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LEAD INDUSTRIES ASSOCIATION
A LIDUNITON AVENUK
REW YORK 17, M, ¥,

July 9, 1951

LZ.D ETSTINT 0 SAFETY
DILITIN YD

Subtects TUATE DUUZIANT ARTICLES

T0 Members of the lead Industries Association;

Herewith are reprints of three recent articles of which the first two will
be of {nterest t0 those of our acmbers cincermod with the dia_nosis and trestaent
of loal pcleaning, wiile the third tells of the institutiocn and maintenance of a
worksble industrial hygiens pro.ram,

A M=ited su:zly of sdditional coples of these papers ig available, 4 brief
swmary 0f each folicwm

8} Critlcal 'ppraisal of Current Practices in the Clinical Dagxcals of Lead Intoxie
cation®, Kehos, R, ,, Ind, Med, and Surg,, 2016, Juce, 1990,

Dr. Kehoe discusses very adequately the more trochblosome aspects of the disge
nosis of load polscaing, .ttenticon is foctised on principles which ahould apply fa
arrivin: at a ¢lacnsais, and oa major sources of eror and confusion regulting froa
uwneound clinical thought and practice,

"Treatoent of lead Folsoning with Sodium Citrate®, Hardy, H. L,, Blshop, R, Co
and laloof, C, Co .rch, Ind, Hyg. and Oocup, Med,, Vol, 3}, March 1951,

FJour cases of lead poisoning in which treataent of the patients consisted
prisarily of sodiua citrate therspy are presented, rvidence accuzulatod {n this
stly points to effective rolief of sy=;tons coincident with oral atministration of
sodia citmte, JStudics of urinary lead excretica and urinary coproporpyrin are
als0 presented,

9Industrial Hyziene at 'merican Smelting and Refinirg Comyany®, . bersold, J. N, and
¥olain, K, ¥,, Jour, of Mrtals, Vol, 189, Mo, 1, January 1991,

This rvview of a well organised, guccessful industrial hyglene prograa should
Ve of groat dnterest to all of cur wrcber conpanies, Tha authors dlecuss the medical
servicos, the mothods used for stulsing the working envirciment and the plant ime
provezents which, with the intercat ani cooporaticn of es;:lcyces at all levols, have
resultzd in grostly L-proved working conditicns,
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) ‘.;-.*"ﬂ) ¥anfred [cwditoh
Lognce, ()) Direotor of Health and Safety
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A Critical Appraisal of Current Practices in the Clinical Diagnosis
of Lead Intoxication

ROBERT A. KEHOE, M.D.

Repeinted froem INDURIAIAL 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

ROBERT A. KEHOE, MO,
Cincianeti, Ohle

NE diagnosis of iead intoxication hsa loag

been Lhe subject of intense intorvst and of
[requent cantroversy among clinikiana, sepwciaily
among tbhoee whose practice concerns ilaeifl with
cases of actual of alieged occupational pdumbiom
or with medicviegal evidence of tretimeay 18
connection with such cases. More recently, cma-
sidrrabie pumbers of roa-medical ferwwns have
cume 10 be cuncerned with this peuldem. through
their responsibilitien 1n industry foe the ap-
prainal of controd of crcupatsaal lead hararda,
and through their activities in wurksoen's com-
prasstion pracedsren, (8 governmenial health
and labor departmamts, in laleer organirstions
and in trade aseociations, Near doew professrmal
and lay concern end bere, sitm e every pediatriet,
famiiy p&yvician and perentl mmuil pay sttentiva
to the usage of lead and Jrad cconpaunds I8 the
Bousehood under cupdilicis whh niay tLreaten
the health of infanta and small children To a
muw b lewe significant estest, son-crcupatinnal
trad poisoning cerurs in the adult popuiation
ae the result of 8 nomter of highly wnusval
siteativas, among whnxh the mast freguent. it
swema, invcdve the uee f lead pepe and bead-
lined tanks for supgdying and stonng water fof
the housrhedd from s spring or well. Ghviously,
this hazard (s himited aimest enturely to rural
arrae, but members of pevawr familics in many
of our citiea have aleo lwen puinned by the use
td batfeey Lotere scavenged fromm ity dumpm ae
fuel {1 stuvre and frrplaces.

This disense, therefore, may be found amwang
porsens uf all ages and In all sveial and rmnoenic
Jevele of maiety, and it is for 1hie tenenn, prye
marily, that it le such & troublereene diagnmtic
prvblem in the fReld of general medmine Nuno
ircupational lead perteoning weure infrequently,
and therelicw frw phrasciane in general practue
have kad enough sujwrience 1 hnowledgr 1 en.
able them to make primid uee nf +fwtive ding-
tumtic Measures whith mar le avaiiable nr tn

Pram MNe Batartag lotm ata ) T2 Tha It cq tement <f Pos
roptice Baburns sad fadeisial Heplh (cimgy oF Wtrium
Voremns of (dasteaste

Provoniet vt bt Thicto ataih Arawpl Bomting od So &emars
e Amv e of Jobenicial Mheinges oot Pocgumas b ot
e Fee Jomey, Apemt PR 1084

take the stepn that will secure the future well-
Leing and safety of patients whe ate, o whe
think themurives, aficted with this ilness.
Ocvuiatimal lead poasoning, on the other hand,
t¢ At Tare in its excurrence Among (he paticnts
of physicians engaged in private practice, bet
these cases arcur largeiy among pervons e the
kreer excial 8nd exoncmic segments of the pope-
latica and i the crtan areas is which such
persoes live and work. They are aat distribeted
evenly or widely amang physcians engaged in
private pracixe, and again, werefore, famili-
arity with the disease s sharply himited ta a
certain group of industrial physsicians, 1o phys
siisne who specialize in (he study of orrupe-
tunal disenses. lo (hcae in cortain commuaitios
whome Drivele pracixe deals largely with tde
Hinesses «f lalorers and their familien, and te
thoe why sre [alients in gemeral haspitals in
industnial conters [t 1o mt purpriving. thees
fore, that cetta.n asperis of the diagwostic peob-
b are rbecure, and that diagnostic erynes are
Bume rous.

It ks neA within the mope of this paper to donl
with all (ypws of lead pracning, of with the types
of espumure 1o lead that give rise to them, or
with all or even many of the factors which
trvate clinwal snd medicniegal difficultion in com-
fpetina with them  [netend the diwveesrn wiH
le (icyswd on crrupatimal pedmnring from the
ircrganie i gounda of jead, na the simple
principles which ahould ajply 10 arriving at the
diagn-mie of the discase for bedh clinienl and
odmidegal purpenmes, and tw 8 frw ol the
deviatime from sound clinkal theught and prae.
tue which seern to lo majnr sourrea of erray
and rmfusica at the present time.

o TV .
’I'nl Ciagninia of leod intasication, na we shall
Adeal with |t here lo bused upem 8 valid hie-
teey rf aignifcant secutwt,onal etpraurs te lead,
m the precenie if symptrene slrragly suggoetive
o the eflete of a'worptien of leed, and upma
srrinim physwal e.gna whirh rtharactorits b
wiptioa of lead o7 istoghatling (hereflerm It
wifl Le poted that ihis statement pute the rm
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phasies on the artusl vzistence of an intczication
which is ta be idemtifed by ordinary cliniesl
means, and mahes nu reference to any labwratory
findings That such a stateinent fails 1o cover
the entire diagnoatic Leld, buth from the aspect
of the more or less chrunic clinieal manifrsta-
tions of the disease and alwo from that of the
technical armamentarium thal caa be brougint
to Lear vo 1 study, must be edmitled. It te
done deliberstely to place the smphasis where
it belongs among clinicians The factsa are that
2o moch has Leen said and wnilen, oa the cne
hand, ataut the ezctic and unusual clinical statee
1hat ronceivaldy tmay reauit from the abeorption
of wad, and, ca the viber, about the diagnoetic
wmessurss and cntens of the labwrstory, that
mat of cur clunwiana have last sight of the
disense a8 it commonly juwesents itsetf and of
the lLasw comditiots without which 1t cannat
atrise. The clinwal diagnomis of bend prasmaning,
whent It arcura, as It does lo the very larpe
progxstion of Al (aare. 1n & moOry of less acute
rhusade of ilress foillowing Lnef o prdcged
exjwmure o dacgerous orrupstioeal cenditians,
i not i uil. The prudiems we crvate fur our:
sefves in ccobetion with (1 anse frm inespern-
ence 1o te sure, Lut mainly fem the asaump-
tiom of hnvwledge whuh we do Rt [vmeeea and
from sheet carviessness in he performance of
simple chinwal procedures. A sarvey of the
records of cases of actual and alirgvd bad pose
waing (hat have bewn |a contiinersy and heoce
havw cume up fof oul review over & poticd of
years has rvvealed one charstensisie whsh Is
almaat invaralde [n mast of 1heew cnees the [
et dod kel Pave tha Lenefit of intiad carsfy)
ehinwal stody A slagdash Fietiry of avupa-
thmal lend etgnmure. uncritically and yet dog-
matirally stated, 8 fragmentary reeital of ia-
definite srmptomms whiuh were not investigsted,
and a phrvcal eramirat;na that yicided nly
dubicme 12! gmation. together with wme. oflen
a multyde, of usually irrvievant, unwritsally
intery rvted Ialasratory reeuita, rompdetere & doa v
ment which fectrare ot a jatient's linese byt
& threwian’s inccERpetoncs.

