Salnd

g v

-y

B T T

~ vy

e

e

S g M s -~ £ Mt s e e v e A G Y. T 1 mupar e %

(\V-*r,n

. ~
ot

LEAD INDUSTRIES ASSOCIATION
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Sublects TUASE DMURTANT ARTICLES

70 Members of the lead Industriss Associstion;

Herewith are reprints of three recent articles of which the first two will
be of Lnterest to those of our acnbers concemed with the dia _nosis and trestment
of loal pcisoning, wiile the third tells of the institutios and maintenance of &
worksble industrial hygiens pro.ram,

A Muited suzly of sdditional copies of these pspers ig availadle, 4 brief
swwary of each folicwsm

8) Critlcal 'ppruisal of Current Practices in the Clinical Diagncsis of Lesd Intoxie
cation®, Kshos, R, ’,, Ind, Med, and Surg,, 20:6, Juoe, 1951,

Dr. Kehoe Clscusses very adequately the more trottlosome aspects of the disg
nosis of load polsoaing, .ttenticn is focised on princijles which ahould apply ia
arriving at a ¢lacnsals, and on major sources of error and confusion regulting froam
unsound elintcal thought and practice,

"Treatoent of lead Folsoning with Sodium Citrste®, Hardy, H. L., Blshop, R, G,
and Maloof, C, Co .rch, Ind, Hyg. and Oocup, Med., ¥ol, 3, March 1951,

Four cases of 1lead poisoning in which treitaent of the patients consisted
prisarily of sodiua citrate therepy are presented, rvidence accurulated {n this
stily points Lo effective rolief of sy= tons coincident with oral ad=inistraticn of
sodiua citmte, Studics of urinary lead excretica and urinary coproporptyrin are
also presented,

9Industrial Hrziene at ‘Serican Sselting and Refinirg Company®, 'bersold, J. W, and
Nela:n, K, ¥,, Jour, of ¥etals, Vol, 189, o, 1, January 1930,

This rvview of a well organised, guccessful intustrial hyglene prograa ehould
Ve of groat interest to all of cur srzber conpanies, Tha authors dlscuss the medical
sarvicos, Lhe mothods used for stulsing the working envicoiment and the plant ime
provezants which, with he intercat ani cooperaticn of sm:loyses at all levels, have
resulisd An grestly L-proved working conditisns,

i ¥anfred [cwditoh

Lotnce, () Dirsctor of Health and 8afety
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A Critical Appraisal of Current Practices in the Clinical Diagnosis
of Lead Intoxication

ROBERT A. KEHOE, M.D.

Repeinted froem INbURIAIAL MEDICINE AND KU RFAY, 30 €, 283.208, Juna, 1981
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A Critical Appraisal of Current Practices in the Clinical Diagnosis

of Lead Intoxication

ROSERT A, KEHOE, MD.
Cincinnefi, Ohle

RE diagnonia of lead intotication haa long

been he subject of Intense intorvet and of
[requent cantroversy among cliniciana, sepwciaily
among those whose practice cuncerns ilseil with
cases of actual of alieged occupational pdumbiem
or with medicvlegal evidence of letimeay 18
connection with such cases. More rrcently, coa-
sidreabie sumbers of roa-medical pervns have
comne 10 be cuncerned with this peotdem. through
their reaponsibilitien 1 industry for the ap-
praisal of controd of orcupatanal bead hararda,
and through their activities in wurkoen’s comm-
prasation pracedsren, (8 governmental health
and labor departmamts, in lalsw organitations
and in trade aseociations. Nee doew profeserrmal
and lay concern end bere, sitw e every pediatriet,
family poyvician and perent muil pay sttentioa
10 the ussge of lead and Jrad (conpunds In the
Bousehocd under cund.licies whah nuay tLresales
the health of infanta and small chikdtren To »
muwh lews aignificant estent. som-orcupatinnal
ad poisoning cecurs in the adull popuistion
as the result of & nomier of highly wnusyal
steativns, among whnxh the mast freguent, it
sevma, invcdve the uee f lead pipe and brad-
lined tanks for supplying and stoning water foe
the housrindd from a spring or well. Gbvinuely,
this hazard Is limited aimeet entiredy to rural
areas, byt members of prar familics in many
of our c1ticn have aleo twen [nriamed by the uee
td batfery tmitre smavenged from ity dumpm ae
fuel 11 »Muves and firrplaces.

This diswnce, therefore. may be found ameny
porsens uf all sges and In all sve1a) and rrnienic
levele of marety, and it is {oe 1hie tenann, poys
marsly, that it is aueh & troublerwwne diagnomtic
problem in the field of xeneral medicine Nun.
irrupational lead fetsoning weurs infrequently,
and therelicw few phyasciane in genersl practie
have Fad enough evpwrience 1 hnawieigr 1n om.
able ther to make primid uee nf effmwtive diag-
tumtic measures mhich mar le avaiiabls nr tn
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take the stepe that will secure the future well-
Leing and safety of fatirnts whe ate, or whe
think themerives, aficted with this lness
Ocrupaticoal lead poasning, oo 1he other hand,
te et Tare 1n s excurrence among (he patients
of physicians engaged in private practice, bet
these cases avur largeivy among prreoas ta the
kreer sarial and exonumc segments of the pope-
latica and in the ortan areas |8 which such
persons live and work. They are aot distribeted
evenly or widely amang physcians engaged in
private pracixe, and again, (derefore, famili-
arty with the disease o sharply himited ta &
certain group of industinial physicians, 1o phys
sicisne mho sperialize in (e study of orcupe-
tinal diseases, lo (hwe I8 cortain commuaitios
whme privetle practice deals largely with tde
tinesaes «f lalorers and their familien, and te
those who sce [al.enis in general hwspitals in
indusinial centers [t te At purpriving. thees
{ore, that certa.n aspevis of the diagwostic peab-
lemm are rbwcure, and that diagnostic errnes are
hume rous.

It 4 mA within the mope of this paper te denl
with all (ypwe of lewd pracnning, of with the typee
of expumure to Jead that give rise to themm, or
with all of even many of the factors which
treate clinwcal and medicniegal difficultion in com-
peetren with them  [netend the diwveoson will
te (raysrd on crcupatinal fuimning frem the
inorganse 1o gounda of lead, na the sample
princaples which ahould ajgly dn arriving at the
dragn-mie of the diswase for Letd clinienl and
oduriegal purpenes, and e 8 frw of the
deviati-we {rom sound clinkal theught and prar-
tue which seemn to o majer sourrea of erraw
and cranfusica at the present time.

Dregrorn .
’I'nl Gisgninia of leed {ntnsication, aa we shall
deal with it Rere i bmsed upwm 8 valid hie-
teey nf significant racutwt,onal espreurs (n load,
n the pressnie i sympirens olrmngly sugyoetive
o the eflerta of Kwarption of leed, and upma
setiaim phyowal s gne whirh tharectorics ob=
sotption of lead o7 istoskating thereferm It
wifl Le poled that ihis statement pute the .
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phasis on the artual vaistence of an intcaication
which is to Le ldentifed by ordinary cliniesl
means, and makes no reference L0 any labwratory
findings That euch a alatenent failsa to cuver
the mtire diagnoatic feld, both from the aspect
of the more or leas chrunie clinieal manifests-
tions of the disrase and also from that of the
technical prmameciariom that cas e brought
to Lear vo Its study, must be edmitled. It to
done deliberately to piace the wmmphasis where
it belongs ameong chinicians  The factia are that
20 much has Lewn said and wnitm, oa the one
hand, atewt the e30tic and unusual clinical states
1hat conceivatdy tray resuit froem the abeorptinng
of lead, and, ca the viher, about the diagnoetic
messurve and cntenia of the labwrstory, that
mat of owr clniciana have lost sight of the
disense 2 It commonly presents iaetf, and of
the Lasie comditiots without whih 1t cannad
srise. The clincal diagnomis of bend prismning.
when it arcure as It dars io the very lLarpe
projustion of A (aare. In & MoOrY of less aute
rpisade of ilress foilowing Lnel o¢ prdcged
exjxmure to dacgerovs accupstives] conditins,
s not diMxuit. The prodlems we create fur our.
sedvee in b ticn with 1t anse frm inespen-
ence 10 te surr, Lut mainly (nem the asaump-
tiom of hnvwledge whuh we do Bt femseen and
freen abeer carviesacess I8 the perfvemance of
simple chinwal procedurm. A samvey of the
records «f cases of actual and alirgrd Wred pou.
sning 1hat have bewm la evatinersy ahd heoce
have cume up fof oul review over a porticd of
rears hsa rvvraled one charsctenstie wirsh 1»
almeat invaraable [n most of theew caere the (a.
Lt dod et hass (e benafit of lnituad carefy)
chinwal study A alagdash PFieliry of cavupa.
tional bend stpnmure. uncrvtically and yet &g
mstirally stated, & fragmentary reital of ia-
definite srmptoms whiu h were nut investigsted,
and 8 ghrwxal ramiratioa that sieided (nly
dubicma 1a{rmation. tcgether with wmeme uften
8 mullitude, of usually irrvievant, urcritially
intery.rvted lalmrstory reeuita, compietee o dea v,
went which faetravs Bt 8 jmtient's illnese byt
& fhrewian‘s tccanptonce.

