Comments Concerning,
AIR QUALITY CRITERIA FOR LEAD

Second Draft

CHAPTER I
INTRODUCTION

Line 2 of the Introduction contains the word "lethal” to characterize the
toxic properties of lead, presumably for man, Since the '"lethal' effect is indeed
rare, 1n relation to air-horne lead, except in the case of herbivorous animals, whose
forage has been contaminated seriously by the "fall-out” of lead emitted from near by
smelters, especially secondary smelters, or other industrial establishments in which
lead is melted, refined or alloyed*, this is an unfortunate, if simply ill chosen,
expression, It might be suspected that, for reasons other than lack of experience or
knowledge, the choice was made of an expression which would convey the direst possible
connotations of the anticipated effect of the absorption of lead from the ambient -

atmosphere, This matter of verbage, is not, of itself, imﬁgrtanﬂ, except, perhaps,

. / . .
@5 an indicuation of un attitude toward the subject, which should be dealt with in the
/

most sgoberly critical manner, rather than to make use of histrionics, in view of the
available and relevant information,
- Y
“oreover, the next to luast paragraph of the introduction provides little
comrort o those who would look to this document for a sound presentation of the facts
s to the significance of the information®now available concerning the actually and’

potentially harmful effects of the current contamination of the ambient air with lead,.

The process of the 'distillation of information" from the observations and publication:

* The serious problem of lead poisoning in infapcy and childhood, when, because Of'thc
innocent or abnormal behavior of that period, large quantities of lead (usuully in
the form of paint) may be ingested (swallowed), with lethal effects all too often,
is not related to air-borne lead.
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Table 12

Distribu 1on of Workmen Employed in Mixing Tetraethyl Lead with Gasoline
: éocording to Milligrams of Lead per Liter of Urine

Milligrams ié’1927.4 1929 1931 - Composite

of Lead il S '

Per Liter B R : 1 E

of Urine Number{ Percentage| MimberjPercentage}l Number Percentage Number{ Percen

" 0=0.01 2 5.6 2 50 19 u; 3 23 18.

0.02-0.03 L 11,1 10 25,0 L | 30.L 28 23,
0+0L=0.05 11 30.5 8 20.0 . 6 13.0 25 _20.
0¢060,07 9 25.0 8 20,0 2 L3 19 15,
0408=0.09 N 11,1 6 15.0 1 2.2 11 9l
0e10=0,11 k] 8.3 2 D0 5 - Nl
7612=0.13 2 5.6 2 5.0 ? b ] 3.
3.1L~0.15 : 1 2.5 1 2.2 2 L€
JoLb6m04e17 t : 1 2.5 1 2.2 2 1.6
3.18-0.19 L ! 2.8 1 _0.E
).20- .............................. 2* .o 4.3 PR 2)’:‘ 1.6
Totals 26 100.0 110 100.0 16 100.0 122 100.
Mean 0,068 0,066 0,033 06,055
Probable o .

Sv»ror of + _.+. . : + ............. +v L
Veen = 0,00l -wee— - 0,004 — 0,003 = 0,002
Standard’ +f" SRR L ';' C e
Devistion = 0,036 Z 0,037 = 0.03h = 0,039
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Because of the lead intoxication, the previously neglected
luetic ® ndition was permitted to go untreatéd until such a time
as ié.could be inaugurated without risk. The first treatment
(Salvarsan) was given on the seventy-first day in the laboratory.
(Cf. Figure ___ and legend.) No other treatment of any kind was
employed during the ea:ly monthes of the study, since the subject
was in no distress, and since we wished to observe the lead excretion
uninfluenced by any factors of our own making. The diet of the
subject was varied and adequate, and entirely of his own choosing.
Since food was provided out of experimental funds, tre factor of
cost did not influence its quality or quantity.

The amount of lead in the first sample of faeces (1.72 mg.)
falls far short of what it must have been on the day fcllowing the
cessatéon of exposure, The mean figure for the samples of white
lead workers similarly exposed was 7.6 milligrams. Attention is
called to this fact as a reminder that this subject, seen two weeks
after his last workday, could not provide a faecal sample which bore
any evidepée of the exposure of that day. However, the faecal lead
is high.vandris subject to wide fluctuations. Beginning on November
18th, and occurring from time to time until the middle of December,

a new ﬁhenoﬁenon appeared in the faecal excretion, which required
some explanatIBWe™ High results, entirely outside t}% : previowaz range,
and in fﬁét.foutside any reasonahle excretory renge, began to appear,
A survéy of tre diet list revesled a perfect correlation of a meal of
fried or stewed rabbit with these occurrences. In order to avoid
similar results the subject was warned against the inclusion of game
animals of any type in his diet. Such aberrant figureé”promptly
cessed to appear, snd were not seen again except on two occasions,

one in February (4.40 mg.) and one in March (3.00 mg.). These may

' have resulted from an unusual amount of lead arsenate on fruit




ingested on these occasions, but no certain explanation can be given
The other high points in the faecal excretion are the result of the
accumulation of faeces in the alimentary $ract during the periods
of constipation, which were of frequent occurrence. The trend of the
alimentary lead excretion is gradual and unmistakably downward. If
the average asmounts per week are plotted to form a curve, there is
a downward trend over the entire period of thirty-five weeks, with
numerous irregularities corresponding to those which are seen in
the daily graph. At tre end of this time, the faecal excretion
correspon@s approximately to the level of the faecal excretion of
?Ju&hﬁ ’“*{agzma::§2£;g;s. Clearly, it cannot have gone appreciably lower.

!
{

The irregularity of the curve defeats any fine attempts at its in-
terpretation, Nevertheless it is important“£o note that there is
no evidence of a critical break in the level of faecal lead excretion
either at the time of disappearance of symptoms‘(cf. the arrow at
December 10th), or at any other time, Undoubtedly, the lesd content
of the subject's food was a factor in the irregularity of}tre faecal
curve, Despite this disadvantageous factor, it seems to be ; resson=-
able assumption, from the facts, that as the quanti ty of lead in the
tissues diminisled, the excretion of lead in the faeces diminished
2l80.

When thre™mednary excretion ie considered, the results are
yet more striking. The high 1evé1 at the start is maintained with
only a fleeting dip for two weeks, after which it slowly slopes off,
to be elevated again po a remarkable degree by a mere increase in
water intake and elimination. After this period it fzlls to a level
which 1s essentially normal, being slightly raised auring a period
in which lemonade was admin.siereu. 1he 1ncrease i1n this instance

is not definitely higher than wculd be accounted for on the basis

of increased water intake. Again there is no critical point in the

>
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curve, but only a gradual irregular diminution. The period of work
at the end of the observations was not sufficiently energetic to
demonstrate any certain effect, Nor was it carried out with such
uniformity as to establish the negative fact. In fact, it introduce
an undesirable factor into the observetions, from the point of view
of the subject, and to such an extent that relations which had been
mutually cordial and beneficisl became somewhat strained. When
this situation developed the stﬁdy was abruptly terminated, s nce
it could be continued with profit only through the perfect co¥per-
ation of the subject. 3By this time, the subject was in excellent
health except for the irreversible sequelae of a luetic msortitis,
80 far as examination indicated his physicel state,
| The concentration of lead in the blood showed a general
correspondence in its behavior to that of the urinary excretion,
It is particularly noteworthy that during the period of high water
intake the amounts of %ead én the blood were too small to be de-
tected by the methods emplpoyed. This is precisely what would be
expected if the greater lead output in the urine was produced by
the simple leaching out of soluble lead, rather than by an inter=-
ference with the mechanisms of lead distribution in the tissues,
The occurrence of basophilic stippling of the erythrocytes
a—- v
during the study is in strict relationship to the other observa-
tions except that it disappears at a much earlier date than do the
other abnormal findings. It reaches an approximately normal level
at tane time subjective symptoms vanish. From this fact one might
attribute an unwarranted importance to tnhe phebomenon, but in con-
sideration of the frequency of occurrence of high findings in
persons who h;ve no symptoms or signs of intoxication, the signifi-

cance of the drop in this instance must be left to speculation,
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Legend for Figure ___ (Smith)

The daily excretion of lead in the faecesbis plotted on the lower
curve, the cross-hatched portion indiéating the amounts found by anal-
ysis, the solid black representing lead in milligrams per gram of ash,

The daily urinary lead excretion in the amounts = fou;Zj;;bY:
s01id black in the upper curve. The stippled areas refer to the
volume of urine voided.

The topmost solid black areas are set down on the dates on which
50 c.ce blood samples were obtained, The projection of these blocks
pelow the top line, expresses_lead in the blood, in milligrams per
100 c.Cey On the same scale as the urinary lead is plotted,

The number of stippled efythrocytea found in fifty fields of
the daily smears are shown by the dots on the broken line curve., The
zero point of this curve is represented by the continuous straight
line which extends across the lower (faecal) curve,

; At certain points where amounts go beyond the upper limits of
+the curve the amount of the i}qm in question is inserted in numbers,

Any logf samplestare sgﬁéecorded. The absence of records on
other days afé dué to failure of alimentary evacuation,

Days marked Pk at the top of the faecal curve are those on
which the subjegﬁ;iﬁgested fried or stewed rabbit.

The days similarly marked -~ are those on which a ireatment

with salvarsen was adminixtered, in the treatment of previously neg-

lected syphilis.
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The value of the facts displayed in the study of the foregoing
subject in the diagnosis and treatment of leadwpoisoning may be left
for later consideration, For the present, let us deal only with
their significance in the clarification of the factors which influence
the magnitude of lead excretion. It has been shown that lead excre-
tion varies with the extent of daily lead exposure., It may now be
recognized that it also depends upon the amount of lead which has been
absorbed into the tissues., An objection to this conclusion may be
raised to the effect that the subject was not necessarily typical or
normal, in that he had a disease (syphilis) which may have influenced
the resultss That this was not the case is shown by similar observa-
tions on another subject, a young, apparently healthy negro, whose
exposure had been brief but severe,

This subject, years of age, had been employed in a
white lead plant for « Impending unemployment brought‘
him into our hands when we were in search of a suitable subject,

He came to the laboratory directly after a day's work and after a phys-
ical examination he was accepted as satisfactory for our purposes,

The significant items of his physical examination include

T8

Figure ___ shows the results of four months of daily observa-
tions. A number of samples of faeces, and two samples of urine were
108t in the first and second weeks, for a variety of reasons, but

there were no difficulties thereafter. The subject proved to be a

reliable and coBperative participant in the experiment.
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In certain notable respects Figure ___ differs frcm Figure
The faecal curve in Figure ____ begins with a hiéh roint, followed
by an immediate largé‘drop, after which the initiasl level is never
regained, This is a characteristic etfect of the abrupt cessation
of exposure to lead dusts, the result of the swallowing of lead
deposited in the upper respiratory passages on the previous day
being apparent in the faeces. From this point on the amounts of
lead appearing in the faeces of this subject are smaller than those
in the corresponding period of the observations made on the other
subject., Tnis, in itselt is significant, for the exposure of the two
men was of the same type and presumably of approximately the same
intensity. In the tirst case, however, it was prolonged, while in
this subject it was of short duration, Presumably a smaller amount
of lead accumulated in the tissues during the shorter exposure, and .
there is a corresponding diminution in the rate of excretion, T@Fre
is a further aifference in that there is a more giadual slope to the
curve of diminishing 1aecal lead excretion., Ungo;tunately the/obeer-
vations were not continued until the normal level was reached, and it
is impossible, therefore, to compare the two subjects in this regard.,
(It is of considerabpie practical importance to note that the evi?ence
of significant exposure persisted for four months,) Despité the .

~————

aifferences in the taecal excretion as represented in the twq_iigures,
the general facts are in correspondence. There 1s a gradual decrease
in the magnitude of the daily excretion, and there is no critical
change at any point. In fact, the various experimental efforts to
influence the rate of excretion as recorded on the curve, have had
little or no clearly demonstrable effect, with the exception of magnes-

ium sulphate, which was certainly responsible 10or the elimination of

an increased amount of lead, with the increased activity of the
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alimentary tract, on the first day of the treatment. This was admin-
ghgck istered in four doses daily, at four hour intervals, each dose consistin
;g?:r- of five grams of MgS0,.8H,0 dissolved in a minimal gquantity of water,
3512?1 The urihary graph shows much the same general trend as does
that of the faeces. Two peaks of unusual magnitude occur on the eighth
and thirteenth days respectively, coincident with the ingestion of ab-
normal amounts of water. The other irregulsrly spaced high points or
low points have no necessary relaticn to the materials administered at
varicus times as indicated, since similar high and low points occur
elsewhere without relation to treatment. It is especially interesting
Check to note that the administration of calcium lactate ir four doses of two
;S?:;- grams each at four hour intervals over a period of four days failed to
;512%1 cause an appreciable drop in the excretory rate, The biliary drairages
on the seventy-first and eighty-fcurth days respectively served only to
demonstrate the presence of measureable amounts of lead in the bile.

