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sormpany of Or, Xammer ang various manaerg o e tachnloeal end
production staff of the plant provided a falrly sonprehenalve
grasp of the problems under sonsiderstion, Daetalled study of
the data obinined by the analysis of the alr of workrooms and
elséwhere over the period of the past year has sarved to 111
out the ploturs further, Por the purpone of making the pregsent
intorpretation of the sltuation these analytical »esults have
baen acoeplted ot tﬁéiﬁ face walue, It must be pointed ouk,
however, that ainaé these arp the only cuantitstive data
nvallable, and sinoe sonclusions of farwwesching importance
must bo baded upon them, 1t in nelther wise nor nafe 0 sooept
their acouracy without praaf For $hia reagon I aﬁ&lﬂ subnow
cuently saupgest the m@&na of testing thelr valldity,

Cortain General Considerationn

he 1rn1fic@naa aP the Analynias of Alx Ton Lnﬂé ﬁontnnt

| The eatimation of *;&-aiyni*xaanaa of cocupaw-

tlonal lead axwasura'hv doternining the lasd pont vent of the air
’}fia hased on the g@n&*ally acospted ﬁrinoi@la'that lend %aiaawing
'i'in industry oocurs 1ar amy #n the repull af the inhalatian o
dengerous quanti tles a£ partionlate lond vhioh are 9ragent in |
the atmosphers of woprkroona, It has been obgorved that iF the
ooncentration of lead partiolss in the aﬁmﬁsphare‘déés ndtbexceed>
,}Qevtain lavela; casgs of nolsoning a@th&r &a:haﬁ'acenr oN are #o
mild as to be of litile or nor conssquense. By recson of varistiona
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orploymaens, the threshold values fox dungerous lead sxposure

have besn got ot Aiflerent 1%?&&3 %§ aiffarﬁnt'hggienia workeras,
A% present 1t can ba 034d that the gemaral concensus of opinion,
ag well ag cordain official znd nesi-offiolal agonoles, favors a
pormisaible concsntratlion aammwhara.batwmén 1 milliorom and 2
milligrana of finely partloulaste lesd per 10 oublso natera of

air. Xy exporiencs has indleated that the higher figure, i.o,

2 mg/lD Mi. isn o anle one, regariless of the type and subdivision
of the lead sompound, provided general hyglenic conditionz are
maininined in o 3atisfﬁa%ary gtate in indusirial nlants, and
provided medical auparviaian perves %0 ellminate the dafin*taly
_unfit worker from the plant poulation.

ﬁha Qif*iaulﬁian and Inandecuaolies of Aln &n@l?sia an a
{ode of Lot q&@&n# the Blinificancs of Lend Lxroours.

Tha ﬂ*avis&a%&l aharnoter of the atatement

~ above gufgests thah-&i“ abalyses ne the gole method of evaluating
{ eccuwﬁ$1ana1 lead ewpaaurm leave pomething 6 be doalrsd, auuﬁ; |
‘:nnfoytunmtaly, ia %hm a&sa, The difticultien of sanplimy the -
air:mf'wubkﬁoemm are sonslderable; in thmt rariability and

_ perlodlisclty in the operatlona, ahanyeﬁ in plant equipmenty and
:?antilition, and m%ifﬁ&ﬁg wonthor uand@tiana latroduce many
factors which muat be ahanka&z-ﬁh@ methoda of annlysis of gamplos
migt be of the utmost preclsion, and éﬁah preoiaion 1s not sasily

© obtained around induatrial plants with contaminstod atmoaphers,
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The rais of pulﬁnnarg wentllation varles fron 5 liters per minute
to0 25 liters psv-miﬁuﬁa; L,.0, fron M.%-wabia'matnra %o 12 oublo 4
netars pey 8 hotay wnrk ng day, ﬁawan&@nﬁ ﬂpeﬂ the degrse of axertion
raquired by the ﬁaﬁapanzan. i34 the addltional variable that |
"ralativaly coORTHG ﬁéwtlﬂlaa never pesolh the Iung Sissue but are
. teapped in the upper respiratory traot and ave subaequantly
 guallowed {and partly ahgagh%&.ik the alimentary tr&at), malﬁ
finely_&iviﬁaﬁ'partiaism may he #o grall as 1o behave 1liks a
'gaa and 2o be bresthed out Lh larpe vart after dnoe having been
Anhaled, Thus the ypﬁ%&@m asn Do geon Yo bodone a complex one,
with nod whelly'praaiatmhl@ roegults, In addition to these

