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Dr. Robert Xehoe,
University of Cincinnati,
College of iedicine,
Cincinnati, Ohio.

Dear Pr. Xehos: ~

I can see from your two reports that you
are greatly concerned about the possibility of contamination
of specimens. In order that you may judge as to this possibility,
I an going to give you the exact detail of collection of specimens
on both of these employees. Both of these men were called in
from home and were not at work, consequently were dressed in their
street clothes.

The urine specimens were obtained by me at
the time the blood was drawn. I do not see how I could have
been anymore careful in preventing contaminetion. I held the
bottle and capped it immediately so I do not believe that any
dust could have fallen into the bottle. With the blecod, the arm
was scrubbed thoroughly and I used the exact technique you
specified, and in addition used rubber gloves previously
&terilized in distilled water. The tube is held almost hori-
zontally so that even though there was dust in the room it
could not have fallen into the tube. It was not necessary to
re-sterilize either of the needles. These tubes were immediately
capped and shipped to you.

The only source of contamination that I know
of would have to come from the dust in the room atmosphere.
e are going to have dust analysis made very soon by the Detroit
Testing Laborstory and I will have them include the dispenssry.

In the case of we had gastro-
intestinal symptoms, pain in epigastrium, constipation, loss of
appetite, and some muscle cramps coupled with a rather low stipple
count (22 per 50 fields). The clinical findings indicated a
dangerously high smount of absorption, and your findings confirmed
that opinion. He was sent home and the samples were taken after
2 or 3 days rest.
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Dr.

Robert Xehoe:

The samples on C. Bagrowski were sent, not
because of clinical findings, but because our stipple counts
were running so very high (205 per 50 fields, yours at the
same time 37). Ye are wondering about this discrepancy.
This boy, I found out recently was tresated for a specific
urethirltis last summer, and has been advised to drink a
large smount of water, which may account for your low lead
finding. The Dblood lead is consistent with the exposure
and our very high stipple count.

Wle are , at the present time, enlarging the
dispensary and the Factory lanager says that he is going
to air condition our rooms, filtered, humidified and tempered
alr etec., so that will surely reduce air contamination.
Until this change is made, and in line with your suspicion
of air contamination, all samples will be collected in the
iain Office.

Let me have your suggestions as to any further
improvements in technique.

Ylas very sorry to hesar of the accidental death
of your associate. <Lthere was quite an article in our morning
papsr about this unfortunate occurrence.

Thanking you, I remain,

Sincerely,

= - .
Paul li. Holmes, ii.D.

PllH-ec
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A Study of the Lead E Exposure Associated with the
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Introductory Comment on the Study of Occupational Lead Exposure

In view of the fact that the general methods of

plant study employed by the Kettering Laboratory of Applied Physiology
differ somewhat from those used generally in Industrial surveys, it
may be of some intefést to refer to the avallable methods and to
point out some of the advantages and disadvantages 1in their use,

(;) A single critical inspection of operating
conditions in a plant, made by an experienced persoun, will provide
a genersl idea of the opportunities for lead exposure and some
knowledge of the location of the greatest hazards, Periodic ine
spections of this type will prove to be more useful than one for
obvious reasouns, and moreover they are a useful adjunct to sny other
method of study and control,

(2) A single clinical survey of groups of workmen
representative of various occupational activities in the plant will
define the general levels of lead exposure in terms of clinical
'evidences of lead gbsorption and will tend to gﬁiﬁgthe most hazardous
types of employment. .

(3) Maintained medical supervision, with periodic
eXamina tions of all employees and with carefully recorded information
as to the character and incidence of illness, the amount of lost time

and the extent of the labor turnover, will eventually show the hyglenic

significance of plant oonditionsi{as no other method caﬁ do, and if”ﬂi

4~twwﬁz;*sach\data are combined with detalled knowledge of plant proceduress
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includinsdchanges in equipment and plant practice, a clear cdmposite
picture of the hygieqic situation can be obtained. All eggggﬁ%eaﬂs
Séé evaluating the hygienic significance of lead e XpoSuUre ,.as—gORe—
bt T L R Pomgaan e By, depend LIwsXXy upon sound clinical
data. Indeed the bellef is well entrenched in the medical as well as

the non-medical mind that individual susceptibility to lead intoxication
is extremely variable and that even the smallest quantities of absorbed
lead may, in time, result in lead poisoning in certain persomns, while
certain other persons may receive no injury from massive dosages. The
complete acceptance of such a point of view, (which in our judgment is
erroneous), implies that there is little or no value in any type of
measurement of the quantity of lead absorbed or potentially availatle
for absorption on the part of workmen. So long as such an opinion is
applied with even partisl effectiveness in medico=-legal and trade-
union phases of industriasl practice, business management cannot afforad
to operate plants associated with any of the lead trades without cou=-
petent and adeguate medical service, Fortunately, ev;dence has
accumulated to demonstrate the existence of a relationship between
gquantity of lead absorption and the occurrence of lead intoxication.
Various expressions have been given to this relationship, and it

cannot be sald that there is complete agreement among suthorities as

to the safe limits of occupatiznal lead absorption., Nevertheless it is
now fairly generally accepted that there is a 1imit of lead exposure
above which the danger of lead polsoning becomes progressively greater
aemong a plant population, and below which cases of polsoning will
elther not occur at all or will be of an essentially harmless type.