The lead in the blood of this subject was less in amount than
that founﬁ\in«%he blood of the first subject f&f a correspondingmperiod.
However, jusé as the lead excretion failed to reach a normesl level, 30
the blood failed to reach ; point where consistently negative results
were cbtained. | |

The observations as to the occurrence of stippling of erye

throcytes were msde=somewhat irregularlye. They require no comment,
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ETHYL GASOLINE AND ALL GASOLINE SALES IN U.S.

1926 - 1951

Ethyl Gasoline Sales All Gasoline Consumed

Year in U.S. in U.S.*
N
1926 79,315,600 9,075, 858,000 (X
1927 / 288,484,450  9,487,188,000 l
1928 v 527,803,050 1 10,698,787, 000
1929 1,241,418,050 /l§,§§9,879,000 /
1930 1,854,505,900 15, 759,039,000
|

1951 1,970,389,463 16,415,705,000
TR it

% Pigures for All Gesoline Consumption reported by A.P.I. do not include-
Ii11l, for 1927,1828,1929. '
Mass,.,N.Y. for 1928. .
N.Y. {Jen.through April) 1929, to
N.J« (Jan.through June) 1927. o

## This figure includes only Ethyl Gasoline sold from Sept. through
Dec., 1926, The record of 1926 Ethyl Gasoline Sales is incomplete.

@ o—Cz:,:r'é ¢/ W‘v*‘?é 3, /3 5/ d [/2’ T
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Chapter VI

an aAppraisal of the Lead Hazards Associated with the Distribution and
Use of Gzsoline Ccn*taining Tetraethyl Lead.

1. The Nature of tte Lead Hazards

The development of 2 motor fuel ccntaining tetraethyl lead rais
certain questions in industrial and public health which have claimed
an unusual amount of attention., In an early stage of the new commerci
enterprrise it became épparent that the manufacture of tetraethyl lead
and the blending of the concentrated fluid employed in the preparation
of the commodity known as Ethyl Gasoline, was an hazardous occupation
which furnished unique opportunities for +he rapid development of l=ad
intoxication. The serious dangers of these manufacturing processes
have no relation %o the rroblem with which we are concerned in tre
present discussion. However, the initial confusion of the actual
hazards of manufacture with the problematical dangers arising from the
use of the finighed fuel, has apparently persisted in many minds.

-

/\ )Therefore the distinction between them must be made clesr.

Pure fetraethyl leazd is a heavy, cclurless, 0ily licuid which
is peculiérly difficult to retesin within jcinted receptacles and pirpe
lines, It is inscluble in hot or cold water, but readily soluble in
alcokol and acetone and miscible in all proportions with fats and oils,.

' R

As might be,suspected from tiie latter property it penetrztes the un-
troken skin of animels. Indeed skin abtsorpition alone may result in
tre rapid producticn of acute iliness and dezth in experimental animals
Frcm a purely vhysical pcint of view, itre volatility of tetrcethyl
lead is low, but considered in toxicclogical terms it is dangerously
iigh, since at ordinary temperatures =2ir saturated with its vapor con=

tains approximately five milligrams of lead (as £b) per liter, This

concentration is lethal for experimentzal =nimsls (rabbits) in = few

hours,MJ a2 fact which demonstrztes the ease yith which tetraethyl lead
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renstrates the pulmoaary epitnelium. Under certain conuitions, notably

in the presence of sunlight, tetraetnyl lead is unsteble, breaking dewn -
7ield water-soluble, crystalline triethyl lead compounds. Slight agitati
serves to suspend these fine crystals in the air, when in s dry st=ate
taereby 3roducing a dust lhazard which has the aqualitv - unique zmong lead
nazards - of providing sharp warning of its présence, in that & very low
concentration of these substances induces irritation of the mucous membrs
rith weepring and sneezing.

The dargers associated with the preparation and handling of;te-
trazethyl lead are fairly obvious, when these properties are recognized,
Unicriunately, this irtcrmation was not available when the manufacture of
the product was first contemplated.s It is not strange‘therefcre that
vnen the producticn cof tetraethyl lezd emerged from a labvorater:”r scale

into an ircipient commercial stage requiring factory facilities, cases of
/ . r

lzzd polsorning of thre most serious *type occurred,

sudden onset of cerebrzl symptonms and/iggéﬁéﬁ%igh mortzlity .
Without entering into sn irrelevant descristicon of the ﬁariobs
Steps vy vhich #thyl Gasoline is prepared for the market, suffice it/to
say tnat the hazards of the manufacturing processes are inseparably zsgsc-
cizted with the characteristics of tetraethyl lead descrited avove, The
hygieﬁic prcblea at every voint consists in the prevention of skin centac
witk tetraethyl leedseonn the part cf workmen, and in the maintenance of
conditions under which the vapor of tetraethyl lead is not present in
the air Presthed b, workmen., RBecause of the sharp localization of the
dangers, they are zmerable to exact and adequate ccnircli nevertheless
the potential kazards aré great, so that safety is maintained only dy
centinual vigilance in the prevention of accidents and in the avoidance

cf careless practices.

-

The hezards associated with the handling and use of the finishec

-

product, Zihyl Gasoline, differ botkh in quality and quantity from those

e 8 01427




which lurk in its preparation. Nothing could demonstrate the difference
in the magnitude of the potential lead exposure of the two sets of condi-
tions. in a more prazgmatic manner, than the failure on the part of Bthyl
Gasoline to produce 2 mimmmie substantiated czse of lead intoxicatior in
the the nine and a half years of its continucus use, up to the present
(July, 1932), in certain parts of the United States.*. This basis of dif-
srentiation is the more significant when one considers that the hypo%het-
ical opportunities for the absorption of lead, as a result of the distri-
bution of Ethyl Gasoline, aré so varied and so widespread as to defy regu-
iation. But there are othrer points of difference which have not required
the test of experience for their recognition. Ethyl Ga® line cortains
tetraethyl lead in amounts so small that the solution has lost the essen=-
tial toxicological properties of tetraethyl lead. Thus, whereas tetraethy
lead alone, or in high concentration in gasolihe, is abscrbed through the
skin raridly, its absorption is retarded greztly by dilution in gasoline,
Indeed we hLave been unable/ﬁo ob ain evidence of appreciable lead absorp-
vion thrcugh the skin of experimental animals after their prolcnged expos-
ure to concentrations o{ﬁone part of tetraethyl lezd per thousand varts
%7 ' ‘

of gesoline, by vclume, The importance cf this fact is two<fold., Yot

only does it indicate the imurobability of the absorpticn of lead out of
H A——————.
cotncier Among the thousaznds of persons .in the Urited Siztes engaged

in tre handling of Ethyl Gasoline or otrerwise expesed to it3 possible

REILASIXIP R Wy $9 \

Asngers, reower—then-cRe-—Lupaéred cases of real or supposed injury, have

come to the knowledge cf the author. Illost of these nave had no relation-
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gasoline on tne part of persons vho corme in ccntacs with athyl Sa

.y .
: =~ scline,
-5\ :g-but it zlso estsblisnes *the certainty that anl minute amount of lead
A
il which might be absorbed would be unable tc distribute itself in the fatt;
- LS
RS ; tissues and the nervous system in the manner characteristic of tetraeth -]
> T
PO .
’ i lead when absorbed at a rapid rate, An equally important effect of tre
[N ;.i
. T dilution of tetraethyl lead with gasoline is the elimination of the dange
‘{*Q;
}‘3 of inhalztion of lead, to a ver, large ex:tent. The difference beiwesen
LI
2'5‘+he volatility of tetraethyl lead and the variosus gasoline bhases with
<%
—"w -
L3 ;.éiwhlch it is mixed, is so gre=zt that approximately half the gasoline may
..‘\\"LUI /"a,a_uzu
2 ;.the evaporatea before ée%ee%ee%a—eme&n%e—e? lead \EF=R found in the wvapor.
i ey . .
. év7<It Tollovws, feem—this—Ffaes, tlrat the vapors rising from tanks containing
~y— &thyl Gasoline do not contain amounts of lead. However, this
A A
f:} does not mean that no tetraethyl lead is evesporated under any of the prac
~ .37 tical conditions of handling and use or spiillage of Ethyl Gascline.
e
~ < mmeem cmemcmccaccc——————
3.: rd '
P Although yesrs of experience have not shown the existence of dan-
o \ . . ~ X . ~
J ger toc tnhe cormmunity in the use of Ethyl Ga2soline, and 2lthcugh the qual=

-7

“ities of the fuel, 25 described above, explain this result in a large
/

measure, the potential hazards associated with the general dissemination

!

! I .4-,’(

of a uroduct containing 1=sd rmay no*t be dismissed lightly. A full oopre-

+ 3
VoA

(.)

ig required for an understanding

(O]

(=9

}.n.

c n ¢f the nature of these nazard

2f th

4}

groblem whitMeshey orovide for investigation,

HSthyl Gasoline is handled at refineries, bYulk storzge piants,
fillinq stations, ard in public 2nd private gerages., It is *#ransported
from one to znother of these sites in tark srips, tenk cars, tank trucks,

nd in Canada 2n overwhelming pro-

0

tarrels,and tins, In the United States
vortion of this motor fuel is dispensed through filling stati on pumps.

In England and on the Zuropean Continent, 2 large‘amount cf gasoline is
distrivuted in two;gallon cans which are filled by essentially automatic

mact:ines at refineries and at storzge pcinis.  Large numbers of persons

25




come in contact with Ethyl Gasmline to a greater or lesser degree through
splillage, as an unavoidable result of the various met ods of cistribution,
They also inhale vapors from tanks, hose lines and from surfaces on which
the gasoline is spilled, At refinery loadirg racks, at filling stations
and at other points where gasoline is handled regularly, the repeated
spillage of Ethyl Gasoline may bring about the accumulation of higher
boiling petroleum fract ons, and of small amounts of tetraethyl lesad, by
reason of their absorption into wooden platforms, or other surface materi
‘ials such as concrete, asphalt, gravel, cinders or earth., Under these con
2itions some pofion of the tetraethyl lead is evavporated slcwly, and the
remainder undergoes decomposition, In either case. opportunity for inhala
tion ¢f lead on the part of persons in the vicinity may be provided,
though, no doubt, most of the accumulatlons are dlsslpated by Irequent

o
/ (41‘/ \s-tza/«.'\ e Tl """'““f‘"“ e "‘”‘: " Lmde e gy
{

-ty Mh Detlow s L Carom e

hosinge, or by rainfall,
The sale of the ga®m line t6 the consumer takes it into the rrovine
of the general public where some degree of exposure %o skin contact and to
vapors may occur. Of much more importance, however, is/ﬁge appaarance/of
a new set of con&itions based upon the combustion of the fuel., Tetraethyl
lead is converted, thereby, into fi nely divided incrganic lead compounds
{(chiefly lezd bromide), which are deposited, in part, alcng the exhausgb‘
system, but which, otherwise, are discharged into the atmosphere wi{h_the~
exhaust gases of the motor. The extent of the zccumulation cf eyhausﬁ_
gases from many automobiles in busy city streets, and especially in pdorly
ventilated areas where cars operate in considerable numbers, Decomes a
question of o nsidc¢rable importance. This aspact of the matter concerns
the entire urban populati on, but it ddvelovs a special significance in the
case of gagage m;chanics. Garages, in general,.are poorly ventilated.,
Few of them, indeed, are equipped to maintain sn adequate dilution of
exhaust gases, under the most favorgble conditions, and, when doors and

windows are clcsed, in cold weather, ventilat on is often negligible.
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Fer this reason, thrcugh the winter months, many mechanics develop late
2fterncon kheadaches from the absorrticn cf carbon moncx de. Their exposure
to lead in the exhaust gas cf automobiles burzing Ethyl Gasoline is greater,
therefore, thar that of any other group of rerscns in the community,
Further, the handling and the spillage of gasoline, the adjustment of car-
buretors, and ‘he repair of other parts of the car c¢ften involve skin con-
tact with Bthyl Gasoline and with lubricating oil which mzy contain minute
amounts of tetraethyl lead. The spillage and evaporation of gasoline may
leave behind the less volatile tetraethyl lead to be slowly volatilized
zt a later tim?)or to decompose, and by so doing to add to the lead dust
in the garage. In the dismantling of motors the combustion products cf
.tetraethyl lead may be encountered by the mechanic, and although these
cannot be absorbed through the skin, they may be a further means cf con-
taminating his hands, his clothing and his surroundings.j The—eaceumul st Tof
of;i;éd,duéy‘Within'fhg araga as a féﬁﬂigﬁaf_iheee*factors, together

wittffﬁﬁ“éeffI;ngwoé~the"Laaé—eé—%he—exhauﬂ%*gae,mismlikalg.toﬂbe*greatty
J
exceeded by that_wgighdaeigéna%eﬂ*fromwthﬁ”repaifﬁbf"éIééngcal'storage

T N L T TR

-hatteries,.-the use of-paitnmty am’” §5Tder, “and fr m such similar n“ectlces

wh4nb_axe-earr1~d mt~vnmmﬂr*7”rn“*ﬁv"rrpatrmcf*zurcmcbrre&o Keaaa&he&&as
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/ Cne further p01nt mugt be con51dered in 2 comrlete analysis of the
rotential ;ublic health hazards -f the use ~f gasoline containin; lead,
The Aevositign -f lead compounds upon the highways, city streets, - in
short, upon the surface of the earth - may conceivably influence the
amount of lead bresthed by animals and men, as well as the cuantity incore

corated in and deposited upon vegetation employed as food.




