


N

DBURTING BRASS AND’ERO&%E COMPARY
Toledo, Ohic

A Study of the Lead Exposure Agsoclated with the
Operation of & Plent Engaged 1n the Manufacture of
Bearings of High Lead Ccontent.

by

The Ketlering Iaboratory of ﬁppliad»ﬁhysiolcgy
| in the
University of Cincimnati
Cincimnati, Chioc.
Robert A. Eehee, H. D;, Dirvector.

s



¢c000000

Introductory Comment on the stuﬂg'of Occupational Lead Exposure

In veiw of the f&ét that the'general methods of plant study
employed by the Ketteving laboratory of Applied Physiology differ |
somewhat from those used generally in industrisl surveys, 1t ﬁay be
of séme Interest to refepr to the avallable methods and to point out
some of the advantages and disadvantages in their use.

(1) A single cvritical inspection of operating conditlons
in a plant; made by an experianced person, will provide & genceral
idea of the opportunitics for lead exposure and some knovledge of
the location of the greatest hazards. Periodic inspections of this
type will prove to be more useful ﬁhah one, for obvious reasons, and
moreover they are a useful adjunct to any other method of study and
control. | | '

(2} A asingle elinlcal survéy of groups of workmen repre=
sentative of various occupational activities in the plant vill de-
fine the general levels of lééd exposuye in‘terms,of/clinical cvie
dencea of lead abzorption and will tend to reveal tha most hagzerdous
types of employment s , '

(3} Maintained medical supervision, with periodic examina-
tions of all employees and vith 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 hy=
glenic significance of plant a@n&itiuns a8 no other method can do,

and if the information so obtained 1s combined with detailed knowledge
of plant prace&ureg,‘including tne changes 1n equipment and piant PrECe
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tice, a clear ccmyésita pleture of the hygienlc situation can be

. obtained. All methods of evaluating the hyglenic significance of

lead exposure depend upon sound eliniqal data. Indeed the belief

is well entrenched in the medical as well as the nonemedical mind

that individual susceptibllity to lsad intoxication ls extremely
variaélevand that even the smallest quantities of absorbed lead may,

in time, resulb in lead poisoning in certain persons, while certain
other peprsons may receive no injury from massive dosages. The come
plete acceptance of such a polnt of view, {(vhich in our judgmeht is
erroneous }, implies that there is llttle or no value in any type of
megsurement of the quantity of lead absorbed or potentially available
for absorption on the part of worlmen. So long as such an opinion is
applied with even partial eoffeoctivensss in medico-legal and trade~
union phases of industrial practice, business management cannct afe=
ford to operate plants associated with any of the lead trades with=

out competent and adequate medical service. Fortunately, evidence has
accumleted to demonstrate the exlstence of a relationship between
quantity of 1e&é aba0rptian and the occurrence of lead intoxication.
Varicus expressions have been given to this relatianahip, and 1t cone
not be sald that there is complete agreement among authorities as to
the safe limits of ocoupationsl lead absorption. HNevertheless, it

1s nov fairly geperally accepted that there is a limit of leed expo- | °
suyeo above vhich the &ang@r of lead polaoning becomes progressively |
greater among & plant population, and belaw.ﬁhieh cases of poisoning |
will eithoer not occur &t all or will be of an essentislly harmless
type. Thus it becomes feasible to estimate the significance of lgadf;~
exposure in gquantitative terms.
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(4) The lead exposure associated with an occupation
may be estimated by the anslyslis of alr
sentative parts of the tuilding or area in vhich the work is done.

amples taken from reprew

Obviously the use of this method involves certalin assumptions; -
(1) that the irhalation of lead compounds constitutes the only
important source of lead absorpticn on the part of the plant popue
lation; (2) that the lead compounds or particles found in ailr sam-
ples may be breathed in and retained within the lung to a more or
lesé uniform extent by the vorkmen in the area. Varicus technlcal
procedures have beon &mplayeﬁ 0 increase the proactlcal reliablility
cf;this method. Fraquanﬁ sam?&ing over prolonged perlods tenda to
reﬁucé samnplilg errors . The manner of preparing s&mplgs for ange
lysis also tends to exclude partlcles of lead compound; vwhich bee-
cause of thelir size are incapable of inhalatlon or of retention in
the lung. Moreover the greater practical significance of inhaled
lead in comparison with ingeateﬁ.lead has been well demonstrated by
experience &ﬁd experiment, and 1s novw almost universally recognized.
On the other hand; lead polsoning can and does occur through inggge
tion of lead ocompounds, and unless precautionary measures are effece
tively taken agalinst e&reléaaness and uncleanly habits on the part
of workmen, ingestion can occur to such an extent as to void CONw
clusions arrived at by the analysis of air samples.

 With certain reservations required by the preceding cone
slderations, it way be said that 1f the concentration of respirable
lead co&ﬁounds in the atmosphere cf_plant'woﬁk-rocma iz generally

kept below the level of 1.5 mg. Pb per 10 cu.m. of air, and is per-
l
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mitted to exceed such & level for only fleeting pericds of tinme,
cases of plumbism in the plant population will rarely,s if ever, oc=
cur . A
(5) It has been shown that the magnitude of the lead ex=

posure in a plant can be determined by the study of the lead content
of the eﬁeret& of the employees. Briefly stated, the lead content
of a single evacuation of the feces of a workman serves to show the
magnitude of his lead exposure for the period of twenty-four to
seventy-twe hours previous to the callection of the sample. A large
proportion of all inhaled lead ls collected In the nosse and pharynx
and eventuaslly reaches the slimentary tract, through which it ?asses‘
in 1arge‘mﬁ&&ﬁr&>ﬂn&bscrbed. It becomes, thereby, an ﬁndie&ter of

a mants gross lead intake for the pariaé represented by the feces
accumulated in_the lower bovwel « a pe?icd wvhich experience has shown
.to he approximately tventy-four hours in average normal persons. .The
concentration of leed in a large sample of urine (collected over a
perlod of forty-elght or seventy-two hours) varles with the rate of
daily lead absorption and with the lead content of the body. Therew
fore, 1t discloses the ganeral'magnituﬁe of the lead absorption over
s considerable perlcd of time. |

