd of 10uglgaeedt. Thisaumulaivecadmium

level would represart, over a45-year warking lifeime, aTWA of goproximetely 12 ughn®,
Contrdlling for age raog, and snoking hidary did nat goprediadly dter therdationdhip between
uinecadmiumand cumudivecadmiumexposre Honvever, itisimpartart to notethet, because
o thesubdantid vaidhlity inthisrdationdhip, thisestimeteisnat predse. Twenty-fiveparaat
(285p) df indvidualswith cumulaive cadmiumlevdsa or bdow 520 hed uinecadmium levds
above 10 uyg aredinine (with arange of 10310 169, with 1 vduea 288 uglg aredining).




VII.

CONCLUSIONS

A. Bwviromaid

Although enginesring contrdls induding locel edeust vertilation systiems hevelbesninsidlled for moet of the
mgar oparaionswhose expoareswe andyzed, dearly meny job categorieshed meen ar concaniraionsin
1983 which exaesded NIOSH recommenditionsfor cadmiumand nickd. Improved engineging contrds
will benesded in arder to meat NIOSH recommended expoaurelimits: Thehighest cadmium expoaure
levelsarefound in Pressed Hate whilenickd exposuresarehighest in Hatemeking and Hate Preparation.

Theinoonsgency intheway warkdationsare designated in the compeny’s detebese mekes computaized
andyssdfficuit. Rdated joosarenat sorted together by the computer because smilar workdationsare
Oesgreted by diffaet nemes For exarpe if dl impregretion jab dationsbegenwith “img* and if dl snteing
fumecejdosbegenwith “fum," computaized andyssd detawould beenhenced

Medcd

Ova-expoareto cadmiumweasdealy evidant in cadmiumexpossd warkesfor bath arveys Ninedf 39
(23%0) cadmiumexpossd workersin the Felruary 1989 medicd Survey hed urine cadmium levdsgregter
then 10 ugylg aretinine Inthe Octobar 1989 medicd survey, 13 of 47 (28%) workasinthelow and 21 of
49 (430 warkarsin the high cumulative cadmium exposLre groups hed urine cadmium levd s gregter then 10
uygaedinine

No condgent differencesin urine proteinsweare aosarved betwean the cadmium-exposed and

nonexposad goupsinthisandyssdf ether the Februery or October 1989 mediicd surveys Inaddition,
aumuaivearbomecadmiumlevdsdd nat heveasgnficant rdaiongipwith any messredof rend fundion
wusdinour investigetion: Posshleeqdangionsfar thismey bedueto aumulaivecadmiumllevdshavinganly a
29-3% condationwith urinecadmiumlevds (Fgure 1). Thevatiahility betwean thesemesaresof expoaure
could have ooourred for severd ressons™

1 atud wok predicesmay havevatied anong workesdaing identical work - eg, someworkersmay
haveinhded moreairbome cadmium dugt then ather workers pahgpsdueto differencesin reairator
uss

2. ahighresaraary ratecould incresse pumonary aosorption;
3. vaidioninraed maabdismand exagiondf cadmiumamongindividud warkes

However, inbath aurveys theandyss of cadmium-expossd warkerswith urine cadmium levdsgredter then
10 uyg aretinine (compared to thosewith lessthen 10 ug/g arestining) deardy Suggest thet thegraup with

higher eqooauredd havemodest devaions o theurinery hghimdecda-weight praien dbuming and the
lon-mdecula~weght pratens RBP, NAGA, and AAP, consdant with mild gomarular and tuboular
dysfundion asreparted by atharsinsmilaty e<p(mjvvakas3°32 Also, inthe February 1989 arvey,
posshlegomaua dysundionisaugpested by adightly higher meen ssum aedinneinthe
cadmium-exposed group. Conddaring that thenon-eqposed graup wessignificantly dder, thedifferenceiin
ssum aedinnesmey aduely belarge if theageddribuionswereequd for bath groups

Theeislitteavalade pubdishad litarature sbout theeffeds of nickd onthekidney. Themeenlevd of uine
nickd intheexposad warkersin the February 1989 madicd survey wessignificanty higher thenthet of the
nonexpossd warkes Hovever, themeanlevdsdf urinenickd inthelow and high cadmium-exposad
groupsd warkersin the October 1989 mediicd survey weresmilar to thet of the non-expossd group. It
would gopear thet thereweslittle efect of nidd anrend fundioninour dudy populaion. Inbaththe
Feruary and Octaber 1989 medicd srveys smilar devationsin graup meansdf theurinary
highrmdecua-waght praian dbumin and thelowv-mdecda-waght praans RBP, NAGA, add AAPweae
found fram andyssof cadmium-eqposad warkaswith uinecadmium|levdsgregter then 10 uglg aedtinine
(compared to thosewith lessthen 10 ugylg aredtining).