{(liswal lasirens and ineplitude ary almust
equaily evident among the phieciane 1n the
trad uang 1dLetnies, vha e [reoently gely
iaw rew sjee S highly vanalde and cutmexded
lalu.zntory priaedutes 1o make 4.ferential doag-
e of ilinessce which caa only Le made by
tareful (hinical studs. It 1a one tNing 1o apply
the pricvdures of the chemual of clinwal loth
eatlory in & frut.ne manner, and, Ny pruvy,
to the ajgraieal of the degree of hatard of an
wvuiathn 1t je quate anuthet 1o srrive at e
diarncmia when (ineas weure la an Individas
woraman Workmen in the josd trsdes are ainiag
Ibe victima of gastrie and duwalensl uwher, of
Apypeninilie, of ewtarurditie, ang of numeeraa
wlher gastroenteric, aa well a8 neurid gual
disensea Mutouver, cases nf lead prasming may
weut B8 the trewit of wArerognited and im
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pruperty apprajised exposure te lead in (ndess
trisl piants, and, therefore, the dlamnostic prob-
hrh s aiweys an intrigulng coe from the sspact
uf the cuttivetian and spphreation of scund clial-
cal metbod and judgment Every csas of ilnews
whikh weurs among workmes expraed (o0 Jeod
should Le worked wp by the responsibde clinicas
(n auch manner se Lo subetantiate the dlaguoaia
If the disagnosis is that of lred intoxication, the
records ahould provide the evidence thal wnil
stifie contruversy and provide for proper and
adeuate medical care and for prompd compen.
saticn for disability. }f it (s some tther Drova,
the rewnrd should Le equady apt and cravineing.
11 thia detnitive differvmtintion cansat Lv made
{n every case, thetw are but fow riceptiona. snd
there is, al least, 0o justifrauon for Rt making
an honesl and capabie atlemit to do sa Mores
ner, i the performance of us penlewional
duty, the phjyecan bas a fide that te peculierly
his van, javalving only the talents and shills
whch. on the hame of Ris tralning, may justly
Le e1pecied of him regardicas of Ris etperience

inexperience onth the more modern tech-

niques of industrial hy gicoe

The Occwpational Hictary
lr NLFT be recogniznd that the xcapatioead
Mistury, as it pertains (e the leed tradea, s
auletantially usless, exce3d 28 & oo which muat
le submtantiated or diwarded, uvrbees it {1 ob-
tained and terurded and interpreied Ly vae whe
te mhdly familia? with the operatioms ia thew
trades and it the speeific pisnt (o whixh the
cpetalicns sre leang carried cut The state
Lewnts o{ a4 pate Bt a lhese mallere, a.memt
withoyt excertion, afe iraceptatie e clnwal
tvidence, and Aty unrliable In (b ae fratutve
which triate ta the guantitstive apprasal of the
rrjemute. P Revesaafily, Uf Cven rommwaly, e
cauee nf tte jat.mt’s AAIMas 0F Jishomesty, Lot
tecause of his arabulity to dufferent.ate the g
aificant {rem the inugmifirant facte even f
the phyewian is capatde of sueh differentistion

of cvndurting bie ingquiry sleyg Lare that

will facilitate sweh differentiativn  Thers gre.
Nrmoror, (ortain {acte whih cap aiwayae tw oy
tarrael and pre boghly lmpertant in ‘he nler.
pretation of stber chonal infoemation  Siwre
vigeayte 10 agprovistie quantitics of ad la o
regular and anavidatde evgwrievwe of all mane
bind? i ? the gnasfifalire paperie of swch o
fraviv tumetitule (he pawal, Virtedly (Do snle
prant, of e mrevimtional Betary. The algnifie
tarwe of 1ecugatiorsl titvaute 1o Lad can te
snret camly in teeme of ite duietica and It
yatomnily Al questions jat ta (he palient ia roe
tlm o sagmanre ars {ue 1he parprne of ape
§rainng (hewe twe (toms

the Dwetion of Toposwe
Gu hag has (1o patirn) werted 18 1Mo job

ot which he wao wnrbing whea be larame
Hiw }ong bas he wurhod a1l 1hie same b
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visewhers? What c(hangme of ocrupaiion khave
wrcyrred over the years, st whst siecific dates
have they curred, and what intervala have in-
tervened? One atlem;cs hete to find vut the
durstion of uniaterrupted ctpuaure to conditions
quantitatively comparstie 1o those in riistence
at the time of otset of the iliness. !f inter-
rvptions oecurred, what was their durstion?
Above all, what was the last day oa which
the petient worked under canditious which ine
volved rxpemure® The ime fovior, In reiatioa
to extamure, in it erery aepect, io of the great.
st importancs. Without hnvejedgr of this mo
subsequent information can be adercate

The Imtemity of Exponnwe
Wln’ was the cpwrativm (of operatioas) ls
which the raliemt mas etgagrd® What part
did the patient take 18 carrying oyt this ot
ation® What other operstica was carfnied out
near Aim and how prar’ What rapasury actusl.
ty excurred (fume, duet. vaprr of mwdten Fnetal
st what femieratury: 17 What prwaslican
iIf any (ventilatem, bua) o grueral. gee of
respiratnrs, care and supervinca of mes ard
cquipment, Mouscherpang And sanitalion ', wefe
teing taken to catrel the rypreure® WAltat
stegm, if any, were bwicg taken to mensure the
vijxmure and tn utlmerve 1he chinual statue of
the wordmen! What d-we the pstient hncw
sbout reses of poiscniing that bave arcurred re
crntly, uf At any riber time, amuag mes em-
jdoyed (a the same hind «f work and at the
wame job ke has beven proforming?

These and ithet Guestiwais will mvur 1o the
experienned physwina  If thewr televacwe 15 ned
ajqarent to the e, be herd only pewogmize
therebsy that be 1o & nevwe, and that he laa
much tnlearn Xane degrre of humility tared v
rch ensderatieas wraid rrperveent peal pro-
grese Lomard the elimiration of the medn wlogsl
cumtpnerues that now arise

The Hatory of the Bnew
TNI mot signifrant chin.al characteristic of
Srad intenaatin, gerersily, le the prepender.
ance of funrtrmal (ner anatemac aloermality,
or, Maled (herwies the yreater weight of eutm
j<tive aner ot mtive evideraes of (ilires The
vl imjetant A tree b Yo the diagrovie there
fore, crtrieieta in the carafyl elicital. o of the in
formatun slawt puct ard preaemt complaints,
1heir poset, their develqenent in 1/ 0slia 10
erfumate o diacrntineance of cefumure ard thest
segaenew, interaity and validity Wik reapeet
1o thr leat of theae fartora cna sl spgrae
8 $alient as well a2 4 4 wore ard A etrey
which may have leen lrartrned rafrer (*an oy
Jerionced In whedo r sren 1o part  There g
tae tude fo0 Ahie powedars Vat, Ly the semme
Cohes ot i o owutett g £or o tarsflt ert
ol bnquiry inte Ihe pummarnue favete nf gasten
rnterie srmptomatid gy and drefurat: a and
for ohjswrtive sgpea.oat «f 1rs rpauile of s d
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inquiry, Nirangely encugh, the merv meaticn of
an oppurtunity fur occupational esposute o lead
seerns {requently to be the signal for dispensing
with the carvful inquiry that is so well recoge
nitrd a8 being nacessary for the diagnumis of
Aber abdumival cumlainta, and the glid do-
cisjun |6 made that the patiest is sufering from
lrad colie,

There (a o highly uncritical sttitude of mind
ta the effect that any dactur koows all aboot lead
cvdse and can recoghize the characteristic pate
term of the syndrome without difficulty. The
facts are more nearly the exact oppmite, {n that
this, amang the many and more comman abdoemi.
nal dicrasrs, is one of which dortors, gwaerally,
are unlikely (o have knowiledye and sxpericncs.

The Physical Fndinge
ln THE most frequent type of lead polsoning,

mpecially (s the first episode of intoxication
erperienced Ly Lhe individusl being examined,
the phyaical Andings wiil be scanty, The emidemt
petural and sutooomue nefvous sifms of ab-
doen.pal parn eahibit themselres ia varying de-
creee of seventy, including those which charses
tefizs e TuCiALINE Agcary, submding somewhat
and then reeurring in aswciatiom with abdomd-
aal Hpndity of intestinal apasm. The almence
of lever, the aranty evidence of abdominal dis-
ase (a0 the (ntenale tetween Louts of severe
colic, and the lack of rebousd (perttoneal) pain,
sugrrst furctional disorder rather thas orgasic
dinease, and if there {s 10w blue of black pance
talr Lize of v2l%de depreit in & gizgnral margis,
in asswialin with a craracizristic bistory of
freent mright kas morming ancret:s and eon-
stipative, the diagtamis can teasonably be made.
trecigh has leen said cisewhore atwt the
characterietun of the sowalled lend line 1o in-
T faalm iR it recogmitioat Seffice it here
1 say (hat one should Anow whereof bhe sres
and pieaks lwfore acrerting any cee of severnd
abrormalitics of the treth and gFume As being
s “lend Lne ™ FExpetience (s required te fad
ard Interpret thie lesica, arnd evrors of omise
sua and commissien in this relatirashup are
alf 1o froquent.