More recently, it has been found that analyses of the bload

Xy
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of exposed persons will also reveal the general magnitude of their ;

lead absorption and exposure. The changes ln the lead concentration
of bleod are not so rapid in their ocourrence nor so nroportionately
great as ﬁh@se'in thé urine, in vesponse to lead absorption, and,
%herefgre. blood analyses are not so sensitlve a means of detéctiqg

lead exposure. Such analyses, however, are useful in the study of
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industrial workmen for a number of practical reasons which need
not be diséusseﬁ here. |

The correlation of analytical data of the above types vith
the observed conditions in industrial plants, and with the clinical
findings in plant employees, has established & basis for the dife-
ferentiation of safe from dangerous occupational lead exposure in
practical terms. Attenition should be called here to ﬁhe 6etailed
data of our various studies of the lead excretion of normal peréons
and of workmen in various lsad trades. These data demonstrate cleare
1y that above a certain level of lead exposure, as ecxpressed by the
rate of leed excretion of representative grdups of wrkmen, the oce-
currence of lead intoxicatlon is progressively more frequent as the
occupational exposure Increases in magnitude. They aléo show quite
concluslvely that no cases of lead intoxlcation occur below a cerw

tain level of lead intake and absorption. The precise point - (if

it be & point) - of the critieal differentiation of non<hazardous

and hagardous expogure,s in these terms, is not sharply defined at

present, but a ranga of values can be set up on the basis of present
information with every assurance thét they are substantially correct
for all practical purposes. Reference to those ranges will be made

subsequeﬂtly,

The Technique and Scope of the Present Investigation

A preliminary inspection of the plant - a brass foundry -

vas made, on the basis of which a small group of employees vas gew

lected for study from what appeared to be the commonest and most

|
hazardous cccupations. Subjects with the longest records of cone
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tinuous employment, and with the greatest expectation of continued
employment, were chosen, the final choilce having been made by the

physician in charge of the plant, on the basis of his records and

his detailed kneowledpge ofrthe occcupational and personal history of
the employees-.

The large proportions of the wvorkmen were employed in one
large room, = i.0. the main part of the plant -, in vhich a varied
group of molding operations were carried out. These operations will
not be described in deteil. Suffilce it to say that they were of the
type that are common to such plants and that some of them invelved
little or no necessary exposure to lead. This fact, hovever, is
gqulte unimportant, in relation o the actual lead expoaufe, since
the handling of molten metal of high lead content in one part of
this room resulted in the contamination of the air in all parts of

the room. A considerable degree of conitrol of the fimes was accome

plished by means of general andlocally applled ventilation. Howe
ever,fén:acecunﬁ of the mechanical Gifficultlies of fume removal from
rapidly moving pots or ladles, the chief effect of the ventilation
was to dilute the leasd fumes extensively but not uniformly in the
large room. As a4 consequence of this condition, 1t wasnot poasidle
to differentiate degrees of severity of exposure with any assurance
of accurscy. Furﬁha? discussion of this problem will develop later,
It is mentioned here dnly to show that the general lead exposure of
the plant had to be studled not so much in relatlion to specific occuw
pations, but rather in relatlion to the volume of lead vapors and
fumes, and thelr dissemination through the plant.

A 1arga smount of molten metal; much of 1t of high lecad

I |



quiry established the fact that there were seasonal variastions in
the productivity of the plant. Such variations would result in
considerable change in the quantity of lead ﬁapors and fumes .
There were &8lso irregular variations in the proportion of high lead
bearings in the plant produeﬁionﬁ These factors could be expected
to influence greatly the severity of the lead exposure of the men
vorking in the large room of the foundry. In additicn the general
ventilation of the plant was subject to change durdng the varm
nmonths of the year vhen doors and windows could be opened. This
factor caulﬁ.hardlﬁ be expected to operaﬁe with strict uniformity
In reducing the 1éaé expcsure,~in that some persons would be benee
figted more than others. The overall effect,; however, would be to
- dflute the lead concentration in the air of the plant.s“ﬂo attempt
nas beon made in this report to assemble the data on production as
a whole or with reference to bearings of high lead content. It
-would be interesting to correlate these dats, if avallable, with
the results obtained. MNoreover, the information ﬁith respect to the
number of persons employed in the different parts of the plant has
not been obtained for thls report. Finally, there are'no data on
the seasonal changes in ventilation. Direct information as to the
influaﬁae of these changes upon the mean concentration of lead in
the alr of the plant, would be of considerable lnterest in view of
the indireet evidence of decreased exposure on the part of the men
as revealed by the analytlceal data given in a later part of the>re-
port. |

Twenty employees vwere selected for study over a period of
time, and several others vwere included in the observations before

their completion. Samples of feces and urine vere obtalined in Decemw

wird
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ber of 1936, end in May and Septenber of 1937, by methods which
experieonce had shown to be satisfactory. Blood £1lms from these .
men vere studled at regular intervals for the determination of the
numbers of stiyp&e& exythrocytes. &déitiénal blood films were oObe
tained for counts of the reticulocytes and for certain speclal obe
seprvations on the leucocytss. o useful relevant information was
obtained f'rom the reticuloeyte counts or the examination of tho
leucoceytes, and no further mentlion will be made of them.