Sevad recat dudies usng morepadficindicatorsof red tubular efet, haveindicated thet Sbdinicd rendl
dysfundion (devationsof NAGA and AAP) hesbean dosaved in cadmium-expossd warkersat uine
cadhmiumlevdshbdow 10 uyg aeinre®® Inether of our rveys donomrd levelsof NAGA ar AAP
(oHfined by theaithmetic meen in the unexposed plustwo sandard devidions) were assodiated only with
uinecadmium levdsgregter then 10 ug/g aredtinine

Inthe February 1989 medicd survey, three of the 39 cadmium-exposad warke's (8%0) demondrated
evideanoedf cadmiumyinduoed onomrd rerd fundion using the sreaning teis (Urinedbouming B2M, and
RBP) a theend of thisrepart (ssesadion VI Recommenddions). Of thesethres, two hed devated urine
levelsdf dbumindane whilethe ather d0 hed devated uinelevdsaof RBPad B2M. (Asnoed
previody, dl devated levdswere ddfined by theaithmetic meen of the aredtininetandardizad
messramatsinthe unexposed plustwo dandard deviaions) Smilar resitswearefound inthe October
19839 medicd aurvey. Threed 91 cadmiumexposad workers (3%6) hed devated urinelevdsof dbumin,
whilenonehed devated levdsaf uineRBP.  Nonedf the6 workersdestribed hed knoan

non-oooupetiond causssof rend dysfundion (eg, dicbetes hypartendan).

Comhining devated red fundion testsfrom bath surveys four of 41 (10%/0) cadmiumexposad workerswith
uinecadmumlevdsgrede then 10 ug/g aredlinine damondrated evidence of cadmiumiinouced

. ThisresUitisin agreameant with the siudy by Jkubowski, e d. who eimeted thet
gpraximetdy 10% of indviduelswith urine cadmium levdsbetwean 10-15 ugig will demondrateevidenceof
cadmumdaedred dseese Smilar condusonsaredravn by Lauwerys who edimeted thet 1070 of mdle
workerswould demordrateevidence of rend dysfundion a arend cortex cadmium concantraion of 215
pom® Inddantly, Laweysand Rodshavefound thet acadmiumleve intherend cortex of 160 pom
coregoondsto aurinary conoaniration of 10 uglg aretinine*

Controversy conceming severd agpedtsof cadmiunmHinouced ngohropethy dill edds: Oneitamn of deoeteis
whether increesed urinery exarelion of highimdecularweight prateins (Such asdbumin) cooursasanisdlated
finding or in assodation with anincreesed exaretion of lov-mdeculaweght prateins (uch as B2V or RBP.
Mod sudieshaveindicated thet lonv-maecula-weght pratanuriaccours prior to the deve opment of
highimdeouar-weght pratieinunia Although our investigetion hes only Six casesof pratanunia, five of Sx cases
(83%0) wereassoaaed with anly increesed urinary exardtionof dbumine This asLauweaysand Banad
havenoed, sugpeststhd a leedt in someindviduas cadmiumintafereswith gomedar fundion e aneay
dagedf expogre®

Thus it gapearsfram our investigation thet cedmiumyinduoad rendl dyfundionisevident with currant
avalableand recommendad sreaning tedsin thissiudy populaion. Thisinvestigetion dso demondratestiet
sidinicd dfedsauch asinaessesin meenlevdsdf uinaty tubular ezymesNAGA and AAParegparant
in cadmium-exposed workerswith urine cadmium levd sabove 10 ug/g aredtinine compered to those bdow
thislesd.

Itisimportant to notethet NIOSH consdarscadmium dugt and itscompoundsapatentia humen
cadnogen. Hanog, the NIOSH recommendad exposurelimit (REL) isthet employarsreduce
oooptiond exposureto cadmium to thelowest feegllelimit® Using this gppraech, cadmium-induoed
ngphropethy should nat beanisse



VIII.