Fapecially in eases invudting prodnged cccw-
twtional rvpemure attended Lr prior recurrest
mid o severs symptome, evidencen of neuree
muscular dimrdere are lLikely to be found, of
which welldofined wealinese of the ratencoe
thascbre of the fingvra, wrist and forearm oa
the ment-used side. o7 on txth udea jo e h the
t-arat coammen Frank palay, with wriel deog, (o
et rary if It racurs sl all in an instial beet
S leadt Intotication, (hia leaica leing an eapepe.
oen of prodocged itlense srprmars te lead In
the crurse of ahich cther manifoetatinne of
intovicatinn have usudily nrcurred from time (o
Cormd Yoartirr algrs of nrorumascuiar tevidees
tnent, Thal may go hand in hand with sxtensae
meaknsas In the uiqer estremilisa, are abree-
malitira ol Musle one, aeecrisiod wilh hyper.
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refiexia, hypersensitivity of muscies te mechasal-
¢sl stimulation, and maintained musculsr coo-
tractiona. These may {nvuive the Jower extremi-
tisa and, when they du thers are complainta,
rummoniy, of myalris and arthralgis

The interpretation of the rarer clinlcal typem
u{ tead puisoning 1 more difficull and requirea
careful and critical study of the patient and his
erpumure. Full coverage of thess protiema oo
teyund the scope of this discussion. Perhape
the mont valuslie advice that couid Le given ia
totnnrctioa with them §s that one shoaubd proceed
slowly, gatheneg all of the {acts, tefore teach-
ing uP expreesing 3 cunlusion from which it je
difficut and often smbarrasaing to deviate later.
Modern medicideyal procedure (s soch that res-
sonatle pruol ! the etistence of orcupslional
disrase is of should be rvquired. This includen
proof that bead has sctually tees almorted i
Guantities cumpatitle =118 senowe manifeeta-
tions of the disense.
The Clinicel Course
O,k: of the commonest of clicical mistakes 12

the c.agnusis of cervjaticoal lead pocea-

ing stems {remm the tedief of (Bexpenenced chin:»
cians that rexvrery {roem lead poasceing in wee-
ally siew, ard often, if Dot feprularty, incompiete
The {acts are precisety oppomuts. leed intons.
catic@, siceft i {la Mmore severe and uncnmmon
faralytic and encephak-pathic manifestaticns o
an resectially selfdimited disvare, of compars-
tively shurt durmstioa 1day to weekai, fnuem
WhR LA A Ciere biTIA L prufatlicA of cases,
t1rere is c.Mmpnete recovwry when the sifwnuare
Pas berm terminated  The pereivierce of ab
dueninal symptoens (L many mvwths or n
fre yoare after the cresation of vipraure. ae
bas been the rase not infrequently ia cratro-
yersial vituatiurs, refreeents practically irdybat.
slde vidence 1%at the cagee of the ailment was
bt lead atmaipion Even an anemin ongnaally
considerrd to le an sxpreasion of the tonw of-
fecte of lend alaorpticn, {s 1o be tegurded with
the greatest skepticiom, if it pereiste (ndefaitely
alter the termination of espueure to lead So
far as can be detrtmined by the study «f rymer.
pn cavee of lead irtovication, RO (rreverailss
damage to tha tdbed formitg titaues 10 Ramwiated
With piumiiam  Indeed anemis s not & rovpe.
sary specempasiment ol Jead Intrestim, and
now when legal precedurrs ard eurrent e
utse of induettial hygiene are reduring the wver.
ity of trcujatooal lead posvening and the Lxeti.
Pewad af rer seremt and repwtiticue load go.eming
in the 2eame ndivadual, anetnia ie & M h leas
imgwrtant coengerent of 1he rlinical eynde. e
than 1 was [ormerly [28d fviusnirg B2 aven
imthe trstes which are (rtvornnt wi'h fruwgans
rtnjerda of lrad, when swogn.ted proemgaly
Al Coall wilk teaiialiaig by Irmering (N in
dividuel Treem sufemure and jwrmitiing Mie te.
tutn to hie ).b ceiz when (he stjvaure Mo toen
Losmegbt wndst adequate comtred, is camly rerely

LIA10842

2 serious diseass. Out contrary clinieal sttitade
toward this discase atems largely from eariier
clinical descriptions of 8 peglacted discase, which,
when (L finally came to the atlention of & come
petent clinician, waa the expression cf aa ox=-
pusure to large quantities of lead over a lomg
period during which there have been recurrest
mild cr moderately severs oplscdes of Intozics.
tiom with bLrref periods of partial disability.
This recurrent, cetensibly mild. but progressive-
17 dinaliing, form of he disense, ezistent over
a period of yvars of continued exproure to lead,
is the so<alled "chronic lead Poisosing,” some-
times (& ita milder fuormes wmisleadingly called
“tesd ablmorption.” which s sa commonly de-
wnbed in meducal Literature. 1t (s not altogecher
Kuee {rom (he American scvne, but certainly it
is kena froguent than It was formerty, being the
prediat, at present, of odviccdy backward or
wndly cumpiacent industrial policy, of of poer
industrial med:cal and hygienie practice.

The Comiribution of the Laberetery
(CoMMENT has been made previcualy oa scome of

‘ the diagrioetx diffcuitirn ol the pAysician e~
raged in general practice From the sspect of
the lalaratary peewdures which have come o
te almumt indispwnsable fontures of the diagnosis
uf red posmning {ar medwviegal parposes, the
priddem is sepecially difficult. Few diagnostic
laleratorien available to sach phraicians, asd,
for that matter, fewr of thone availalde in Do b
1als and medical conters, peneraily, are equip: o
with faciiities i1 the pwrioemance of the pec o=
waary testa, of with the knowiedge and (xpurd-
e regquirted Gor paving sdeguate advice va (e
teels that should te pwrfiemwd, of ca the meth.
in tequitedd [oe cltainir g malenials to be es-
amined The revsll is that the tests made fa
many Laboratories are more Lhely to be mise
lrading thaa beipfal. Thervfore the phynician
will he well adriced to disprner with them and
10 tase his judgment eutirely ca the hictory of
1he illnewa and on the phiccal pigns mhich be
can tacrve, unlees he has the knowiedge and
erpericrre that enalde him 1o appraiee the lad-
sentory and ita preyita.

X.ray sram:ra’vne in rriation (e orcupa-
tismal lrad g waing, ewept in the differential
diagramin of a gastro-enterse disordey, may be
dealt with aummanty, Ly pranting out that they
have no value as diagnealic pricedures in the
adult  One s emlarrassed pot infreuently ia
med rlegal cirelea, by the Recrarity of pointing
1wt thal the hins of alun.rmaeily donee tnge which
1o find froam hime 1o tume st the margine of
faped growth in (hs Letire of infante and emall
ehiblren, (4 nid A epee it geeuit of Liad Alecrp
tim on the tee hard toe a phevomensn of
adalt hifs, ne the other,

Vo may alen dral hretly with rertain of the
mete fotmmun latetatory jrvedutes The hemae
fidngu (hanges (nmeenly Rasiaintod with lead
fmuseming jday ad Impurtsal rrde I chiniead
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diagnosis. The [aterpretation of the eatire bicod
pictare, bowever, must be made in the (ull recog-
nitkon of the fact that all of Jt {s impurtant
but that po feature of [t gives specific evidence
uf lead aleorption The commonest fallacy in
this rcesect:on is the peraistent Leire! that baso-
philic stippiing ia indicative of abnormal ab
sorption of lead or of actoal lead intoxication.
Muwch could be said of the methods of eramina-
Loa of the binod ia this coanection, Lut, with-
cut entening vpon such a discuasion, let 1t mere
ty Lo recorded here, regardleas of method, that
the excurrence of Lasophilic matenal in the ery.
threcpies, per so, has no diagnnatic alymificance,
and that thers must be some quantitative es-
pressics af t(he extent of this phenomenca in
the Lioxd tu give it significance. First, ooe must
sstabishd whether of ot the phenimenon oc-
curs bLeyand the physiologic range, and them
determine, 1f posable. the must protabie lause
uf tre sboormahty, if such is found. lesd ab-
sarption 1y only cne, and not the most frequent.
of the noasible factors. The greatest valve of
this laburatory test, mhen pruperly performed,
Liew 10 the fact that failure to detect any ab-
normality of the Liood in this respect argues
strnagly, ndeed, sgainst the Likelihood that the
iiness under consideration in the reesuit of the
alworption of inorganic rumpounds of lead.
Ancther procedure of the laburstory, srownd
which an sxcess of enthutiasm has gathered ree
cently, is that of the determiration of copro-
g=ephsTira ia the urine, as & mesns oof demon:
strat,ng the orvusTeace of hzsardous slorrpiiom
ol lead Careful Investigation of the mrialsdiem
and evcrrtim of the guwrphyrine under & vanety
ol eor ditiwe, incluoding those assoiated with
varyang beveis of Joad atadc iption, may provide
a meeans for the rarly detection of actusl or
impending lead intovuication, and thus add ma-
terialiy to the armamentariom of {ndustral
medicine in the Jead trades. Moreorver, if the
escretion of porphyring (8 the curse of 8 reeny:
riteml case of lead puisoning, (an reves) the
wyerity of the intuzication and give aid in prog-
ramia, it will cume to serve a useful purpree
Trere can le lLittle dabt, howerer, that the
rarevnt prgmiatity of the prucediury steme laryes
by trem the demre of chinical ard lalawatory
werkers to sulalitute scme simple agnoetic
teet fur the mvure preciee And thetef re more
1 e ult snalytic sl methoda that eelate atweifrally
16 the concentratione of Jead in the unne, Ll
ur tiseure of porecns auspected of teing virtime
of bead intuamwatin Lot us consider Leedy what
16 Likety to te bt Ly & t00 enthusiactar yieidir
tn thie underatandetio deeire Quite apart frem
the methucle t.f analioie nf the pvaphrsine whic h
while simjde are far fremm foudprnial, sod with
wnly passing regard {or \he Revosaity of procery.
i (e wrins agaiiel signifoant licresecs ard
devrrassse in |18 coprupnrphyria conlant on stand-
ing urdey vyarying conditivas of light, temper.
ature and reection, we are dealing with o jhyeiom