“itz jualitasive character of the lesad hazards derived frcm the

use of Zthyl Gasoline is based uvon the methods of itg distribution and
uses The general magnitude of thasz hazards is dependent 1pon the axten-
of <the distribution of Bithyl Gezsoline, the volume of consumption in a

given area, and the period of time over which distribution and use have

2xtended, these factors being modified to some exiesnt by the variations
in the lead concentration in gasoline, which havs occurred In various
sections of the country. Accordingly a complete representation of the
si<uation requires some attention to these details,

Eihyl Gasoline was distributed first in the early mecnths of 1623
in Dayton, Ohia.‘ A few months later it was on sale in Cincinnati and in
the district around Dayton and Cincinnati. Thence its use w23 sxiended
10 middle-~western and southern United States, into areas represented
most satisfactorily by the cities cof Chicago, Detroit, St. Lcuis,
Jacksonville, Atlanta and Savannah, The guantity of Ethyl Gasoline sold
up to 1¢26 cannot be estimated accurately, but it was limited to this
general area, and there was a steady increase in the volume of distrivue
tion during this time except for a rericd of zalmost a year bYeginning in
May, 10935, At this time Zithyl Gasoline was withdrawn fram the market,
vending an investigation of the United Ststes Public Hezlth Setvice,
trough for wvariasus reasons its use was nod interrupted/in certain ar<sas
in whizk it first zppeared on the market, - viz., in the cities of Dayton,

—
Cincinnati, Savannah, Jacksonvillz and Atlanta and their vicinities.
The resumption of distribution in 1926 resulted in the rapid expansion
of the area over which the fuel was used. This expansioh continued until
Lthyl Gasoline had become available in all parts of the United States.
Table _1_ demonstrates the spread in the distribution in terms of the
datesat which sale began in various cities of the United States. The

duration of continuous distribution for these areas is also recorded

np to the time of the observations which are to be described. The
approximate quantities of Ethyl Gasoline sold during the years for which
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Period of Distrizution of "thyl G:isoline ir

TABLE

l

1rious

Aicerican Cities

T
un

to Uctober 1329

Locallty i Date of First Interval r* Yeure of Qontinuous
D=tributien Discontinvance NDistributicon
“ayton, Oni. 3 February 1923 . none 87
incinraty, orio | April 1923 nons 8.5
‘heeling, W.Vae. . Summer 1823 Y\Lu( 1;23 & 3ol
: L S s .
. > }M\‘)liqd\b
hicago, +11. i Autumn 1923 7 seme 3.2
"gtrolt, ¥ich. © Autumn 1923 same. 3.2
t. Leuls, «0. ’L Srring 1824 onme 342
.unsas Clty, ‘o. { Spring 1924 ﬁ: SRS Se2
inneapolis,’iinn,. i Spring 1924 | 1 ; 2 el
| Sy 1906/
ilvaukee, Nis. . Spring 1924 'Y seme 3.2
‘alcimore, 4. . Scring 1924 é STTme Se2
as-ington, D.C. Soring 1924 L& -sume 32
Tin Antonio, Texas Spring 1874 |3 seme J3e2
wmnah, Ga. Autumn 1924 none / 5.0
slanta, Na,. Lutumn 1924 none / 540
- . i ——— -

ijicksonville, Fla. | Jutumn 1924 none 5.0
v Orleans, La. i Summer 1926 none 542
leveland, Unio | Summer 1926 =one Do 3
nilrdelohfa, 2. Summer 1926 nore 3.2
ostom, lass., Suimess— 196 none Sell
Denver, Colo. Summer 1926 none Qe
“an Francisco, Cal. Summer 1927 none Sl
w8 angeles, Cal, Surmer 1927 none Ded
Jnokane, Wash, Sunmer 1927 none 2o
rilsa, Okla. Summer 198 none 242
law Yorwk City Autumn 1928 . none 1.0
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figures are available are shown in Table JL_. It should te noted that
trhe general areas into which Ethyl Ga® line was first introduced have
maintained the largest proportional and gross consumption.

The concentrati on of tetraethyl lead in gasoline up to 1926 was
maintained at three cubic centimeters per gallon - approximately one part
of tetraethyl lead in thirteen hundred parts of gasoline, by wolume.

Since that time, the lead concentration has varied in accordance with the
quantity required to bring the available gas line base up to a definite
standard of performance in a test engine, except that the amount intro-
duced has not exceeded three cubic centimeters of tetraethyl lead per
gallon of gasoline, The average lead concentration by years for different
regions of the country may be seen in Table ;;_.

A brief study of the éontents of these tables is aufficient to
give a clear indication of the areas in which the greatest opportunities
for lead exposure have been provided, They also yield a graphic concepe
tion of the proportions of “the problem which confronts us,

'/\ J e e mmemme——————

It ‘is not to be supposed that the possibilities of danger in the.
general use of Ethyl Gaéoline w2 gone unnoticed up to the present time,
Crn the contrary, numer ous experimental inquiries have been carried out,
Thus the United States Bureau of Mines ) beg;n an investigation of the
naz:rrds associateddnﬁﬁh.the‘exhaust gas of autohobiles employing Ethyl
Gasoline as a fuel, in the autumn of 1923, before the new fuel 1ad devel-
oped more than a locaiized*giatribution. The further investigations of
\ _ ,
United States Public Health Service ' studisd the matter in 1925, and the

o

Ministry of Health of Great Britain 7/critica:1y reviewed the previous

the Bureau of Mines sxtended ®#ak| other phases of the question. The

experimental work and made further contrubutions to it in 1928, Each of
the latter two governmental agencies acted under the guidance of its own

committee of experts appointed especially for that purpose, OQur own

YEE 01428




~

Approximate Gross and noaﬁmﬂmmu<c Consumption of Ethyl Gasoline in Various Areas of the United States
From 1926 to July of 1929

; ~ :
19286 1927 1928 1929 (6 months)
Distribution {Millions of |Percentage |Millions of|Percentage|!1llions ofjPercentage |Mil lons of |Percentage
Areas of the {[Gallons of |[of Ethyl Gallons of jof Ethyl {Gallons of {of Ethyl [Gallons of. jof Ethyl
United States|Ethyl Gaso- |Gasoline Lthyl Gaso-{Gasoline |Ethyl Gaso-|Gnaoline |Ethyl Gaso-|Gasoline
line. to Total line. to Total |1line toc Total |l%ne. to Total
Gasoline Gapsoline. Gasoline. | Gasollne.
New England
States and
New York. 8.0 0.5 52.0 3.2 91.0 4.9 87.0 4.4
Pernsylvania | 5.0 0.9 | 30.0 4.4 75.0 9.9 85.0 10.4
Atlantio
‘Coast States 7.0 0.7 6.0 0.6 18.0 1.4 92.0 6.8
: Kentucky, N
Georgla, N
Plorida. <
vississipc 3.0 0.36 18.C 1.9 39.0 3.7 53.0 5.1
Alabama . o
Louisianna
»armummw.
lennessee 0.5 0.2 . 0.5 0.2 8.0 2.9 53.0 19.3
¥
Central
States 25.0 0.8 110.0 33 172.0 4.9 244.0 645
Texas,
Oklahoma 0.8 0.1 4.0 0.5 8.0 ! 0.8 13.0 1.4
Rocky Mt.
3tates 2.5 0.8 HOQO 3.1 H.QCO 4,9 . 20.0 mom -
Mest Coast
States 0.0 0.0 30,0 2.1 27.0 l.8 40.0 245
FOTAL 52.8 0.58 276.5 2.5 547.0 4.4 837.0 645




Average Tetre-ethyl Lead Contsnt of Ethyl vasoline in Various Areas

TABLE &

0f The United Statss from 1926 to 1929.

Average Tetraethyl Lead ‘“ontent in Cubic Centimeters per G

Distribution Aresas | |
=2 Unitcd States. 1906 11927 1988 1029
Hew England States
and
Yew York Zal 1.1 1.2 0.9
— -1»-4.--— g . o g T e+ Bt - = o g et S —_ = o 2=
Pennsylvania
1.0 1.0 1.2 1.65
~tlantlc Coast 1.7 1.6 i Llek 1.5
States X | .
| | |
Ohio i (409 J) 1.4., f 1.1'. , 105
| RS 3 )
% f i
Zentucky, Georgia ) ' f
Florida, Yissiesinpt,}l.0 1.7 i 1e7 1.G
and Alabama !
-
Louisianna, Arkansas { 0.3 Ceb . 109 fl.S
nd Tennessee | T | |
- ——— [PUNND WP e —————— --.....,-...T.---—— —
/ .
Cerntral States 1ok 15 L 2.2 , 240
| I
exas, Y:lahoza 1.z 'm%;:v I - 127
| ;
‘ocky Houn‘dn 1, | 2e0 l2ea L 2.4
__ States o B
Yest Coast - 0.7 lnc ‘105
States i
E B 01430




observations, beginning in 1924, have 'dealt with several aspects of the
problem, First in 1925, and successively in 1926 and 1927, we investi-
gated the lead exposure of persons engaged in the handling of Ethyl Gasoe
line and in the repair of automobiles using Et?yl Gasoline as a fuel,
These have been described in detailed reporta ;’to the United States
2ublic Health Service, and to the Ethyl Gasoliné Cori.oration, whose
officials sponsored the work, The fourth of such field invewtigations
is the subject of the paragraphs which are to follow, I shall not discuss
the methods or the results of the earlier experimental work carried out
by ourselves or others, except to point out that none of them disclosed
evidence of danger either to the health of personsg engaged in the handling
of Ethyl Gasoline or to that of the general publice. In the light 9f the
j%ﬁgﬁﬁédge-wbich they have furnished, there can be little doubt that scme
of the hypothetical hazards which have been described, do not exist,
However, I shall disregard such considerations for present purposes and
shall confine mys@lf to the presentation of observations which were made
in the auﬁumn and winter of 1929-30, employing certain items of our earlise
data only for purposes of comparisone. uéhese observations had-the—purpese
-e%*?rvviding,a; answer to one guestion. - Is_the magnitude of lead 2xpose

ure_zrising from the combined hazards of the nse of Bthyl Gasoline such 23

ot

io sring about spprecisble lzad absorption un the part cf any group of

- o

-~

individvals ip thewssprunity? In fterme of the facts wrssented in previcus

razes of this 'volume, this cuesiicn zhould be answered sdéeguately through
she study of groups of persons who have had the severest snd lcngest

exposure i¢ such lead hazards. Accordingly, grcups of subjlecte hiave Teen
selected for cdetailed study of the effects of their cccupation uron their
health, and upon such physiolcgical processes as are specifically influ-

enced by a significant increase in lead absorptione




2. The Selection of Experimental Sutjects.

Table ji_ shows the numbers and types of subjects selected, together
with th~ locality in which they were emplcyed. The three &roups of work-
men who experience al%ﬁ&eans of exposure to the possitle hazards associat
with the use of Lthyl Gasoline are adequately represented by fifty-six
filling station attendants, fifty tank-truck handlers of such gasoline,
and two hundred and one garage mechanics,