RECOMMENDATIONS

A. Bwviromaid

1

w

BExpoaresto cadmium at the Gates Enargy Produdts Inc. should bereduced to thefullest extant
feesbe Although OSHA iscuratly proposng anew sandard on cooupetiond expoareto
cadmium, previous sudiesdamondrate thet thecument OSHA PEL of 200 ug/in? isdeatly
insffident to pratect workersfromrend effedtsover a45-year working lifeime™ 3" NIOSH has
recommanded that cadimium be congdered apatentia humen cardnogen and thet exposuresbe
recuioad to thefullest extart posshie®

In cdlledting indurid hygienesampling déta, repord rdated workdation nemesin adanderdized or
congdent mamer tofadllitatle computierized andlyss Sorting and atidticd andlysisfar rendswould be
enhenod

Usetheranked lig of workgations by cadmiumand nided ar levds (provided inthisreport) totarget
further engnering contrd improvementsin arder to meet recommendiad exoarellimits

B. Medd

=

Workersexposad to cadmium should besoresned for emphysemaand taxic nephropeathy
(domaua and tubular types). Syeaningfar emphysamashoudindudearesaraory quesionéire
and aromey. &r@mquGMUarﬂquﬂyiwdlmmqﬂﬁtalvenﬁﬂrmd
uinary dboumin; sremrgfcruhjarqirqoafys’rumlrdwbme&ydmray
lov-mdecua-weght prateins™

Thus theaurat program of medicd survelllance of Gates Energy Produds Inc. workersat the
Ganesiille plant should beexpanded toindude messramant of theabove mentioned tets
Smuitaneoussmessramat o uineareginnewith quentitative messremants o uinary douminand
lon-maecula-weight prateinsisencouraged in order to aredinine tandardizethe urinetessto adjust
for vaiaionsin uineconoantration. Although urinary beta-2-miaragjdoudin (B2M) tedting isthemost
widdy avaladeand morethoroughly sudied indicator of early cadmium tuioular nephrapethy, B2VI
Oegyadesinaoduine Urinary reind binding pratein (RBP) should be sulstituted for B2V anceit hes
becomemorewiddy avaladeasasreaning test assay.

Cadmiumvinduced rendl diseese gppearsto beprogressveandimevarsble®® Medicd removd is
gooroprigtefor employesswith pratanuiaand inmogt cassstheworker would beill-advissd toreum
toajdbinvaving cadmiumexpoare

Thefdlowing adtion plan hesbean proposed by NIOSH far dedling with deveted urinery
lon-mdecula-weght praenlevds

a  All sonomd resitsshould berepedted to confirmthereaits (Thereareno meeningful
"nomd” vaues established for urinary lovsmdecua-weight pratains, aresLit morethen two
dandard devigions abovethelaboratory'smeen should be consdered "devated” for medicd

Soresning PUIoSES)

b.  If reteding confirmsan aonomd reaut, theampoyee shauld beinformed of thetest reuiit and
refared for adinicd evdugion to assessrard fundion and to exploreather patentid
nonoooupetiond didogesd lov-mdecda-weaght pratanunia

c.  Ifdinicd evdugtion dgaminesrad fundionto benomd and ather causes of
low-mdecula-waght praianuiaareexduded, thewarkashould benatified of this
aseamat; thewarke houd berdesed & 3manthintavas Anindugrnid hygenesunvey
should be undartaken to assessand contrd potentid expoaLres

d.  Althoughnodatadocument when aworker shauld beremoved from further exqpoare a
ressoneble goproech would beto ramove any worker fram expoaureto cadmiumwihoisfound
tohaveay o trefdlomng



D  twosgmaraesesing reauts(i.e, notinduding confirmetary retesting desribed above)
thet exoaed the upper limit of nomrd, o

(@  pogesveinoesssinlon-mdeclawaght praanuiaove ime, or
@  dooumetedred dsesseonfuthe dinicd evauetion

e  Anywoke removed fromexposureto cadmiumasarest of lon-modecda-waght
pratanunia(seed above), whoisnat found to haveanather prolbledidogy should be
reported asacase of taxinHnduoced nephropethy.

A smilar deagonlogic cando begplied for evauting an aononme quiantitaive messramant o urinary
dbuminwhich should beusad ssasreaning test for gamerular ngphrapethy (sse2 above).