jogie and pathalogice ph o of id
stie wvariability, the extent of which has not
been estallished comprehensively in varyiag
states of heaith and disears, or In relativa to
age and sex. Certaia it la, that this phenumenon
is nul specifcaly reiated to lesd absorptiom,
being infoenced markedly by lver damage or
disease, by intoxications of other typea than lead,
by a pomber of infactiocs dlsesses, by certaln
deficlency diseasen, and by certaln hematopoietic
dlsorders S4T That there |s an olevation of the
rate of urinary excretion of coproporphyring in
assaciation, more or less regularly, with bLighly
aboormal absorption of jead, !s an lnleresting
and (mportant physiclogie fact, and that this
phenumenon may well be an highly aignificant
aspeet of the mechaniam of lead (ntoxication,
goes without srgument. Hut that t(hls noaepe-
ific phenomenco can contribute an snewer Lo \he
primary diagnostic question with which the phy.
sician is faced seems most Improbable. Rhat
|2 this questirm ® 1§ we can make this suffciently
clear for teth clinical and medicolegal purpases,
we shajl by that means define the issue sharply.
Medical, legal and sconomic coasiderstions res
yuire and justify a decivive answer (0 the ques-
t:on: has this patient aleorbed n quantity of
trad sufficiest to casuse intotlcation? If he has
abeorted such quantitics of lead. the diagnouis
of lead jntaaxation. arrived at by sound clinical
means, may be regarded as sdequately subetan-
tated. 1Y he kas not, the diagnamis s untenable,
and further study of the case s required to arrive
at the correct diagmoeis,

This Lrings us raturally tu the ronaderation
wf 1he provedures of the Iatarature whersly the
extent and significance of the lead stworption of
the ratier! can Le appraised. The pheeroligic
ridence tn which the choice and interpretation
of these pricedures are Lased (o avaslalde?*®
and reed nid le brught into this diacuddon,
aAlthawgh s h evidence muat Le understiod fully
Ly e who would apply it. The methods of
ramphing and analyein’* ' alag Mave leen de
wriled in euffusent detail and will nt le men-
tired, levind a further warning that there
are simuate and iradequste meth.ads and that
s high degree «f kn~wledge and sXill, far bee
yrad (hat of the veunl type of labuestory terh.
nician, is required fur the performance of the
work

The coarentration of lead In the liosd of the
fersn who jo siffering {rom symptome belleved
tn te thowe oof Intazication Ly the Inoeganic romms
jemunda® of lend s the meat imprtant cingle bit
f evidence renired $o puriray 1he eignificance
ol hie alrsdjticm of liad  Nince (he coneonten
tine of lrad in he llcad saticm enly within on.
tiemely parrew Lmite from hour te hur and
from day tn day, srcept wunder conditions Ine
Vodving Cdswl?ent and Righly rariable erpeanre

T maasassgiion ol Bod M4 e bhud leoing sioucpin
ol VA Moty gl codocgugs PNE lesruies, shetpt e o-legey
bad retcontrttes B grvetle swestad

iy e

PERY Py

Rt ooke Conme 3

e e e rema o e s



r——— TIPS T IR TTY

' LIA10844

1o lead, of ia response Lo the sdministiratioa of
dithiopropandd,'? only nae determination wouid
be required for diagnostic purpnecs, were it
for the poseibiiily of the contamirslion of a
sample of Lind with minute quantities of lead
in the prucesses of j1a withdrawal and analysis
Because of theee posaibiitlies it js sdrisable,
even under the bLest of crnditione, to obtala
multiple samplea, at least in duplicata, and te
submil them 1o separate analysis. The reevis
should check within the very narrow Limits of &
few micrograms, when rrpressed (A Lorme of 100
grams of whaie Liad, i Lhey are to Le accepted
as rellable

The determinat.on of the rate of the grinary
aucretion of lead. when pruperly carmied owt,
provides specific and invaiualie information om
the extent and sign:ficance +f the lead atworp-
tios of an isdividual. and therrfure the choice
of matenials fcr analyss, in mediccdegal cares
eopreially, iocledes suitalde sariples of urine
The simplest cominnstiva «f matetrals for
diagnuetic purprmes, and oce shich will prrve
to elim:nate most of the error of aampling and
interpretativa, constitutes dujdicate sampics of
Nond taken 18 spevial aquijenent by an instructed
persan. and coe of more “eprd” samples of unine,
ench vorded directly ioto the comtainer sperifical.
ly provided for the purpeeme under the critical
eye of an instructed prreca. Asal)tsc and physion
fogic concurrence um tbe part of theee resulls
will stamp them as valid, while varatia among
them teyand the hncwn ranges of analytic pre-
cidon of phrsicdegic Limitatea crestes the des
mand for further invrotigatyw

Any standarde sd pted or emplaved for the
interpretation of the analytic reeults must be
bhased Lisn the knomn preciesa of the analvtic
method o¢ mrth-ds emjaoyed. Nethoole of analy.
sis pow avsilable will yield rreulte that err
cither aide within the range of grealest physine
logic signifiiance by mo more thaa 10°. oedi.
narily and by no more than 1537, al the maxi-
mura, So long as teproducitie resuits of Anown
sccurery can beo cddaired br the methed rm-
ployed, 8 wenewhat Larger marria ol erynr can
te tolerated. but it L necosaary tn rvewnice thatl
the extent of the jwaentind errve of the methed
will determine the prersscn of the throaheoid
which srparstrs cafe feomm dangrrevs bevels of
lead conentration, eepscially in the tdmd For
exampie, the craweniration of lad rarely e
toodds 6N miergrama per 100 prams in the whale
Word of persons who bave euffreed oo reent
unusunl rimavre In lred but perene wha have
RO micrograme or meare nf lead per 100 gremae
have lewn siprmsd In jrad ta awh an retendt
Ihat they mmay heve mid eympliene of intiag.
tation  The signifcance of an anelytic erear
of * 1%, In dealing with & sample af 10 grame
of bl barne pather largs, 1horelore 1t o in
the semaidoraticm of sweh fatentinl srrnre (et
Aupdicale snalrees ars beiplul and thal (he groat
signifcance of the rate ol (he wrinecy doceetiom

of lead, deepile ita greater physiclogic varie
shility, comes into pisay. On the other hand, it
is because of the great physiclogic ranatility ta
{he urinary reepenss to lead sbsorption, ples
the fact thet the renal excretion of lead ia peri-
oualy impaired occasivnally, that the saalysis of
the tdood (s se mecessary.

The concept that the tecomsitios of diagnosla
call for the analysis of 8 sample of wrine of
large volume, such as that obtained over the
period of 24 bours of longer, has been dise
kdgwd Ly the availability of analytie methods
which premide for the accurate analysia of smmall
samples of Lknd, and also Ly the determination
aof the tange of sanability of the cumentration
af lead in small sampies of urine under varyiag
cundiions «f human besd almorptioa. Thie (s not
1o say that the analysis of samples of urine of
large vrdume is undesiralde, But rather that ia
marve itatarare, and in many mediculegal sit-
uatsons, it is difficult or impoasible tn acromplish.
The d:frulty of cbisining uncontaminated pam-
ples of urine of large vlume for analyeis cam
le (iniated through the use of small samples
viaded {n the presence of the examiner, and at
the same t:me, the misdeading effects of the
phyvickyne ard patbologic vsristians 1n the
urirary ruretica of lead can Le avended by ob-
tainirg and analyneg sampies of blood

I senctimes happens thal the disgnmis of
bead prisoning 1s in doutr al the time of the
death of the patient. The problem of diagnosis
femimnrienm is not eaag, except As (L may be made
in the negative Analysis of suilalle tissues will
srve to determine whether of ped there has
torn jotentially dangerrus absorption of lead,
and, if mo such abwerpting crcurred, the diag-
riwie f (atal me coetribatiry plumbiem mant be
diwarded (m the ther Fand, if the clinieal
stode of the livirg patient Mas ed yielded ine
formatica oo which to haswe & diagmmmis, it §s
unlihely that evidence of lrad abaorption ob-
1ained pretmmoriem can justify the diagnmis of
fatal lesd intmixcstion, unlesa further iavest).
Eatirm dischmen previnusly uwarevraled of mise
interpreted fais braning ca the orrunational
and clinccal Materey of the devvzerd. Thie (ol
terme e the fact that thete ic no siwcific
pathed e entity charncteriste of bead pruscn-
ing snd that ihe diagnmie of lend poisoning
cannd e made 1a rridence o Jead almarption
slone but om tbe chnical characterioticn of the
diwase.