The filling station attendants were chosen with attention to severa:
ratters: men who had been emrloyed as subjects previcusly, wno hdd been
handling Ethyl Gasoline for the longest period of time, who had handled
gaéoline'containing the highest concentrations of teﬁraethyl lead, and
whko handled the largest amounts of Ethyl Gasoline daily, were especially
desirable, Until May of 1935 a small metering device containihg a liter
can of Ethyl Fluid was used on filling station hose lines to treat gaso-
line with the lead mixture as required. This method of distritution
brought about some degree of exposure to concentrated tetraethyl lead on
the part of Iilling station emplocyees, Therefore, those subd;cts)whose
emplceyment dates back to th is period have had opportunities for 'the abe
sorﬁtion of lead frcm this suvurce, They were particularly favorable sub-
jects for the determination of the maximal lead hazards associated with
;heir occuratione It has been pointed out previocusly that in the cities
of Daytor, Cincinmeseie- Savannah, Jacksonville and Atlanta there hal been
no interrurtion in the distribution of Ethyl Gasoline 4 nce its introduce-
tion on the market, Furthermore the employment turnover of filling static
attendants Lad been so slight that it wss not difficult to find a satis-
factory greoup of men who had dispensed Ethyl Gasoline since it was first
marketed from their stations,

The consumption of Ethyl Gasoline had been greatest in certain
central staies represented by the cities of Dayton, Cincinnati, Detroit,

Chicago and St. Louises In these cities individual attendants at certain




TABLE 4

/

%i

PISTRIBUTION OF SUBJECTS ACCORDING TO OCCUPATION A ™ LOCALITY

-—e-.=====:q e e —=75
Number of Number of umber of Number of Number of
Locality F11ling Sta- |Tank Wagon Garage Barrel Fillers{Barrel Fililer:
tion Atten- Handlers Mechanics Not Exposed to|Exposed to
dants Exposed |Exposed to Lxposed to |Ethyl Gasoline|Ethyl Gasoline
to Ethyl Gas. {Etlyl Gas. Ethyl Gase.
#1 - £ B6 #101--180 .301--501 #2201 -#227 281 - ;7272
Cleveland
Ohio 15
Cincinnati
Orio 11 1l 13
Nayton
Oorio 11 10 15
Chicago
Illinois 6 9 13
Netroit .
ichigan 1 11 | 12
5t. Louls /\ /
"4 sgouri 11 8 ’ 48
Xansas City iiwqw@ {
*issouri - 1 6
inveapolis 5*~p£2,
"in-esota uaf’ 5 -
Jracksonville
__Florida 6 -L-., 6 5
Atlanta
Geor: ia 10 4 -}
*t1lwaukes
Wisconsi 5
Boston
ass. 50
Wheeling
We Va. 10
New York
ew York 27 22 —
Total 56 50 201 27 .22




11 located filling stations had handled more Etk 1 Gam line than hsd
similarly employed Wiam in any o6ther part of the country.

The tank wagcen handlérs were selected on the basis of the severity
and length of their exposure to Ethyl Gasocline. Twenty=-seven of then
had served as subjects for study in 1927. Thus a direct ccmparison of
the resultis obtained on the two occasions was made possible,

The garage mechanic grouin;{made up of one rundred and nine per-
sons who ‘\have been working on cars which used only Ethyl Gasolines znd
zn additional ninety-three whorhaie been repaining cars of which 2 high ,
percentage used such gasoline. Effort was made to find all the mechanics
in the United States whc had experienced prolonged exposure in garages
in which 211 the cars had used Ethyl Gasoline exclusively over a period
of several years. Ten members of the group had been emplcyed in a public
service garage in Daytn, Chio, in which Ethvl Gasoline had been the
exclusive fuel from 1¢23 to the time of the present investigation,
Thirty=nine subjects had had from three to six years of daily repair
work cn cars in which Ethyl Gasoline was the exclusive fuel, The entire
group was ccmposed of subjects who had been emplcyed ir continual repair
wcf& cn fleets of cars,

From every roint of view the subjects szlected for examination

hed the maximal orportunity for ex.osure to lead arising frcm their

¥

respeciive cceupadaRad relationsnips to Ztrnyl Gascline. The garage mechar
ic group is entitled to special ® nsider=ation sinceAit is composed of
men whcse occupatli on ® mbines all \£y the potential lead eXpoSures
derived from Ethyl Gasoline in =2n intensified form, together with certain
other lead exyosures which are not related to Zthvl Gas line. It is for
this reason *hat it was expanded to a2 large number at the expense of the
less exposed groups,

The barrel-fillers referred to in Table 5;_ were included among

the subjects chosen for the present investigation for a specific reaéon
wrich will appear later, The data are available thrcugh a fortunate
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Several years of cbservation of jpersans
whose occupaticn involved considerable exposure +o gascline aroused our

reomoination of circiymstiances.

interest in the influence of repeated and prolonged gascline absorpticn,
Accordingly search was made for a group of subjects whose exposure to
gascline was severe and uncomplicatzd by other factors. In *he summer of

1523 such a group was found in = refinery in which large guantities
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of gasollne were put into fifty-gallon barrels for trunscortastion.
The barrels were rilled 4in a speclally constructed room provided
with foreced ventilaticn. Desplite the magnitude of ventilation the

-

concentration of gasoline vapeor wos n

1%

«0 cncough to be immecdiately
disturbing to one who was not :.ccustomed to such vapors. 1In
addition; the skin, clothing and shoes of&wﬁrkmen were freguently
and almost continuously sosked with gasoclire. The barrels were
lined ur in a couble row along corresponding rows of pipe lines
each of which was provided with an elbow, a2 fle-ible hose and a
float valve., EKach hose line with 1ts valve w-g inserted in:é

drum, and the valve was opened. (lasoline flnwed in at considerable

pressure until the level of liquid in the drum released the valve,

thus closing it. Occasionally the valve refused to work properly, -

‘at which time a stream of gasoline rose from the drum and thoroughly

bs

drenched sny workmen in its immediate vicinity.

The number of men engaged in filling and handling the drums
of gasoline was small but the severity of exposure wu:s such ~s to
glve excellent opportunity for‘the detection of any elffects which
might re:ult from gasoline absorptlon. <hese men were carefuliy
exam! :od in a manner which will be described later, und several

T

tyres of lahoratory data were ol..tained, including the lead content

oof the urine and faeces,: ( Lukxﬁuhcuﬂ, N e M
\Nn Reot torrniliea ' 3em l v T PN Sl 3¢n Pcaast o) Lwmat HYS INARL o tigs Tt e “)
Qc L ‘hortly after these examinatinns had been comnleted the

refinery in question embarked uron the distribution of “thyl

fusoli~e., Tre latter was handled in the manner described atove

for ordinary gnsolire. Inas much as experimental evidence indi-

;ated that the hazards of lead absorption frous skin contact and
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inhalatiun of vapor frem zasoline contzining ‘etrasthiyl lsad wers prace
vilally negligible, no fzars were entertained as %2 <he consequences of
the =2dditional factor of a low ccncentration of tetraethyl lead., Nevere
celess, this constituted a unique situation from the point of view of
severitly of exposure, Therefore it was considered imperative to obtain
ztion which would show whether or not an appreciable lead abzorp-

:"]'

LB
(@)
L&}
3

sicn was occurring in the men. Accordingly, at the end of a period of
six months, during which Ethyl Gascline had been hzandled daily ia this
manners the workmen so employed were examined, znd samples of theéir
2xcreta were obtained for analysis. In thﬁ/seccnd group nade up of
wwenty-two men, there were ten who had been included in the first set of

zXaminations,

Except in the case of the barrel-fillers, comparable groups of

subjects unexposed to the potentizl dangers of Ethyl Gas line, were not
obtained for study., At the time of the present study of filling station
empldyees, tank wagon handlers of Ethyl Gasoline and garage mechanics,
there was no area of the United States in which the selection of entirely
unexposed subjacts could be made with precision. The use of leaded
gasoline had increased rapidly, so as‘to involve all parts of the country,
Furthermore the employees of a large proportion of the major gasoline
distributing companies were handling Zthyl Gasoline, Therefora it was
“R—-
iecessary to rely on information obtained pricr to the general districu-
tion of Ethyl Gasoline, for comparative data cn similar groups of subjeéte
independent of the factor of leaded gasoline, TFortunately, such data
were adequate, Furthermore, repeated observations had been made on the

same individuals under conditions of continuous expcsure. These succes@-

ive findings furnish a means for the discovery of progressive effects of

s

any type.
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3¢ Methods of Study

The facts presented in @ esrlier chapters SRS wesTwEe would
seem to establish the relationship between lead excretion and lead ab-
sorptionﬁ%ﬁj&pg@&n@/Qg@}aa Thus it seems certain that the most specifie
2vidence of the magnitude of lead exposure and absorption is to be found
in the rate of lead excretion, in which the faecal excretion is a measure
of ingestion on thre day preceding the collection of the sample, while the
urinary excretion indicates the magnitude of lead absorption. XNeverthele
@ nsidering the importance of the matter at issue, we have considered it
desirable to leave no stone untarned which might yield additional informa
tion. Accordingly we have searched for clinical evidences of lead absorp
tion with the same care that we have zpplied to the collection of accurat
analytical data. The general clinical methods were similar to those
employed by J. P Leake_énd his associates and by ourselves in other
investigations of the same guestion. A comprehensive neurological exam=-
ination ® nstituted the only significant addition to the previous tech-
nigue, | ;o

Care was taken to obtain all the information poésible from each

subject, and to record such information in a uniform manne;. For this
reason cards for recocrding data were provided as reproduced below and the
work was divided asmong four physicians =ach of whom carried out the same
type of cbservatiememen each subject, ©So far as possible quaniitative
informat on was obtained in the physical examination, but without the
subordination of clinical judgment to the necessities of statistical
ccmparability. Thﬂs while it was recognized that a statisticzl sfudy of
a2ll the data was desirabie and necessary, sound clinical diagnostic
methods as applied to individual cases were regarded as of greater impor-
tance, in determining whether or not any evidence of lead intoxication

had appeared among the subjects. As an example of this point of view,

each subject was tested for evidences of atrbphy'br muscular weakness
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HISTORY SHEET T
Noe. = - Examinerts Initials - Dato
Neme - -~ - - . - Age - Race - - Color Birthplace
Marital Ages Children Miscarriages Stage
Residence
Other places lived in, with dates
Place of Emplcyment | Type of work (exact description

of nature and conditions)

Length of present employment and
previous semployment at same work

Previous Occupations Nates

Previous Lead Hazards Dates Previous Lead Hazards Dates
Painting Brass Founding

Plumbing Soldering

Carriage, Auto or Car Enameling

Tyre Casting - Paint lifg.

Smelting or Hefining Pottery

"Treating" Hefineries Class

Storage Bak. Mfg. or Rep. Polishing Cut Glass

Lead EPurping 1 ‘Wthite Lead

Printing or Lithog. ubber

Mining ( Garage

¥oil, Solder, Babblt,Mfg. . Telephone or Telegraph Fep.
Automobile Ovmer Casoline Used Hepalr Work

Previouz Illnesses with dates and exact descriptions (no leading
) guestions)
b T

The. Malaria Rheumatisﬁ Lues. GCe. Scarlet Diph. Typhold
Tonsillitis Frequent Colds Conv.lsimms lleart mMizease Asthma

Significant Family Eistory:

Remarks:

01439




No. Examinerts Initials Date

Sleep _Hours in Bed .Dreams Restrful

Zowel Movements Frequency Hour

Tendency to Constipation Cathartics

Tendency to Frequent Stools

Teeth Brushing hen Last Trip to Dentist

Usual Weight Best Welght Recent Loss Weight (seasonal )
General Health

Rate of Tiring Recent Change

Headaches Tlme

HISTORY SHELT (cont)

Eye Trouble (character and time of dsvelopment)

Taste In iouth
Pains in Joints
Muscular Stréngth
Pains in EBelly
Aprretlite

Digestive Disturbances

Skin Infection or Eruption

Polyuria
Nervousness
Other Complaints
Loss of Strength in Arms or
Shooting pains |
Numbness or tingling

Loas of Sensation

Character Time
Swelling of Joints
Cramps in Muscles
Character Frequency
Different Meals

Nausea or Vomiting

General Yands

Nocturia Trequuncy
General Weakness
Right or Left Handed

Legs at any time

Disturbed




PIT/SICAL EXAUTUATION SHIZT

Ho. Examiner's Init. Date Aise Height Welght
General Appearance Posture

Nutrition Musculature

Pulse Blood Pressure (seated)

Temperature

Corndition of Skin
Color of Skin (exact;

Condition of Skin of Eands

Cornes Sclera

Nose Throat

3lands Tonsils

‘ucous lLembranes Lars (structure)

Teeth G.;18 Pyorrhoea

Lead ~ine (Aprearance and Locaticon)
Heart Apex Rate R.C.D. X

After 25 hOps RQSOD. -
2 minutes after

Lungs: K.I. - R. D-E-/a R.} - L.L.Bs ~ R.
L. Le L.