{lincal latirems and ineplitude sty almest
rquaily evident among the phisiciane in the
frad-woing 1r.d . elpirs, who s (reqoently relv
wpaw pen cjae o highly Yanalde and cutmesded
laluzateory prigefures to make 4. ferential d.ag-
nmie of (lineesce which can only Le made Ly
carelul chinical studys. It s ene thing to apply
the pricedurrs of the chomical or clinienl Jal
weatory in A frutine mannee, and, by fruvy,
to the ajpraseal of the degree of hasard of an
mvupathin It je quite anuther to strive at the
diaghmia when (lineas wwrurs I an Individaaig
woraman Worhmen in the lead trades are ainiag
Ibe vistima of gastrie and duelenal uber, of
Apjmndmilie, af emtapurenitia, ang of nunwerya
wiher pastroenteric, a4 well 28 nourni guel
disensea Mucouver, cases nf lead prusming may
weul B8 the trewit nf wAreropnibed and im
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pruperty appralsed srposure te iead In {adese
trial plante, apd. therefore, the dlagnostic prob-
lrn is aiways an fatrigulng coe from the sapact
of the cuitivetiun and appircaticn of sousd cliak
cal methad and judgment Every case of {ioews
whith eurs among workmes expraed (o Jeod
shouid e worked wp by the responsitie clinician
(n asch manner se te subetantiate the diagronia
If the disagnosis is that of Jrad intazxation, the
records abould provide the evidesce that wniil
stifle contruversy and provide for proper and
sdejusle medical care and for prompt compen.
saticn for disabiily. Jf it (s some cther Dreea,
the reenrd should Le egualdy apt and cravineing.
1{ thia defnitive difrrvetistion cannat bv made
in every cace, there are but few rireptione, and
there ia, al ast, 8o justifiratice {or aot makiag
an hanestl and capabie attempt to do sa  More
er, In the performance of thus prvfessioeal
duty, the physscian has a fide that te peculiorty
his van, javaving only the talents and shills
which on the hame of Ris training. may jostly
te e1jpected of Rim, regurdiens of his Fxperience
ur inetperience wth the tarte wmodern tech-
niquen of industrial Ay gicoe

The Occupetion Histery
lr NIFT be recognized 1hat the mcepaliceal
histury, as 1t pertains te the leed tradea, b
watetantially uselrss, eiceit a3 & «lue mhich Byt
e subetantialed or diwarded, urlees i s ob
tained and twurded and laterpevted Ly wune whe
te whedly farnilial with the operaticns ia thew
trades and with the spweifiv piant (o whih the
vperatichs are lwing cartied cut The state
Hents o a pate Bl a lhese mallers, almmwt
without escvmn, are iraceptatie aa clinwal
evidence., and arv unrrlisble in thwe fratutve
which reiste te the quantitative apprassal of the
rrjesure. Ped reremaarnily, of even romuwaly, he
cauee nf }e pat.emt’s animus 0f dishonesty, Lot
twrause of Mo irability to differentiate the iy
nifcant {ruem t1he insugmifirant farte even of
the physxian jo capatde of surh differentiztinn
and of condurting bie ingquiry sl~eg linee that
will facilitate swrh differentinti-n  Therr are
hrmoroy, (ortain facts which car almaye tw o
tarneel and gre highly |mpertant in he mler.
gretati n of cther clonrcal infliemation  Sinre
viteeure 10 ajprovistie quantities of lead ja @
reguiar and snawndatle eviwrienwe A all man.
Lnd’‘? the guasii‘alire aapmis of such o3
fravry tumetitule the puuntl, Virtwadly the snle
peunt, of the reevjmiional hietary. The algnific
tarwe of tecugmt,onnl sirvaure 1o lead ¢tan te
snred caaly in teeme of ite duretica and te
rateanity  All questiins jat ta (e palient o e
atlm o sagsmnte are fce (he purpeme of ape
jraieing (heve twe (toma

The Dweotina of [rpesere

!{u' Lag oo t1e patirnl weebed 18 the job
o1 whih he was wnthing whea bo bavame

ii1* Huw bng Bas he worked al thie same b
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vloewhere? What changms of occupation kave
wccurred over the years, at what sjecific dates
have they icurred, and what intervala have in-
tervened? Ome attemins here to find vut the
duration of uninterrupted espatre to conditions
quantitalively compmrsbie 1o those in ralstence
at the time of oaset of the ilinesa. !f inles-
ruptions occurred, what was their durstiom?
Above all, what was the last day oa which
the petient worked under canditious which ine
volved expemure® The time fortor, In reiatioa
to extamure, in its mrery aspect, Lo of the great-
rat importants. Without hncuiedgy of this no
subsequent information can be aderuate

The Intemity of Exponde
wnn was the cpwratiom (of opetntions) la

which the ratient was engagrd® What part
did the patient take 18 carrying wut this opwes
ation® What other eperatica was carned out
near Aim and how Brar? What rapsure actnale
ty mrurred (fume, duet, vapre of medten metal
tat what femperatury: 17 What precastoen,
If any (ventilatim, baal of genersl. gee of
respiratnes, care and supervinea of mes ard
tjuijament, Miuscaertang And canitalicn . were
teing taken to cratrnd tre sipwrwure® WAlat
stegm, if any, were bwicg taken to mensure the
vijmaure and in cleserve the clinkal status of
the workmen’! WERat dws the petient hnow
aboutl rases of poiscning that bave crcurted res
crntly, ur at any riber tirme, amuag men em-
jhoyed In the same hind of work and at the
wame job ke Ras been perfzrmizg?

These and igher uestiras will mmvur e the
expernienced physwiaa If thewr televance (s md
aiqarent to Lhe e, be herd only tewogmize
thervlsy tFat be s & hevwe, and that he las
much tn learn Xone degrre of bumility tared un
ruch cinaderatuns winid reprveent real pro-
greee Loward the ehimiration of the mevin olegsl
cntiinerure that now arise

The Hatory of the Bnew

HE Mmoot sigrufivant chinl.al characterietic of

lrad intousatiuan, gererally, le the prepender.
ance of funrtumal (ner anate-mu ataermality,
or, stated ttherwise. the yreater weight of oLt~
Jctive oner obismtive v deraee of (iiree The
oml imps rtant Apgrrac h 1o the diagrivie there
fre, crtieieta in the carafyl elicital. o of the in
formatia alawt pust ard present compininte,
(heir panoel, their dervelijument in ¢/ 'alin tn
ergumate o disontiniance of capumure ard thesr
sepaene e, interatr arnd validity Witk reapeet
1o the lnat of theee fastors, tng Mrael agqrnnie
B patient. a0 well a2 8 4 wose ard 4 elrey
whieh mar Pave leen learned ratter 1*an ot
jerienced In whide cp vren ta part There e
foe tude for Ahie pricedurs Lot Ly the ssme
ke etp s o oeutett g for rarefl ot
ead bhquiry Inte the pusnervus farete nf guoten
rnterie ermptomatid gy and drefurat: a and
for oljertive pgpea.cal of trs teaults of su
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Inquiry. Strangely encugh, the mery meotion of
an opfurtunity fur occupational exposure to lead
seomns {requently to be the signal for dispensing
with the careful inquiry that is so well recoge
nized as being necesaary for the diagnomis of
Aber abduminal tvmplainta, and the glid deo-
ciniun ie made that the pationt in sullering from
lesd colic.

There ia a highly uncritical sttitude of mind
ta the effect that aay ductur kbows aBl aboot lead
e and can recognize the characteristic pate
term of Lhe syndrome without diffrully. The
furis are mere nearly the exart opponita, in tbat
this, amang the many and tnore comnmaon abdomi.
nal dicrases, is one of which dortors, geansrally,
are unbikrdy to have knowiedre and expericocs.

The Physical Fndings
ln THE mowt frequent type of lead polsoming,
eapecially in the frst episode of intoxication
erperienced Uy the individusl being evamined,
the physical Andings wiil e scanty, The enidemt
petural and sutooomic nefvous signs of ab-
duen.nal pain rahilit themselves la varying de-
erees of sventy, including those which charses
tetize excruciating ageev, submiding somewhat
and them recufring in asmcialiom with sddoemi-
nal nndity of iotestinal apsam. The almence
of lever, the aranty evidence of abdominal dis-
rase s the interals letween bowts of severe
calic, and the lack of reboaad (peritonesd) pain,
sufgrt functicnal disorder rather thas orgasic
discase, and if there {s the blue or black panc.
tate Lize f o154 doprwst (8 2 gpizgstal marpis,
in Assiatin with a craracteristic bistory of
trevnt mright kas mothing ancres:a and eoe-
stipation, the diarramis can teancnably be made.
trevigh tas leen said cvisewhere alwoyl the
characterietun of the sovalled lend line to in-
ute caution 1A ila Prcogmilion d Reffce it here
1 say that one shoukd hnow whereof he sres
and speaks lwfore sreping any coe of severnd
abrormalities of the treth and Fume as bwing
s “lend lLine ™ Fxperience {s required te fiad
and Interpret thie lesica, arnd evrors of omise
aud and commassion in this reistienship are
all v frequent.