Thus it becomes feasible to estimate the significance of lead exposure

in quantitative terms.
A
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from representative parts of the’giz;%r- Ubviously the use of thls

A

method involves certain.a ssumptions; - (1) that the inhalation of

lead compounds constitutes the only izportunt source
of lead absorption on the part of the plant population; (2) that
Cot oo o ﬁ’fq,;:i i
the lead p&r%te&es found in alr samples may be breazthed in and re-
tained within the lung to a more or less uniform extent by the
workmen in the area. Various technical procedures have been emn~
ployed to increase the practical rellability of this method. FIre-
guent sampling over prolonged periods tends to recduce sampling er-
rors, Thne manner of preparing samples for analysis also t ends to
exclude particles of lead compounds which because of their size are
incapable of inhalation or of retenticn in the lunz. iiocreover t:ie
greater practical significance of inhaled lead in comparison with
ingested lead has been well demonstrated by e xperlence and experil-
ment, and is now almost universally reéognized. On the other hand,

lead poisoning can and does occur through ingestion of :read com-

pounds, and unless precautionary measures are effectively t aken
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inggstionc:an occur to such an ex@ent as to void conclusions ar-
rived at by the analysls of alr samplses.

With certain feservations required by the preceding con-

sideratlions, 1t may be sald that if the concentration of respirable

leud compounds in the atmosphere of plant work-rooms is zenerzlly kept

-~

e
below the level of 1.5 mg. Pb per 1C cu.m. of air, anddpermitted to

exceed such a levél for only [leeting periods of time, cases of
plumbism in the plant population will rarely,if ever,occur.

(5) It nhas been shown that the magnitude of the leud
exposure in a plunt can be determined by;the study of the lesad

content of the excreta of the employees. BRriefly stateua, the les

o,

content of a single evacuation of the feces of a workman servsas o
show the magnitude of hls lead exposure for the period cof s

twenty-four to seventy-two hours previous to the collection of tX

)
4]

sample. A large proportion of all inhaled lezd 1s coilected in the
nose and pharynx and eventually reaches the alimentary tract, through
wihnich 1t passes in large measure unabsorvec. It becomes;‘tngyeby,

an indicator of a man's gross lead intake for the period represented

by the feces accumulated in the lower bcwel - a period which experi-

4
ey :éa'e.wj;_,;, Hogicosil fle 2D
ence has shown to be approximately twenty-four hours The concentra-
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tion of lead in a large sample of urine (collected over a period
of forty-eight or seventy-two hours) varies with the rate of daily
lead absorption and withvthe lead content of the body. Therefore,
it discloses the general magnitude of the leud ébsorption over a
considerable periocd of time.

liore recent}y, it has been found that analyses of the

blcod of exposed persons will also reveal the general magnitude of

»
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their lead absorption and exposure. Ihe{blood,
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tionutely larue as €oes the urine, in response to lead absorption, and

: .

therefeore, blood analyses are not so sensitlve a meuns of detecting

¢

lead exposure. Such analyses, however, are useful in the s tudy of

. ra
industrial workmen for a number of practlicel reasons wnich wms: 1ot
be deéscussed here,

The coirelation of analytical data of the above types with
the observed conditions in incustrisl plants, and with the clinical
findings in plant employees, has established a basis for the cifferen-
tiation of safe from dangerous occupational lead exposure in practi-

cal terms. Aftention should be called here to the detalled data of

=

' ; 1 i PP 2 B
our verious studies of the lead excretion of normal persons
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clearly that above a certaln level of lead exposure, as expressed
by wee rate&of lead excretion of representative groups cf workmen,

the occurrence of lead intoxication 1s progressively more fre-

/Qx, 1?« 04, e

guent as the occupatlional e xposure increases in re. ihey

also show quite conclusively thut =@ cases of lead intoxication e ker

1 .

occur below a certain level of lead intuxe and aboorntion. The
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of non-hazardous_and ﬂaza"qouo SXa0SU » in the.e termi)§é~ﬁcﬁ
sharplyr-defingd at present, but a range of values can be szt up cn

the basis of prezent information with évery assurance thut they are
substantially correct for all practical purposes., neference to

those ranges will be made subsequently.

The Technigue and Scope of the rresent Invsstlcatl

4 preliminary inspection of tne plunt - a vrass Iounury -
was made, on the vasis of wiiich a small group or,exployges was se-
lected for study [rom what appeare& to be the couwrnonest ana wost
hazardous occupations. Subjects with the longest recorus of con-
tinuous employment, and with the greatest expectation of continued

employmeng)were chosen, the final choice having been made by the
t

v

et atarm v Alamen AP 1ha mlarnt An tire hoeda of hie records and



ils detalled krnowledge of the Qccuﬁﬁgional and personal history of
the employees.
Tine large proportions of the workmen were eamployed in

one large room, - 1l.,e. the main part of the plant -, in which a
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Hbtad Opsrations were carried out. These opera-
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tions will not be described 1n detull. Suflfice 1t to say that they
were of the type tnal are common to such plants ana that some of them
RSN TP R
involved little or no,expdsure to lead, +his fact, however, ls
A .
guite unimportant, in relation to the actual lead exposure, since
the hunidling ol molten metal of high lead content in one part of

thils rocm res.lted in the contamination of the alr In all parts of

the rcom. « conslde:
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ge of controel ci the funes WwWas ac-
complishned by means of senerazl and locaily applicd ventilatlion,
ilowever, on account of the mechanical di:ficulties of fume removal
from rapidly moving pots or ladles, the caiel effect of the venti-
lation was to dilute the lead fumes extensively but not unirformly
in the large room. 4s a conseyuence of tals condition, it wus not
possible to differentlate degrees of severity of expoéure with any

assurwnce of accuracy. Turtaer dlscussion of tinls problem will

ve (06055809
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develop later. It is mentioned here only to snow that the general leu:

exposure of the plant had to be studied no§4in relation to specific

4L1h4&§; oy R
PG by 3 o *

occupatlions,

to the volume of leud vapors
and fumes,and their disseﬁination through the plant.