Chest Diagnosis

Abdomen

Liver e Spleen Kicdneys
flactum fenitalia

Upper bLxtremitles Lower Extremities

Diagnosis and LRemarks

(EB U144
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NEUROLOGICAL WUy AMINATION

Cranial Nerves

6

1l Smell
11 sight R - 15/ Conditiocn
L - 15/ Correction
111, v, vi Extrinsic Eye kuscles
Pupils
Visual Field
' Motor Sensory
Vil Facles
V111l Audition H Equilibrium
L
1X, X, X11 Speech Swallowing
X1l VNeck . Shoulders
- i
p-er Extremities Reflexes
/
Tonus ( Pharyn
geal
Atrophy Biceps
Ataxia Triceps
Tremor Redial
Muscular Power ~ Patellar
Dynamometer ' Achilies
Stereognostice Tpigastric
Epieritic ——— Abdominal
Protopathic Cremasteric
Kinaesthetic¢ ' Plantar
Thermal
Vibratory
Nerve Trunk Tenderness
Lower Extremities Galt

Examinert's Init.

Reflexes

Tongue

“



LABORATORY SHEET

No. Examiner?

URINALYSIS:

s Initials Date

Quantity

Sp. Ge.

Heaction {(Methyl Ked)

Albumin (Heller's) Heat and Acatic
Sugar (Fehlingts)

Acetone (Nitroprusside)

Microscoplce

BLO.D: White Count
Red Count

Differential (100 cells

Stippling per 50 fields

MATICN:

ATALYTICAL TYAMI

Accurate sTIeMBnt of ..curs

Urine
Constipation
FAECES

wt.
wt.
wt.
‘0‘“ t .
Wt.

lead

dish + dri3d faeces
dish + ash

dish

dried faeces

asn

Mgs.
Mgs./gram of ash
Analysis No.

Haomoglobin (Dare)

): Poly. Neutronhiles
Poly. Eosinophiles
Poly. Basophiles

Lymphocytes
Endothelial

Large Mononuclear a
Transitionel
Abnormal

Polychromasia

equired for ¢ollecticn of:
Faeces
Cathartic

Piarrhoed (tyre)

URINE

Volume CeCe

-

Lead Hgs.
Mgs./liter

Anélysis No.

bz B 071442
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by palpation and by opposing the examiner's strength to that of the
corresponding muscle group of the subject. But for the purposes of
statistical comparison of a single neuro-muscular factor, the grip was
tested by a hand dynamometer. (The same instmument was employed throughe
out the tests,)

Measurements of the blood pressure of each subjéct while seated,
were made with a standard manometric apparatus,

A fresh specimen of urine was obtained from each subject and
examined at once for its reaction, the presence of albumin, and sugar,
Microecopic examination of the urine and a test for acetcne were carrisd

out only when indicated by chemical abnormalities or




LABORATORY SHELT

o, Examiner's Initials Date
UPINALVSIS:
Quantity
Sp- Go
Reaction (Methyl hed)
Albumin {(Hellerts) ~ Heat and Acatic
Sugar (Fehling's)
Acetone (Mitroprusside)
Microscopic
BLO:D: White Count Hacmoglobin (Dare)
Red Count
Differential (100 cells): Poly. Neutro-hilsas
: Poly. Eosinophiles
?o0ly. Basonphiles
Lymphocytes
. Indothelial
/‘ j Large iliononuclear
Transitional
/
p Abnormal
Polychromasia
Stippling per EC Ilelds
CALTTIOND ENANTUATIOCN
: ] . . . N .
Lcoceurate stutement o D ocurs Jsrouircd I'cr collzeTion 2
Urine Tacces
“Ccenstipation Tlarrhoea Cathartic {tyra)
FALCES JRINE
%t. dish + dri3d faeces Volume Ceco
Wt. dish + ash
“t. dish
“t. dried faeces
Wt. ash
lead Yga, Lead Hga.
'gn./gram of ash vge./liter
Analysis lo. Analysis Yo,

e 8
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oy palpation and by opposing the examiner's strength to that of the
corresponding muscle group of the subject. But-for the purposes of
statistical comparison of a single neuro-muscular factor, the grip was

tested by a hand dynamometer, (The same instnmument was employed throughe

out the tests,)

Measurements of the blood pressure of each subject while seated,
were made with a standard manometric apparatus.

A fresh specimen of urine was obtained from each subject and
examined at once for its reaction, the presence of albumin, and sugar.,
Hﬂcroecopic examination of the urine and a test for acetcne were carrisd

out only when indicated by chemical abnormalities or

Rl
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-

by sugqestive clinical findings.,.

Erythrocyte, lercgs:tfband differential leucocyte counts
were made 83 8 routiné«only on the barrel-fil er group of subjects,
Otherwise, such procedures were followed only when indicated for
dlagnostic purposes.

Haemoglobin determinations were made on each subject by means
of the Dare haemoglobinometer. A single instrument was employed
for all observations, and all readings were made by the same ob=-
server,

Blood smears were made on ali subjects, and were examined
for stippling of the erythrocytes by the method previously de%-
cribed.

Samples of urine and faeces were obtuined from the subjects

Vfor the determination of their lead contenp. The coliectioq\and

the analyses were carried out according to the methods detailed
in Chapter II. In a féw inktances no samples were obtainable.
A further small number of ‘samples were lost in transit and in

/

process of analysis. With these few exceptions, the analytical

results were obtained without difficulty,.

Y oS ¢ 5

_&k’mmmms * 4*' N {1 TSRS TR LN -._.aj«—,tr‘)

No case Qlemkged intoxication was found among tl.e subjects,
In fact, no combination of symptoms and physical tindin;s was
suggestive.of lead intoxication. Such evidences of lead absorption
as are common among lead workers were consplcuously absent. Of
special negativé clihical importance were the complete absence of
lead line, the lack of significant microscopic blood changes

(stippling) and the striking infrequency of vague symptoms of 111
Zu,ut_u Tt at strecripstacills

health. LI__ﬁnLn_aixnazionﬁany evidences of significant lead ab=-

sorption as a consequence of eéxposure to Ethyl Gasoline must be

(-8 01447 -




sought in the data on the excretion of lead.

The clinical and analytical data for the groups are pre-
sented In a series of tables, in which the factors are set
down in the exact manner of the statistical study except as
otherwise noted.

Table -5/'shows the classification of the subjects according
to the duration of their exposure to Ethyl Gasoline. One-half
of the fllling station attendants and a little less than half of
the tank wagon handlers had been e xposed for five or more years,
while sixty-nine percent of the éarage mechanics had repaired
cars which used Ethyl Gasoline over a period of three years or
more.

Whether or not it hus any bearing on the problem at 1issue,
the occgrrence‘of previous industrial lead exposure among the

subjects may not be ignored. Information on this point obtained
|

.from the occupational histories is showvn in Table v . Here it

may be seen that a large proportion of the subjects had been
empfbyed in trades which involved some opportunity for lead abe
sorption, prior to their exposurc to Ethyl Gasoline. None of

the garage mechanics may be regarded as free from the possibility
of lead~expoag;g_§n their occdpation, apart from the factor of
Ethyl Gasoline. However, it may be assumed that fcw garage ne-
chanics have more than a slight lead expcsure in the course of
their normal day's worke. Small jobs of soldering and psainting,

and the occasicnal repair of a storage battery have not produced

a noticeable occurrence of lead intoxication among garage mechanics.

One tank wagon driver and eight gmrage mechanics had been employed
at some previous time in hazardous lead trades, in which their

exposure had not been severe either in quality or duration.
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Distribution of Subj-cts According to Period of Zxposure to
Ethyl Gasoline

Cpundll e, el

- s
>eriod of Filling Station| Tank Magon| Garage Barrel Flllersy |Barrel Fille
Txposure Attendants Handlers Mechanics {Not fxposed tgf Exposed to
In Years Eth¥l Gas~ilx® Ethyl Gasol!
.J'!—
Number = Number| 7 | Numbep 7 ﬁd%@er ¢ Number 7
. ’ N
2.1-0.25 | & & o | o ole | & o ) 4 1€
0.5 0 o o] & o | o Ef 0 18 8¢
1 1 2 1 2 26 |13 8 ,é 2 £
/ \ »
2 o o 4 | 8 36 {18 | & _0 ) & £
3 6 11 4 | 8 98 {49 4 -0/ o -
\ ’/*
4 18 28 19 38 22 {11 o ) Q L7 -
/ Y
5 23 41 16 32 12 6 0, 0/ o -0
6 10 18 6 |12 73 | o\ | of o | 0
I S z
Totals 56 100 50 100 201 [100| ©O | -0 ° 22 100
e }
{
. /
ST /e (




DISTRIBUTION OF SUBJZCTS ACCOKDING TO HISTOKY OF PREVIUS EXP \)QUR‘T T0
LZAD OUHER THAN ETHYL GASOLIUE
Yaacription Filling Sta- Tank Wa. on Garage Barrel Fillers Barrel Fil:
of tinn Atten- Handlers Mechanics }ot Exposed to Exposed to
_2ad Exposure dants Ethyl Gasoline Ethyl Gaso.
Number % Number % Number ¢ | Number % Number ¢
YNone 20 36 18 38 e = lis 55 10 46
uestionable 8 14 10 20 30 15 8 30 6 27
Slight 28 50 21 42 163 82 3 11 6 27
‘oderate L7 2 1 2 8 4 1 4 P P> o
‘Severe o O - ' ps g J & oo o pe g -
Total 56 - 100 50 100 {201 100 | 27 100 |22 10
J
- | »,‘
4 / "‘ "".. Al :"",-: eleite e ':”/‘f"“‘( sty
[AU NI RV AV e :
e
Ve B 0145¢




The distridbution of thHé subjects according to age, seen 1in
Table 7 )18 significant only in that 1t deQOnstrates the inclu-
sion of widely varyling age grouos among the subjects under inves-
tigation.

Tables ! and 1 represent the frequency of occurrence of
certalin subjective and objective abnormali:ties which are indicative
of the presence of low grade intoxication. Amon% the symptoms,
attention should be called to the high incidence of headache among
the garage mechanich The histories clearly suggested carbon
monoxlde absorpticn as the background of this complaint. Irrita-
tion of the skin of the hands cdue to frequent contact with pe-
troleum products showed a high frequency of occurrence in all the
groups. Pallor was most prominent in the garage mechanic group
and 1in the barrel flllers 993 exposed to Ethyl Gasoline. The
explanation of tnisféiiﬁééiiéufh the latter group is undoubtedly PESOAN
d&ééia the fact that this group was examined in the swa .er when .
the inhalation of gasoline vapor was at 1ts helght. These men
showed a correlative diminution in haemoglobln and a hich average
stippling == further indications of blood changes resulting from
their sxposure. Cozmparison of the remaining iltems with the results
¢f similar observations on various groups of subjects unexposed %o

R —
Zthyl Gasoline falls to yield any significant irrformuci-n., {Cf.
Tables {1 and ~' on pages s/ and §2.)