Fapevially in cases invidsing prodanged rccw-
wtional rvpemure attended Lr prioe recurremt
miid of severs aymptome, evidencen of peure-
musular diserdere are Likely to be found of
which welldofined wealiness of the ritensor
thusclre of the fingvra, wriat and forearm oa
the munt-used side. or on tsdh udea is M h the
roet commmrn Frank palay, with wriel drop e
et rare if It racurs al Al in an instial bowt
4 leadt Intoticativn, (hia leaica leing AR etpepe.
oen ol prolocend irtonse srjrmure te lead, Ia
the crurse of ahich ther manifeetatinne of
intovication have uruallr recurred from time to
tome Partier aigrs of nrorumaacular tevidves
tnent, thal mar go hand in Land with extensey
meaknsas in the upqer estremitisa, are abree.
malitire of Musle tone, aaecrisied with hyper.
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reflexia, hyperseasitivity of muascles te mechasi-
cal stimulation, and maintained muscular coo-
tractiona. These may {nvuive the Jower extremi-
tiea and, when they da thers are complainta,
rummoniy, of myalria and arthralgia

The interpretation of the rarer clialcal typem
of lead potsoning fs more difficull and requirea
careful and cnitical study of the patient and his
etpumure. Full coverage of these prolems is
teyand the scope of thls discusslon. Perhaps
the ment valualie advice that could Le given in
totnaction with them js that one sheadd proceed
slowly, gatbenng all of the facts, tefore reach-
ing uP ex1preesing 3 cunclusion from which it |e
dificut and often smbarrasing to deviate later.
MNodern medicideyal procedure is soch that rea.
sonatle prusl of the evuistence of orcupalicnal
disrnse (s of should be required. This includes
proof that dead hasr sctuslly Leem almorted in
quantilirs cumpatitie ®I1A senone manifeeta-
tions of the disense.
The Clinczel Courve
Okt of the cormmonest of clisical mistakes 1a

the c.agnuais of ceryjaticasl bead pocsan-

ing slems {rcem the telief of (nerpenenced clin::
cians that recvrery (roem lead possceieg ie neeg-
ally siew, ard often, if pot repalarty, incomplete
The facts are precisely oppomite. leed intons.
calicl, eicefr o 118 Mmore severe and ulcrmmon
faralytic ard encephakpethic manifeetaticas e
an resvctially aeifdimited diseare, of compars-
tively alurt Jdumstioa iday to weehs', {nm
whick {a (A Cierebhiiming prufadlica of cases,
there ls . mpuete Pecovery when the elfwnure
has hevn terminated The perviverce of ab
dusninal sympoens (e many tathe or e
fr0 youre after the cresation of vipracty. as
has btewn the rase nt infrequently ia cratro-
vervial situations, pepreesents practically (rdudat.
alde rmadence thal the cayee Of the ailment was
bt lead atmorption Frven an anemia onnaally
coneiderrd 1o le an expreacion of the 1ouw of-
fecte of lead ataoepticn, s to be tegurdedd with
the greatest skepticiom, if it persiste indefinitely
alter the terwinatiom of exfueure 1o lead S
far ns can be Artermined by the study «f rymer-
mpe caves of lead intovicalion, RO (rreversilss
damage to the bbexd-forming tiveusre ie pasew iated
with piumbliam  Indesd anemis is not & ravoe.
ary secompatiment of Jead intitieaticm, and
how when legal prcedurrs ard eurrent mews.
urse of inducetntial hygiene are reduring (he sever.
ity of iscujat. ool lead poswcning and the Laetin
Pewaf af rev srremt and reiwtiticue losd po.eming
in the same indivadual, anemis e 8 M h leas
impwrtant ¢ engemrent of the rliniral epndr. oo
than i1 was formerly [28d fwusnir g B2 awen
inmthe trates which gre crvwornst wi'h fruwgans
tatnjeniola of lrad, when rewogn.ted prowmpdly
Al Coall will teaiialiaiy Ly IeWuming (e in
dividual freem sufumure and jwrmitting hie ro.
tutn ta hie job anl; when the stjevurs Nas toen
Losmeght wader adequate comtred, is caly rereis
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s serious disease. Cur contrary clinical sttitede
toward this discase stems largely frowm cariler
clinical deacriptions of 3 periacted disense, whick,
when (Lt finally came 1o the altention of & com~
petent clinician, waa the expression ¢f aa ex-
pusure to large quantities of lead over 3 loag
period during which thers have been recurrest
mild cr moderately severe oplscdes of Intoaies-
tiom with bref periodes of partial disability.
This recurrent, cotensibly mild, but progressive-
Iy diaalisng, form of the disense, ezistent over
a period of years of roelinsed exproyre to lead.
is tte soralled "chroric lead poiscsing,” some~
times in ita milder forme mislendingly called
“lead abmorption.” which ls se commonly de-
whibed in meducal Literature. It (s pot altogether
Kue froem the Amefican scwne, but certainly it
is braa frequent than It was formerty, being the
preadnt, at present, of obaicudy backward or
undly cumpiacent industrial policy, of of posr
industrial med:cal and hygienke practice.

The Contribution of the Laberatery
(“nnun has been made previcusly om some of

‘ the diagrustic diffruitire of the physician oo~
raged i geoeral practce From the sspect of
the laloratary pexwdures mhich have coene to
te slmemt indispensable fratures of the diagnosis
uf leed poimming for thedxviegal parposes, the
pritdem s sepecially dificult. Fow diagnostic
lalmrstorion svailable to sach phraiclans, asd,
for that matter, few of thme availatie in Den b
tals and medical crntera, gerendly, are equip: o
with faciiities for the prricemance of the pec o
sary testa, of wmith (he hnowiedge and axpuri-
noe regutred for paving sdequate adiice ¢a (e
teets that should le nerficmed, o cn the meth.
ln requitrd [ sltainiry malenials o be o3~
amined The result s that the tevts made in
manry lLabaretnries are mure jihely to be mise
lrading than beipfal. Thervlore the phyniciam
will he well sdrviecod to disprneas with them and
1o lase his judgment eutirely ca the history of
1he iliresa and on the physical nigns nhich be
can vtacrve, unhlees be hae the knowledge and
srperienve that esalde him to appraise the iab-
entery and ita peeuita.

T.ray etamira’vna in reistion te ercupe-
tivmal lead gawning, cwept in the differential
diagnasis of & gastro-enterse disorder, may be
dealt with aummanty, Ly peunting out that they
have no value as diagrealic pricedurvs in the
aduit One (s rmbarraseed nit infreuently ia
thedw rlegal cireles. Ly the necrarity of pointing
cut that the dine of aiwn.emaily dense tnae which
1o finnd from time to Lme st the marpine of
raped growth (n (he batise of (nfante and small
ehitiren, |s nid & epevife greult of lead alacrp
fie cn the tee hard rot a phencmensn of
adult Lifs, nem the other

No may aies deal brrietty with certain of the
mare (ommon latertatory jroredutes The hema.
lidnget (hanges (ronmeenly Basainlod with lead
[museming jday ad Impurtanl rde In cliniead
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diagnosis. The [aterpretation of the eatire blcod
picture, bowever, must be made in the full recog-
nition of the fact that all of It s important
but that no feature of It gives specific evidence
uf lead aleorption The commonest fallacy ia
this runpect:on s the peraistent Lejsef that baso-
philic stippiing is indicstive of abnormal ab-
sorption of lemd or of actual lead intoxication.
Much could Lo said of the methods of examina-
Loa of the bimod ia this connection, Lut, wth-
cul enlening ypon such a discussion, let It mere-
Iy be recorded here, regardieas of method, that
the srcurrence of basophilic ratenal in the ery-
threxyles, per se has no diagnnatic alymificance,
and thal thers must be some quantitative es-
presaicnt of the extent of this phenomenca ia
the bioxd tu give it significance. First, one must
setabiish mhether or not the phenumenon oc-
cure bLeyand the physiclogic range. and them
determine, f posulle, the mumt protable lause
ul the sboormality, if such is found. Lesd abe
marption 18 only cne, and not the most {requent.
of the noasible factors. The greatest valoe of
this laburatory test, wmhen pruperly per{ormed,
Les 1n the fact that failure to detect any ab-
rormality of the Lioud in this reepect argues
stragly, indeed. against the Likelibord that the
ilness under conmderation is the reeuit of the
alsorption of lnocganic rumpounds of bead.
Another procedure of the laborstory, srownd
which an excess of enthusiasm hss gathervd re-
cemtly, to that of the determination of copro-
gepdyrina ia the urine, as & mesns ¢f demoo-
strat,ng e orruTenor of hoiardeur glosrptioem
ol lead Carefu!l Investigation of the metatsdiem
and Pvcrrticm uf the gurwrphyrine under & varniety
ol eor ditiea, incloding those asscriated with
varying keveis of load Al iption, may privide
a reeans for the rarly detection of actusl or
impending bead intovication, and thus add ma-
terially to the srmamentariom of {ndustral
medicine in the lead trades. Moreover, i the
excretion of porphyring ia the caurse of 8 reeeg-
ritel case of lead poisoning, can reveal the
wrerity of ihe intuxication and give 8id in prog-
resmie, it will ccme to serve 8 useful purpwe
Trere can le little daitt, howerer, that the
rarrent prgmiiatity of the prucedise steme larges
ty frem the demire of clinical srd I lawatory
merkers tu sulatityte scme simple sagnoetic
toet fur the e preciee and theref.re more
hiffr ult analytic sl methoada that relats ereeifrally
1o the comcentratione of lead in the unoe, Lid
of tireure uf perecns sustected of teing virtime
of easd intunmatiun ot s consider Leiedy what
10 hikely to te bt Ly & too enthuciastse yreidar g
to thie underalandetle deeire Quile apart frr-m
the methicle i.f analieie of the frrphyning whi b
while simjde are far {ream foulprniad, and with
snly passing tegard for (he pevesaity of prosess.
i e nrine aghinet Signifoant [icresses ardl
Sevrransse (n ite copruopnrphyrin contanl on stand.
ing utder varying conditivcas vl Lght, tempar.
ature and reection, we are dealing with a jhreiom