Yor the appraieal of the sitent of the ab-
sormkicm of lead re the pwrt of a deeoenard person,
tme should nid he content with the analyeia of
e 1t two lissurs  JU jo advicalde 1o And out
the pattern of e dietrilation of lvad in the
geriwigal organe and tivenss, such ac the liver,
Yidneys, splesm, striated musie and sholetra
Hlhead and urine frnm the blsdder, ahould be ob.
tained for analrein whea thsee are availlable
The tetentica of leed In the lungs to important
in relatinn 1a & reeent Malery of acupationsl
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szpusure, and the cumeniratica of lead in the
braia i1a & matter of grest impurtance in the
differential diagawsis of & (atal disease involve
Ing the brain. It {a diMcult trn Mmust Inatances
to oltain & specimen of long Lone fur analysis
Fortunately, (he analysis of rib serves the pur-
pose ddeyuately, and bone frum this source s
shways pricursble. Meticulous care in the cob-
lection of samples of tissue for analysis is re-
quired. Bt only to avend their conlaminalion
but to eneure their tepreseniative character.
Calculation, Lased on the distributua of leead
in the principal tissves of the bedy, will yield
Informaticn, whxh when cumpared with pormal
valure and thee found And rworded. in saso-
tialicon with known Uyprs and intensities of ex-
posnre, will poriray 1he facts a0 o vEPusere
in 8 definilive manaer.
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HE PROPER sanagerwent of ead juisomng comtinoes to be debated. The ['
kg standding questxn of whether o6 o the futient should be “dedeaded™ ks :

pot satiniactordy settbed. [t i pemerally coeded that the “de leading™ shuuld nnt ]

le dunc in Y case il after the mannestation of acule plumtasm have pased
The cflects of the yarwms b of thrrapy reman unde? dimasaon, exergd foe
the crriun lenett f cakoum o tebevng sinjdoane of aute ad jorsning.
Whether varsms drugs cauwe lead oirage of incteasmd excrrton of the kead
stsll teng delated }

\uh, Farrhall Mt and Kermaof ) in 19 rryocted 8 slght increase in bead
eactrtnm mhen wolan Otrate was sbrunitered. The iurease was ot acurly a8
grrat as that (erabiced by the use of ammmonum chiotade and snular medecations,
! whah resukted in 2 trvducton of serwn p Thry attbuted the increased lead excre-
tun prvhined by wadoum baartamate and 1 waxlnen cicate 1o the alabmiring effect
@ of theee salts and 1o the fact that the swiutsinty of tn-brad jhusghate 1 crrased

m teeh alkaline and acxd mnhurm

Kets and Lrtoeneft ¢ have beem gt in pbverating the par of melrn: cotrate
in the treatment of (duntaun  [ley tave recommendnd that 40 10 £0 Cm of
wrrkiim onttate te admuaentered far cres Aty mosvnvere casal they advise that
1 Wer of 228 jercent swhivg of welrum atrate te myected mtravencandy. Thele
i ntomale for this treatmemt was lawd oo the o that lead forued a2 axee
wiluldr, diffusitie anydes with the cnirate som Thas mote brad wac made avasiable
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for reval exctetr @ and in 8 Yevs toaxe hwme They alwo pmstubted that the citrate
mught Le metabolized Ly the Liver, Jeaving the lead cessiue 10 e excreted in the
bele and thus i the farn. They deswmntrated & rather sharp dechine in the blood
fead levels with thas treatiment in & senes of 13 cases  In snvither puldication,
Kety and Letonod * showed that 1n 8 senes of patsents treate] seth sndim otrate
there was 3 nise in lead exctrton when the total of the unirary snd the fecal hend
was amusderrd The most marked N o310 the frcal ead. The lungest period
during which the brad eucreton was {ollowed in thre caves ass 1] dayn

Seruth.® in s dicussun of the treatawnt of lead posomng, histed sodm citrate
a3 & sterage agend, bat 1w thet 1 bad only 3 tresenory effect in the one came
reported

Wiuh the atee consuderations 10 mind, we thougit that & would be morth
while 10 tefadl wur exprraence m tteating fou? Jubenta for lead potsoning with
sodmm citrale A the mam component of therapy,
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There s 1o g evdence 1n the data heee peevented that the excretion
of bead was ostened m cavwn 1, 2 amed 4 b the mabium citrate therapy. Hath the
pookonged ativenul ornary bead aecrntratsm and the sdow e of the heawglohin
to adepuate bnels we ke a0 evidener that there was jenustence of aloornal
amxaunts of fead 1w threr jatamte

18 case 3 the data jersented and the chncal histury give reasunsble evidence
that the wxlumt oteate Grfajs was ueful m haaeming bead excretson and promp
reld of pymmarzm ARbagh thie ven’s eajeaure wan rriativedy bt it wae
mtenee, Al it is certin that cearletalde lead was doted m b jungs anad slaocted
froes tlate uso Ins Gnuistem bt wane e altet his evjrnute crased. The
frokonging of sadiom otnate tlerain for 3 nuatter of weeke after th nua's witad
acute lrad feamemg war controiled pertape erulded the rmining besd to be
handled 1n 3 punter to (revent exacrrlatea of avngtoms. Sice S () was
allowed to trturn 1o werk mydving bead exponute, hus lead mtouaaton might well
have fullrmed a tengn chinxcal crstre wrthout owvixcaton.

The peddem el U8 (cavwe 4) is cvaninated oming 10 his kmg continoed intake
cd Jeacd at hre pdi arel st hae \um cave 3 thee gatwrtt, of free frum bead expoore,
myht have excreted cagmratde armounts of lead without the use of wrbiom citrate.
Hownever tlrte can te 0o doutd that the cotrol of his svimjaoms—and in the case
of €N this was wpertant - was achrered by sufiasently large oesl doers of sxham
crtrate.

The ure of dmwtcajard (HAL) in the cane of €. S 1 hard 1o evahate, lecanse
the patient catinenl 10 tahe in il dnes of Jead from hue dnnking waler ngply
after leaving the hiapetal  We were Ind 1o trvew the avalalle bienture and
{reesrt the (b mirg cmnurizing trmatha

Althemrgh dhowrcagerd 1o ment effextone in the tteatment wl jxawening ravwed by
crrtain bravy natals cuh a0 atwnn, gubl sl sy, thete s, with coe excrp
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tion, no convincing evidence that it is of value in the treatent of bead poisoning.®
Telfer ' rrparted one case of bend potsoning treated with HAL. Although the
worke? was ricrrting noemal amounts of lead after recening intravenous injections
of calrum gluconate foff three days, the unnary jesd rose to high levels sfter 3 series
of dimercaprol injections.

We have leen much interested in the suggestion that nrinary copropos-
phyrine te used as an index of Jead intoxication. Incrensed copruporphyrinura
was found dusimg acute illness n all fouf of the cases presented 1 this pajer and
well before the acute epeaode 10 at beast two of the cuer. In all cases the ennary
Sead and crgavguirphytin values showed relatively puod corretatusn. 1t should a'se
te memioced that m all cases the yign of copropspd; fimira was wen mudh
earfucr than the sty pimg of the red Lond ceils 1o the case of S, Q. there was s
Fremt icTrawe M CopAUPOrITIR excretion, Masiyaned by an absence of Rippled
red blcond cefls 10 the perrheral Bhesl. On the foarth hosgatal day, stippied red
blood crils were fuund n the tone purrow snrar 1nt m in the petipheral tiood.
Om the sxth bungetal day, strpjéed 1vd bhusd cefls appeared foe the firnt time i
the penpberal blamd. From then n there was 3 gradual meresse n the stippied
rll cunt, wivie beth uninary bead and urinary cogeaaephiria valoes showed
8 dowmwand trend  [a the cases of €. AL and |, S the cupeuporphym excres
tons were clevated mell tefore the svmgtoms doveiprd, sl dunrg ths tme
strjgied crll counts wmere noemal. In the case of C N, who had lead poasarng
et 3 haeg perned, Lotk the excrrtxm of coprnpondnnn and the snpling of 1ed
ceils were incrrased