NIOSH doesnat recommand theuseof medicd ramovd asasubditution for ather moreeffecivemethods of
prateding worka's (primery prevention). Howvever, in cassswharemedica remov isnecessary (es
destribed above), thewages and bendfits of such employess should be pratected
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TABLE1
1983 Cadmium Exposre Levds By Work Area
GatesEnagy Produds Inc.
Ganesiille Haida
HETA 83-19

Conoantrations Expressad Asugimy™

Areaand Opadion Men  Medan Sandad Rae
— _ Devidion

Rete-meking Depertment

Nidkd plating 6 1 93 1- 31
Nicke dury 3 1 42 1- 14
preperetion

Sniging fumeces 6 3 86 1- 41
Sy 8 6 79 1- 19
Sardling 5 6 25 3-9
Impregretion 9 7 88 1- 42
Degirdling 68 58 49 10- 144
Begrochamicd A 15 37 1- 130
dexing

Maintenencejobs 15 13 13 1- 53

" ugfim?: miqograms of cadmium per aubic meter of ar, cdoulated ssa
timewadghted averagefor thework dhift

© R



TABLE1 (Cortinued)

1983 Cadmium Exposre Levds By Work Area
GatesEnagy Produds Inc.
Ganesiille Haida
HETA 83-19

Conomirations Expressed Asugiy™

Areaand Opadion Men  Medan Sandad Rage
— — Devidion _
Pressed Alate Department
Preparation of peste »B7 185 4% 18-1914
Tebwddng 35 35 4 31- 44
F%E@ermd’ine 113 86 97 18- 716
operation
Tabdeking 74 72 3H5 19- 180
Sitiing 31 25 14 13- 47
SHiingup 111 14 13 93- 124
processimechines
Maintenencejols 61 39 77 2- 373
Maaidsharding 48 41 36 8- 113
Dipping pee 195 1% o —
Rovers(jobtojob) 66 56 <) 16- 123
Ledas(@envcids 67 53 55 14- 1%
Revokredam/deker 95 89 48 33- 198

" ugfim®: micograms of cadmium per aubic meter of ar, coulated ssa
timewadghted averagefor thework dhift

No. of

119

\l

17



TABLE1 (Cortinued)

1983 Cadmium Exposre Levds By Work Area
GatesEnagy Produds Inc.
Ganesiille Haida
HETA 83-19

Conoantrations Expressad Asugimy™

Areaand Opadion Men Maian Sandad Rage
— _ Devidtion

Rate Preparetion Department
Sitingand barking 20 13 29 1- 129
Sarting and gacking 21 12 23 6- 98
Maaidsharding 14 9 1 7- 27
renvork (redametion) 16 8 16 4- 43

Winding and Aading Department
Windngodis 21 12 21 4- 70
Oadngadls 5 2 6 1- 21

" ugim®: miqograms of cadmium per aubic meter of ar, cdoulated ssa
timewadghted averagefor thework dhift

No. of

o w B N

17



TABLE?2
JossRarnked By Mean Cadmium Conoaniration for 1988
GatesEnagy Produds Inc.

Ganesiille Haida
HETA 83-19
Job or Oparation Area Meen Cd Conoartration
(i)

Preparaion of pede Presssd Fae 367
Dipping pedte Presssd Fae 195
Pedemechinegparaion Presssd Fae 113
SHiing up processimechingy Presssd Fae 111
Reworkfredan/deker Pressd Rae %b
Tabgaking Presssd Fae 74
Degardling Raemeking 68
Lesdas(aew chiefy Presssd Fae 67
Rovers(jobtojob) Presssd Fae 66
Mantenencejols Presssd Fae 61
Masgidshanding Presssd Fae 48
Tebwdding Presssd Fae 3H
ditting Presssd Fae 31
Hedrodhamicd deaning Raemeking 31
Sarting and gacking Fate Preparation 21
Windrgaodls Windnganddasing 21
Sitinganddarking Pate Preparation 20
Renork (redaméation) Fate Preparation 16
Mantenaencejols Raemeking 15
Masgidshanding Fate Preparation 14
Impregnetion Raemeking 9
Szrg Raemeking 8
Sntaing fumecss Raemeking 6
Nickd plating Raemeking 6
Sardling Raemeking 5
Codngcdls Windngand dacsng 5
Nidkd durry preparation Raemeking 3