logie and pathalogie pb o of id
stle wvariability, the extent of which has not
been estaldished comprehensively In varying
states of heaith and disears, or In relatica to
age and sex. Certaia it {a, that this phenumencn
is md apecifically reiated to lead absorptiom,
being {nfuenced markedly by lver damage or
disease, by intoxications of other types than lead,
by a nomber of infectiocs dlsenses, by certain
deficlency diseasen, and by certaln hematopoietic
dlaoeders S LT That there ls an olevation of the
rate of urinary escretion of coproporphyrina is
association, more or less regularly, with highly
abeormal absorption of jead, !s an loteresting
and important physiclogie fact, and that this
phenamenon may well be as highly significant
aspert of the mechanism of lead intoxication,
roes without srgument. Hut that this non-epe-
«1fic phenomenco can contribute an snewer Lo Lhe
primary diagnostic question with which the phy-
sician ie faced seems most Improbable. What
Is this questien * 1! we can make this suffciently
clear for Lxh clinical and medicolegal purpases,
we shall by that means define Lhe lssve sharply.
Medical, legal and economic comsiderstioes res
quire and justi{y a decivive answer (0 the ques-
ton: has this petient aleorbed a gquantity of
brad sufficiest 10 csuse intoxication? If he has
abeorted such quantities of lead. the diagnouls
of Jead jatotxcation. arrived at by sound clinical
means, may be rerarded a2 adequately scbstan-
tiated. 1f be has not, the diagnamis s untenabide,
and further study of the case is required to arrive
at the cerrect diagpmomis

This Ltings us raturally tu the roacaderation
wf 1he privedures of the Iatcratiny wherrliy the
extent and significance of the lead alworption of
the tatien! can Lbe appraised. The phrerologic
rvidetce tn which the choice and interpretation
of thewe pricedures are Lased (o avnilalde?®®
and reed nit le Lrught Inte this discudjoa.
Althamgh s h ev1dence muat Le understied fully
Ly thme wbo would apply it. The methods of
rampling and analyeis™ " alag have leen dee
w tiledd in euffusent detail and will nt 1o men-
thmed, tevind 8 further warning that there
are slmuste and irsdequste meth.«la and that
an high degree «f kn-wledge and skill, far bee
yond (hat of the yeual tyje of labmeatry teh
nician, bs required fur the performance of the
work

The ccoentration of Jead In the Lo of the
[wrsn who ja r.ffering {1om symplome belloved
tn be thowe of Intotication Ly the inorganic come
frunda® of lend ie the meat imprtant eingle bit
f evidenie renited $o poritay 1he eignificance
ol hie plessydicm of load  Nince Lhe concontras
tinn of lead in the lled sarire only withla en.
tiemaly pareew Limite from hour te ur and
ferom day tn day, srcept under cenditione Ine
vodving cakuitTent and hAlghly variable evpeaure
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13 lead, of Ia response Lo the adminlstiatioa of
dithicpropancd,'? only one determination wouid
be required for diagnoetic purpoecs, were it nnt
for the poseibility of the contamiration of a
sample of Lixd with mirute quantities of lead
in the prucesses of ita withdrawal and snalysis
Because of theee posuibiiilies it js adrisable
even under the bLest of cenditions, to obtaia
multiple samplea, at least in dupiicata, and te
submil them to separate analysis. The reevits
should check within the sery narrow Limits of &
frw micrograms, when ripressnd ia Lorme of 300
grams of whaie Liad, (f Lhey are tn Le accepted
as reiiable.

Tha determination of the rate of the srirary
sxcretion of lead. when properly carmied owt,
provides specific and invaluable information om
the extent and sign:ficance +{ the lead stworp-
tion of an Isdividual. and therrfure the choice
of matenials for analysis, in medictdegal cases
esprcially, Iocledes suitatde mamples of urine
The simplest cominnativa of matenals foe
diagnustic purposes, and oce shxch will perve
to elim:nate most of the errors of sampling and
interpretativa, constitutes dujdicate sampdes of
Nond taken in spevial aquigenent by an instructed
persan, and coe of more “sprt” samoies of unine,
ench vorded directly ioto the container aper;fical.
ly provided for (he purpeme under the critical
eye of an instructed prraoa. Analytec and physio-
fogic concurrence um the part of theee resulls
will stamp them as valid while variatin among
them beyand the hncun ranges of snalytic pre
cidon of phrsidogc himitatea crestes the des
mand for further i-vestigatra

Any standarde sd pted or cmplaved for the
interprefation of the analytic reeults muet be
bhased Lirn the known preciana of the analytic
mrthod ¢ mmrth-dds emjioyed. Neib-wle of analy.
sis pow avsilable will yieid tveults that rre w
either aide within the range of greslest thysin
logic signifiance by mo more thaa 0% ordie
narily snd by no more than 15°, st the maxi-
mura. So long as reproducibie resuita of Anown
sccarery can be cddaired bLr the methed -
ployed, 8 soenewhat larger margin ol erenr can
te tojerated. but it le necvsaary tn revreenite that
the extent of the jwaentisl errve of the mathed
will determire the peseiacn of the threbodd
which srjarstrs safe feomn dangereus benels of
lead concentration, vepecially in the bivnd  For
exampie, the coawoniration of lead tarely o
toedls 6N Mmicrgrama pet 100 grams ia the whele
band of persons who bave suffreed nn reent
unusual simaure (0 lred Dut peranae wha have
RO micrograme of mege of lead per 100 greme
have lewn sipmecd (n frad ta awh an retend
INat they mmay Rave mild epmpdiene of Intiag.
tation  The sigrufcance of a8 snslytic errar
of * 2%, |n dealing with g pampie of 10 grame
of blmed hams pather largs 1horelore 1t ja in
the semaideratica of surh gortontial errmre (hat
dupdicale analrees nis Peipful and thal (he great
signifcance of the rate nf (he wrinery svcrotion

o lead, deepile ils greater physiclogic varf-
ability, comes into pisy. On the other hand, 2t
is because of the great physiclogic raratility ta
the urinary reeponiss Lo lrad absorption, ples
the fact that the renal excretion of lead (s perf-
oualy impaired occarivnally, that the saalysis of
the thood (s se ascessary.

The concept that the neconsitions of diagnosia
call for the analysis of & sample of urine of
large solume, such as that obtained over the
period of 14 bours or longer, has been dise
Sedgwms Ly the availability of analytie methods
which previde for the accurste analysis of small
wamples of Liknd, and also Ly the determination
of the range of sanability of the cuxentratios
of lead in small sampies of urine under varyiag
cundilons of human lesd almorption. This (s pot
to say that the snalysis of samples of urine of
large vedume is undesirable, bt rather that ta
mare (Latatare, and In many medicudegal ait-
sations it is diffirult or impnesible to acrcmplish.
The diffculty of ctaining vacontaminated pam-
plee of urine of large vdume for acalysis cam
le ciniated Ihrough the use of small samples
viaded {n the presence of the examiner, and st
the same ltime, the misleading effects of the
pryvickomic ard patbalogic varistians 1n the
urirary ruretica of lead can Le avornded by ob-
tasnirg and analyning samples of blood

It senctimes happens that the disgnreis of
bead prisoning 1 in deutt al the time of the
death of the patirnt. The problem of diagnosis
fealmnriem is not sasy, except a8 it may be made
in the negative Analysis of suitabie tissues will
swre to determine whethet of ped there has
tern jotentially dangetrus absorptica of Jead,
and, if mo such Abwrption crcurred, the diage
rimie of [atal me contnbutiry plumbiam mast be
diwcarded (i the wher Fand, if the clinkeal
stode of the hivirg patient Aas i yirdded ine
formatica oo which ta hawe a diagmmia, it §s
unhibely that evidence of lrad abanrption ab-
tained pretmortem can justify the dingnmais of
fatal Jesd intmication, nnlesa further invest.
Eatirn dischmen previcusis uarevraled or mise
interpreted facts branng ca the orrunational
and chinuwal hatery of Ihe dveserd. Thie {nl.
frme from Ihe fact that thete ic no sfwcific
pwthok gic entity characteriste of lead preson
ing snd that ihe diagremie of lead poisoning
cannd be made 1a ridence of Jead atwmarpltion
alone Lbul om 1be chinical characterieticn of the
diwase.