In Tables ' 4 ©° , and <., the findings as regards blood rressul
Haken s vnsubdattsl fedted®, haemoglobin of the dblood,and stippling
of the erythrocytns are recorded. No mean vsalues were computed for
the occurrence of stippling byAreason of the high proportion of

negative results. It may be seen from the tables that no slg-

nificance may be attached to varlation in these matters in re-

f&B 01457 .
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TABLE  /

Distribution of Subjects according to age

Age In |Fllling Station | Tank Wagon Garage Barrel Fillers| Barrel Fil
Attendants Handlers fechanics Yot Exposed to} Exposed to
Years Ethyl Gasoline | Ethyl Gaso
Number % Number|{ % Number}{ Nu-ber g4 Number| %
5=-19 & & o Jiog g 4 o2 §2 e g T
20-24 3 5 0 e 32 16 o . 1 5
15-28 12 21 15 30 33 his4 6 23 2 9
N-34 12 21 7 14 34 17 5 13 5] 27
5-39 5 9 10 20 42 21 5 13 2 9
20-dt 2 4 5 10 26 13 B 23 7 31
e 5 9 5 10 1z 5 1l 4 2 g
0=31 4 7 3 6 8 4 1 4 0 0
755 7 13 1 2 4 .| 2 - 5
R 5 11 3 6 I 2/} 1 & |0 1 5
5-69 o s 1 2 ¥ & 0 e} o | e
Total 56 1C0 50 100 201 100 26 100 22 100
Yann ; 40,83 z3.8 343 ;2‘9 59,1
e . !
sronable
-rror of
.Tean ) + 1.2 :l.l :(,’ns : 110-3 :los
Standard
Jnviation 13,07 3 11.48 9.88 3.78 S .34
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TABLE !

Distribution of Subjects According to Certain Subjective Abnormalities

7
Type 66 50 201 27 22
Filling Station} Tank Wagon | Garage Barrel Fillers | Barrel <ille
of Attendants Handlers Mechanics | Not Exposed to | Exposed to
Ethyl Gasoline | Ethyl Gasol?;
Abnormality
Number &4 Number < | Numbep 77 | Number| Number | %
‘ecent Loss :
£ Yeight 3 6 2 4 7 4 & e o o
Tncreased
‘2ndency to _
rtisue 1l 2 1l 2 8 4 2 7 o Rl
“raguent
“~adache 6 1C 2 4 3L 15 2 7 1 5 _
dccagional
bicminal '
‘TomD 2 4 2 3 12 6 1 4 1 5
Jccasionsl
Sigestive -
“lzturbBance 3 5 2 4 4 2 1 & 1 5
?écasional
sguritie .
. roto s 3 5 o = 7 3 o 7 1 5
ooy
‘aneral
1 3] ¥e) 9] 134

‘2alth i o o o (- 1

-

RN
o
&

ES N
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TABLE |

Distribution of Subjects According to Certain Objective Abnormalities.

Type £11ling Station{Tank Wagon|Garage Barrel Fillers Barrel Filier
Attendants Handlers Mechanics Not Exposed to Exposed to
of Ethyl Gas. line Ethyl Gasolin
onormality Number 4 Number| © |Number] # | Number P Number 2
ader-
1trition 4 6 2 4 8 4 4 18 2 10
allor 2 4 § 2 4 23 11 8 30 2 10
~ritation
T Skin of
~nds 11 20 12 24 56 28 16 60 12 54
2ad .
ine o 9] o o4 | .9 S s g e g
2rve Trunk _
andernecs 5] 11 17 54 b4 8 3 11 1 5
remors 2p .36 21 42 71 35 8 39 9 41
ansory - ,
lsturban- / / :
'8 1 2 3 8 4 2 = g 2 - 10
“tensor (
iresis 1 2 3 6 1 1 Boce oy s S L
srophy of
1per bhxtrent- i , \
sies 1 2 4 3 g 4 a7 e 1 i 5
] . § 4
nermallziels ! - :
P Vlsuad ' : .
teld 2 4 1 2 & 10 oy b 2 10
rinary
cidity 20 39 15 33 92 48 1 4 16 73
lbuminuria | 0O g 4 9 6 3 .0~ o7 e g
\ ’,k TN




TARLE /<

Distributlon of Subjects According to Systolic Blood Pressure

3lood Pressurg Filling Station| Tank ‘agon | Garage Barrel Fillers| Barrel .Fil:
Attendants Handlers Mechanlics
teadings 4 -
Number 4 Number| 7 | Number| 7 | Number it Number -
80-89 0 & o » 1 1 o o o L
90-9Y 1 2 o | & 4 2 ey jo! 1 g
100-109 3 5 2 4 16 8 o e o e
110-119 10 18 16 32 82 26 4 15 5 22
120-129 18 32 10 20 62 30| 7 26 7 32
130-139 9 16 7 14 36 18 8 30 4 18
140-149 7 12 4 8 18 9 5 18 4 18
150-159 2 4 . 2 4 5 2l 1 + | o e
160-169 y.d Lo ! 3 | 6 4 2 2 7 o -
170-179 1 2 ! o iog o | o o g 1 5
71 ; ! ‘
180-189 @ 4 2 | 4 2 1 o o g o
7 ; ) ‘T—
o> Information 3 5 | 4 « 8 1 1 0 o | & o
. ( * ! a
Total 56 {1c0 | 50 | 1o0ci =201 | 10b =7 l1o0 | 22 100
A - { . .
ean 130.1 130.4 10C.7 13%.9 RIS I |
‘ ' j
’robable Lrror
3f YMean X7 r1.9 l 0.7‘ *i1.8 T 2.5
Jtanderd ;
Ceviation 17.86 19.30 15.10| 13.59 15.86
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Distribution of Subjects According to Haemoglobin in Blood

TARLE !

Y]

1emoglobinometer| Pilling Statior Tank Wagon | Garage Barrel Filllers{Barrel Fill
Attendants Handlers lfechanics |{Not Exposed to}Exposed to
sading (Dare) Ethyl Gasoline{Ethyl Gasol
Number g Number ¢ | Number!|? |Humber f Number|
50 - &7 §og g 1 2 o 2 9 33 1 5
83 - 75 15 27 4 8 13 6 12 44 1 5
76 - 83 21 37 12 24 | 77 391 4 15 8 35
8¢ - 91 15 27 on 54| o2 a6l 1 4 11 | 50
92 - 99 5 9 5 10} 18 nl o o 1 5
. ) i '
> Information & pal 1 2 4 o 1 4 oo A
5tal 56 100 50 100] 201 |10d 2w 100 22 {100
''2an 80.9% 85,0 84,5+ TLlels 83 3%
’robable error
57 Yean + 0.67 + 0.859 ha 0.24 + 0.92 + Oevl
‘tandard ’
Peviation 739 6.1. X 5.09 8.98 6.534

¥ All means calculated on a wider grouving of readings.
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TABLE (&

Distribution of Subjects According to Stippling of Erythrocytes

rumber of |Filling Station |Tank Wagon [Garage Barrel Fillers | Barrel Fil)
:tippled Attendants Handlers Hechanics Not Exposed to Exposed to
'ells Per Ethyl Gasoline Ethyl Gasol

:0 Filelds
Number A Number | £ |Number ! ¢ |Number # Number a
0 36 64 33 66 159 79 7 26 21 9&
1 6 11 8 16 19 9 1 4 1 5
2-5 6 11 5 10 17 8 6 22 o o i
5«10 3 5 2 4 8 3 3 11 o g -6
11-20 3 5 1 2 10 1| 4 15 s 8
21-32 2 4 1 2 o I°4 6 22 o 0
>tal 56 100 50 10C 201 1001 27 100 22 10

/ )
(
‘“

(78 0

7

(!’}

s



lation to Ethyl Gasoline exposure, since practically all the
findings are within normal limits. In the case of the systollc
olood pressure, which 1s used here only as a general means of
pointing out the probsble existence of vascular disease, the high

rcadings are sharply correlated with age, and hence have no sig-

R 'li‘h.

nificance. The low results are of nohirhen. frequency than is
common among corresponding groups of presumably normal persons.
The haemoglobin determinations show only a high frequency of low
results among the barrel-fillers unexposed to LEthyl Gasoline, as

previously pointed out. Likewise the only point of interest in

L tile Wt

Table L ﬁ&fthe relatively high results among these same barrel
fillers. Apparently, exposure to gasoline vapors may rroduce
blood changes, including the apnearance of stippling.

Tables '7? and /- record the observations on the strength
of the grip of the left hand and right hand, respsctively, of the
subjects. The freauencies and the means do not show any very
striking differences betwesen the groups, except#%ﬁ:&s@*ea%ﬂ'that
the barrel/fillers as a whols, gave a somewhat weaker response %o
the test.

The. facts obtained from the analysis of the excreta of the
subjects ane Qﬁ;ﬁgg}ed in Tables . , . , anéd .. & curvey of
the tsbulated results shows that a few high results are scattered .

irregularly through the data.- — "~/

“:%;ere these occur in faecal samples it may be assumed that
they ha&e resulted either from co~taminatlion of the sample or “rom
the ingestion of unusual amou-ts of lead with foocd material, and
that they have no necessary or probable relationshlip to occupatlonal

lead exposure. Accordingly the inclusion of such findings 1in the

computation of mean values increcases apprreciably the probable'error

()
-
n
o




TABLE /3

Distribution of Subjects According to Strength of Grip of Left Hand

and Filiing Station| Tank Wagon| Garage barrel Fillers | Barrel Fille
Attendants Handlers Mechanics Not Exposed to | bxmp sed to
Dynamome tey Sthyl Gasnline | Ethyl Gasold
feading Number A Numben < | Number| 7 | Number o Number ;4
50-59 o7 & 2 4 4 2 0% z - <
50-69 1l 2 2 4 3 1 5 19 2 9
70-79 7 12 2 4 8 4 2 7 3 14
80-89 5 9 3 6 30 15 4 15 2 9
90-59 7 12 13 26 47 23 3 11 7 32
150-109 1C 18 86 12 42 21 8 22 3 14
210-119 2 4 2 4 20 10 2 7 4 i8
120-129 1l 2 7 14 [395] 12 o o 1 4
130-139 Joug Jog 0 0 5 3 1 4 o r
R )
140-149 1 2 2 4 5 5 O~ a / - &
i /
150-159 ot 1 1 2 1 1f o g o~ &
160-169 o 0% o710 0 2 1 )2 g gegd jeg Lot
o } ) |
Infommation 02 39 10 |20 ¢+ 93 4 4 23 g ol
, ‘ |
total 56 100 s0 | 1o0] oo1 | iocl 2m nGo 22 100
.w aa i —— n
‘ean 05.0 101.5 1.9 cl.1l 895.0
Probable
LIrror of \
“aan $1.9 +2.4 +0:9 + 2,7 +2.4
Standard
Daviation 15.83 22.75 | 19.37 1¢.05 16.51
{
e
59 .




TAZLE /< 7

Distribution of Subjects According to Strength of Grip of kight Hand

Hand Filling Station Tank Wagon | Garage Barrel Flllers} Barrel Fil:
Attendants Handlers Mechanics Not Exposed to} Exrosed to
Dynamo.eter Ethyl Gascline| Ethyl Gaso
Reading Numbser & Yunber| | Numbery % | Number o Number 3
50-59 o Joy & | el o | - 2 7 o e £
§0-69 o} & o | el 12 1 o o 1 4
70-79 o O 2 4 3 2 3 11 o A<
80-89 3 5 4 8 9 4 1 4 7 33
30-49 8 14 6 12 29 14 4 185 2 S
172-1C9 4 8 7 14 40 20 3 11 2 g
110-119 7 12 S 10 28 13 5 18 ] 4 1€
120-129 5 9 6 | 12| 33 16 3 1 | 3 14
130-139 3 5 5 10/ 22 f 11 1 4 2 9
110-149 2 4 a ;2 4 19 10 1 4 1 4
150-159 1 e |, e al 7 3| o e 0 R
180-169 _0 -0 1 2 X 1 0 LO P -
{0 ‘
Information 23 | 41 10 20 9 4 | 4 15 o8 ©
Total s | 100 so | 100l 201 | 100 | 27 150 22 10
W R
Yean 112.6 114.0 |  116.3 101.9 105.0
Probable
zrror of
Hean + 2.2 N 2.4 +0.9 +3.3 +3.0
Standard
Deviation 18.43 22 .34 18.58 25,30 20.89




~ 7>
TABLE [
Distribution of Subjects According to Lead Found in Faeces
!

#411igrams Filling Station |Tank Wagon | Garage Barrel Fillers jBarrel Fil
of Lead Attendants Handlers Xdechanics jNot Exposed to |Exposed tc
Per Sample Ethyl Gasoline {Ethyl Gaso
of Faeces

Number A Number| ° |Number| < |Number 7 Number | %
Y - 0.079 3 11 1 2 5 3 2 y o 2
.08- 0.159 5 9 ‘ 4 8 | 26 131 4 /5 2 9
.16- 0.239 12 21 } 4 8 33 17 2 7 9 41
W24~ C,L.319 4 7 5] 12 08 12 2 U 5 2¢
.32- 0.399 8 . 14 6 12 | 22 114 4 | /s 1 5
.40~ 0.479 2 L4 2 a | 17 9 3 ¥ 2 9
.18~ 0.559 2 | 4 5 |10 13 6 [ & 1 }s

' ! [
56- 0.639 1 : 2 { o 4 B g 4 g4 i
- H
.54~ 0.719 g 1 4 1 Lz 3 3 1 o le
| ] t } .
72~ 0.799 NS i A 1 S Q- e G- O
' ! i ) i T
30- 0.879 | 1 P2 P I g3 SR e 1 5
‘ { ! ! ! ! - .
.38~ 0.959 e L A~ S s S ST . 1 a ) o
v T ' i !