" Ui miqogramsof cadmium par alkic meer of ar, claulaed ssa
timewadghted averagefor thework dhift



Areaand Oparation

Hatemeking Departmant
Nidkd plating

Nidke durry
preperation

Sntaingfureos
Sarg

Spirelling
Impregnetion
Degirdling

Hedrochamicd
demxing

Mantenencejols

TABLE3
1983 Nickd ExposureLevds By Work Area
GatesEnagy Produds Inc.
Ganesiille Haida
HETA 83-19

Conoantrations Expressad Asuginy®

Men  Medan Sandard Rage
— — Devidion _
18 13 1n 7- 38
49% 440 33 187-1199
151 33 435 11-2126
16 12 8 11- 27
40 55 28 10- 67
20 16 12 4- 56
36 28 2 8- 69
K7 24 2 6- 79
17 8 23 3- R

" Ui miqogramsof cadmium par alkic meer of ar, claulaed ssa
timewadghted averagefor thework dhift

No. of

o K



TABLE3 (Continued)

1983 Nickd ExposureLevds By Work Area
GatesEnagy Produds Inc.
Ganesiille Haida
HETA 83-19

Conoantrations Expressad Asugimy™

Areaand Opadion Men  Medan Sandad Rage
— — Devidion _
Pressed Alate Department
Preparation of peste y7) 8 59 1-170
Tebwddng 1 1 06 11-12
Pestermectine 2 2 1 0- 4
operation
Tebsteking 2 3 1 1- 3
Sitiing 2 2 13 12- 31
SHingup 3 3 0 3-3
processimechines
Maintenencejols 4 3 2 1-11
Matidshanding 13 15 11 2-23
Rovers(jobtojob) 8 3 10 3-24
Leedars(cren diefs) 3 3 1 1- 4
Reworkfredan/deker 7 6 4 1-14

" Ui miqogramsof cadmium par albic meer of ar, claulaed asa
timewadghted averagefor thework dhift

No. of

14

w

16



TABLE3 (Continued)

1983 Nickd ExposreLevds By Work Area

GatesEnagy Produds Inc.

Ganesiille Haida
HETA 83-19

Conoantrations Expressad Asugimy™

Areaand Oparation Memn Median
Hate Prepardion Depatment
Sitting and Hlarking 53 42
Sarting and gacking 37 33
Maaidshending 118 A
renvark (redametion) 30 28
Winding and Aosng Depatmant
Windrgadls 20 8
Codngcdls 4 2

" g miqogramsof cadmium par alkicmeer of ar, claulaed ssa
timewaghted averagefor thewark dhift

Sandard Rage

Devidion

46 8- 241
0 6- 111
168 9- 312
12 17- 48
0 1- 105
9 1- 35

No. of

17



TABLE4
Jobs Renked By Meen Nickd Conoentrationfor 1983
GatesEnagy Produds Inc.

Ganesiille Haida
HETA 83-19

Job or Oparation Area Meen Ni Concertration

(gim)
Nidkd durry preparation Raemeking 4%
Sntingfurecss Raemeking 151
Masgidshanding Pate Preparation 118
Sitingandbarking Fate Preparation 53
Preparaion of pede Presssd Hae v}
Sardling Raemeking 40
Sartingand gacking Pate Preparation 37
Degardling Raemeking 36
Hedrodhamicd deaning Raemeking K7
Renork (redamétion) Pate Preparation 30
ditting Presssd Hae 22
Impregnetion Raemeking 20
Windrgaodls Windngaddacsing 20
Nickd plating Raemeking 18
Mantenencejols Raemeking 17
Szrg Raemeking 16
Masgidshanding Presssd Fae 13
Tebwdding Presssd Fae 1
Rovers(jobtojob) Presssd Fae 8
Reworkfredanm/deker Pressd Rae 7
Maintenencejols Presssd Fae 4
Cosngcdls Windngaddacsing 4
Lesdas(aew chiefg Presssd Rae 3
SHtting up processimechingy Presssd Rae 3
Tebgaking Presssd Rae 2
Pede mechinegparaion Presssd Rae 2

" Ui miqogramsof cadmium par alkic meer of ar, claulaed ssa
timewadghted averagefor thework dhift