The composition of the group of zelected workmen with rew
spect to ege is shown in Table 1. It may be seen that a wide range
is covered, although the total number of the group 4id not provide
adéquate ropresentation of various age groups. For this reason the
clinieal effaats of lend absorption upon the occurrenc; and develop=
ment of the degenerative diseases of the middle and later years of

11%e, g8 well as upon dizabilities in the earller years, could not be

“studied here., Previous obmervations have shown that age dees not

influence lead excretion meterielly, and, therefors, thers is no reaw
son to doubt that the analytical data are valid as an indication of
the overall lead exposure of the group. This small group is not
necessarlly representative of the age dlstribution of the workmen in
thé plant, but Table 1 showa that no age group within theperiod between
carly adult life and early old age is lacking in the plant population.
- Table 2, i vhich the subjects are grouped according to the
duration of thelir continuous exposure in the plant, mevely shows that
the group has been well selected in that regard. It should be possi-
ble to detemmine whether or not time lsz an imporitant factor in the
lead exposure and absorption of such & group unless there should be

too smach variation in exposure among them because of diversity of

§
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occupation. The effect of the latter is open to doubt for reasons
pointed out above.

Table 3 presents the facts with reforence to the type of
employment represented in the selected group, glving also the durae
tion of employment of the representatives of cach occupation. The
molders alone are auffisi%nz in number to be adequately representa-
- tive of thelir group.

In April of 1937, fellowing the winter period of maximm
lead exposure, twenty two workmen were examined. Each person in the
group was subjected to detailled questioning. Ivery offort was made
to gain his confidence and to induce him to talk freely &bauz any
ailment, illness, or Injury which, in his wmind, might have been due
to occupaticnal conditions in the past, opr might arise from present
conditions. Leading questions were avoided at fiﬁat so as . not to
- color the employee's remponse, bubt were employed subsequently with
respoct to specific symptoms. Information as to past and present
conditions in the plant, the attitude of other workmen toward the
potential hazards of thils work, and the extent of the laber turne
over because of illness oy dlssatisfaction, was sought disereetly
from & pumber of the older employess. These men appeared to re-
spond with complete frankness, and gave useful statements of fact
and opinion.

A careful physical examinatlon was carried aut,vin the
course of vwhich & special effort was made to observe and record any

o |

symptoms and signg of lead absorption. Thus, special care was
given to the examination of the gums, and to nervous and neuroe
muscular reactlons. 4 complete microscopic examination of the

blocd of each man was carried out at the time, and a fresh sample
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of urine was examined for rsaction, the presence or absence of ale
bumin and sugar, and for sediments.

The ¢llinicel data were studied carefully, both as to in-
dividual persons and for the group as & whole; and in so far as it
was useful or feasible to do so, they were examiﬁed by statistical

HNeans «

The Regults of the Investigation

The initlsl Inspectlon of the plaent 1ndicat§d that the
opportunlties for cxposure to lead fumes and vapors vere widee
spread. It was difficult, hovever, to make an even reasonably ine
telligent estimate of thé severlty of this exposure. Lead fumes,

manifestly, were given off from the pots while in transit to the

molds, and during the pouring, but there was co nmch smoke in the
main founéfy'?cﬁé that one could not judge the degree of contaminge
tion of the air with wmeial fumes. The ventlilation, large in volume,
vag designed, so fay as possible, to remove the fumes from furnaces
and péta; but 1t was not entlrely successful, and for reasons that
were quite apperent. Lead«hesaring dusts were slso distributed into
the air at various pointe, and even the metalewashing process, which
could have been free of dust, ves not entirely so, by reasson of some
laxity in the handling of the materisl. Housekeeplng, in foundries,.
is a difficult problem, at best. One felt that vhile this source of

load exposure had not been ignored, 1t was not recelving the continual

meticulous attention that 4is required for itas elimination.
' There was little or no scparation of the functicnal ereas
of the plant on the basls of the lead exposures that characterized

aspecific cccupations. This, In gome respects, abt least, was unfore

w5
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tunate, since eertain oceupations could have been freed of lead
exposure through isolation. On the other hand the frank dependence
upon ventllation as the primery mesns of controlling the load hae
zard thﬁcﬁgésuﬁ the plant, indicated the accepitance of responsgi-

bility by the management, and if the ventllatlon were adequate, this

hygienic problem could be regarded as solved to a large extent. If
the ventilation should be inedequats then it would be neeaéaary
oither to muke 1t more alfective or to limit the number of severely
exposed persons by isolating the areas and occupatlons that, in
themselves, vere free of leed hazsrds. OSomething further will be
sald on this subject later. o |

The examination of the small group of workmen revealed
several facts of inportance. Thers was suggestive eviéanea, in
res@unse to questloning, of the exlstenceof dangerous lead exposure.
The conditicns in the plant, ag rvevealed by the men, had been much
vorse with respect to the removal of fumes, prior to the installae
tion of the present ventilating equipment. During that period
"rass chills” had not been uncommon among the workmen. These had
been slinlnated entirely, apparently, by the improved ventilatlon.
On the other hand, there had been cases of lead intoxication before

the ventilation vas provided, as vell as afterward, as Judged by the

description of apparently dharaata?isﬁic gpisodes by certaln worke
men. Apparently,; Guring the period in which the bearings were
zenerally low in lead content, the lead ex@asure vas not very serie
ous. Later, however, vwlth the lncreassed lead content of the bear-
ings; the lead exposure from thig source increased to such a degree
as to be hazardous, in the face of greatly increased ventilation.

However, thore was no noteworthy anxlety among the men concerning

s ]
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finite to the examiner, cannot be lgnored.

their health, and the feeling wvas peneral; that the conditlions in
the plant were not unduly hagardous. A number of the men denied
flatly‘that they had expeorlenced any impai&mant in health or vwelle
belng as a consequence of their work. A fewwere somewhat concerned
about the prevalence of strong ailr curpents that gave rise to common
colds. ﬂ

The vhyslcal signs of leoad absorption, while considerably
less pramiaént than one was led to expect from observation and quosw
tioning, were sufficiently numerous to Justify the conclusion that
the lead exposure vas not being held within entirely safe limits.