In justulating the awchaniun of this icreawn] Qg by nouria i phenbusm,
it appears {rom goding theee fous cass that 1 1 entiredy posstble dof the
wrchanism to van in diflerent casen {1 s beleved at thoe tine that in thuee acute
povsocangy winch dnekp over the reistively shart jerwrd «of several months aod
which are scconmjansesd by anemua and inctrawed mirtin, the mechanism s due w0
the drutructon of the frd biaod cells, whach leads 10 2 felease of e tiqonphrrm,
which 13 thent cnmverted irtn evpenperpdairm 1a the Iner a- ¢ rucreted av such in
the urme® Aub' and hoy aceciates have aleradr desctited the mechanisen of

A (rrmun F G, Jr, aeel Fagle, H: Fflexcy of BAL (22 Duneresptrgrepanoi)
Trrstawrd d } et vaves] | sod Pravoirg » Kobdat | Mareacd & Fagjoey Theran 99
I A0 Vel Jieguge W T, end Lertwtwr, ) A, Jr Uee of PAL i@ e Tremtomemt
ol lnjwnnee FMrcte cof Arwweme, Merowry snd Othet Metalic Posvad A [ae Mel 81:8.
T3 (Ext) 199 Resum H A Lusky, L. M. amd Calvery, H () | Feaey of 23 Dvaner-
tapuprrgemd (BAL) o Thwrapy of Prawmang by (rompormvts of Amtionamy, Rumeth. Qwe-
oo Mercwry and Nebel ] Prarmacal A buprr Theraa (rp ) ST1119.133, 1900
Teby, L. M. Proma M A, and lamg. Y. P F et f Pl ca Foperwnersel lond
Turguen Vaasdomn Uroncon Cogoer sod Cigqor \rwvex Nanong . lnwa ilrg &
Trewd B8y fma §1 )01 S 138 Rsder H W and Keve, K A Fletr of Ivivem
jeeqared (A1) @ J{wem lead Inbcawarum J Tad A €72 Med 330421 1% Ryder
H W (hnlsk, ], aret Retve, N A Inflartme i (hOucpegamd (RAL) om Huven |eod
Mot duivorms, Scwrve $08; (nn 2411 6N 190,

7 Tetlee. § ¢, Use od FAl i Tond Pnomng. | A M A 138,88 A0 (New. 220
19, rrermcteam 130,50 {Joa §) 000

L (o) Catrvalk A 7. Tre Neoddaw levture @ e Urioary Mgmente I8 Thew
Patvbguel Aot lamer $IRY L0 (3 Wotwm, (U} { raprmung e Noaterslly
Oncarrng Piovpdptne [V Ihe Urary Frapbhgron i L ond I' ~voang o0 Comtrasted wat
Thet Farretsd Norwally gnd I {rtwt [nesssrs, | (Vs laveorgainm 15127, 19K
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anemiz in phuntéism. His explanaton of the “shattering™ of the red blood cells
@, 13 in wll with the above theory.

However, there are many caws in which the exposure has continord over
many yesn, sod there 1 only alghit ancmis and no icterus present. 11 is believed
that mmhmkum'-‘dmy(hlhdnvhmﬂuswm
protopocphynn and irva 1o pervent their pornal conibination in the formation of
hemuogloten mgit be # plausibde explanstion of this increased coproporphytinuria,

Following this line of jrstutatson, we believe that in the casrv of S O, and C. AL
ufeugarhiynnuna incteasd brvause fed Word cells were Ling destroyed by lesd
with resaitant reiease of (rotqondynn, which was cunvened into copfuporphyria
and cureted o the caswe of L. S, who had chronse kead poisoning and who hed
been taking in larpe amounts of leed fne many yearw, it is believed that the incresse
of opropeaphyTm took flace in the lnne marrow and might poasbly hare been
due 10 & tducking by bead duning the synthran of hanuglotin, The case of J. S. also
seema in have 3 munewhat sunilas mwchamem as the case of C. S,

However, as wes stated proviomly, although many theories have been set forth,
tae sctual mechanivn of thn increased coproporphyfinuna iy oot clearly under-
stoxd. 1t dues apgear, homever, in reviewing these four cases, that rather thas
fnsisting that there nrust be only one mechaniun cominn to all cases o plumbism,
# 19 Wit 1o easlef the posslaldy that two nxchanisms may i present, especally
in view of the (act that Lach the clmcal and the Lbonatory findingy do vary from
ase 1o cuse.

While the mechanium of the coprogurpdy rinuria of plumbewn is not defiately
knownm, 1 b knosn that an ixreawd excretion iv seen m bend wockers absorbing
lrge anemmts of lend and alw in casms of acute and chronic fead frasoning ™ 1t
has rroemtly hren axgperted that the finding of cupeoporphsruans may be a vales

e ahie asd i the peryergam or carly dagnous of plumleun'® Kluver ' has found
the coprguuphytme 1o le rrwmmally feesent in the white putter «f the central
nervesas avatan of ammale incloding naan. This has led to gpeculation that the
Druntx pam, hradache, encrphakquthy and aladminal adie perent o plurohism
may be explamed by the copruporphyfing dejunited in the tisues

We shuald ke to exphse the eflect of citre aod, 33 ofpured 10 that of sodnss
citrate, on kad excreinn i acute pluminem. \We should Lke to deteramne the
eflect of the citrate son as ofgoned 10 the alkalinining effect of sodrom otrate.
Uatil such unerrations are comyplete, {reedom from lend exposure, d atsnsbie,
and caloum therapry wiwte needed, are dependalie measures. Sece il is ned always

? Navwgrm Comgt teed 4 trav Ay L Carledwrg, wrie (e $5:834 1099,
The Lwrfcame of Urmary Uioegeephyrme oduwsal. J A M A 136,67 (Feh ) 588

10 (6) Mobed ( € Rede of Tiaphrrme m Oviuguta vl [Diwnses’ | Sogudwsme of
Coptigeaphyroma m [ood Worbers, Arch Induet Hyg & Ocowp Med 3109 30 (March)
190 (4) Wosm ®

e langrn ( D sndson Pvg. J A 0 Purphyrmn in the Urine 00 8 Firnt Symptem
o Lond P aung, Arte mod Sasirur 130157, 1HA Wieldman B K. aont Soviownan, 2 M ¢
Rotsotaioy of e Utinaey Prtdirsm Test bw lLend Abenrptiom. Arch Indwst }iyg &
eeup Med §70 28 (Matvn) (79 MWakowd '

12 Kivver. . (m Noatwrslly (ncwtmg Fonpytion in tte Comtral Xetwan Spvem
Kcwove 09 802 1M
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posaslde 10 achicve the ideal of no lead exjosure, it is pertinent to continue to explors
methody by which 10 form compounds of lead in the body wtuch are lese toxic thax
the lead ron and which hasten lead excretion.

WA NARY
Fuur cases of lead poisoning, acute in three and chroni in one, in which the
patirnts have heen treated wrth wdinm ctrate. are peesruied. We Welicve O
endence sccumulated leads 1o the fudowing opinions :
1. Adequate oral doses of sodaum cxrate wmill control the aymptome of Jead
$OOnINg.
2. Stodics of the kead excreied in the urne in these four cases—we lack studies

of lead excreted in the {eces—do not warrant the conddusion that sodium citrate
increases bead excretron.

3. Studies of urinary coproporphytin are presented.

2% Congress Street

The writers are gratetul b0 Ive C. H. Dustm and B F. MiRrruns br sl ag posedile
e wady 4 Ut patscems, N O sat C S rropertrerty The weners orv sles smdviaed

e B P W Rusdo and G W Roylen of the chwmual stafl of the Macsarhusrtts [Nviem of
(xcupatasal Hygxne, bt prrbamng (5e bead wrmalysea

Proated 108 Publatct i 3¢ | wied Voot & Vovcre
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American Smelting and Refining Company

by Jonn N Abersold and K. W

NDUSTRIAL hygiene has beca drfined by Patty’

as “the wovence and art of recocisiiing, vvaluating,
and controtling puientially harmiul faclors in the
indusirial envircnment - This defirvion  implies
WMatough study of operstiuna, evaiuatiun f potene
Galiy hatrmtel factors WhIvugls A MMpLUNYL, TRNT0.
anaiytea atd other treoans. and. Bnsily, sppropoisie
med. sl and enz.ncenirg cunts-l wherever indicated.