A large amount of molten metel, much of»it of nigh lead
content was being hdndled at the time of the visit to the pleant. uk?mu

WM?MW# v

?heﬂe were seasonal VdPldtlonQ in the productivity of the plant,

ot regat?™

\Such variations rgsuliing in conslder«ble change in the gquantity of

_ 4%%' an
lead vapors and fumes. There were alsofvdriations in the progor-
£ A p

tion of hish lead bearings in the plant production. These factors
could be expected to iInfluence greatly the severity ol the lead exjo-
sure of the men working in the large room of the founur" In agdi-

7,«;&,{ %/&wrwwzé %«(‘Cz

tion thsme wo s bettep ventilation)during the warm montis of the

yegf;when doors and windows cou1d be opened: This.factor could
hg:@ly be expected to Qperate,with strict uniformity in reducing the
lead exposure, in that some psrsons would be benefitted more than
op§§{§; The overallveffect;;hpwevev, would be to dilute the lead
copgeq?ration in the air of the plant. No_attempt has been made

in this report to assemble tﬁé’data on production as a whcle or with
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to correlate these data, 1f avallable, with the results obtained.
lloreover, the information with respect to the number of persons en-

ployed in the different parts of the plant has not been obtained

for this report. ¥inally, there are nod ata on the seasonal che ANTE S

Beve b eforseeatin

in ventilation., Hmowikedze as to the influence of these changes upon

. s . . . R °
the mean ceoncentration of lead in the air of the plant, would kaouvs'
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Twenty employees were selected for study over a pericd g¥f
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timé) Samples of feces wna urine were obtained in Ueceﬂber of 19)“,

and in May and September of 1937, by methods which experience had

shown to be satisfactoryj%r“x Bt O e G N DA e mfir e BN PO Oor e

accldenfal~aerrtamdrardiort. Rlood fllms from these men were stucied
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at regular intervals for the determinaLicn of the numbers of stipgpl.d
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The composition of the group of selected workmen with respect
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to age i1s shown in Table 1. It may be seen tnat a wide range is

. AL wvaly
covered, although the total number of the group sees nct /allow ade-
quate representation ci varlous age groups. Fror tnls reason the
clinical effects of lead absorption upon the occurrence and develop-
ment of the degenerative diseases ol the midale and later years of
life, as weil as upon diszbilities in the earlier years coulu not

be stualed Lere, Frevious observatlons have shown that aze does

not influence lead excretion materizlly, and, therefore, tnere 1s

K4

K
L oa T . ) .
no reason to suspeet triat the analytical data wre apmsse-de=m valla as

an indicztion of the over-zsill lezad exposure ol the grouo. Tals small
group 1s not necessarily representative of the ¢ distributicn of

the workmen in the plunt
by 2

a5C¢ group v iltain the

the

e
b~
v

nd early old aze is lucking

ife an

period between early adult 1
plant population.

Lable 2 }in wiich t he subjects are grouped accoraing to the
duration of their continuous exposure in tue pleant, ﬂersly siiowWs
fhat the group 2as been well selected in tbét&*egard. it éﬂ;uld be

possible to determine whether or not time is an important factor in

P

the lead exposure and absorption of such a group unless theregshould
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of occupation. ihe effect of the latter is open to doubt for rea-
sons pointea out abhove.

Table 3 presents the facts with refercnce to

E ONNSE e



the type of employment repres:inted in Lhe selected g roup, giving

also the duration of employment of the reporesentatives of each

 ahewsd U
occupation. The molders swewe are sufficlent in nurber to be

group. wtwill be a3 omaticc.ol

adequately representetive of theilr
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In april of 19357, s following the winter perilod of
maximumllead exposuri)twenty two workmen were examined, awcCh poi-
son in the zrou:. was subjected to cetallegd quqst;onin;. bvery ei-
fort wus made to zaln his conficence and to inauce ialm
freely about any ailment, illness, or injury walch, in nis
might have been cdue to occupational cconaltions In the psast,
might arise from present conditions. Leuding cguesticng were
avoided at first so as not to color the employee's resvonse, vul

were empioyed subseguently with respect to specilic symptoms. in-

! 12 £
/:M?i Bars %\ri‘:\;;(&f g D Ll

fermetion as to smermersd—siext conditlons attitude cf other

workmen toward the potentlal heazarus

st $0#
the labor turnover because oﬂ)dissatisfactioqy%ﬁtﬁﬁﬁﬁﬁﬁﬁsikmwﬁﬁd-

X

N

the occurrence of illness among pbhss-essdeoreesy wWas sought dis-
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fff£Z§k‘from a number of the older employees. <T:iese men appeured

- -

to respond with complete frankness, and gsve uselful statements of
fsct and opinion.