Teble % swmardzes the purely clinical evidences of signie
ficant lead abscrption. The significance of some of the items is
open to question, considering the smallness of the group. The free
quancies of ocourrénce of constipation, vague abdominal discomfort,
and polyuria, as complaints, bslong in this category, as vell as
such physical signs as exapggerated reflexes and tremors. The occurs
rence of sixz pversons with pinglval lead line, however, among twentye
two men is highly'gignifieant in %hat this gign, in general, does
not appear except wnder conditions of falrly severe ocxposure. The
degree of extensor wealmess of the forearm is somevhat difficult to
estimate, but two casesn with & degres of vweakness that secemed dew

™y
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Other infoprmation obtained from the cxamination of the
men while of general medical interest, had little or no significance

in relation to occupational lead exposure. However, in viev of the

effects upon the vascular system which have been attributed so

generally and for so long to prolonged lead absorption, 1t seems parwvi-
tinent to examine the data on the bleed pressure of these men in

B 2 o



the systolic and diastolic pressures of the men while seated. Ten

of the group had distinct elevation of the systolic pressure. Of

these ten, five shoved a more or less corresponding degree of ine

crease .in the diastolic pressure, therveby meoriting considevation as

victims of definite and significant vascular change. One of those,

aged 26, had only & moderate degree of hypertension (136/36), and

need not be regarded too seriouvsly. Ancther, aged 35, gave somevwhat

similar findings (138/88). The atﬁe&«s; all in theilr 42nd year, and

having diastolic pressures of 92, 100, and 110 respectively must be

recognized as potentially dangerous cases of hypertensiocn. There

vas one other instance of high diastolic pressure (88), in a man

of 48 years of age, with 8 systolic pressure of 130, t?hese'results

are not sufficient inm number to prove anything with rez;peet, to the

effects of lead absorptlon, but they are suggestive, especlally vhen

it is x*ecegnizeﬁ that there ismt a definite corpelstion between

bleod pressure and age in this group. This, of course, may be due

to the small size of the group. Table 7, in which the data are set

up in four-fold form, shows, by mere lnspection, the complete lack

of such correlation vhen the entire group 1s studled with respect to

age on the cne hand, and systolic or diastollic blood preasure on the

other. Table 15, to which attention will be directed later, also

shows that there 1s no relationship _I?et@een the level of leed ‘&bscrp- B

tion a‘a shown by lead analyses on the urine, and the height of the |

blood pressure. One must withhold any concluslons, therefore, on

this question. Presumably, the dm:a‘ aye too few Lo warrant a Judge

ment . | . | | . L
The results of the clinfcal urinalyses requirs no tabulae |

tion. Aside from an increase in urinery acidity, vhich 1s not une- .
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common among men working vigorously, the only natemi*thy abnormali-
ties coﬁsiateﬁ of the presence of & trace of albumin in two instances.
These werse called to the attention of the plant rhysiclan for furthen:
investigation.

The results of the leoucocyte counbs are shown on Table E.
Only two vere in the ranges commonly regarded &s abnormal, and
these were not of any specific significance. '

Table 9 shows that most of the men examined had some degree
of anemig, and in sixz Instances this could be clasgified as falirly
severe. The significance of this situntion, as to general health,
although not necesparily in -mlzz:aiaa $o lead absorption, is shown
by’ the data on the hemoglobin of the bloed in Table 10. The suggese
tion that leadﬁ“&samtma may well be a factor 13 offered by the
relatively low Incidence of definltely abnormal hemoglobin concenw
tration In the blood. That is To smy,, these were anemlas with a

high hewmoglobln index, & type chavacteristic of anemlas due to load

- absorption, althourh not confined to that condlilon.

Ve come next, in Table 11, to the comsideration of gﬁaté
which are more sp@ﬁifiaally related to lead absorption than those
rreviously deallt with. Horeover; the observations by which they
veore obtained were carried out repsatedly and at different seasons
of the year. It h&é been established that normal healthy persons
with no occupational lead exposure shovw varying mubers of stippled
erythroéytess In thely blood. In our hands, the mean value for such

nersons i1s about & per Lifty fields, with cccasional resulis as high

as 15, and rarely, even larger numbers. The group here under study
vlelded a mean value of slmost ten times the normal in Deceumber, '
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with a gradual fallling off to such an sxtent thst in Séptamber a
number of the workmen showed no stippling and the mean value for
the group approached the normel level. It 1s of considerable prace
tical lmportance to determine whether this change in the blood plce
ture-was assoclated with en actual and more or less corresponding
decrease in the lesd exposure in the plant. Previous observations
have shown that the moan or average levela of stippling of suffie
ciently large groups of persons vary with the severity of the lead
exposure of the group. However, individual responses to lead abe
sorption are highly variable within such groups and certaln unknown
factors unrelated to lea& abserpti&n.and, peyrhaps, seasonsl or
nutriticnal in origin, induce wide fluctuations. If so small a
group as this rescts to cheanges in load exposure to such a stilring
degree, despite the eztensive varlations due to other fagtora, a8
very uscful and relatively simple method of rocognising increases
and decreases in the lead exposure of a plant as:a vhole vould zeem
to be avallable. On this acgount the comparison of these observa-
tiong with the dats on lead excretion is of great intersst.