- osonglder: tiana, whioh oan be ocovered by introducing a 1arga

~ factor of gafety into the level aocepted as peormissible (aa aoma o
Zthava done by urging the adoption of the concentrstion of 1 m?/lo i
f;ﬁﬁﬁ‘tha anfe level), thers 4o the problem of orgsnie dlseass nmong;_d;g
i;tﬁé workmen 2 & factor in cuseepsibiilty o lead exposure, It ia'

:ﬁfwﬁll Enown that g&n&r&l}vaaéulaﬁ dlnonae; and aapaai&liy'livar '

| ;hﬁéaaaﬁg are important footors in ausceptibility to lead paaﬁmﬁaﬁﬁ’:i)*

| ffﬁh&iﬁfﬁartaln othar types of illness ave wo ALffionlt to Alfferen~
:Vﬁiata-alimﬁually-from the effecta af'laﬁénéhsmrpt&an za to provide
sages whlol must be handled as thouph thoy were lead polsoning,

1# onoe vhaugonmibiliﬁy3ar 1&&&.1ntoxioaaian:he recopnized op
ballieved to be presen¥. Theve 1ﬁ‘alwmya the problem of desiding

which conditlon ia responsidle for illness or dlsadbilisy, and
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additional measures of hygienic control rust be exercissd, not
‘only to avold hazardous lead exposure, but to obitain more or

- leas continual proof that such axmaaéra %o belnr currently
avolded, Thia con be done in the oﬁiniaﬁ of the writer only
by nexna of rsgmlar-aﬂd adgquate medloal sunervislon of workmen,
_Sueh superviston must, (1) exclude tho physlewlly unfit, i.e,
those to whom the lead exposure of the ococeupniiosn will probably
. be hazardouds (2) make such observationsg on the exposed ag $o |
determing yhether or not they are actuelly sbacebing simmificant
mantities of lead: {3) mainisin aeuch moeords sz will provs the
adequacy of the aa@erviaxan: {4) cheox carafully overy oase of |
illnoss 5o as to exclude lead ag a faotor when it 1s not, by

arpiving at an soceptable diagnosls of the sotual nature of the

1llnesa, Hobt Yo go into the detalls of procsdures to accompllsgh

thé abave purposes, ﬁuffioa 1t to gay here that ﬁvaamploymaht and
‘paricéia physicsl ammm&aaﬁiana of & Pairly aamprahengiva tyne
are required, and that Blosd oxaminations of a standard tynoe
ﬂvmuﬁt be made and reeé&é&&.'-zn addition,the uringry and foual
lead exoretion of a% 1@&@#}& fow representative worknen should
Be détav&ineﬁ.aﬁ intervals, and,in onses simulating plumblem,
aﬁudy‘of the la&ﬁ,axgrﬁtimn ahanl@ o made proaptly,

?ﬁ& ab¢v¢ racammén&aﬁiana arn predicated, of
- goursae, unon thg ﬁmiat@nca of‘hazara@ua'1wmﬁ‘eﬁpaﬂura, or upan

ths existende of lead exroaura whioh has not been proved to be
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Plant Conditiong ag Obneryed and Otherwise Demonstrated.

On the basia of the observations nads, the

- 1lead hazards of the plant procedures seem to ronge themsclves

in order of deoreasing importance az followa: (1) lead exposure
during the pouring and cooling of lead heats: (2) lead exposure

at the rolling nills, which aprarently 1a at its worst at the

‘blooming mill, and is less but prohadly significant ot other

mills: {3) welding and %scarfing® procsdures are both associated
with o dangerous production of fume. (It is apparent that tha
hazards of this type of steel do not end at the site of manufacture

- but extend into the general fleld of use, In go far a3 welding.