For the appraical of the sstent of (he ab-
ek of lead re the et of & drcrnard persoa,
tme should nid he comtent with the analyveia of
tee 1t two tiesurs JU jo advicalde 1o And ot
the pattern nf Ihe dietrilation of Jrad in the
periigal nrgans and tisenes, sk aa the liver,
Vidneys, apleem, striated musmie pnd sholstrma
Hheed aad wrine ftnm the bladder, ahould Lo he
tained for analyeie when thaer are available
The tetonticn of leed In 1he lunga to important
in relatinn ta & reent Mislery of acupationsl
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sapusure, and the cunienirstioa of lead in the
braia s & matter of grest impurtance in the
differentinl diagawsis of & fatal disease involv.
Ing the brain. It {a difcult 1a met instances
to obtain & specimes of long Lane fur analysis
Fortunately, the analysis of rib serves the pur.
pose sdeyuately, and bone frum this source §s
slways pricurstde. Meticulous care in the cob
lection of samples of tissue for analysis is re-
quired. Bt anly to avend their conlamination
but to eneute their tepreseniative character.
Cakulalicn, based on the distributua of lead
in the principal tiseues of the bedy, will yield
informatica, which when cunpared with sormal
values and thiee found and rworded, in asso-
cialion with known lypes and intensities of ez
posure, will poriray ihe facts a0 to exprmere
in 8 definitive manaer,
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TREATMENT OF LEAD POISONING WITH SODIUM CITRATE
Rapert of Four Cnm

MARRNT L HARDY, MO
uToN
BOMALS C I1NO2, MB.
[T LVEY
o0
CLAMMCE € MALOOS. M.
sosTon

HE PROPER sanagerent of lead [oisomng coatinaes to be debtated. The

kg standing questxn of whethrr o6 ot the fatent should be “de-leaded™ bs
pot satiniactordy setibed [t i pemerally cwneded that the “de leading”™ should nnt
le dune in a8y came unld after the mannestationn of acule plumtawm have pased
The eflects of the yanwns bamn of therapy remnan under dimusaon, exerge foe
the crfiag tenetd (o caloum o rebeving svinjdosne of xute ead joroning.
Whether varsms ddrugs cauee lead oorage of icteasmed excrrtxon of the fead
stsll teng delated

\uh, Farrball Mt and Kemaof) in 190 rryorted 8 slight incrrase i bend
eacteinm mhen weloan Otrate was dhrunistered. The imreasse was ot u'ufy (Y
grral as that jrddixed by the use of ammenium chiotrde and snulay medecations,
whah resuked 0 3 trductomn of seran py. Thry attnluted the incrrased lead excre-
tam jrehned by wadom baartamate and 14 wxlnen Gtrate 1o the alabmsing effect
of theee salts and 1o the fact that the siulsiny of thi-brad jhosghate 1 increased
m teah alkaline and acxd mnhrurm

Kﬂ, sl 1 otoentt * have been yyvetaie an advecating the yae of welrn: cstrate
in the treatment of jdunitaun  [ley tave rroenmendn that 40 to 20 CGm of
wrrkiim onttate te admaentered far tmes Aty mosnere casal they advise that
e od 228 jercent wdetn g of welnpm citrate te myected mtravenonly. Theie
ntomale for thie treatnwrmt was lawd (o the asxean that lead forued 2 anwae
wilullr, diffusitde anydes with the citrate }m Thus mnte ad mae made avasiable

Frem the Ihrniesm 1d {rmetneel Hrgwrw Moreshuwtts (yartvwet o lakhe and
Ynostree (I Mabed pead I3 Hary ) It.gm N ( Nompatronel Medual ( Twnr ef Mascachoertrs
Cavrtal $l.mpmtsl 112 Hardy) sl trvem tte \ cretamn Abmwustsats o | arais! Wed Kodlary,
Mosa 1IN Jradmet [lw wark dew o 1he (hivpatoral Mete ol Clrm (€ the Maseschusrtts
favars! Hlingvts) aae segeaored m rart bo 5 revenrih groet freen e \Notseal {ottvaes
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{or reval eactetvo and in & levs toax frm. Ther alwo pmstulited thet the citrate
might be metabohized Ly the Liver, leaviyg the lead ressiue 10 te excreted 1a the
tele and thus 1n the feors. They demvmstrated a rather sharp dechine in the blood
tead levels with thus treatment in 8 series of 15 cares  In another puldication,
Kety and Letoood * showed that 1n & senes of patsenits treate] wah sndium ctrate
there was a hise in lead excrrirn when the total of the urirary and the feeal head
was amsderrd The most marked nee sas o the frcal fead. The kngent period
during which the lrad excrrtem was fullowed in thee caves was 1 dayn

Seruth® in his doussion of the treatment of lead § . [1sird podeum ctrate
as & storage agend, bt wasd that 4 bad anly & tramenary effect in (he one came
repotrted

Wiah the aterre conaderations 10 nund, we thought that it would be woeth
while 10 tepemt wur exprraence m treating four jabenta tof lead poisorng with
sodmm citrate s the main comyponent of therapy,
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to adejuate bnels we ke a1 ryideacr that thete was jerustence of aloormal
amunts of kead m thewe jatamte

18 case 3 the data persented and the chacal histury give reasnsble evidence
that the wxluun Otrate Uy wae usful n Rademing lead excretsm and prompt
@ relied of eymmeemm Albagh thie dian’s exjeaure wad rriativedy vt it wae
’ ntetive, arnd 11 s cortam that craanieralie lead mas anred in bis Jungs and shworthed

froes tlate wito Ins Gnivistaem ko sone e aiter hiv exjunure crased. The
1 frobmging of weliom otrate therain for 3 matler of weeks after t!s nan's it
acute lrad jeaweimg war contrniled pertape eulded the rnwining kesd to be
handled n a4 runner to jrevent exacrrtate s of svmptoms. Sice S () was et
Al ed b trturn o worh madving lead eqqenute, his o] imtouacativn might well
have follmerd a tenon clmxal st without mweicaton

The peddem el C. 8. (caw 3) is conmixated ommg 10 his kmg continoed intake
dleadatbae pdhiarel st hone \s m cae . the jutrnt, of {ree irum bead expoare,
myht have excreted caegaralde amounts o lead without the use of wrfiom citrate.
Honerver tlete can te 1o douls that the ol of his svmjaoms—and in the case
of U8 this was mgertant - was achiered by suftworntly large oenl does of mxham
crirate.

The ure of dmwrcajad (RAL) in the case of C. 8 ie hard to evahiate, lecanse
the patent catinonl 10 take in wiall doses of dead from hie dninking water supply
atter kaving the hiepetal  \We were led 10 frvwew the avarlalde Lienature and
{oreert the (fhming cummutizing frmarha

i

Althwmigh dhowreaperd 10 nut effectsne in the trestment ol fersoning caused by
eriain beavy satals. cch a0 arern, gubl andd sy, there 1, with ooe excrp
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tion, po convincing evidence that it is of value in the trestment of lend poisoning.®
Teler ! reparted one case of dead potsoning trested with HAL. Although the
worker was rrcreting nofmal amounts of lead after fecening mtravenous injechions
of cal:um gluconate fof three days, the uninary lesd rose to high levels sfter 3 series
of dimercaprod injections.

We have leen mmxh interested in the soggestion that urinary copropor-
phynine te used as an index of Jead intoxcation, Increased copruporphyrinura
was found durning acute 1liess n all fuut of the cases presented i this paper and
well trfore the acute efeaode 1n a1 leadt two of the cues. In all cases the annary
Sead and crperquarphy rin values showed relatively puod corretatun. [t should a'so
te mermioned that i all cases the rign of copopsgdi nnura was ween much
earfucr than the sty pimg of the red Liond cells. 1o the case of S, Q. there was s
great incrraswe 0 coproporphi N excretion, acconyaned by an absence of tippled
red blod cefls 1n the perpheral bast. On the foonth bosatal day, stippied red
blood crils were fuund o the tone narruw saear 1nt st 0 the petipheral tdood.
On the uxth huagetal day, stppéed red bhuxd cefls apgeared foe the firet time s
the penpberal bld. From then a there was 3 gracial merease n the stippled
cell cvunt, wivie both uninary lead and urinary cgeaaepharia valoes showed
a dowrrwanrd trend  Ia the cases of C. A\ and ] S the cupevporphyms excres
tons were elovated mell tefore the svmgtoms daeioped, sl dunrg ths time
stijgied crll crunts were normal. In the case of C S| who had lead posscumg
over a haeg jerned, Lath the evcretcon of copenporphinn and the tppling of red
ceils were increased