The analytical findings are grouped in Tables 12, 13, and
14%. It is apparent that the lead in the feces of these men 18 abe
normal &s compared with the mean normal levels of approximsiely 0.33
mg. Pb por sample, &na 0.06 mg. Pb per gram of ash in the feces.
On the whole, however, these rosults are not ass high as might be
expected in viev of the apparent severity of the occcupational lead
exposure as Iindieatod by the clinical observations. The reasons
for this would seem to be that the wmost hazardous exposure in this
plant was to the vapors and fumes of lead, which in their Linely
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divided form would not be entrapped to eny large extent in the
upper resplratory tract. Only & small proportion of such lead
would £ind its way into the allmentary tract. There is, morecver,

- 1ittle evidence of change in the lead exposure and abaérpﬁmn,
. 6ver the mneriod of study, as evidenced by change in the fecal lead

content. There is some slight édiminutlon in the fecal lesd cone
centraticn in March, as compared with December, vhen expressed in
milligrams per gram 0f ash, but in tho statlatical sense it is not
significant, = 1.0., the difference between the mean values is less
then four times lts own probable error.

The mean urinary lead Qam@ntmﬁim of the group shovs a
prégreasive decrease ovey the period of the study. The éifi‘arezice
between December and March is not very striking, and, indesd, from
a statistlical viewpoint it could be a matter of pure chance. The
same is true as bDetween the March and September results. The

.change from December to September, on the other hand, is & signifi-

cant one, statistically, and cven more go physiologleally, since
the decrease in lead concentratlion at such & time 13 opposed to
the normal sa&améi increase, {pased on decreased water output in
the urine during varm weather). Ve may safely conclude, therefore,
that the lead abgsorption of the men decreased definitely in the

pericd preceding the collection of the samples In Septomber as come

vared with the period prior to the sempling in December. Granting
the correctness of this conclusion, 1t seems probable that the trend
throughout the pericd of study was In that directlon, as suggested
by the individual s‘éeps; themeelves insignificant. The absence of
a corresponding trend in the results or the feces 1s not remerksble

r;S
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In view of the sources of fecal lead, and considering the diffi-
culty of obtaining semples that bear a demonstrsble relationship
to alimentapry Sunction. In contrast, the factors which influence
the urinary excretion of lead ave fow in number and fairly well 'de-
fme& as to their effects. The renal lead excretion, therefore, ls
a sensitive means of measuring lead absorption, vhile the lead in
& fecal evacuation is & useful but crude indication of the i)z'evan
lence of lead in the food and the respired alr of an individual
Tor the somewhat indefinite pericd of time reprosented by the same
ple. The decresse in the lead absorption of the group as revealed
by the urinary lead analyses is of twoe-fo0ld practical importance
in this study, - First, because 1t ia associated with a correspon-
ding or oven more stpiling decresse in the frequency oi" ogocurrence
of stlppling anong the men, and second, because the occupational

lead exposure as Indicated by lead excretion was definitely hazare

“dous in December while approsching safe limits in September.

It is spparent that the frequency of occurrence of stippling
in the group is & clear indicabtlon of the relative severity of the
exposure. This fact .ah&uld be taken Into account in considering
the varicus procedures available for checking the lead expo-
sure of the plant. It should not be forgotien, hovever, that the
data of this study do not meke & clear distinction betveen dangerous |
and safe conditlons of exposure in torms of stippling. They suge
gest that vhen the mean value of the stippling of the group of worke
men approaches the value recorded for December in Table 11, the
conditions of ayxpaam?a are unsafs end are likely to produce cases
of lead intoxlecaticn. OCther and more extenslive obaservations Indle
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cate that vhen, ag in this instance, the lead exposure is largely
of one type, the upper limit of safety, as expressed interms of
the mean frequency of stippling of a falrly large group of workmen,
approximates 10 per £ifty fields, with only occasional results iﬁ
excesa of 30 per fifty fiél&a¢ {These values are bagsed upon & prew
cise and uniform technique in pﬁep&ring; staining and examining
blood films. They would be different if the methods vere to be
modified or carried out less uniformly.)

The severity of the lead exposure, gs ghown by the urlnary
lead concentration, can be compared with thet observed in other ln
dustrisl plants in which corresponding obaservations have been made.
Inrour experience cases of lead polsoning elther do not cceur at
all, or are of the mildest type, if the mean urinary lead concene
tration 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 llter or less. Above this lovel severe

and disebling lead intoxicatlon can occur, and doos so with Increae
sing frequency as the mean value increases. The significance of the
observations on this plant is obvicus, therefore, and it is a matter
of partliculay importance thet the severe conditions of exposure
noted in December did not continue throughout the year. This factor,
in all probablilliby, wvas responsible for the noneoccurrence of plume
blsm among the men during the perlod of study. Nevertheless, the
results demonstrate that the exposure was not so controlled at any
time during these observations as to be asctually safe. The method
of control, therefore, should be strengthened &n& lmproved, and the
factors which csused the decresse that was noted should be deter-
mined and auvgmented, if that 1s feasible. In any case, tho veatlilae
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or in quantlity.

An sttempt was made to relate the level of the lead oxe
cretion of individual workmen to their cccupstion. This attempt
was entlrely frultless, and since no such relatiocnshilip could be
established, no tabulation of tho data In the fashion has been
glven. As indlcested previocusly, this was to be expected from the
nature of the plant operations, from the lack of any segregation
of working groups, and from certaein inadequacies in the housekeeping.