TABLES

Charadeidicsdf Sudy Patidpents
GatesEnagy Produds Inc.
Ganesiille Haida
HETA 83-19
February 1989
Vaidde Exposed Unexposd
Number 39 3H
Age 420(74y7 499(79)
Rece (Yowhite) 17/34 (50%) 32/36 (89%0)
% Bver Smoked 19 (49%%) 23(64%)
% Curat Smoka's 11/39 (28%0) 8/31 (26%)
Meen pack years 9.1(100 202(155)
Meen SystdicB.P. 1345(15.9) 1302(11.7)
MeandiagaicBP. 852(90) 85.7(82)
Heght (indhey 696(34) 709(29)
% Hypatagves 8/36 (2%) 7136 (19%)
AginnUse? 9(23%) 10(28%)
Cadmium (ug/g aret) 599(4.9) 08(05)
Nidkd (ugg aedt) 74(64) 16(08)

1 - ttet for continuous vaiadles chi-suareor Fha'sexat tet
(2+taled) for cateporicd vaiailes (A pvauelesthen or equd to 006
iscongdered to represant "' datidicdly sgnificant” difference
between the exposad and unexpossd groups)

2- Arithmetic meen and (danderd deviation)

3-"Haveyou ever usad heedadhe atthitis or pain pillssuchas Aqairin,
Tyled, Advil, or Matrinfor atatd amount of timedf 6 monthsar more?*

EXPOSED WORKERS
UrineCedmium

Vaidde 10+ ug/g et <10ugyg aedt
Number 9 30
Age 44.3 413
Race (Yowhite) 2(2%%) 15(57%)
% ever smoked 7/9(78%0) 12/30 (40%)
Cureat Smokas 6/9 (67%0) 525 (20%)
Meen pack years 141(125) 93(79)
MeansydadicB.P. 1308(123) 1329(16.7)
MeandagaicB.P. 869(111) 84.7 (84)
Heaght (indhey 69.8(3.8) 696 (33
Wagh (poundy) 1742 (338) 197.7 (34.7)
% Hypatagves 1/6 (17%) 7/130(23%)



TABLEG6
Reported medicd condiionsand previousexposLre higary
GatesEnagy Produds Inc.

Ganesiille Haida

HETA 83-19

February 1989
Medicd Condition Exposd Unexposd RR. (CL)*
Any Kidney Condition 0 1(3%)
Any Lung Cordition 1(3%) 1(3%) 10(007,158)
Digbetes 1(3%) 1(3%) 10(007,158)
Prodate Diseese 1(3%) 5(14%) 02(003,17)
Kidney Stones 2(5%) 5(14%) 04(007,17)
BloodinUrine 1(3%) 4(11%) 02(003,20)
PaEninUrine 0 0
Gau 1(3%) 1(3%) 09(006,14.2)
ImmuneDissese 1(3%) 0
Anamia 0 1(3%)
Rior Exposre
Cadmium 5(14%) 3(%0) 16(04,6.)
Led 2(6%) 2(6%) 10(0.1,6.7)
Nickd 4(11%) 3(%) 13(0.3,54)
Meauy 0 2(6%)
Other Metds 3% 6 (17%) 05(041,17)
Soverts 4(11%) 9(26%0) 04(01,13

* RR: Rddive R (ratein exposediratein unexposad)
Cl.: 9% Confidencelnterve



TABLE7

ARTHMETICMEAN VALUES
EXPOSED vsNON-EXPOSED

GatesEnagy Produds Inc.

Ganesiille Haida
HETA 83-19
February 1989
UriireArdlyte Exposd Unexpossd pVaue'
Number 39 36
Albumin(myg aeg) 43(6.6)° 27(15) 015
Oregtinine(mgol) 1869 (66.6) 1779(714) 057
NAGA (U/gaeat) 08(06) 10(09) 025
AAP(Ulgaedt) 4732 55(21) 019
GGT (Ulgaet) 146(39) 200(6.1) 0.001
RBP(mg/g o) 0.08(0.06) 011(0.07) 002
B2V (ug/g oreet) 983(1231) 1088(1775) 077
(Mylg creet) 481(190) 51.3(180) 045
Ssunadyte
Albumin(gL) 42(02 43(02 0.001
Oregtinine(mgycl) 12(03) 10(01) 0.001
Phogohorous (mg/dL) 39(04 3704 0.07
RBP(mgL) 47(08) 52(15) 010

1-ttes (A pvduelessthen or equd to 006 isconddarad torgresant a
"datigicaly sgnificant” difference betwean the eqposad and unexqposd
grous)

2- Mesn and (dandard devigtion)



TABLES8

ARTHMETICMEAN VALUES
CADMIUM GROUPS: HIGH vsLOW

GatesEnagy Produds Inc.