The prevention of indusinial hea:;th injunes 8
vital pait of ocperaluns of Amencan tadasiry Woday
Prugress 364 interest In 'S fieid Ras incteised
ateadiiy fue Mmany yrary Lhe modtl rapid progress
having been attained, porhads, daring the last thrve
decades It 1s significant 1o pole that there are now
official agencies tn 48 tates activrly concermed with
industnia beaith probleens and (hat 8 western ficld
statxa ras been evtatlished recently tn Salt Lake
City by the U S Public Health Service 1o sugment
1 industnal kv giene swevites dirrcted frum heade
Qquarters of the Natonal Institute of Health Betheda,
Md Mary of the larger induines have found R
advaniagrous to etabluh their own industrial hy-
gaene departtenta

The Amerncar Smeiting and Refining Co is a
world-wide crganitaixm engaged in the mining,
smeiling. and refirung of lead, oopper. une, sdver,
gold by -prndaxct metal inctuding cadmium, srensc,
and others In the LUnited d'ates trrre are iJ ameiters
and tefineries. 1 secondary smelters o foundfies,
and @ huiitai ol Budaws Appsiaamaloly F200 worke
ery arv rewmaliy employed

It has g bean the estaliiied cmpany polcy
10 seeXk oyt ocvupatzonal harards and provide safe-
guards for employee bhealth Protertive equipment
has been supplied 10 individual workers and exhaust
venulatica inviailatans have been in use in some
operatsnais {0 mote than 40 years All of the major
unity have therr own medical depariments whxch
provide employres with exceiient meducal and baos-
pital care

In {237 Tall wale industrial Aygrene studies were
undrriaken al the Seiby Plant and were eatended
1o moat of the Uiher wneiters during the rext three
years In 1943 the Department of Hygiene was
organtied with Professor 'Ralip Drinker of Hatvard
Univers.'y a8 Direetne and with Dr 8 & Pinto s
Medw al [2irectir The denertment $a tesgoanible for
contd nat:r g shd Maintsining 8 progtam for the grud
health of ail errpioyere Lirdm top Meragrment down
10 the loweel fasd day worker ]t s caientially a
wiv.ce atganiiaind srtving 8l of the Uniled States
plants tegardicu of bxatuan or size Full and parte
time fhysw ane rtrpdored in all of e company’s
Ameruan jarite a1, woraing in ¢lise Gt gl
WiIlN (he Malual (2rerios are 1esimnsibis {or dea

JCMM M AMIIWAD (het Mrpecat osd B W MILON
Wegasat Dopt ol Mgy Ameraee lmehay snd Latwag (o,
Set Lads (n Ured

Ducemsant ¢4 1o pusus 17 1999 O moy be sont () (opuoa’ 1o
Al by Al | 1YY Mhesene gt Joae 11 IVNO Mew Ted
Mooty Pobrvary 1940

Ne'won

teemuning the state of heslith of all the employees
and Living trealnient when neceatary, ln general,
medical care s cof uned to accidents or {linesses
weurring while the men are on the job. Among the
duUes of the dociars \s the making of carrful physe
cal exarranstions of new employedss and routine
check-upe of old employces

In 8dd:itian 10 medical care 8 primary reeponsi
bulity of the department is \he preveniion of ooCus
petional ilincwses 1o Uus the main concern is with
the working environment in relatiun 19 i1ts ¢fTrct 00
the worker Fnvironmentsl factors pay be dusta
fumes, gases, toxx Mmaterials, hest, humidity, radiae
uon, of noue The cbjectives sre- (1) lmmediate
contzel of thew {actors hrcugh the education of the
wos: kee, (Srough providing the wearing of respiratocs
or other protect've devies, aad through careful
medical exarmirations and regulsr analysin of unne
specimens, (2) 8 lung range coatrul program whxh
may be accompluted by bocal echaust ventilation,
wetling of malctials, changes 1n metalivrgy, changes
in methods of handling, or by use of special devices
and special equipment.

To ascvompluh these objectUves & fne industral
hygrene laboratory was built in Salt Lake City and
tquipped o do routline and expenmental work.
Trained and experienced Industirial hygpenists ob-
1a1n the facls by maning {requent hygiene surveys
Those surveys inciude tesls of the air, studies of all
pracesma, ond Casefal invertigation of ventlatica
highting. »snd general working cxnditins. Lxeept tn
rmergencics. the sl contamunants and often the
subetances handled LUy the weeker are sent 0 the
laboratory {or analyss by chemists and technicians
specially trained in industrial hy grene methods The
Andings are evaluated in terms of himits recome
mended by varous State and Federal agencien, and
tn light of all svailsable medical data.

The methods used for studying the working ene
vironment involve 3l ~{ the uviusl chemical and
physal procedures employed inindystinial hy giene
The lmpinger, electric jrrecipnistor, thermal pres
cipitator, and Allee faper wamniler Rave been used
12 coilect aimampherc dust and fume sampies Of
special interest here Ss \he filter paper sampler,
shown in Fig |, which was develoged by Dr Silvec.
man at Harvard University The instrument nas
teny Irngroved and s ueed very ratenaively in feid
stulies A waler mancinetar (ranected twhind an
ot1fce ta yied 10 deterrmane the rate ¢f aur Boow Calde
Leatin §s sflected Uy use «f g standard gas fhetee
or vidameter The dusl o fume iy crllatnd @
Alier faprr Clamied tetween fwo ringy as shown
in Fig 3 The fiter pager such av Whaiman No 82,
rolircts both dust and Jurme with p vovy high
e®riency  The instiument (a2 very cunvenient and
ennly franawwted

Trhe suinda collecied wn the Aller (apor are snae.
Tyred in the lelawstory us.aily by vae of & piar.
cgragnie frocedure Ny his fomed o il 4o jaeaibie
th ineasute quantiistively in g s.0.gle analysie the

Ropnctod bow JOURNAL OF METALL Y& 189, Mo |, Joneary 1931, B 3, 60d Troasta wone. ALmd, ¥ud 104, P 3D
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cueser, 'egd. cadmmium, and 1ac ia cach sample.
Polarcqre; hic Methovis are 80 uaed for the drierme
walun of 8 Bunber of other elementa.

Drusts of varews types are the most comenon
ntaminarts found tn the sttcephere of the various
plants Fumes containing lesd cuide may be found
1 cerlain smeiter and refinery wask aress and are
given special attent:on sunce lead onsde s more
read.ly sleccbed than other less soluble jrad cume
tourdt, such as the suiptude Other contaminants
1uch s cartbon monoxide, nydrogen sulphide, sul.
Fhur dwovide, peienium, leliunium, cadmium, and
arsenc mav be Jound and require study Certan
of the gares Inentianad may be toxike or UMitant la
order to e Cvnrtanily an (he siert and o be warned
in sdvance, rajud frid lests have been deveioped
for hydrogen su.phide, chlorine, and arsine frum
8 basc British method  1n this method 3 small hand
pump ls used W draw aur through Alter paper disks
impregnaied with variow reagents which produce
#stain \f traces of gas ate present, Jee Fig 3, These
S1alng are cumpared with Mandards 10 estimate the
gas concentrations [y use of this method chemists
and selely Jdurtxiars are abio o chea the woikling
environment fof sucected dangers For one plant
where hydrogen sulphide i3 being used 10 one of
its operations, 3 machine 13 being deveioped to sound
sutomatically an aiarm before sny escoping gos
reaches dangeroun concentrations.

From time to Ume certaln analyses tequiring
highly specialized Lraining of very expensive equip-
ment sre pericimed by U research laborstory or
outaide labrratores. for exampie, spectrographse
and petrographic snelyses  Certain types ol re.
warch work tivolyving animal e1perimentation have
teen  performed through grants to  Harvard
Univerwuty,

As & part of the foct-fAndirg function of the My.
gt Department, urine specumens ang {requently
blix=t ppocirtens are obtained [rom all workers
vepeand 10 lead and other metals and examined ot
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Immec ate (0 taction of the emyg _ree

The eviisatuon of &l S 2. ge i3 sn importam
funcioon ¢f U Hygiene Departoenl This involvee
in part an sppraisal of Bir 3tec.a and (L8 rorTeia-
Uan of theve studies with red.al data. When all
the facts are brmught logeiher, i overall evalustion
of e envirorment 18 Male. re need for comtrol
messures determined, ard 8 courd.ated control
program outiined Necur mendat.orns for control are
made v the piant manager ard paszed on W
mEnrery espwcialiy Lranied (A wdustral hiygiene
ventilsixonn The puant manager snd the supesine
tendent with his opersting stafl decids what method
of cuetrol shauid be casried out This s logxcal
because control. may te accomplished by changes
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1n metailurgy or methods of handling rather than
by local exhaust ventilation or other mngineering of
cherrical means Occanonally control s not poasible
by enginrering means and il  necessary to rely on
respiratory protective devices and meixal control
pricedures Sometsmes the recommendations for
plant improvements sre based on cumfort alone
vather than o heaith hazard

The ventiiatn engincers faem s unit or 8 division
ol the Western Long.neeting Departrient but work
In Lhe closest conprration with the Hygiene Deperte
ment In carrying out the detailnd recrnmendstiona
Frequent conteenes ate held with three engineersy
and grnera) plans are spprroved

Mast Inprovemonty

Fiminativn or control of all jotentially Rarmbul
factors in the environirent {8 the maof long-fange
olyective Birwe (218 and partacitarly during thy
pest four yrars thaeh gngress has leen made toe
word this chiertive In mune rases smirh o8 tn the
milis, (2o ¢cut har leen veey high frem tea Lo
teenty housend dilars (et warher TFolluwing sre
sire ol the Laghlahts of omtend of dusts, fumes
a3 Eavrs 4n the varpus jiants achicved thruugh
the crvnitined interesl and ¢ft 4 ol mansgers, pupeore
intendents  netsiivigate [tsmen, the specially
tratned 0tafll of vertiialion engineers «f e Westorn
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Coenn.nd rl @GuipTe el letween o fuly, 21237 TTCANS
£ Lohave Mol oo be owsed aisa charfly Joosd
exlaasi venliistiun aid Just o taon Ly smas bags
tiouse unita and ¢eirifogal anpongerent wasiare
Bocu.se of Lhe very .40 cosl, erjerimental work
has bevn condutied Lo And other meinuds Mot
sprave produced by stemiling water wilh oo pressed
wir bave towa trisd. Tle minuls dropicta of waler
prodaced by theve apeays sctuaily wet dust particies
and heip 10 reduce (10 racape of durts 3t the souTre,
yot they aveid obtecliorsbie wetling of the fliowing
matevial. With this mwtihod of cintrol a 39 pt ree
duction in dust conrenirslons has been achirved tn
ome mall.