and/ or other high~%tempsr-iure procesaes are involved.)
The lead exposure assoointed with the pouring
of ingota 1s belng handled to a very large extent by local

ventilation and by the use of "hot ftops® and "hot topping® materials,

The analvtical data indioste, however, that the control is not

wholly adeﬁuata, in that dangeroun oonoentrations of lead can be

found at tines, alth@ugh pewha@s not for laﬂg, 1n the Aimnadiate

vioiﬂity of the 1nrmts. ﬂnfortunataly, there are no data on the
exsent of the volitalizatlion of lead during the removal of the
"hot topa® and molds and for some time afterward,

The axposure associated with the various rolling
proocadures, ana eanaaially that at the bloomin? mill, 1s not under
conirol, in ny cpinion, and 1s likely to give aonaid@rable Airel-.
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pouring the ingofs, which oan readily dbe controlled by the ime
nrovenent of preaﬁﬁt ventiinting faciiitiea, the other oner-tions
offer opportunities for exposure thal wiil he ALfficult to eontrol
and that in my opinlon will produce lead polgoning anong worknen,
and would, in fach, have done so, except for tho Airrepularity an&
infrequency of the operations. 1% would be surprising to me if
:Auorgmen who have had the longeast and most frequent expomure in
the sevoral types of osoupation 4id not show a dlstinot elevation
In their laoad exeretion,

Aecomendations

B0 far ne plant operations are conaerned, the
wrifer belleves that the lead exposure can be controlled and kept
within gafe limita., {As to the significance of that bevond the
eonrinéa of the plant, only tine and investigation will serve %o
determineg; but the outcome should probably not be left to ohance. )
Control, within the plant, 1s an engineering problem, involving
the remmvél of lead from the plant atmoaphére to the extent re-
-iquirgd for aafety‘_;ln geﬁar&l 1% wonld be advisasble t0 remove
the lead by collecting it, rather than by merely dlluting 1%,
Thian may or may not be feasible in terms of production conta,
but 1t may well be found that the eoll@ctién of the losd fume
would roclaim encugh metal to pay in conolderable part or in

- whole,. for the equipmend required to oollect it,
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ghould be éubjeatad o ripgid check, so as $0 eliminate any quegtioﬁ' 
as to their precision, 7This can be done in a varlely of waya, and
in order tc make a stardt in that &1raetimn,‘it s puggested that a -
gerlen of sanples of knowm lead content bé pﬁepare& in tﬁlg
laboratory and sent to the plant analyat for examinatlon and reponrt
to ug, On the basgis of the reauléa ohtalned further check may be
rnde as noeded. |

In resognltion of the fact thet vhatever axvoosurs
has exlated over the past year will have left 1ts record in the form
of lead absorbed by expose& workmen, it is recomsendad that a proun
of worknen be examined aa to their lead excratimn?/ﬁfhera are
several ways by which thls could be done, each 1ﬁ§01v1n? a gomevhat
aifferent amount of work and oogt, (1) Cne meang of ﬁ*raadh.kula
be to seleci two or more men whose lead oxposure has besn maximal,
génding them to mo in Cinoinnati for complete examinaption and dan
teﬂmination of the extent of their oosupational lead shaorpiion,
_It~woula require from 2 to } days, dependent upon the initial
.analytiaal resulis, to obiain the desired information, The cost
involved in such & study would be the traveling expehse, mod erato
hotel expense, a nominal éxaminmﬁian fea of £10,00 per paﬁaaﬁ to
cover the cost mf‘bioua.examinaﬁinhs sta,. , and the expensg of
. analyagea on the blood, the:urina and the recea at §5,.00 per &nalyaia,:'
{(the actual proportional cost of aper&tlon of our anslytical 1&bcra~;;