In jestulating the nwchuniun of this increaw] agegeap by nouna a phanbum,
it afgwars from woding thewe four Caws that 2 i entirely [ossthle fuf the
wwchanism to vary in different casen. 10 10 beliey o a1 thee tume that 1a thuee acute
posocangy winch dnekp over the friatively short jerwue] «f several months aod
which are accomjansed by anmua and incrrawed nirnn, the mechanism is due to
the drutructon of the frd biaod ceils. whach leads 19 a telease f fertrqorpherm,
whach v then (noverted intn epengeejdarm 1 the Iner a= | rxcreted ay uxch in
the urme® Aub' and hny demcuates have already dewenitad the mechanisen of

A (ertrmun F G, Jr, aesl Fagle, H: Ffexy of BAL (12 Deneressargeqanc) s
Trrstmert .d } gywtvavesl [ sod Pravoirg w Rablate | Mareacd & Fujer Theran 99
P04 Vol lieguge W T, end Lartutwr, J A, Jr - U of PAL i@ the Tremtowm
of lnjurmnee FMrcte of Atwweme, Merowry ard Othet Metalic Posvaa A loe Met 810848
T3 () 199 Resum H A lasky, L. M, and Calvery, H () FRcacy of 23 Duaner-
g prrgamd (RAL) o Thevapy of Piawoang by Crmpomets of Amtionany, Rumerh, Owe-
e Mercwry and Nobel ] Pharmacal A ey Thevan (v ) ST1119.033. 1900
Tedy L. M. Prowa H A, and Tamg. . P et 4 RAL ca Fopermmerssl Load
Twgum Varsdown [renmen (goer dond Coqnor \romx Ponang J Intwa ilyg &
Toewd Bty fmn 51 01 08, (38 Ryder. H W ind Ketve A - Fectsr of Inthem
jerqared (NAL) c J{wam lend Indcawatum J 1o A €7a Med 331421 1% Ryder
MW (nled. J, aret Retve, N A Infartme Wi [hOucprcgamd (RAL) on Huwan |eod
Mot duivom, Swwe §06: (nn 241 6N 190,

7 Tetlee. § ¢, U od FAl wn load Pmemng. | A M A 130,88 A0 (New. 20
19 rrerctem 138,50 {Joa §) 1008

L (9) Cattrak A T Tre Nradahaw leeture (a The Urirary Pigwente I8 Thew
Paitviquel Anenid lamer $I0L 100 (1) Woetwam (C ) { cuermmg 1N Notersilly
Oventrng Povpdptine 1Y e Urvaty Papbhgrin m Lend §' <o oang g0 Comtromed wwt
Thet Farretod Normwally ond W {ntwt [nwsars, J (Ya laveorgains 15027, 1O
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anemiz in plumidsm. His explanaton of the “shattrring” of the red blood cells
@ s in weil with the above theory.

However, there sre many cases in which the exposure has continaed over
sany years, and there 1 oaly alight anemia and no icterus present. [t is believed
that 1n sach caare Rinungton's * theory that Jead mmy be acting A3 3 bluck between
protopot phyna and irua 1o prevent thrie pormal comixnation in the formation of
hemoghotan mngit be 8 plausibde expldanation of this increased coproporphyrinuria,

Following this ine of fustutation, we believe that in the cases of S O, and C. AL
cupeuparidiynnuna increard because red Ldond cells were Leing destroyed by lead
with revolttant release of protojerihynn, which was cunvened into coprupurphytie
and curetnl n the caswe of L. S, who had chrone. kead poisoning end who bad
been taking in large amounts of lead frr many years, it is believed that the incresse
of opropeaphym 1ok fdace in the lone arrow and might foasibly hare beem
due o a tdaking by bead duning the synthess of henuglotsn, The case of J. S. also
s 10 have 2 menewhat sumlar mwchamun as the case of C. S.

However, as wes stated provioanly, although many theories have leen act forth,
toe actual mechanisen o thn inctrased coproporphyrmuna iy not clearly undere
stoud. It dwes aggerr, homever, in reviewmng these four cases, that nather thas
msisting that there must be only one mechaniun cominn to ail cases o plumbism,
R 1y wieer 1o oesnler the possslalay that two mxchaniums may be peesent, esgecally
in ysew of the tact that Laeh the clmxal and the Lbonatory findings do vary from
CAse o cnae.

While the mechanmium of the copragorjdy ninuna of plumbesn is not definely
knowm, # b knoun that a8 increaswed excretion iy seent m lend wockers sbeocbing
lrgr unsunts of lend and alws in cawn of acute and chronic lead prasoning > [t
hae rreenthy bren suggpested that the fading of copruporphyriruna may be & vale-

@ ahde 3 mn the pervergum o carly dagnous of plumiteun' Kluver Y has found
the cogruguaphyrme to e sewrmmally jesent in the white nutter of the contrad
pervons svaten of ammale i loting nan. This has bed to speculation that the
pruntx pamn, hrsdache, encrphabquthy and alvdninal adie perent i plumiism
may he explamed by the coproporjhytine degenited in the tisases

We shuakd Like to exphire the eflect of atre aad. as opgured 10 that of sodnses
ctrate, on kad excreann in acute plumbtiam. \We should Lke to determune the
effect od the citnate won as ofgoved 10 the alkalinsing effect of sodroem cstrate.
Uatil such unervations are complete, {reedom from lend expoeure, d artsanalde,
and cakiurn therapry whete needed, are depencialie measures. Soce i is e alasys

9 Navrgrm ( Comgt tved 4 trav A LA Carleherg wrie chm $3:454 1999,
The Swrfeane od Urwmary (rompeephyrme edawral. J A M A 136,67 (Feh ) 88

1 () Madbed ( C Rudo o Timpivrmne m O cugnta nal Divnses: | Sgwhcsme of
Copeigropiytowrs m [ ood Weebers, Arch Indwet Hyg & Ocowp Med §10%- 30 (March)
1M 5) Watem ™

1 e lamgrn ( 1), o0l ton Pavg. § A (i Purphyrin in the Urine 80 8 Firnt Syopem
of Joud Piwowng. Acts mod %povirsr 130137, 1ML Woldman B K, aond Sevirwnsa & M.t
Retsotsiay of e Utinmey Prghrrom Test e lead Adwrptiom, Arch Indwmt liyg &
ey Med §:70 28 (Marvh) (72 Makwl o

12 Khewor. M (m Notwrsily (ncwrrmg Fonpiytion a tte Cemtral Notwan Sywem
Scwowe 00 M2 1ML
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posaslde 10 achicve the ideal uf no lead exjosure, i is pertinent to continue to explors
methody by which 10 form corpounds of Jead in the body wtuch are lese toxic thax
the lead ron and which hasten lead excretion.

SUMNARY

Fuur cases of lead poisoning, acute in three and chroni in one, in which the
patirnts have heen treated wrth sodamm otrate. are presruted  We Lelicve O
endence sccumulated leads 1o the fudowing opinions :

1. Adequate oral doses of sodaum cxrate will control the aymptome of lead
isoning.

2. Stodics of the kead excreied im 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.

234 Congress Street

The writers are gratetul 8o Iva C. H. Dustm and B F. MiArrans br sl ag posedsle
e wady 4 Ut patscems, % O sat C S rropertrerty The weners oy sles tmdviaed

e B P W Resdo and G W Roylen of the chwmual stafl of the Macsarhuertts [Nviem of
(xcupatasal Hygxne, bt prrbomng (5e bead wrmalyses
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American Smelting and Retining Company

by Jonn N Abersold and K W

NDUSTRIAL hygiene has bexa drfined by Patty’

as “the woence and art of recociiiing, vvaluating,
and controtling juientially harmiul faciors in the
indusirial enavircament © This defirution Wnplies
Whatough study of operaticna, evaiuatiun of potene
Galiy harrmfal factors Lhrougl aur smnpling, mXIo.
anaiyira ard other tmeans. ard. Bneily, sapproprisie
med.oxl and enZ.neenirng cuntsol wherever indicated.