A careful physiceal examination was carried out, in the

course of which-a svecial effort was made to obssrve and record

any sympters and signs of lzad abéorption. Thus,speclal care wus
given to the examination of the gums, and te nervous anu neurc-
muscular reuctlons. & coumplete micreoscople exuminutlion ol tne
blood of each muan was carried out at the time,anu a fresh sa.ple
of urine wws ezami..ed for reaction, the presesnce or absence of
albumin an@ suggr, end for sediments.

The clinical data were studied cacefully, both as to

3 33

inaividual perscons and for tie group as a whele, and iu sco

o

it was useful or feasible to do so, they were examined by statlcstic

mesris.
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The hesults of the +nvestlcoation

The initial imspectlon ol the plant incdicated that the
opportunities for exposure to leud fumes and vapors were wiae
spread. It was difficult, however, tc make an even recasonably
intelligent estiuixte of the severity of tihils exposure. Lead fumes,
manifeatly, were given off from the pots wiaile in trensit to the

molds, and durlrg the pcuring, but there was so much sroke in the

o

ain foundry room that one could not judge the deiree of contamirea-

tion of the air with

were quite appurent.
the air at various points, and even the metul-washing process, wi.ich

could have been free of dust, wus not entirely so, by reazscn of som

" ¥ ' 7

At -Z":m',z J‘M ot ":/ ] q s VMaeadide, Lot
laxity os—4me—purt of foo workmep-on-bials..icb, lousekeeping, in

‘

-

foundries, 1s a difficuit problen, best. One Tfelt tuet while

1]
ct

this source of lead exposure had not been 1lgnored, it was not re-

Wk, PPy >
AA Gtttk M
ceiving the contlnualAaLtentlon that « et L6 G

There was little or no separation of the functlonal areas
n N "™ a8 M
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of the plant on the basls of the lead eXxposures thnat charzcterized

specific occupations. Thls, in some respecis, at leust, was unfor-
tunate, since certain occupstions could have been freed of lsad er-
posure through isolation. On the other hand the frank dependence

upcen ventilation the lead hazard tarocur-h-

cut the plunt, indicated the acceptunce of responsibility by the

Py

management, anda 1f the ventilation were sede—foums aceguuate, tnls

~
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The exsrminat lon of the small grcocup oi ec
severul facts of i.:portence. Yhere was sugzestive evidence, in re-

spcnse to guestioning >o¢ the existeunce of dangerous leaa exgosure,
The conditions in the plent, as revealed by the men, had been much
worse with respect to the reroval of fumes, prior to tie Instaliu-

N

tion of the presont ventilating equlpment. wuring that psriod "brass

s

poed

Yo

52 chills" had not been uncommcn among the workmen. Yhese nad been

<

<

elininated entirely, apparently, by the imprcved ventilatlion. On

Lll 7 ’“t-‘
k re . Pt

Lne other nand, there had been cases of lead intcxication
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eariler neor oo

-, as judzed by the de-
scription of apparently characteristic eplsodes by certain workmen.
Apparently, auring the period 1n walch the bearings were generally
low In lead ccntent, tne lead exposure was not very serlous. Later,

however, with the Incresased lewud ccinitent of the bearin:s, the lead

exdeosure Trom tnls source increased to such a dezrse as to be hazar-
/’{"’j v.,’x ey Y.

st A TARS

<
cous, i: nere was no

-

thie Tace of zrcutly lncreased ventilatlon.
AT
rotewertny anxiety arcnyg the nen concerning their health, and the

reeling was zeneral, that thie condltiors ins the plant were not unaculy

:,,d\ ,‘cj -&iaﬁ;

nasardous. A nunicer ol the men h“~gm¢¢uU%; that they had experienced
)
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I.psirment in health ieewsrsicesfos o congeguence ol thel: work,.
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%ﬂ%/uu;e somewnal conceimnied about Tie =;ﬂ“'nt~ oy /Athab z&ave rise

to cecmmon colus.
ihe pnhysical signs of lead abscrption, wihille ccnsideravly

less prominent than one was lid to exdect from observation and ques-

tionin:,

©
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o

iciently numerous to justify the conclusion that
the leud cxposure was not being held within entirely safe limits.

Yuble i summarizes the purely canlcal evidences of signl-

[t 2, 1.{(__,( At Ko /Lm/

lcunt lead absorption. (B 6f the items '#s open to quostion,

L N rm oen D bt &
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eepe ;;;LT’VTSWNOS the smallness of the group. The frequencﬁ”@f

occurrence of constipation, vague abdominal discomfort, and polyuria,
as complaints, belong in this category, as well as such physical signs

as’ exaggerated reflexes and tremors. The occurrence of six persons

witﬁilead lineg, however, among'twenty two men is highly significant

» -

7 ‘ -
. .J 4 ~ . - 2 -
in that : » in generual, does not appear except under condi-

tions of fairly severe exposure. The degree ol extensor weakness

of the forecarm 1is somewhat difficult to estimate, but two cases with

weakness that seemed definlte to the examiner, cannot be.

ignored.

m#;; T {/ @&«0wéamwa@/3£ﬁ/ﬂﬂ w0 o ZgiéLééu' Goanete

Foe20: ] ~revealed.by-ordinary clini-~
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ihe results of the leucocyte counts are shown on Table g