1a certain Watarces protaction of the worker hes
becn scxv.mplishad by ventilating and air condition.
Ing arau aress where men work, such as crane
caba when the grneral venliativa of the room would
be 4.5l U Bot U possibie, sre Stevenson ' 1a ethee
words, the man Nas been “ventulaled” instesd of the
operston Cabe of cranes handirg oten, canying
hot fretsis over furnaces, ¢, are esamples This
sppluach s being tried nDow la mills by buiiding
bouths kept Lnder poestive pressure with fllered
ar 156 workits mhase duties can be carted out (cuen
much an enciwurs.

Sampung Roowa Loxal exhaust venulstion and
g00d housekeeping have been used excluaively teo
control dusty In sampling rooms, see Fig 4 Modern
grinding and sampling equipanent 8¢ easily enclosed
snd the dust can be cuntroiled ot 8 very moderstie
cost

Beds end Charpe Ming Wetling, enciceure and
Tocal ealausl ventiatoon ase beoug waed for cuntiad
of dusts In s A o7 pment Dust controd in these
deyartments ks one of (he mast diTcull protiene
Wetting can only be used (o 8 Iimited degree be-
Cause excrey Mousture may ATect the roasting of core
tain types of charges.

The unlosding of trucklosds of cres and concene
trates for stotage or Mmaking up charges was a dif.
Rcult prodlemn to contrul in one plant The Anal solue
LUon was found in & semni-encloeure and hood with
high volume au intakse.
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Drrighi-Liond Sinter Planis: Wetting, enclos ire
and local exhaust ventlatm have been the prine
cipal methods of controll.ng dust and fure .1 U.e
Dwight-Llerd sinter plants Water fray be & Lied tn
both it and seccnd-over chargrs al the beit trisg
at the mizing tabies and pamnetimes with Use of pug.
muile Watler 18 uard W ¢, arch the sinier alter il is
trasted and the dischang ends of e mactisss sre
hept tightly encloeed

The control of duste fram crushing firsti-over
sinler has toen effecte, with Jocal e3xhsusl verUls-
ton and cciiecison / dusta with centrifugal s
pgeTnent washers.

Tha dustiest Deighi.Llayd operstion s the ree
moval of deposits from wind bores. Conlrol of (hese
duats has been effectied by (1) use of encioeed pen
of wtew ctonveyof along wind bores with draft
maintaned on the doses, (1) wetting By ineerting
nto the dust piles 8 water pipe with flowing welar
and (3) masntenance of & waler sesl in Lthe botiom
ol tre wind bozes whih cumpleicsly wets the sccu-
mulating dusts in g S w shwn the stesrce of
Vvaltle dusts afler wetting with inseried waler pipws
The water wal has been apphed only W 1 0d ~over
machines

Good honssekvrping with frequent wash down of
Boors 1 ¥ety important in controd of dusts Thermal
»f currenis plus MIteslion can redisperse seitied
dunts

Conaderable pnprovement In dist and tume con.
centrations woas ¢ffected tn one Dwight-llayd plant
Yy a charmgr in metaliurgy, that i3, a Jowering of (he
percentage of ke in the charge

Licomive teal has been conuniled by treulaling
wing br.vra and 8uf ducts and LY use of largr boexls
mumunied over the pallet iImmediately beniined Lo rners
8nd runnecied 1o 8 vack fur gravity yemtisinm,

Lood Nart Furnocee The rmake up of biast Pure
nace charges may involve diity operstnes if the
wernd cover ainler 13 el e lontly wetted The
LAter L Lrusiir stred In Noqery and it has Leen
f and povesary in provide erliauet ventlativn when
Ihe sinter L withdrawn

The tontrad ol d:ot and fume st the feed (0 (he
blast furnee js sccomplished chisfly by gaod drall
1 e Hirhewe

The 1sed tiestl fusnace canrot be tapged §.4 alag,
o b Joad 1] o tenperatire 1t high withodt the
gFnecatiom of much Joad fume Fumae lien theee
prosnte bo temttiiced with boral oshaust ventilgtum ol
sil furtaes 11 2 Ao vesary 10 taise and i ane t2oea
Mewnie 1= codiunaily and worhers Aave wmweliines
negiretad (hia duly texawse of (he Little patsg work
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teqguired Tu overcome thy end provide heavier cons
M tef 10 resst the heal, 3 hiwad has bera very
rwernt.y denigned which Can be reued and louersd
'y 3N e.evisic mMolar merely by pevsaing 8 button as
theruen in Fig 8 Stand-by empty of Aled lead pots
ATl imes cause Cnissdersble fume To continl thie
an w1ttt sentiated howad with a8 Sexible Areprool
auct has Deen developed

Re: erievatiry Furnacer Cantrol of dust and
lume from ojmralion o lesd druss revetbetatoary
tirzacvsy has teen offecied Ly adequate drafl wn
furra o 1o prevent exape of {.me ol the charge
duor and by uwsl erhausl venlusina ot the Lap
haics and Ls unders fur spess and matle.

Ketties One of the mnet dufcull problems has
bewn cuntrol of dusts and fume from (eANINg cpeTe~
Uaru 10 hettlen Compiete of partial hoods with
exhaunt rentilatoa hare bern efircuve where medale
sre transierred 18 Rettien of whem sirring » dune
10 srparsie drowes Fig 7 ahows a peartial Ikod with
3 Lt colone sl iniole W ocuntiri! the fume crer
the suface of 3 lrad Rettle Al anAbet approech to
red soing dustiness duiing dross slumming, erpetie
menial work 13 row under way to (1) change the
metaliurgy, (3) temove drosses with 3 stew-{ype
conveyor with docal erhaat ventilatem at point of
Qucharge into akip and (1) use of & Nigh veluctly
ot type rahaust sround wige of hottle A fair des
gree of success has been achieved with use of the
wrrw-lype tuaveyor

Fleer Tre temoval of seitler! dusts froen Buee oo
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(g Lerm 8 Skt Al OBV E RN R AL 1o tahes -
Yewl (Y B sty foowm Y 1 cawidtadh €7 fineers and
wetal Ligait frien e Fetrong blant' deveioged Ui
Wirsc i tate pevier wiown o Fog 8 Thus device
stves KA B0 €NCite o ared wtiung chamber Coma
ared A Circular weter spisy locsted pest the Lop :
parttally wetls Lhe 11us(s 82 Uhey pass from fue Lo
¢ar The wetling of the duats s cantinued in the car
and minumizes disting in later handling.

Cwkirells The control of stmospheric dusts result-
ing fram the cleaning of cottrell hoppers has been -
ditcult. Fncined and ventilsied conveyws slong
hogpers have not been adequate. Spilla which creete
sirtorne dusls do ooour in apite of the best care.
The problera has finally Leen solved by replacing
the workers with avtumalic equipment Dectric
vibesting hammers have now been tnstalied on most
of the cettrell unita

By-Products Metsls: The contral of durts and
gases In the refining and peckaging of by-product
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clements, such as saelenium, trllurium, and cadmium,
has been accomstished by use of lical exhaust yventie
Latson almoit exciusively E

The hygicre program and surne of Lthe work that
has bren done to tmprove working conditions in Lthe
Amerscan Smelting and Kiining Co have bren toe
newed briefly In presenting this information there
2 no wish 10 cunvey the impresucn all objectives
have bren resched There ate probism; yet 1o solve,
and changes 10 Cperahions snd hew DroCesses CONe 4
tinusily arive whih teguire studys ord control Ia
e unelter tecently the minutest details of contral
n 8 new pricess were wocked outl before the plant
was butlt in urder thal no chances would be taken.
Tup mansgement and opersting stafls duplayed
heen intereet and coupersierd 1o the fullest estent.
The same inletent and coopriethn from Manages
ments of all plants have cvreted in all Aver haces
of 1he industrial hygirne (o-gram and ste largely
Ivapeainiie for what messure of sucvese hay bLeen
aschieved.

Reforvacon

A Patty Amerooan m4ustr) Hygiene Assoe
Quartetly (Swpt 12081 3 No 3 p )

WM Asnall with supgiement tr U A Rleyensm:
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