Table 15 shows the results of the scarch for 8 CoOrrolos

tion between the goverlty of the lead exposure; as indicated by

the urinsry leoad exervetion of individuals in the group, and (1) the
dubation of the exposure, (2) blood pressure, (3) hemoglobin cone

tent of the blood, and (&) muwbers of erﬁthrncytea in the blood, and
(%) the numbers of stippled erythrosytes in the blood. It should be

noted that there are four entyies undex each palir of rubrics, and

_that these are mubtually oxclusive, constituting thereby, & sowcalled

four«f0ld table. Correlstion in any tvwo itens, whether positive cor

negative, wvould be shown by asymmetyy in the fourefold table, vhereas

 substantislly equel mumbers in the four corners of the table signify

that there is no relationship bestween the itoms. The fact that no
correlation appears in any instance may be dus to the small size of
the group. Regardless of this possibllity, the significance of the

e ]

result 1s quite clear at certain polnts, especially with respect to
stippling. The frequeoncy of stippling of the crythrocytes in the
group as & vhole was foumd to vary at different times in sccordance
with the level of urinery lead excretion. Despite this fact, there
1s no correlation hetween the individual findings on urinary lead
concentration and the corresponding data on stippling, Since the
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urinary lead excretion of an individual is Inowm to be en adow
quate criterion of his lead abmsorption, 'th;é lack of correlation
can be due only to the lack of any precise relationship between
lead abserptian and the sxtent of stinpling in the individuwl
cases In other words, the homotopoletic response of Individuals
to lead absorption is uniform in type, bubt 1s highly variable in
degres. The practical lmportence of thls iz obvious In that an
abscolute standard for & potentially dangerous lovel of stipnling
can hardly be met, except on the beais of 2 flgure low enough to
cover practically ell cages. In considering the individual cane

it* iz the change in the numbers of ﬁﬁim&l&é erythroeytes that is

important, and not the ebsolute number found. In general, axperie

ence has shown that the person vho tends to have large mumbers of
stippled erythroeytes vwhen thevre is 11%tle or no lead exposure is
subject to relatively large lncreasec in otippling In response to
lead exposure.

The lack of corpelation between the weinery lead cone
centration and the length of continuous soployment in the plant
is probably dus to the variablility of the losd cxposure and abe
sorption fron season to scaseon,; from day to dey. and from place
to place in the plant. Theother 1vems indicated in Table 15
necd not be commented on at this ﬁimeg since any attempt to exe

plain them would be speculative in chevacter.
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Summary and Rescmmendations

The discussion of the results vhich has accompanled the

presentation of the data noed 1little amplification. However, it
may be useful to summarize the salient facts &8 8 basls for recome

mendationg.

The lead exposure assoclated with the operation of
this plant during the period of thease observations waé
of an order of magnituée that must Le regarded ag hazépe
dous and capable of producing lesd intoxication. This
conclusion is justified both by clinlcal findings om the
men and by the reauiﬁa of analyées of thelr excreta.

The lead exposure, vhile varieble, vag auffiqiantly
zgeneral in the plant that all the employees thativ@ra

examined, regardless of the nature of thelr work, vere

- subjected to hazardous exposure with approximately equal

frequency; so far as could be Jjudged from the observations.
The general lead exposure in the plaaz decreased in

Hareh as compared with December, and again in September

as compared with March., This decrease 1s attributed to

the increase overeall ventilation ineident to changing

veather conditions. It is important to knovw vhether or

not this 1s the correct explanation, agﬁ for this reason | 4
the plant records for this antirevperiod on employment, Toe-

tal production, and proporticnal production of bearinga of

high lead content should be scrutinized carefully. It

wvould be well also ta lock into the local weather reporta

of this perilod of 1937-38 and to consider them in rolae

tion to the probable number and location of open windows
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and doori. If ventllation alone b&n produce a change of
the magnitude indicated by the results of this survey,
one means of improving conditiocns is obviously available.
In general, the precautions taken ag&inst_ﬁhs dige |
senmination of dusts is a number of procedures were sSomoe
vhat inadequate. The men, themselves,; were not suffi-
ciently careful and there was not such supervision in

matters of safety ss would be desired. It iz believed

that there was a significant amount of unnecessary exposure

on this account.

The mean f?equéney of atiypling of the erythrocytes
of the group of vworkmen as & vhole decroased aha;ply and
slgnificantly, during the period of the study, aé the
lead exposure of the group decreased. This fact demone
strates the usefulness of observations on stippling vhen
all of the resulis obtained in a given period are grouped
and compared with corresponding sets of chservations. On
the other hand, there wag no correlation between the level
of lead absorption of the individuals in the group and the
nunber of stippled erythrocytes found in their blocd at
the same time. Considerable caution ls required, there=
fore, in the interpretation of counts of stippled crythro-
oytes in individuals. Comparison must be made with pree
vious results on the same person, in order to aveld the
important factor of large individusl veriation.

Certain recommendations naturally fellow from the facts

stated in the foregolng paragraphs. Others arise out of more general

anmet Ameratd e . Saanm form AP Comed tv e P31Y moawledoe that the
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neans of carrying them out is not immediately at hand. All of them
are believed to be worthy of careful consideraticon to the 'end {:ha.t
practicable and sepvicable steps may be taken to eiiz::ﬁ.mﬁe the

lead hazaxrds In this plant. There are two general methods of ape
proach to the problem of elminating these hazards. The one dew

vends upon the application of general veniilation to such an eXe

tent thaet the lead content of the alr breathed by the vorimen l1s
reduced and maintained beloy the danger point. The other iz cone
cerned with ihe recognition of the specific pointe of origin of
the hazards and with thelr elinmination at their socurce. The late
ter is the better method, if it iz practicable. It scems probable
that some combination of the two will be vequived. Obviously, it
will De necessary to determine the degroe of success c;f any attempts
vhich are made to eliminote lead exposure. Several means of doing
this have bosn referred fto in this repori.