Ganesiille Haida
HETA 83-19
February 1989
UrineCedmium
UrireArdlyte 10+ ugg et <10ugygaed
Number 9 30
Albumin(myg ae) 7.7 (95 29(35H
Credlinine(mgldL) 167.1(535) 196.3(70.8)
NAGA (Ulg aest) 10(05) 06(04)
AAP(Ulg aedt) 6.9(49 40(20)
GGT (U aed) 156 (4.8 143(36)
RBP(mg/g aedt) 0.12(0.10) 0.065(0.04)
B2M (uyg aert) 1896 (244.2) 731(303)
Phogohorous (my/g aree) 453(15.8) 490(20.1
TRP% 85.7(45) 849(64)
Nidkd (ugg aedt) 9.3(100) 66(4.1)
Ssunadyte
Albumin(gdL) 40(01) 4202
Credlinine(mgldL) 12(01) 12(03
Phogohorous (mg/dL) 39(04) 38(04)
RBP(mg/dL) 48(08) 47(08)

1-ttes (A pvduelessthen or equd to 006 isconddarad torgresant a
"datigicaly sgnificant” difference betwean the eqposad and unexqposd

goups)

2- Mesn and (dandard devigtion)



TABLE9
Hametdogcandimmundogicted resLits

ARITHMETICMEAN VALUES
EXPOSED vsUNEXPOSED
GaesEnagy Corporation
Ganssiille Haida
HETA 83-19
February 1989
Arelyte Exposd Unexpossd
Number 39 3H
CD3(Tad T odl %) 689 (1137 712(83)
CD4 (Yo Hdpe) 44.2(7.3 470(7.1)
CD8 (% Suppressors) 292(80) 26.7(7.2)
H/SReatio 17(07) 19(0.7)
CD20(Tad B-cells%) 46(34) 43(23)
NKH1 (Naturd Killer %0) 42(32) 53(35)
IgA (mg/dL) 2210(770) 2055(800)
IgG (mg/dL) 12314(358.1) 10359(184.7)
IgM (mg/dL) 119.8(514) 1219(833)
NK Adivity 25 21.3(125) 236(19.8)
NK Adivity 50 370(2L3) 334(2L5)
WBC (thoushn ) 6.1(19) 61(17)
Lymphooytes(%0) 379(89) 345(69)
RBC (milhmv) 49(04) 4903
Hemogdain (gvdL) 148(08) 15.2(0.8)
Hematoarit (%) 432(22) 440(2.3
MCV (fl) 89.1(50) 89.7(56)
MCHC (gmd) 34.3(0.7) 346(0.7)
MCH (pg) 306(20) 311(23
Ratdets thoushn) 2955 (625) 2735(59.1)

1-ttes (A pvduelessthen or equd to 006 isconddarad torgresant a
"datigicaly sgnificant” difference betwean the eqposad and unexposd

goups)

2- Mesn and (dandard devigtion)



Ardyte

Numbe

CD3(Tad T %)
CD4 (% Hdpas
CD8 (% Suppressrs)
H/SR4io
NKH1 (% NK)

NK Adtivity 50

WBC (thousim )
Lymphooytes(%0)
RBC(mi

(il
Hemogldkin(@niL)
Hermetogit (%)
MCV (f)

MCHC (gn/d)
MCH (o)
Fades

(thousim)

TABLE10

Hametdogcandimmundogicted resLits
EXPOSED ONLY

GatesEnagy Produds Inc.