96- 1.030 | o s I T ] 4 o -7
L2452 1,119 3 C R 5003 L L g 0 ¢

[ ———— ] U " .
.12- 1-199 l e 'V 1 ' L3O ! v -i <) _.L._......‘U. i . ) <

C ‘ X i ! i !
20~ o+ 24 4 g L 8 3 o jLL fol 5
‘ i | 1 ! { i

° | ‘ }v i | L | :
Aformation 13 | 2o 17 14 13 8 | o ) o
rtal | 55 !100 55 ool eor lwoe] = Loo 1 22 1100

: T v
2an C.258 0.36C 2,379 0,380 0.233
robabla
rror of :
san +0.018 +0.023 +0,012 +0.037 - +0.024
tandard ' .
aviation 0.169 0.197 0.245 0.266 0.160

e 91407 Jdoo
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TARBLE (&
Distributlion of Subjects According to Lead in Killigrams per Gram ash
of Faeces
“11lligrams| Filling Station | Tank Wagon Garage Barrel Fillers| Barrel Fi1
=f Lead Attendants Handlers Mechanics|{ Not Exposed to| Exposed to
2er Gram Ethyl Gasoline | Ethyl Gaso.
of Ash L II
Number o Nunmbey 7 Number | Number o Number 2
> 0-0.039 10 18 2 4 5 2 1 4 o ..
3.04-C.079 14 24 16 32 51 | 25 9 33 7 3¢
2.,08-0.119 9 16 4 8 54 | 27 7 26 8 3€
2.12-0.159 4 8 3 6 36 | 18 3 11 2 9
{
2.16-0.199 2 4 3 8 | 18 9 2 7 3 14
2.20-0.239 1 2 10 2 ' s af 1 4 2 9
~.04-0.279 1 2 1! 2 4 | 2] 1 4 o 0
| \
".28-0.319 1 2 0 0 4 2 g Q Y
.320.359 0 a ol o 1 a2 4 0 Q
C , T _ _ :
. 56-0.399 0 0 0 0] g R 2 o 0 g
2. x0-0.430 ) ¢ 1l 2 jo’ / ol /2 7 Q 0;
", 44-0.479 0 0 5 | o 5 | 2f o o 0 0
. T ) 1y ] T - p
3+48-0.519 0 G Q 3 & o 0 0 Q ]
).56-0.599 0 0 1] gl »wl o Q 0 0
! } N t :
2.51=0.879 0 c - o1 0 3 ] 1 0 [ C o 0
0- 4 1x 2 121 el 1] 0 0 9 0
——— i %
o : ' |
nformation 13 22 17 34 13 6 o 19 0 0
N T
ZTotal 56 100 50 100 201 100l 27 § 100 23 100
C.l183%: i
‘ean 0.087 0.120 0.131 0.127 0.113
Probable +
<rror of , + 7 0,004
‘ean - 0.007 - 0.014 - 0.008 *0.014 * o. oo7
Standard - Q.074+»
Deviation 0.068 0.115 0.100 0.106 0.052

*Excluded in Calcula
Lan

(3

tion of Heafl | A&7 ==
__\.«;‘_’“q;g-ﬁ 81462

Calculated after exclusion of three
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TARLE /7

Distribution of Subjects 4:rcording to Milligrnms of Lead
Per Liter of ilrine

“1lligrams |Filling Station | Tank Wagon | Garage Rarrel Fillers | Barrel Fill
> Lead Attendants Handlers Mechanics | Not Exposed to | Exposed to
2y Liter Fthyl Gasoline | Gasoline
£ Urine
Number ! Number| # | Numbeny < | Number ud Number} %
£-0.03¢ 1R 20 11 o0 48 o0 8 20 a 38
.54-0.079 15 el 18 38 78 28 18 80 10 45
2.08-0.119 13 o3 4 =1 34 i 5 18 K Q.
".12-C.1589 3 o ] 2 18 a 0 Q 1 5
. 18-0,199 3 5 1 2 5 2 o Q Q £
e C=0.239 i 1 A o 8 3 ] a G 0 AA
}
©.24-0.279 1 @ o 12 31 Q 0 0 a
i . . 4 /
: ' §
.28-0.319 | g g 1 2 3 1 0 I 0 0 g
.32-0.359 ? 0 ) 3 2 p} 1 0 0 0 o)
H -
.36-0.399 ¢ 0 o) o 1 1 Q0 o) a o
) L
00439 0] 2 Q — J 1 1 2 ) Q Q
: [ { § h
LA44-0,479 0 n_ ¢ o Lo 1 1 2 0 Q Q
( . .
3.18-0.579 9 0 ] 5 12 Q ! o) 0
i ]
Y.52- + 13 2 1rv! 3 Byeed ) o) o 9 Q
- S l Y ; i !
e} . : ) | . |
nformaticn o %m-*-u= 1C | 20 3 4 O e p )
iy _ : » ;
Total 56 160 . 80 | 100E 201 1cd 27 ' 100 ) 22 ' 100
“tann 0.071 0.089 2.086 C.058 0.052+#
’robable .
~rror of ) .
ean +0.0085 ro0.011 *o.0c4 +0.009 * 0.004
Standard
NDeviation 0.0580 0.099 0.079 0.071 0.030

% Mdan calculated on a wider grouping of findings
=2 bxecluded in calculation of means

N\

-
J

Ns

totesfhn e 87014




of the means. Nevertheless, such results have been recorded, anc

have been included in the calculations unless otherwise specifically
noted in the tables. Where a result has been excluded it has been

for the obvious purpose of eliminating a finding which has no possible
relation to the problem at issue. In the case of the urine samples,

. aberrant results are of rare occuﬁ@nce, as would be expscted. On the
other hand contamination of an occasional sample during the process

of collection is apparently unavoldable, despite the most careful
instruction: of the subjects. This is not remarkable when the
ubiquity of lead compounds is aprreciated, and when the lack of

understanding of chemlcal cleanliness on the part of the subjects

is taken into account. Thus—when—a—suibebly-—lange—sampieTOmtodns
ag_much ag hall-a-wllldgrem—of—iead-par.lliar. of Lpisrer—orre—mrry—be
certain that lead-has-been-initnodiueed-into-thesHHPIE I —a—oortami
naRiy—untess-phe-murivcthryabsorved~very 2argy-anourtes—of-lead |
ghortly-pefore—the--oaliecttonof-tie—yefifIs, /T

The analytical resulés gerve to classify the various groups’
of subjects as distinctly outside the hazardous lead trades. At first
glance, the mean values for the lead content of the faeces of filling
station emp%9yaes, tank wagon hang}qrs and garage mechanics seem high,
as comparedxéglégééil persons é;;;:é; occupational lead exposure.
(Cf. page ) On the other hand, the small group of barrel fillers
who were not exposéd to Ethyl Gasoline, and who had no other occupa-
tional lead exposure at the time of the examinations, show similarly
high findings. Furthermore when the faecal lead is expressed in
Yjouphi quantitatively comparable terms, in mil igrams per gram of
aéﬁ, the apparently high results tend to lose their significance.
Finally, the previous data have amply demonstrated the impossibility

of drawing exact conclusicns as to the magnitude of lead absorption,

®8 01464 -




on the basls of the faecal sxcretion of lead. Thus itvis
necessary to resort to the study of the urinary excretion for
such informstion. As judged from thev standard, the groups fall
into the category of persons lacking occupational exposure to
lead compounds.

A special significance derives from the failure of the
barbel flllers to show any increase in their lead excretion as
a consequence of thelr exposure to Ethyl Gasoline. Not only do
the twvo groups fail to differentiate themselves. from the point
of view of lead excretion, but it 1s equally true that no single
individual in the groups can be differentiated. Of the ten
persons who were examlined prior to exposure to Ethyl Gusoline,
and agaln after six months exposure to Ethyl Gasoline, no one
person shows an 1ncrease }nvhis rate of lead excretion. This
can \ﬁg& be 1nterpreted :s meaning that there was no significant
lead absorption as g conéequence ol this severe sxposure. Thus?
it seems quite clear, t%at'the 1nabi¥;£y of animals to absorbd
measurable amounts of tetraethyl lead out of gasoline 1in dilute

]
solution}/ (1 part per thous«nd by volume or less) 1s shared by

man. ’

In view Or The important conclusions of the above paragraphs,
indicating the completely negative character of the findings, it ,
is only proper to present observations of a strictly comparable
character on groups of subjects similar to those employed in the
present investigation, in every matter save *that of exposure to
Ethyl Gasoline. Accordingly,7odes 1T ZL,M . show the results
obtained in 1927, in the study of groups ol persons'who had not been
exposed to the éonditions associated wifh the use of Ethyl Gasolte .
Thé medical student grdup éiffers from that aprearing in Tables

(e B 0145
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TARLE |7

Distribution According to Age of Groups of Subjects Not Exposed

To Ethyl Gasocline, Examined in 1927

N

N
«

Age in Medical Students Filling Station Attendants Garage Mechanics
Years Tank Wagonaggndlers
Number 7 Number % Number !

15-19 11 5 1 1 2 6
20-24 51 72 18 16 2 5
25-?9 9 13 23 20 12 34
30-34 0 0 18 14 12 34
35=39 0 0 11 10 2 6
40-44 0 0 13 11 4 11
45-49 0 0 10 9 1 3
50-54 0 o 10 9 O 0 .
55-59 0 e S 4 0 b
60-64 0 o 4 4 0 0
6569 0 0 3 3 0 0
70-74 0, 0 o o ) &

otal 71 100 114 100 35 100

~—

fean 2243 375 31.2
Probable |

zprror Of

Yaan +0.2 +0.8 +0.8
Standard

Deviation 2.3 12.54 6469




Distribution According to Certuin Cubjective Abnormalities of Groups of
Subjects Not Exposed to Ethyl Gasoline - Examined in 1927.

TABLE |7

Type 71 69 42 35
Medical Students Pilling Station Tank Wagon Garage

of At endsants Handlers fechanics
Abnormality | Number 7 Number 7 Number| % Numbery 7
‘ccent Loss
)f Weight 7 10 l 1 2 5 S 14
‘nereased
‘endency to 9 13 12 17 5 12 S 14
"atigue
Jecasional
‘aadeche 15 21 17 25 7 17 18 51
Jecasional
.bdominal
‘TamD 1l 1 2 3 o e - -
iceasional
izestive ) g
Mlaturbance 1 1 8 12 10 | 24 -4 -12

7 7
iccasional
‘euritic /
ivmptoms A 0 5 7 2 5 - -
‘oor General
salth 2 3 3 4 0 0] 1 3
+. v




TABLE #C

Distribution According to Certain Ubjective Abnormalities of Groups
of Subjects Not Exposed to Ethyl Gasocline - Exsmined in 1927

Type 71 69 42 35

Medical Students Pilling Station Tank Wagon Garage Mechanies
of Attendants Fandlers

sbnormality | Number 4 Number g Yumber | 7 | Number -’

mder-nutri-

tion 7 10 13 19 o 0 - 0

Pallor 1l 1 3 4 O o O G

Irritation

2f glzin of

Sands o} rel 2 3 o o 4 11

wead Line o O -0 'h 4 10 3 9

Jremors 2 3 g 13 — o O 0

sensory

Sisturbances 3 4 9 13 2 5 1 3

Irinary g .

reidity 7~ 10 3 4 16 38 8 23

Albuminuria 1 / 1 .3 4 3 w7 3 9

~c R
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TABLE

|

W

Distribution According to Systolic Blood Pressure of Groups of Subjects
Not Exposed to Ethyl Gasoline, Examined in 1927