¢ ¥ -
. v,

Only two ctw=meee were in the ranges commonly regarded as abnormal,
and these were not of any specific significance.
Table ¢ shows that most of the men examined had some degree

of anemia, and in‘six instances this could be classified as fairly

severe. The significance of this situétidn, as to general health, . -




the data on the hemoglobin of the blcod in fLable /0. The sussestion

12N

hat leszd absorption mey well be a facter 1s offcred by the rela-

Tively low incldence of aslinitely abnormal hemoglobln ccncentrstion
in the blocd.
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The group here under study yielded a meean value_of almost
ten tires the normal in December, with & jrauuzsl fulling olf Lo such

an extent thut In Septenber a number of the worlwaen showed no stip-
©ling and the mean value for the group approachedflie neormal lejfi;/)
/‘W o
( ~ +t is of considerable pructicul importance to determine

i
v
whether this changze In the vloo ; cture wus assocluted with an zc-
[

/

tual und zmc..e or lesg corrssponding decrease in the lead exrposure

in the plant. +Yrevious cuvscrvalicrs have siown thel the meun or

;....
¢
)
ct

2pling of surflic

w

[
[
<!
(e
H
¢
[e]
5

aver.eo

T e T b ERE W .-
st vy larse groups ol 23rscns

vary with the ssverity ol ths lead exposure ol the srous. unowever
Lol
/r_)ﬂ,,.,gdg,,m /A% _z.,:vw.,{.,&t%z ng M fr&)g:ﬁ:t{__
Son

Individual Setiebiesdieis—gaeas Wl thin mLé *wous gnd certuln unusnown
, A N T T
A AT et P relner., G Rp—

Tk

- IR e
fuctolégfwérnaps scesonul or nutrltlonally
i £

tions. If so small a group as tols g&ﬁguézg’to Coluals UL 2¥ LY CaO-

surs to suvelr o ostrd e derree, deeplte the extensive varis :tions due
to other factors, a very useful and relatively si-ple methed of re-

cognizing increascs and decrewces in the lesu exposure ol a plant sas

a whole would seem to be availeble. On this account the compariscen

. T .
Lo\ 2rtensdion

of these observat

2= WS ' =5 is of prest interest,
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The analytlezl finding;s are jsrouped in vubles 1Z, 1%, and
li. It is agparent that the lewd in the feces of Llhese men is gb-
noriul as comparea with the meun norumzl levels of approximutely 0.23

mz. Pb per ssarple, and 0.0é—mb. £b per gram of zsh irn the feces Oon
the wlole, however, these resulls are not as high as misht be expec-
ted in view of the apparent severity of the occuputiounul leud expo-
sure zs indiczted by the clinicel cbservations. The reusons for

this would scem to be that the most hazardous expocure in this plant
was to Tl vapers and fumes of lesu, whi thelir Tinely divided

form would not be entrapped to any lurge extent In thoe uppor regdire-
tory tract. Unly a small propvortlion of such lezd would find its way

into the allimentary tr%ii;;::>

’//m—-*
S There is,

rnoreover, little eviagence of

exposure and absorption, over the period of s tudy

changse in the fecal lsud content., There is some sli:ht

#‘Ca)\ ! p.o«w(ag. -y '—m»;mf-’ R
Py

lead concentration éﬁuﬂas=iﬁaﬁs o exprezsec in millizsrans
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The mean urinary lecad concentration ol the group shows &



, and, indeed, from

e,

«éetween December and March is not very striking
a statistical viewpoint it could be a matter of pure chance. The

same 1s true as between the March and September results. "The change

from December to sepﬁember, on the other hand, is a significant one,

statlstically, and even more so physiologically, since the decrease

in lead concentration. at such time is opposed to the normal sea-
(based on decreased water output in the urine during

sonal increase,

. _
We may conclua?/*GEZIg, therefore, thzt the lead ab-
—fz/él«wﬂ ko 2e. )444- -m‘ ,{'%M&d

beJLemoep &s comOared

warm weather).

sorptlon of the men decreased definitely in

GPaHELnb the correctness of this conclusion, it seczus

wxﬁ%{becember.

probable that the trend throughout the period of study was in th

.1 steps, themselves insigni-

direction, a s suzg
ficant. The absence of a corresponding trend in the &&= results *&

is not remarkable in view of the sources of 88 lead, fRewad—ereretrr
) 2

&
£

and considering the difficulty of obtaining samples that bear a
demonstrable relationship to alimentary function. In contrast, the

factorswhich influence the urinary excepetion of lead are few in
The renal ‘lead

number and fairly well defined as to their effects.

excretion, therefore, is ajsensitivéfmeansvof nmeasuring lead absorp-
av e 99T W e n-ru;r:la 5

L e ey
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27y lead analyses is of two-fold practicul

the urins

vealed oy
assoclated with

becauss it 1s

tsnce in tihis study,-llrst,
poniain; or even riose striking decrease In the freguency of occurrsnce
of stippling amons tihig men, «nd secliid, because the occudublonul les o
crposure as lndicabted by lead excretlon was definitely nwacrdols 1n o
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inulcaticon of tas relative scverity ol the expesure Wiz fzer snoulu
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%Zfions indicate that when, as in this instance, the lead exposure is

of one type, the ﬁpper limit of safety, as expressed in terms
of the mean freguency of stippling of a fairly large group of work-
men)approximates 10 per fifty fields; with only occasioral results In
excess of ?O per fifty fields. (These values are based upon a preéise

and uniferm technique in preparing, staining and examining blood films.