It s strongly recommended that some study of the

ventilating equipmont be made with speciel reference to

the removal of fumes at thelr point of origin. The amount

of movenent of alr necesaary %o do this is much loss than
that reguired to dilute the fumos after their cwscape into
the general abmosphere of the plant. The problem of pro-
viding adeguate heat in cold weether vwill be partly
solved by this means, vherecas 1t will be greatly increased
by & general increase in ventilation. The difficulty of
sccomplishing this purpose aprises from the nobile nature
of the sourees of Pume. It would geem that the logical
way of dealing with this, if foasible, would be to low
cglize the handlilng of molten metal, spplying the ventie
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lation at thies point, and to move the molds *aa the

molten metal. IZ thig cannodt bg done; even in part, under

present condlitions of urgency. it would He fesslble in
all probability to imppove the local ventilatlion at the
sltes of the pourdng operations.

Further improvementz in the ventilation might well
gonsist in attempts to aveld dead air pockets and pointa
of inadeguate ventilatlon,. Adequate balsncing of input
of elr at proper pointe against exhaust ventilationm would
be desirable.

Isolation of certain aveas of theplant ia which
nen-hazerdous operations ere carried vut is gm*c‘m‘bly dgw
sivablice and moy come to be entlirely necessery. This
coulé Yo aceompiizhed in lorge measure by localizing the
pore hazardons areas and apnlying ventllaticon to them,
while ab% the same time maintsining good housckeoping and

intelliipent avoldance of wmecousayy cxXpoguvro aumong the
men In il relatively uwexposed aress. There 1o ne noed
for the molders, for exanple, L¢ be eposed to lead fumes
or Lo significant quantities of cdust. I tho overwall
jend exposure vere Insigniflicant this would be of little
Importance. Under pmassﬁis conditions 1% is & Righly ime
portant mabter, for if there 13 no segregation of relss
tively m@'zpsgaﬁ persong , there ls no posaibllity of
transferring men out of Congevous aress into safe ones
foyr elither chort or long periods. Horoover, thoe medical
care and supervision required by the men vho noed not bve
exnoged could be greatly roduced: thereby frecing time .
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Supewrvision of all the operations In the plant from
the point of view of safety is definitely nooded. It s
concelivabie that this can be done by oporating supervisors,
if the latter are suificiently interested or capable of
having thelr interest aroused in the maintensnce of
safety colncident with or in splte of the requirenonis
of production schedules. Detalled supcrvlsion of the |
ren 1s necessary to prevent acts of carelesszpess on thelr
part, to maintain cleandiness in housekoeping =nd %0 ced
that cleaning is carried out by methods that do not dise
seminate dust. Training in the minutiae of procedures
is necessary, ané education in the sources and signifi-
cance of lead exposure 1s an absolutec rsgqulrument in
such supervision. FPerhaps & tréeined ssioty mgfr.mera
properly fitted into the hygienic and medicsl organiste
tion of the plant would bé'iiwai?ed, but iy any case the
person or persons responsible for hygilenic patters wuatb
be completely versed in all the aetivities oltho plant
and must e in continucus touch with any and all changes
in pmduatian and witn all operations which influsnce
lead exposure in any mapnep.

The romoval of fumes feom s plent involves thelir
diatxvibutién into the ocutslde atmosphere. The axtent to
which thege fumes reburn inio the b;:.ilding; or settle
in the lmmediate vielnity of tue plant iz of some consee
quence. The deposition of lecd compounds on surrounding

surfaces from which they may be swept into the plant by
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winds and other air currents may create an additional
factor of expcma in the plant. 7The re-entry of fumes
into the plant through cisen windows or Aoors, uwnder sule
table conditions of vwind and weather may also be a ’fa.e:_:-
tor. PFurthermore, the lead exposure of persons who live
in the vicinlty of the plant merits some consideration,
especially in the case of children who may svallow appreclae
ble quantities of lead derived from dust laden surfaces
with which thely hands are in froquent and Iintimate cone
tact. (Children sometimes liclk or chev window sills and
similay supfaces, and a nupber of cases of lead poisoning
in childred have developed in this mamner, chiefly, of
gourse, from swallowing dislodged paint.) Considering the
finely dlvided character of the fumes, it is ‘unlikely that
there is any danger of this {ype, but information on this
point would seprve to astabiishjactamiohfmay turn out
to be very useful. If there is actual danger from this
source either In the plant or In the neighborhood, ade=
quate means of handling the problem can be provided.

It is reccomended that observations be carried out
regulerly vhereby the severityof the lead exposure can
be followed, The clinical data needed to maintain an

awareness of the conditlon of the men must be obtained.

In any perlod In which there is vreason to believe that

the exposure is increasing or has been increased above

. the usual level, the men should be examined more frequently

and more criticslly. If dependence is to be put on the re-
sults of the ezamination of bldod £1lms for the recognition

ol o o o N W o . ]



of changes In lead exposure among groups of persons, such

£1lms should be made and cxamined at intervals which are froe

quent enocugh to reveal the trends promptly, If they are
employed to detect changes in the status of an indle |
vidual workmsn, they should be repeated frequently vhene
ever<any slgnificant increase occurs in a man, so as to
establish the trend in hls case as promptly aé posaible.
It vould be useful to be able to check the lead
excretion of perscnsg suspecied of having prodromal sympe
toms of lead intoxleation or bf persons thought to be une
duly exposed in their work. It is not foasible to analyse
samples of bleood or urine in any laboratory vwhich is
situated within or nesy & plant in Whi&h le&& compounds
are handled, unless the lead compounds can be excluded
from the laboratory quantitatlively. This requires exe-
ceedingly efficient filtration of the air of the labora=
tory, and the exclusion of dusts earried on the psreson or
clothing of individuals. On the vhole the difficulty of
accémpliahiug these results renders lmpractical the ege
tablishment of an analytical laboratory of this type in an
industrial plant. Facilitlies for carrying out such ange
1yses.éls$#hera might well be provided, and 1t would be
especially advantageous if a group of industries were
to sponsor & local laborstory so equipped and manned &3
to provide unquestionebly accurate results. The advane
tages to tﬁe plant physicians in having an avallable
source of such information would be great indeed. It is

not to be supposed that such a laboratory will prevent



lead poisoning if the conditlions of expogure are hazare
dous. The only remedy for that condition ls the eliminge
tion of emposure, and if the latter can be done, expen-
ditures for analytiaal faeilities are probably unjustie
fied. It 1s possible; however, L0 recognize dangerous
lead éxpnsura in sdvance of its woret effaéts, and to
differentiate prodromal plumblism from & varlety of cther
illnesses. If lead hazards among workmen are unavoldable
for a time for any one of seveﬁal resgons which may be
operative, it is highly advisable to have available the

most precise means for the early diagposis of lead
polaoning.