“tory)., (2) A gecond and botter method 1nv01?aw the seleotion of a
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the examination to inslude making dupliozte blood smears, one set
of which i zgent to nre for examination, one set heing atudisd at
the plant laboratory by tﬁa nrezent methods enployed there, At
lenat 10 employees {the moat severely exposed) should colleot
gamplea of thoelr fesces on the day following thelr exposure, and
4samples of thelr uprline ovey g perlod sufficlient to obinin at leasat
2 1iters of the latter. (Contalners for these samples, and inotruce
tisng for thelr collection will be provided by ne, and in eaoh oase
the samples must be eallaote& at the homes of the employsew rather
than at ths plant., A succsssful techuique for thias type of sarpl ing
has beon develoned in this laboratory.) This nethod of procedure
would aerve to determineg the general order of mapnltude of the
astual expogurs in the Jobhe carrled out by the men no exanineg.
The coat, here, would ba the express charges on the shinpsd con
- taindgrs and the samples, the exponse of exemining the blood smears
'(ﬁetsvmins& by tha‘aﬁﬁual mbat of a technlcimn'a time}, and the
;539§nae:of the analyses ab $5.00 per analysis. (3) A thira mothed
'gduld‘bé valuable as a neasurs of the comparative magnitude of thé
total lend expoﬁuva‘ﬁhiah has ocourrsd up to the present in the
'nlant»onaraﬁiona. Xt, tharefo”a. would be an aﬁtampt to determine

how much load &bﬁﬂrpﬁiﬁn has taken mlaae ammﬁg the noagy aeverely

: axpssed men. It would be less valusble than mathod #2 as a measura
- of the actual exposure agsoclated with a typleal day's work, It

consista in sarrying out exactly the name procedurss listed above ,
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egeny ODPAD AN vaRR 10T aXDOBUre,; SWHAFLINE UALM gysionalioally
and perhaps repeatedly ﬁy climiaﬁl and analytical maethods both in
raelation 0 a &ay G& 2XTPOBUre an& batwe&q BXpOSUren, 80 as to obtain
eowo“nhﬁnaiva 1nfurmau19n &3 to the extend of {halir axpposure and
thelr abaarnﬁian* Such data once aol’ect&&-ssql& be used in coMe
parigon with subsequent obsorvations to dat@rmine the evtent of
tne hazard ariasing from changes In “laﬁt owa“mt%cns or from incroaseg
in pra&uation? and %o check the adequasy of Lmproved measures of
conz?ol.‘ The oost of thig type of study would depend upon the meang
of doing the cllniéal.woék; iye. vhether done by plant phyalclans
or by our agtaff, - the ﬁumbev of blbod smears to be'examined. and
tha nunberof analxsas to be car ried'cut at the rate indloated above,

' - Obviously the use of any of the methods mentioned

above, aone aaﬂhiaa«iau of them, or a cholee anong them, may well

depend uﬂan & number of f%etava, ?uch as sost, coﬁvenlezoe, or the

ur*ovcy o?f obtaining iﬁ ornation, Hovaover, 1t would not ba nogaible
vat ﬁhig tine tn divert the efforts of the olinteal or techntoal étarf'f
fiur this 1&ba"atavy tnto the inmediate acacmwliahmant of such & Proe

- gram ag ia eonte@pla tod in mechaa . In view of the apparent

aipni’icanaa of this hyplenle ; roblem, hmdever. and 1n view of ouyr
keon professional interest in the significance of veriouns ﬁxpea'ana.

magnitudes of occoupstional lead expogures, we should feel sonatralined

- %0 carry out such early observations as might be mutuslly agreed upon.ﬂ

ans ogaoential, - In this connceslon 1t would seem to be the botter part"f

of windon, pen&ing carefyl cheek of the adequncy of the airp analyaas,i”



In the present situation, almost any tyne of
illnesa among'the plant pe:aannal'mgght be 6alled lead polsoning
by physiclang., In thmtlsase, granting that such a diapgnosis mlght.'];"
'be incorrect, proof of ita incorrectness would be mequired o =
abaolve the induatry fron reﬁponaibillty.//For thig reason 1t ig
belicved that cases of 1liness of any type amony the expoged par.
aoﬁnal should 53 gilven complete and careful clinicsl study, and
that analyses of blood and excreta should be carried out ns an aia':”'
to differential dlagnosls and zs proof of the aignificance or in.
siznificance of the lsad sxposure, Arrangenent can be nmade to
carry ont the analyses involved in thisg regommendatisn 1T 1€ asemg
daalrable that they be done In this labaratory.

- - -

Jipneds

- Aohort A. Lenoe, H.D. -
- Divector, Rettering Laborsatory of
&pplied Physiolopy
Uollese of Hedieing
University of Cinoinnatd
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