.-

They wouli be di’férent if the methods were to be modified or carried
out less uniformly.)

The severity of the lead exposure,as s:iown by the urlnary
lead cconcentration, can be compared with thiat observed in other in-

/

dustrial/plants in which cérresponding observations have been made.
In our experience cases of lead poisoning elther do not occur at
all, or are of the mildest type, if the mean urinary’lead concentra-~
tion of representative groups of workmen does not exceed 0.10.mg. per

liter. Cases are infrequent and comparatively mild)if the mean value

is 0.15 mg. per liter or less, ﬁaw.Above tnls level severe and dis-

e

S; abling lezd intoxication can occus, and does so with increasing fre-

Lo

< a@ﬁ rWuW&W, . .

g; quency Irempderr—rommdeetiemrs,  The significance of the observations

R e | e
X on this plant is(”therefore ;fgidess and it 1s a matter of particu- "+

lar importancep that the severe conditions of exposure noted in



ecember

probabil

ald not continue throu:hout the year. Tiils factor, in all

ity, wus responsible [or the non-occurrence of plumblsm &erw;
/

/

V"* L )
the pdasd durinyg the perloua of study. TLevertheless, the resulis

dermonstr
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by

entirely

no tubulat

w06 tnat the exposure wus not so controliled at any time

P
sl !
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safe, Tne wnegEuiro

rol, tnesrefcore, shouli be stresngthened and improved, and the
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previouzly, this wes TO oo @xpectea from the neture of tne plint

tion of
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z%)éﬁﬁ the lack of any ssiresstlon of working grougs, a« ©°
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Table 15 shows tiiz results of the search for & correlation
} the severity ol tns le=d exposuie, as inaicutea, by the
lsad excretion cf incividials in the zmroup,and (1) the dura-
o

the exposure, (<) nlcod pressure, (3) hemoslobin content of
NN an
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the blcod, and (4) numbers of ersythrocytes In the Llood, and (3)

the numbers of stipoled erytirccytes iIn tne blocu., 4t should bs

noted tinat there are four entrl unuer each palr ol rubrics, aznd

that thicse wre niutually exciusiv
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four-{old tebtle. Corrclation Iin any two items, whether positive cr

ative woulda be siown by asymretry in the four-fold tuble, wnsreas
substaentially ejval numbers in toe four cerners of the table siznlly

that there 1s ro relatlionship between ths L temd. The fact that nc

. 4. 2 . PP S J R Lt DU oy } P P 4T m e = L L
correclastion anpe. s In any rclbance may bs dus to Liic suall sise of

the zsroug. segaraless of Liils JozslbLill 7, the cimilicur.ee of ihe
result ils gults clews el cortuls polnts,cepeclully with wupect e
stiponlinz.,  +he Ifreguency of stinpling of tne sryliaocrtes In i
sroup as a waecle was found Lo very at diffepent times 1l accopruaunce
with the level of urirary lewd excreticn., wespite iz Iget,thers

i1s no correlation petvoon S0 froivioual Dloalioocoon vl el
-neentratlon and the coeresponaing date on stippllng., <since the

urinsry lead excreticn of incividuales is known to be &n adegusate

}..J

criterion of the lezd g bscrption of the individual, the lack cof

corrclation can ve due only to the lack of any precise relationsinip

e o PR, . -
between lead absorption anu the extont of st wosiln-

2 2 E- B -
FamA Yt A,




gsé.ggIn other_wordg, the‘hematopcétié response of individuals to
lead absorpticn is uniform in type, but 1is highly variable in degree.
The practical inporéance of tnis is obvious in that an absoclute stan-
dard for a potentially dangeroys level of stippling can hardiy be set,
except on ths basis of a;figure»%ow enocush to cover practically all

yeopituol. . lead SL2QSURE. Can be..expeeied—bo

S

pheral cilrcunlatioh-—ef—meeb—indiwiduala, but EQ,&&&%&H@%&@@P&@S.%PIH

'Lu-az ;_W.éz.p;q /;Z;Z{[: /L»L:;— ‘—(L«.:..-.},,-:: ]
considering the individual case it is the chan§e4that is important,
. /

“and not the absolute number ef-stinled—erytirocytoe found. In gencral,

experience has shown that the person wno tends te havs large numbers
of stippled erythrocytes when there l1s little or nc lead exposucse

is subjiect to relatively large increassgs in stippling in respcnze to
lead exposure.

The lack of correlation between the urinary lewd concentra-

/ ,
.‘,‘:A—V!"L’ e

tion and the lengzth of continuous empleyment In the plunt isfﬁﬁg’ﬁﬁwr—

~all proboRildey to the varlability of the lesd exposure znd absorption

‘from season to season, fromdsy to day, and from place to place in

the plent. The other items indicéted‘in Table 15 need not be commented

on at this time, since any attempts to explain them would be specula-
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tive: in character.

. Summary and Recommendstions

The discussion of the results which has accompanied the
g*eseﬁtation of the data needs little amplification. bowever, it

may be useful to summarize the salient facts as a basis for recom-

mendations.