The prevention of industnial hea:th injurnes s &
vital pait of operalumns of Amencan tadastry Woday
Prugress atd interest In 'S fieid has increired
Meadiiy e Many yeafy, Lhe modt rapid progress
having bren atla:ned, porhags, during the last thrve
decades [t ta agnificant o npole that there are Now
official agenciee 1n 46 tales sclivrly concerned with
industna; bLeaith probleens and (hat 8 western ficld
statkn has been evtatlished recently th Salt lake
City by the U S Public Health Service to sugment
s industnial hvgiene wemites dirreted frum heade
quarters of 1he National Institute of Health Betherda,
Md Many of the larger Indwtines have fuund Rt
advaniagrous to extabluh ther own industrial hy-
gne departtenta

The Amerxcan Smeiting and Refining Co is a
world-wide crganitaixm engaged tn the mining,
unciting. and refinung of lead, opper. une, sdver,
gold, by -prnd et metals, inctuding cadmium, srensc,
and others n the United Sates trrce are iJ ameiters
and tefineries. 11 secondary srwlters o foundties,
and @ Buiibei Wl Buders Apgsuaamately 2000 worke
ers arv newmal.y employed

It has i-ng bren the estabiiied (mpany polcy
10 peeX out oxxupatzonal harards and provide safe-
guards for employee bealth Protertive eguipment
has been wupphied 1o individual workers and exhaust
ventlatica invailataons have been in use in some
operatnas for mote than 40 years All of the major
units have their own medical depariments whxch
ptovide employres wilh exceiient medical and bos-
pital care

In 1937 131l wale industrial Ay grene studies were
undrriaken al the Seiby Plant and were estended
to mrat of the vther unellsrs duiring the rext three
years In 1943 the Department of Hygiene was
organtiet with Professor Pralip Drinker of Harvasd
Univers.ty a8 Diredtne and with Dr 8 8 into s
Medyal [r7ectir The drpertment 1s fesgoanble for
contd,nat:r g ahd Maintaining 8 program for the grud
health of ail errpioyeee LirdT top Meragrment down
0 the loweel gasd day worker 1 is ruientially a
wivce organiiaiwd setving ol of (he United States
plants tegardicw of batun or size Full amndd parte
Lime fhysw one etrpdored i all f 1 coinpany’s
AMmerucan jiarte 3.8 worhing in tliee (nperatinn
WILN (he Malual I2reetof are fesimnsibis {or dea

orm o AMIIWAD (ded Wrpeewt sad 1 W MILWON.
Wegasot Dogs of Moguees Ampruee lmehay snd Latwmg (o,
Jet Labs (i Lo

Dacowens of o pagus TP D59 O moy be sont (] (opusa' 1
Alwsl by Mhoecd | 1Y) bgsenc gt Jomp 11 1VD Mee Ted
Mosreg fopewany P50
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termuning the state of health of al) the employees
and Living treatinent when neceatary, ln general,
medical care 13 tof uned Lo accidents or {llnesses
occurring while the men are cn the job. Among the
dutes of the doctors \s Lthe making of carvrful phys-
wal exarrminstions of new employeds and rouline
check-upe of old employces.

In 8add:tinn 10 Medical care 8 primary reepons-
bility of the department is the preveniion of ootue -
petional ilincases 1n s the Main concern s with
the working environment in relatiun 10 1t eflect on
the worker FEavironmentsl {actors fay be dusta
fumes, gases, toxxc Mmaterials, hest, hum:daty, radiae
Lon, of noue The objectives are (1) lmmediate
contre] of thowe {actors through the elucaion of he
wos ker, (Srough peoviding the wearing of resparayacs
or othecr protect've devices, and through careful
medical examinations and regular analysns of unne
specimens, (2) 8 lung range coatrul program whxh
may be accompluted by loral exhasust ventilabon,
wetling of malcrials, changes 10 metalivrgy, changes
in methods of handling, or by use of special devices
and special equipment.

To acvumpluh these objectives 8 fine industral
hygwne labosatary was built tn Salt Lake City and
tquipped 0 do routine and experimental work.
Trained and experienced Industrial hygpienists ob-
1810 the facls by maning {requent hygiene surveys
Those surveys inciude tesls of the sir, studies of all
proceaws, ond casclll nvertigation of ventlatiza
highting. snd general working cxnditiwns. Except tn
rmergencics. the Mz contaminants and ofien the
subwtances handied Ly the wewkee are sent o the
laboeatory for analyss Ly chemists and technicians
specially trained in industrial hy prene methods The
findings are evaluated in terms of Limitsa recome.
mended by vanous State and Federal agencien, and
tn light of 8!l available medical data.

The methods used for studying the working ene
vironment invalve 3l ~f the uiual chemcal and
physcal procedures employed inandusinal hy giene
The linpinger, electric preaipiiator, thermal pre.
cipttator, and fAltee papwr wamiier Rave been wed
12 coilect aimmpherc dust and lume sampies Of
special interest here Sa he filler paper sampler,
shown in Fig |, which was develoged by Dr Sivec.
man st Marvard University Tre instrument pas
tewen Improved and I8 wied very ratennvely tn feid
stulies A water maniinetsr crahecied tehind an
ot1fce 1a ured Lo determane the rate f g Reow Calie
Lratvn iy sflected Ly use «f 8 standard gas meise
of vidameter The dust o fume 1 crellmtnd an 2
Rller faprr clamied tetween two rings, as shown
inFig 3 The flter pager such ae Whaimen No 82,
redjects both dust and furre with p vory high
e@riency The instrument (a vyery cunvenient and
eanly trans=xierd

The suinds collected on the Aller faper ars sna.
tyred in the lelavstiory usuaily by vae o 8 pnlar.
cgragnie pricedure Hly tha poxed o il 10 [=waibie
th tnrasute quantiistively in 8 s.r.gle snalysis the

Ropnoiod bow JOURNAL OF METALL Y&k 1809, Mo |, Joneery 1931, B 33, 60d Tiomesnnoe. AL, Yud 154, P 32
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curer, tead. coduum, and nac in cach sample.
Polarcgre; R Methivis are 810 wed for the drterme
walun of & Burnber of olher elemnents.

Drusts of varows types are the most comenon
ntaminacts found i the atmasphere of the various
plants Fumes containing lesd oxide may be found
15 cenlain simeiter and refinery wirk areas and are
Liven special stlent:on unce lead onide {8 more
read.ly sleccbed than other lews soluble Jead cum-
tour.dt. such as the suiptude Other contaminants
1ach a1 carton monoxide, nydrogen sulphide, sul-
phur diovide, peienium, teiiunium, cadmium, and
arsen.c mav be found and require study Certan
of the fases Inenl.arad Mmay be taxie or Uritant In
ordet 1o be Cvnrianily an the airrt and 10 be warned
in advance, (a;ud feid tsts have been developed
for hydrogen suiph:de, chlorine, and arsine from
8 basc Britbh method  In this method 3 small hand
pump ls used Lo draw air through Alter paper disks
impregnaied with various reagents which prodce
& stain \f traces of gas ate present, see Fig 3. These
stalng are compared wilh slancards 10 estimate the
£as corcentraticns [y use of this method chemists
and seloty dursxiars are abie to chea the woilling
environment fof suspected dangers For one plamt
where hydrogen suljpshide i3 being used In one of
its operations. 8 machine is being developed to sound
sutomatically an alarm before any escaping geod
reaches dangerow concentrations.

From time to Ume certaln analyses tequiring
highly specialized Lraining of very expensive equipe
ment sre pericimed by the research laboratory or
outaxde labrratorres; for exampie, spectrographsc
and petreographic snalyses  Certan types ol tee
wearch work tivolving animal s1perimentation have
teen  performed  through  grants (o Harverd
Univeruty,

As a part ol the foct-findirg function of the Hy-
girne Depariment, urine specimens snu {requently
blix=t ppecirtens are obtained [rorm all workers
eepesad o lead and other metals and examined at
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Medirai Do e, fake - condstions for
Immed-ate [ taction of the ey Lxee

The evmisatun of &L 5020 ¢4 is an importamt
funcion ¢f te Hygfiene Depart-ienl This involvee
\n part an appraisal of Btr stud.m and (he COrTeis~
tcn of these studies with i al data. When all
the facls are brught togeiher, unt vverall evalustion
of tLe envirorrmeni 18 Mmaile. the neesd for controd
messuree detormined, ard 8 tuurdsated control
prugram outlined Recure mendat.one for contrel are
made v the piant franager ard pas:ed on O
mginrery cepwciaily tranied A o dustral hiyglene
ventilation The puant manager and the supesife
tendent with Ais operating stafl decide what method
of cuetrol shauid be carried out. This 1 jogxcal
Lecaurse control. may te accomplished by changes
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Te )—Sempimg pomsm ood wesdard steny o hoid doter.
mptust ¢ Drirvges seiphbude ood chirma

in metailurgy or methods of handling rather than
by local exhawt ventilation or other mngineering o
chernical means Occanonally contrul s not poasibie
by enginrering means and il 8 necessary to rely on
respiratory protective devices and meixal control
priceduses  Sumetines the recommendations for
plant umprovements sre based on cumfort alone
vather than o heaith hazard

The ventiiatun engincers form 8 unit or 8 division
od \he Western Engineering Departrient but work
In the tiosert conprration with the Hygiene Departe
ment In carrying out the detasisrd recvenmendationa
Froquent conferennes are held with three engineers
snd geners) plans sre spproved

Mest improremonty

Fliminatiem or control of all jotentislly Rarmbud
factors in (he enviroar ent (8 Lhe majar long-rfenge
olyective Since 1918 and parisw-ilerly during they
pest four yrars N gingress has leen made toe
weard this chiertive In mune rases srh a8 In the
ilis, t2.6 ccut han leen very high froem tea Lo
teenty uyeend dlinrs ot wacher Fulluwing sre
wire of the Lighlabte of omted of dusts, (umes,
5.3 gavrs in the varkus | anls scliicved through
the crvtitaned interest and oft. ct Gl nanagels, pupore
intendents  melaliuigatle {tsmen, the speaially
trained stafl of vertitalion engineers «f e Westorn

st er



wong Ut Lot el S5 Ogparienio 64

A LY S SR S RIS RS EFAC Y |
e lLvenes LS ST RO R R LA T2 ol ]
LR R S VE A U L B RPN SRRV £ B SRR PUSTROL 3 S S 1

cear.ng el PG lelnewn O oty ol ST TR CANS
Az Liohave Pl to be o wed sise cSarfly leosd
exlaasi venliistiun .l dust o baon Ly smai bage
tiouse unita and ¢erintlogal wnpongement wasiere
Boca.se cf Lhe very .40 cosl, e erimental work
has bewn conducied Lo And othesr menods. Mat.
sprave produced by stomiling water with Snpleased
wir Lave bowm trisd. Tle minuls dropicta of waler
prodaced bry thewe spesys sctually wet dust particies
and heip 10 reduce (1o racape of dusts Bt the source,
yot they avoid odtecliorsbie wetling of the flowing
matevaal. With this Method of amtzrol & 39 pet ree
ducton 1a dust conrrnirslons has been achisved ta
one mall

1a certain nstances protaction of the worker has
been scxrmpliahed by veatilaling and air condition.
Ing st aress where men wolk such as crane
cabe. when Lhe general venliativa of Whe room would
be d.Ut i ROt UT possibie, sew Stevenson ' 1 other
words, the man has been “ventilaled” instesd of the
operston Cabs of cranes handiug ore, carmying
hot fretals over furnaces, ¢, are examples Thia
appruach ls bewng tried now 1a mills by buiding
bouths kept Lnder poutive pressure with fLilered
ar for wornets whase duties can be carmed out frum
sach an enclusurs.