e
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. . fPable 1
Distribution of Vorkmen According to Age

Age in Yeuys Humber of Persons
20 - 24 4
25 = 29 . | 2
20 - 3
35 = 3 3 -
40 = 44 B 1
55 - 49 2
50 « 54
Total 32[
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Table 2

Distribution of Worloen

According to Duration of Continucus Exposure

Period of Exposure

Tumber of Fersons

in Years
12 10
3 b \
5 - 6 2 )
7 & 5
9« 10 1
il - 12
13 « 14 3
15 « 16 1

W]
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TABLE 5

DISTRIBUTION O VOREMER

ACCORDING TO PRESENT OCCUPATION IN PLART

PRESENT GCCUPATION
Holders
"Shaking Cut” laborers

Handlers of Holten Metal
Furnace Chargers

Furnace Repairmsn
Coremakey

Foreman

Trucker

Sand Machine Upersator
Millwright {General Reapir)
Metal Washer |

Qutside Isbvoree

IUMBER OF PERBCHS

YEARS IN PLANT

7

2]

L2

I S I S = = B ™ I "N NU O

1y 2,

5, Ts 14, 1k, 15
2, T

1, 6

1, 2, 2

[
- o = ™

Lo W o W



Table &
Clinical Data Indleative of Lead Absorpiion

Among Workmen

Complaint or FPhyslical Slcn Tumber of Perscns with
o womplaine or oign

History of previcus episodes of
Plumbism 4 defintte 2 guestionable
History of preseni constipaticon &

o~

Occagional ebdomingl discomfort 1

Polyuria 1 definite 1 gquestionable
Lead line 6 definite 2 duestioneble
Tremon 8

Palloy 6
Extensor vealness of forecarn 2
Exaggerated reflioxes 2
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‘fable 5
Distribution of Workmen

According to Systollc Blood Pressure

Systolic Blood Pressure - Humber of Porsons
in . Hg. |
110 = 119 2
120 5 i
130 10
Y

140

i
o
0t

Total 22

3

!
L2
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Table 7

Ravlationahip of Blood Pressurs to Age

Systelic Biocd Pressure Diastolie Blood Pressure

Above 134  Below L=k Above T4 Bolew 74
Above R0 years of Age 5 T 7 5
Below 40 years of Age 5 5 5 = y

a2 S PN M PN PN s £
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Tablas 8
Distpribution of Worlmen

Ascording Yo Leucoceyie Comnt

Leucocyies per Rumber of Persons
Cle Ils . ~
3,000 - 3,099 1
i 4,000 2
5,000 6
6,000 3 .
7 4000 3
8,000 5
9,000
10,000
11,000 = 11,999 2
Total 22



Table ©
Distribution of VWorkmen
According to Erythrocyte Count

Erythrocytes in thousands
VT _CU. Il ‘

Fumber of Perasons

55850 = 3,499
3,500
29750
4,000
by250
4,500
hs750
5,000 « 5,249

Total

Wk R~ D

i’
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Table 10
Distribution of Workmen
According to Hemoglobin of Blood

ﬁezggg;g?égn{éontent I’hmbe? of Persons
65 = 69 2
70 5
75 > -
80 >
85 5
S0 3
g5 « 100 1
Total | a2a
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Table 12

} Distribution of ¥Workmen

According to Lead 1n Samples of Fecos

Mgs. Pb per

Humber

of Persons

Sample Degember Naren Jeptember %
0 0.29 9 10 19
0.30 4 5 15
0.60 7 % 3 13
0.90 1 2 -3
1.20 1 1
1.50 1 1
1.80 1 1
2,10 1 1
2.40
2,70 « 2,99 1 1
Potal 14 21 20 s
Hoanopd orrar 0% 40 a0 w0 N
Standard Deviation +0.18 $0,53

foa f0.55 .\
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Table 13
Distribution of Workmen
According to Lead per Gram of Ash of Feces

Mgs. Pb per Humber o f Percons
Gram of Ash December marcn September ALl
0 = (1,049 1 1
0.05 1 5 L 30
010 2 6 5 13
0.15 6 1 4 .o
020 i & 5 12
0.25 1 1l 2
0e30 1 2
0325 2 1 =
0.40° 1 1
Total 14 21 20 55 )
Mean and error 40-22 40416 4917 4018
Zo.02 ¥o.01 3o.m1 0,01
Standera Deviation £0.10 0.09 30,07 ~ %0.09 K
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Table 15

The Relationship of the Urinary Lead Concentration
to Bleod Pressure, Hemoglobin Content of Blood,
Fumbers of Erythrocytes and Stippled Erythrocytes,
and the Duration of Occupational Lead &:pssure

Lead Conecentration Years of - Systolie Diastolic Hemoglot;m Erythx
In U¥ine ' Exposure Pressure Pronsuro {Ferceny ) {‘_Tjncuﬁl

Abvove Belew Above Below Above Below Above Beloy Above [
Z-T3 DECDE TR CH0 r s EEW

Above 0.18 mg. per 6 5 6 5 & 5 6 5 3
Liter
Below 0.18 mg. per 6 5 4 7 7 & 6 B 2

Iiter