égaﬁ The lead exposure asscclated with the operatlion of
this plant during the period of these observations was of an order
of magnitude that must be regarded & ha.ardous and capable of pro-
ducing lead Intoxication. This conclusion is justifiéd both by cli~
rnical findings on the men and by the results qf analyses of tneir
excreta.

The lead exposure, winile variable, was sufficiently
general in the plant that all the employees that were examined,
regardless of the nature of their wor%’ were subjected to hazardous
eiposure with approximately equal freguency, so far as could be

judged from the observations.

The general lead exposure in the plant decreased in

liarch as compared with Deéember, and again in September as compared.
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parch. +hilg uecrcase weem—peen alttributed te the ircereassd

p-all ventilation inciuent to cnanzing weather condlticns. It

“gmportaint Lo know wnetiier or nob t:iis Ls tue correct explanution,
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d for thes'reascn the plant recoriu/ for tils er
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sloyment, total production, and proportionsl production of beurl:iis

{of hizh leaa content shoulube scrutinized cureiully. It would be

well also Tto look into the local weatiher recpgorts c¢f this period of

-

5?—53 arnd to censier thiem in rcletions to the probaole nurber and

location of open windows sana doore, 1f ventilutlon esvove czn Dro-

vey, one means ol lmprovins corditions Ls obvicusiy avalladlc,
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in
tion of dusts 1s & number of procedures vere so.ewnal lrace-
quate. The men, tueriselves, were ncot sufficlently careful
and t.ere was not such suscrvision 1In matters ol safevy as
would be desired. It 1s believed that there wus a signilli-
cant amount of unnecessary exyosure on this account.

The mean frequency of stippling ol the erytirocytes

ol the gzroup of workmen as & wiocle decreasca sharply anu

sisnificuntly, during the perlod of the study, as the lead
exposure of the groud decreased.  Yhls Tuct wenonsctrates

the usefulnéso of cbscrvaticne on stippling when ell of
the results obtalned in & given perlod are sroudsd and
compeared with correcsoondin: sets o observaivicns. vn the
other hand, tnere wasg 1o correlaticn vetween the level of

leas sbscrption of the indiviauals in thie rrcoup eno tlie

number of stipplced erythroerytes founa in thels blocd ot tihe
same tize., Considerable ceubtlion ls ro.ulrcd, thersicss,
in the interpretution of counts of stiosslesa exyinrocries

facteor of larsge individual veriction.

Certai-: recommendatlons naturally foilow [ron the fucts
stated 1n the foregoing paragrapns,., Others arise out of more zencoul

considereticons, oome are ollered in the full kmowiedse Utuael thie meuns
of carrying triem out 1s not lmmediately &t hanc. 411 ol tuaem are
believed to be worthy of careful consideration to the end tnsat
practicable and servicable steps may be taken to elimincte the lead

nazards in this plant. There are two general methous of approach

prob £ elininatins these hazards., The cne depends upon
to the problem of ellrnl =
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the applicaitlon of seneral ventilstion to such un extent thatv the
lead content of the alr bre.tncd by the workmen ls recduced and maoln-

ta; ed below the denger polnt. The other 1s concerned with the

. . . P} -

recognition of tne specific points of orizin ol the hazaras and with
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their source., The lattor 1s the vetter metnod
if it is practicable., It secms probable that scme combinution of the
two will be reguircd., Obviously, it will be necessary to determine
the d=:roe ol success ol auny gtempis whlch are mede to elinminate lead
exvsosure, Several reans of doinz t.ls have been referred to in tils

)

It is strengly recommended that some study of the

pe

ventilating equipment be riwde with specizl reference to the

removal of fumes at tuslir point of origin, The amcunt c¢f

s e o : Coyate § - - -t a T e mite A - e me . e
movemeny 01 &Ll necessury Lo uo t L8 LS niucn oLefg Loigrnn Lo

reg.lred to dilute tie fumes altor thwlr escape iinte thw
senerzl stmosphere of the pluent. waog vrcblen o providin:
adegucTe newt in ccl. westher will oo purtly solveu by t..ils
means, whereas 1t will be zreatly Incroszseu Ly a jenesal
increacss in ventilatlione The difficulty cf accomplicning
this purpose arises from tne mobile nuture ¢ T:ne sources

of fume. It woulc seer that the lojical way of usaling with

tale, if feasible, would be to localize the hanciing of

wolten metal, applying the ventillation at tils polioc, anu

- T e PN ~ 4 4- ~

to nicve Lhe mulds to thie rnclt mevul., 47 Ligo cenrnol b
e ~ -~ " - I - el - T4 3 - o . A

done, sven in part, under presont conditlons ol wrizency,

it would be feasible ir all probabllity to iuprove the
. . MZM’:- .
local ventilatlon emst== the douring operatiocns.
rurtiasr lmprovements In the ventllation misht well

consist in sttempts to avold dead air pocie
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of inadegquate ventlilation. Adequute balancings of Irput

of alr at proper points against exhuust ventilutiorn woulg

~ be cesirable,
.;.&,!.e.{f anl E&t alde !
Wi }solation of certain aresas of the?lant in which non-hazar-
dous operati@ s are carried out is probably desirable and may cone
to be entirely necessary. This could be accomplished in large mea-

sure by localizing the more hazardous areas and applying ventiletion

to them, while at the same time maintinaing good housekeeping and in-

telligent avoldance of unnecessary exposure among tne men in tire
relatively unexposecd areas. There 1s no need for the molders, for

example, to be exposed to leud fumes or to significunt quantlties of

dust. +f the over-all lesd exposuriﬂ were insi;nificant this would

be of little importance, Under present conaitiocns it iIs & hishly

e

» . . LI T e e I S, . PR, oo E & - apm T s * . L e . - -
important anter, Te A7 thors de yo o sssvecgilion Ve BT TR v e