Ganssiille Haida
HETA 88-19
February 1989
UrineCadmium

10+ aed <10uygaed

9 29
68.4(104)> 69.2 (11.6)
439(7.3) 442(7.)
30.3(6.9) 288(84)
158(0.7) 17(0.7)
494 (51) 39(35H
194.60(84.2) 2203(74.3)
1292.78(300.2) 1254.8(301.3)
9311 (198) 1281 (555)
20.34(145) 2150121
3B8.63(232) 365(211)
6.11(18) 6.1(20)
3A4.24(120) 39.0(63)
47203 49(04)
146 (09 149(0.7)
422 (21) 434(21)
90.21(29) 838(54)
A02(1)) 3A.3(05
3097 (14) 30522
308.33(89.0) 201.7 (535)

1- ttest (A pvauelesthen or equd to 006 isconddarad torgresant a
"datigicaly sgnificant” difference betwean the eqposad and unexposd

goups)

2- Mean and (ganciard devistion)



Qumudive
Expoare

None

Hich

TABLE11
Compaison of Cadmium Exposre Categrizations
GatesEnagy Produds Inc.
Ganesiille Haida
HETA 83-19
October 1989

ememee-A\ PYioHi Classification -

Nore Low Hich
22 0 0
11 29 7
0 16 3
33 45 40

% Concordance= 71%

Be & R g



#Highle

¥

&

TABLE 12
Sudy patigpetion retes
GatesEnagy Produds Inc.
Ganesiille Haida
HETA 83-19
October 1989

#Patid

5 & 8

% Patigpetion
0
8%
8%



Vaidde NONE
Numbe x

Age 459(81y7
Rece (Yowhite) 7%

% Bver Smoked 41%
Meen pack years 20(217)
(anckasany)

% Hypatasves )

% Dicbetic 5%
Caomium (Lg/g areet) 17(16)
Nidkd (ugg aedt) 3122

TABLE13

Charadidicsaf sudy partidpents
GatesEnagy Produds Inc.
Ganesiille Haida
HETA 83-19
October 1989
Cadmium Exposure Caeyary
LOW HI
47 49
456(79) 448(70)
60% 5%
3% 3%
11.6(94) 15.1(12.8)
26% 14%
2% 8%
6.6(6.0) 104(7.0)
43(39) 31(20)

1- Andyssaf vaiancefor continuousvaiiade dhi-suarefor categaricd
vaiailes(A pvduelessthen or egqud to 006 isconsdared to
represant & "datigticaly sgnificant” difference bewean theexposed and

unexposed grous)
2- Arithmetic meen and (dandard devidtian).



TABLE14
Adused* Means Rend Fundion Teds

Among Caomium-exposd
GatesEnagy Produds Inc.
Ganesiille Haida

HETA 83-19

October 1989

UrineCedmium
UrireArdlyte 10+ ugg et <10ugygaed
Numbe 7 59
NAGA (Ulg aest) 0.85 064
AAP(Ulgaedt) 6.14 497
GGT (Ulgaedt) 230 216
RBP(mg/g areel) 00%4 0068
Phogphorous (mg/g arest) 57.3 630
Cdaum (mglg aredt) 154 143
Gluooe(mggaert) 86 87
Tatd Roan (mglg aedt) 445 49.7
Albumin(myg aed) 237 206
SsunArdyte
Credtinine(mg/dL) 0.79 082
UreaNitrogen (mg/dL) 130 137

1- Adjugted for age, race, anoking, hypertension, digbetes and nickd
expoaure

2-ttet (A pvduelessthen or equd to 0.05isconddared torgresat a
"datigicaly sgnificant” difference betwean the eqposad and unexposd
grous)



Cumulative Cadmium Exposure vs.
Current Urine Cadmium Level

Urine Cadmium
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APPENDIX A
Laboraory Reference Vaues

RedaaxeRaxe

34-50g/dL
08-13mydL (Maey
06- 1L0mg/dL (Femdes)
57 - 414mgldL

508- 1483 mgldL

20- 274 mgldL
25-49mgldl

3-6mydL
70-220mgldL

60- 80%0 podtive
A - 5% postive
0- 26 postive
4- 10%0 podtive

0-3B1mglL
1.80-891 UnitslL

<3W0uy1
01-16uglL

5.19-8351 UnitsL
<0mg/dL

017-350 UnitslL
0-Sugl

003- 019 uymL
00- 0406 ugimL
<IBmgL

Refaence Source
DuPort ACA Manud

Literature®
DuPort ACA Mand

FACSmanufadurer

CDCarployes

LAB
NHANESIII Rlct Sudy

CDCarployes
DuPort ACA Manud

CDCarployes
Literature®

CDCarployess
NHANESIII Rilot Sudy
DuPort ACA Manud