Semphng Roowms Local exhaust ventlation and
go0d housekeeping have been ued exclusvely teo
control dusts In sampling rooms, see Fig ¢ Modern
grinding and sampling eguigmment 8¢ easly enclosed
and the dust can be cuntroiled ot 8 Yery modersie
cost

Beds and Charpe Ming Wetling, enciceure and
omal eadausl ventlaton ave beoig wad for cuntial
of dusts In s R o7 upment Dust controd in these
deyartments ts ane of (he mast &< ull prvbiemnt
Wetting can only be used 1o 8 limited degree be-
Cause excreg Mmousture may ATect the rossting of core
tain types of charges.

The unlosdirg of truckiosds of ores and concens
trates 1or stotage or making up charges was a dif-
Reult prodlem to contrul in one planl The Anal solu-
Uon was found in & semni-enciaeure and hood with
high volume sur Intakse
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Dunighi-Lioyd Sinter Plants: Wetting, enclog ire
and Jocal exhaust ventilatm have bren the rrine
cipal methods of controll.ng dust and fume .0 e
Dwight-Lleyd sinter plants Watler rray be s Lieed tn
both At and sexond-over chargrs al the beit trisper,
at the mixing tabies and pamnetimes with use of pug-
mulla Waler s vard W0 ¢, arch the sinier aller il ls
toasted and the doschang ends of Lhe Mmactioes are
kept tightly encloeed.

The control of duste from crushing firsi-over
snter has toen effecter, with local exhsusl vertlp-
o and cciiecison / dusts wilth centrifugal e
pngeTnent warbers.

The duwstiest Dwight-Llord operstion i the ree
moval of deposits from wind boaes. Contral of (hese
dusts has bern effected by (1) use of enciosed pen
of scfew conveyof along wind bores with draflt
maintaned on the bores, (1) wetting by Lneerting
Into the d-ust piles 8 water pipe with fowing welsr
and (J) maintenance of 3 water sesi in the botiom
ol the wind bozes which cumpleisly wets the accu-
mulating dusts In Pig 5 w shewn the stesrce of
vatle dusts after wetting with (nseried waler gipwa
The water seal has been apphed only W 1y 0vd ~over
machinea

Good housekseping with frequent wash down of
Boors m very important tn controd of dusta Thermal
aif currenis plus vitwalion can redsperse seitied
dusta

Corardevadle bnprovement in dust and fume con-
centrations wes effected in one Dwight-llayd plant
by & change in metallurgy, thal is, a lowering of the
percentiage of ¢Re 1n the Chasge

Licerains Heat has teen controiled by traulaling
wind be.vrs and saf ducts and Ly use of 1arge boexls
muynied over the pallet immediately betiind tners
and runnecied 10 8 vack fur gravity vemtialum.

Lood P'art Furnecer: The make up of tiast Pyre
nace charges May invnlve duitty ofwratnes if tte
wevnd-over sinler Ja ted suV<iontly wetted The
Lnter Lo wrusiiy sbred In hopqery and 1t has Leen
{- und neewssry in provide erhiaust venilistiun when
he sinter Lt w.thdrawn

The tortrcd b Bt and fume ai the feed (5 (he
blast furnece Is actomplished chiosfly by gand dralt
1 e hirhere

The 1sed tisal furnace ranrot be taygwd o alag,
e ot joad 1] o teemperatiuge be high witt ot the
genecotiom cd e h Jead fune Fume [ien theeo
Jurinte lo camtrviced with foral oshaust ventilgtom al
il furrames 11 2 nerossary 10 raise and t anr t12e0
Pewnle o codiunaily and worbers Aave waetimnaes
negiretad (hi1a Quly twxewse of (he little palra work
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e 4 08 seyprored rhovet seatinted tund

tequired Tu overcome thus end provide heavier con-
Mrwten 10 resast the heal, 3 hmxd has beett very
rweenty dengned which can be reised and lowered
try 3N ¢c.ovinis molar merely by presang » button as
theren in Fig & Stand-by empty of Niled lead pote
MHTELMes cause crnssder sble fume To contiol thae
an wa1taust ventiiated howad with a Sexible fAireprool
auct has been developed

Re: ertevatory Furnaces Control of dust and
fume from opmialien of lesd drusa revetbetitory
tarracrs Ras Leen offeciad Ly adequate draft wn
turraies Lo prevent exape of .7e ol the charge
Qi and by uwal eihausl venloaine at the lLap
haics and Le unders fus spriss and matle.

Kettles One of the mnet duNcull problema has
bern cuntrol of dusts and fume from refining opere-
Uara 1n hettders Compiete of partial houvds with
exhaust ventilatwa have bern effrctive where nedals
are transferred 18 Rettion of whes surrung w dune
1o srparsie droses Fig 7 shows a paruial Ikod with
3 Lgh solane sy inlike Wocuntrl! the fume cver
the vuface of 3 lrad Xettle Ap anuiher approech to
red ,cing dustinews duiing dross shamming, €1a11-
menial work 13 row under way o (}) change the
metaliurgy, (2) remove drosses with 3 sctew-(ype
conveyor with Jocsl ethaast ventilates st pornt of
ductiarge into akip and (1) use ol a high velucnty
st type vahaust around rige of hettle A (a1 dee
gree of success has bren achieved with use of the
wrrw ly[e tuavryol

Fluer Tl temovsl of settlert dusts from Aues has
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fiovm Tt 1 sawiatads o7 fineets and
woetal it e e Feteong b ant deveioned U
Leirsc i tube ueveer wiown an Fog 8 Ths device
setves 32 80 encice o w and atiung chamber Cuha
urvend A arcular water spisy locsted pesr the top
perttally wets the 11usls 84 Lhey pass from fBue o
a1 The weiling of the duats s cantinued in the car
and minumizes disting w0 later handiing.

Cutirells The control of atmospheric dusty result-
ing {ram the cleaning of cottreil hoppers has been
d®cult. Fncioned and venlilated conveyus slang
hogpers Rave not been adequate. Spilla which creete
sirtorne dusls do ocour in spite of the best care.
The problera has finally Leen solved by replaning
the workers with svtumalic squipment Rectric
vitesting hammers have now been tnstalied on most
of the cottrell unita

y-Products Metals: The contrel of durts and
gases \n the refining and peckaging of by-product

ey,

trexi Y B ety

elements such a8 selenium, Wrllurium, and cadmium,
has been accomilished by use of lical exhaust ventie
latson almoit extiusively

The hygicre program and sume «f Lthe work that
has teen done to improve working coaditions in Lthe
Amercan Smelting and Hifining Co have been te-
niewrd briefly In presenting this infocmation there
s PO wish 10 cunvey Lhe timpresuan all objectives
have been reached There ate problemns yot 0 solve,
and changes 10 cpefations and hew ProCessecs CONe
tinuaily arive whah teguire study ord control la
e anelier tecently the minutest details of comtral
n 8 new Lricest wrre worked outl before the plant
was built in vrder thal no chanres would be taken.
Tvp management and operauing stafls Qisplayed
heen intereet and conpersied to the fullest estent.
The same interest snd coopriethin from Mmanage-
mentas of all plants have evieled in !l Aher phaces
of 1he industrial hygirne (orgram and ate largely
rrspannitile fof what messure of yuevese hay been
achieved.

Referoacm

FOA Patty Ameroan R4oatra! Hygiene Assoe
Quartetly (Swypt 10081 3 No 2 p 8

WO Asnall with supgisment bty U A Blevensm:
Al Ciantitimood Crane (sla Frgiresring Rorwe pube
lwat,on by Industtisl il gieve Fowuristum of Atvdtien.
Meldon Institute Fittatmirgn 1'a 241

‘Foderel 'iant Aneruan Rrsiting and Refning Co,
Aluw_ [11, Luther J Duck Mansgee
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