[ )

men out of

e

rocsed persons, there is no p:ssibility of transferrin

-~
(5]

dengerous arezs into either short or long periods,

liocreover, the medical care and supervision required by the men who

rieed not be expose;? could be greatly reduced, thereby. freeing time

and facilities ?orithe men whose exposure is difficult to control,
Supervision of &ll the operations in the plan? from the

point of view of s afety 1s definitely needed. It is conceivable

thet thelcan be done bv opneratins surervisors, if the latter are
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sufficiently interested or capable of

in the meintenance of salety coincident with or in spite of the re-

-

quirements of production s chedules., S ———: Detalled supervision

of the men is necessary to prevent acts of carelessness on their part,

to maintain cleanliness in hcusekeeping and to sec
carried out by methods that do not dissem:

the minutiae of procedures is nece

and significance of lead exposure i1s an absolute regulrement in such

supervision, Perﬁa's? a trained safety englnecr, properly fitted iute

the hygzienlc and medlecal organizetion of the plunt would be re_uviraod,

but In any case the person or persons responsible for hygienic matters

must be completely versed in all the activities of the plant and must

be in continuous touch with any and all changes in production and
with all opersations which influence lead eXpcsure 1in any manner.

The removel of fumes from the plant invo;ves their distri-
bution into the outside atmosphere, The extent to which these fumes
viecinity of the

return intc the bullding, or settle in the lrmediste

plant is of some consequence. The deposition of lead compounds on sur-

rounding surfaces from which they may be swept into the plant by winds

and other air currents may c reste an additional factor of exposure



in the plant. The re-entry of fumes into the plant throurh open windo

or doors, under suitable conditions of wind ana weather may also be
a fector. TFurthermore, the lead exposure of persons who live in the

vicinity of the pluant merits some consiaeration/especially in the

I

case of chlldren who may swallow apprgﬁcéble guantities of lead de-
rived from dust laden surfaces with which their hands are in fre-
guent and intimate contact. (Children sometires lick or chew window

sills and sizlilar surfaces, and a number of cases of lead polsoning

. ) . . ) . . Caus Gt
in children have developed in tiis nunner, cnleily)or T o

swallowing dislodged paint.) VConsiderins the rinely divided charac—

ter of the fumes, 1t is unlikely that there 1s any d anger of tihis

type, but irformetion on this point would serve to establish

0

vhich may turn out to be very useful. If there 1s actual dans

]

=3 &
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from this source either in the pilent or in the neizhborhocd, adeguate
Ceun ec) !’»J‘»‘:‘rv-x.ﬁ'r N
means of handaling the problem SRe—aroTIthie.
"It is recommended that observations be carried out regu-

larly whereby the severity of the lesd exposure can bz follewed. <he

clinicel duta needed to maintain an awereness of the condition of
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the men must be obtalned. In any period in which there is reason

to believe that the exposure is increasing or has been increased above



the usual level, the men shoulcd be exemined more freguently and more

eritically. 4if dependence 1is to be put on the results of the exami-

é

nation of blood filmsq for the recognition of changes in lead exsosure

among zroups of perscns, such films should be made and examined at

intervals which are frecuent enoush to reveal the trends promptly. IF
they are emplqyed to detect changes in the status of an individual work
nan, they should be repeated frejuently wlhenever uny signiilcuant in-
crease occurs in a maﬁ, so as to establish the trend in hils csse as
promptly as possible,

1t woula be useful to be able to check the leal excretion
of persons suspected of having prodromal symptoms of lead Intoxication
or of persons thourht to be undgly expo;ed in thelr work, 1IT 1s not
feasible to analyse samples of blcod or urine in any lsboratory which
is situated within or near a plant in which lead compounus are han-

dled, unless the lead compounds can be excluded from the laboratoery

P anni

pmantitetively., This sesns exceedingly eificlent filtraticn ol the

T , T
\lr of the laboratory, and the exclusion of dust§4on the person or

:lothing &f individuels. On the whole the Gifficulty of accomplishing

‘hese results renders impractical the establishment of an analytical




rying out such analyses elsewnere nmight well be provided, and it
would be especially advantageous if a group of industries were to
sponsor a locsal léboratory so eguipped and manned as to provide un-
questionably accurate results, The advantages to the plant physi-
o

cians in having an avail%;yé source of such information would be
great indeed. It 1s pot to be supposed that such a laborstory will
prevent iead poisbning if the conditicns of exposure are hazardous,
The only femedy for thst condition is the elinination of exposurs,

and 1f the latter can be done, expenditures for analytical facilitie

6]

are prcbably unjustified., It 1s possible, however, to recoznize

dengerocus lead exposure in advance of its worst effects, and to

differentiate prodromal plumblism from a variety of other

(SN
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If lead hazards among workmen are unavoidalte for a tire for any one

of severzsl reasons which may be operative, it Is hizghly advisable to

'
i

have available the mostprecise means for the early diaznosis of lead

poisoning.,
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