Blood Pressure | Medical Students F1lling Station Attendants Garage Mechanics
Readings Tank Wagonagindlers |
Number 4 Number 4 Number 4
100-109 1 1 2 2 o o
110-119 22 31 15 13 6 17
120-129 23 33 32 28 14 40
150-139 17 24 29 28 7 20
140-149 7 10 15 13 5 14
150-159 1 1 9 7 3 9
160-169 g 0 2 2 0 Q
170-1"79 0 ¢ 1 1 0 0
130-189 0 0 1 1l 0 0
190-199 0 0 3 3 0 o /!
20T=-2{9 0 0 3 3 0 o
210-219 0 Q 1 1 0 o
220-229 0 o o o 0 0
' 030-239 o 0 1 1 0 d
Total 71 *--4—-100 114 100 35 100
Mean 125.9 138.2 129.8
Probable
Error of §
Yean + 0.8 x 1.5 i3
Standard g
Deviation 10.20 23.45 10.98
YE B 01456




Distribution According to Haemoglobin of Blood of Groups of Subjects

TABLE

ol rd

Not Exposed to Ethyl Gasoline, Examined in 1927

Jaemoglobinometer Medical Students Filling Station Garage Mechanics
: Attendants and
Reading (Dare) Tank Wagon Handlers
_ Number ! Number s Number 7
60-64 1 1l jo g L7 G- o~
66-69 1 1 1 1 o O
70-74 o o 9 8 1 3
75-79 3 4 12 11 2 5
30-84 10 15 17 16 6 18
R5-39 21 30 43 40 12 35
4+
30-94 i 25 15 14 10 29
35-09 11 16 9 8 3 9
100-104 5 7 2 2 - 0 0
175109 1 1 9~ ;1 .o - A
Tontal 70 100 lo8 - 100 34 10C
Mean 89 08 86 .0 88 o)
Probable Error _ -
Of Mean “+0.6 +C.5 0.7
S — E—— " —
Stendard
Daviation 7.78 7.15 5,73

(68 01470




Distribution According to Lead Found in Faeces of Groups of Subjects
Not Exposed to Ethyl Gasoline, Examined in 1827

¢
~

1lligrams of Lead Medical Students Filling Station Garage Mechanics
Attendants
Per Sample of Faeces | .
Number “ Number - Number i
Q - 0,079 17 25 14 . 20 5 19
0.08 - 0.159 15 22 14 20 7 27
Q.16 ~ 0.239 19 |27 18 256 2 8
D.24 = 0,319 6 9 7 10 2 b5
- L0.32 - 0.399 3 5 7 10 3 11
0,40 = 0,479 2 3 & 8 2 8
L 48 - 0,559 2 3 1 1 1 4
0.56 = 0.639 1 1 o o 0 0
N.84 - 0,719 1 1 1 1 0 0
2.72 - 0.799 g il o o o 0,
.80 = 0,879 1 1 1 1 0 .
2,88 - 0.959 1 gﬁ 1 0 o 1 4
2,96 - 1,039 o | o o & 0 0
1.04 = 1,119 1 | 1 .0 8~ 0 )
1,00 = 1.199 1 1 o ach 0 g
LLe0 .+ . o0 | 3 4 S 11
Total 70 100 e 100 26 10C
“ean 0.232 . 0.197 0.238
i;:ﬁable Error of % o.018 . 20.013  0.029
poandand * 0.0236 0.159 ’ :10.205

- r#Excluded in calculation of means.

BB 01472 .
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TABLE %

Distribution According to ¥illigrams of Lead per Gram ssh of Faeces
0f Groups of Subjects Yot Lxposed to Rthyl Uasoline, Examined in 1927

(9N

“11ligrams of Lead

Maedical Students

Fi1llirg Station Garage Mechanics

Per Gram of Ash Artentants
Number < Number & Number #
C - 0.049 29 48 29 a1 12 46
0,05 - 0.099 16 27 26 31 6 23
0,10 - 0.149 o 15 8 11 1 4—
.15 - 0.199 3 5 4 6 2 3
0.20 - 0.249 1 2. 0 o 1 4
0.25 - 0.299 0 0 1 1 1 4—
0.30 - 0.349 § é 1 1 1 4
0.35 - 0.399 3 é Vs & 0 0
0.40 - 0.449 . 1 2. 1 1 o S
0.55 - 0.599 1 2- 0 ; 0 5
0.65 ~ 0.699 0 0 / 0 o 2 8
1.50 -~ + 0 0 2505 2 o o—
Potal 60 100 71 100 26 100
: | | 0.(85 &
___Mean 0.079% 0.077 % c.131
>robable Error of —— . I coo1ze
“ean £0,008 X o.oue Z 0.023
standard Deviation 0.094 0.071 0.085 @
, 0.177

% Mean Calculated on a2 wider grouping of Findings

+# Excluded in Calculation of idean

® Calculated after exclusion of two results over 0.65 milligrams

~.
N -




TABLE ¢

Distribution According to Milligrams of Lead Per Liter of Urine of Groups

0f Subjects Not Exposed to Ethyl Gasoline,

Examined in 1927

C

14111 grams of Lead Medical Students | Filling Station Garage Hechanics
Attendants
Per Liter of Urine
Number of . Number 3 Number g4
O.- 0.029 11 17 11 15 8 21
0.C3 - 0.059 22 34 20 28 4 15
0.06 - 0.089 16 25 17 24 5 19
0.09 - 0,119 10 15 6 8 2 8
0.12 - 0.149 1 1+ 4 8 5 19
__0.15 - 0.179 ! 1+ 3 4 0 0
.18 - 0.2C 1 14 5 7 gb é
0.21 - 0.239 1 1+ 0 Q ) 2
0.24 - 0.269 o & 0 5 1 4
0.27 - 0.299 -1 1+ Q Q 0 )
.45 - 0,479 e 0 1 1+ 0 o
V.54 - 0.569 o ol 1x 14 o o
0.66 - 0.689 1% 1+ 1s 1r 0 0
1.00 - + 0 0 - 3% 4 13 4
Total 65 100 72| 100 {26 100
—
Mean 0.078 0.081 C.077
gggable prrow of X 0.007 Yo.o006 *0.008
tandard Deviation 0.089 0.0619 ' 0.089

#Excluded in calculation of means

LEB 01474




57

111 and X1V, in Chapter 111, only in that those who have had some |
degree of previous occupational lead exrosure are included. For
the second group, r1111ng station attend-nts and bulk handlers of
ordinary gasoline are‘hmmeed—begstnsn in order to make a large group
for statistical purposes. Unfortunately, no analytical data are
available in the case of the bulk handlers of gasoline, because of
thelr unwillinghess to cooperate in the collection of samples. There-
fore the analytical findings relate onl; to filling station attendants
as indicated in the tables. The control garage mechanic group is
made up of only a small number of men carefully selected in 1:26 as
lacking any exposure to Ethyl Gasoline. The rigid requirements in
the latter regard introduced considerable difficulty into the
problem of obtaining cooperative subjects.

¥o explanatory comments are required, since the tables . -

ey

present the observed ”actsx "It should be pointed out that *he ob=-

v

servations recorded in these tables were made by the sa?e persons
whocollected the cdata on the exposed subjects previously described.
The clinical methods employed in the two instances were substantlally
the same, while the analytical methods were practically identlcal.
Table 2" summarizes the mean valuss for all ths groups cf
exposed and unexposed versons, in such matters as would seem tc have
.
special significance. (3ince the freguenciss of cccurrence cf
stippling do not lend themselves to corputation of mean values,
comparison ofligggrtant facbﬁmust be made from the tables of distri-
bution.) Comparison of the mesans sgsﬁs’a striking lack of statis-
tical differentiation of the groups. The medical students show a
significantdw difference in age, but in no othdr factor. The barrel
fillers not exrosed to Ethyl Gasoline show a éignificantly low

haemoglobin content of their blood, as previously pointed out. The

~
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Summary of Mean Values of age, Systolic Blond Presaure, Paeiopr.
In Faeces and Urine, for Varioua G»our

TABLE 2 7

;
Rl
1t

~

./mm

hin, and Excretion of Lead
of Subjecta.

Description of Age In Systolic Rlood [laemoglobin |Lead in Mge. |Lend 1n. Tge. [Lead 1n Mgs. Number
Years Pregsure Reacdings In Single Par Gram Ash |Per Liter of
Subjects. (sitting) Sample of In Faoces of Urine Subjects
Yances —

fodife] Studtnts |ez.3 125.9 89.8 0.232 0.079 0.078

bthyl %m_nodso =0.2 0.8 20.6 ~0.019 ~0.008 =0-007 T

y soll

kraeminediin—1027 :
Filling Station

and lank Wagon :

Handlers not Ix- mq.m 138.2 86.0 0.19%7 “0.077 0.081

mOmmm»wo mnxwm .| o.8 *1.5 to.s 0.013 _ to.0086 + 0.006 114

aso ne -nxamna’ O
in 1927 E~
Fiiling Station py
Attondants Exoxe| 40.8 130.1 80.9 0.258 0.087 0.071 -
%5 Msuw m»mwwwm .2 1.7 0.87 Xo.018 0.007 + 0.005 565
«xamined n <

e (AR

Uank Wagon Fanilerd ™ ; =
m:.omwma to Eth:1 | 38.6 130.4 85.0 0.360 0.120 0.089
ﬂwmmwwmo.mxmaama +1.1 *1.,9 +0.69 * 05023 + 0.0 ¥ 0,011 50
jarage Mechanics

lot Exposed to z1.192 129.8 88.0 0.235 0.131

N =~ (L.‘.Lvh\ o L4 - [ ] OQOQQN

”m”gw cMmmHuwqu 0.8 .3 r o 1 0.029 1 0.023 ¥ 0.008 35
“Xamine n .

iarage Mechanic

xposed to Lthyl | 4.3 128.7 84.5 0

N f ® hd E quw OOH“H Otomm
_meww:m.wxgu;zma + 0.8 10.7 + 0.24 + 0.012 * 0.005 * 0.004 201
‘arrel Fillers

‘ot T'xposed to 37.9 134.3 71.1 0.380 .

: . . . . . 0.137 0.058

thyl Gnsoline (% 1.2 *1.8 r 0.92 X 0.037 + 0.014 + 0.009 27
arral Fillers

x osed to 39.1 129.1 83.3 0.283 0.117% 0.052 22
thyl Unsoline X1.3 oz 2 0.0l R CURATES) o0 ¥ 0.004
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7

mean lead content per sample of faeCesusﬁows certain statistically
significant variations withi- the groubiﬁg&nl¢ but no actual s&g—&w%Aluu
nildsGSmee can be attributed to these difforences in view of the
var‘ability in the size of the faecal samples. #hen the latter factor

i1s corrected YosaAhsAMira by expressing the lead in the faeces in

relation to the gquantity of ash, the variabillty of the groups becomxes
statistically insignificant.

It has been intimated previously that some significuince may
7e attached to the fact that a considerable number of the subjects
had been exposed to lead compounds in previous occurations. Likewise
the hrandling of lead compounds other than leaded gasoline and its
devosits on motor parts and elsewhere, might be expected co have some
influence upon the lead abscrption of the garage mechanic. As a means
of ascertaining the significance of these matters, the analytical
resultsl derived from two small groups of persons whose occupational
histoéigg falled to give evidence of previous lead exposure, were
subjected to study. Table (¢ has shown the distribution of the
subjects. as to previous occupational lead exposure. Table I~ presents
the mean Values‘for the lead excretion of these subjects as sepurate
groups and in combination, Tha results arepsqen to be szliizhtly lower,
tut no significant statistical differencesfggzsresulted from the
exclusion of the previcusly exr~sed subjects. Considering the rate
at which large quantiti=s of lead have been shown to be sliminated
from the body, the eff~cts of previcusiglight or moderate exposure
to lead, woulé not be exvected to;;é;;:ghemselves in an increased

excretion after the lapse of years, Nevertheless it is of some 1n-

terest and importance to establish the facts in the matter.

| w g 01477
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TABLE 1° .

’
2

Yean Values of Leacd in Faeces and Urine of Fi1lling Station Attendants
and Tank Wagon Handlers, Zxposed to Ethyl Casolins, Excluding All
Results Obtalned on Persons With Other Industrial Exposure to Lead

Compounds.

FPilling Station
Attendants
Exposed to

Ethyl Gasoline

Tank Wagon
Handlers

Lxpossed to
Etryl Gasoling

Combined

Filling Station Attenda

and

Tank Wagon Handlers

Lead in ¥illigrams In

Single Sample of Faeces | 0.338 + 0.043 0.277 + 0.035 0.336 + 0.030
Lead in Milligrams Per
iram Ash in Faeces 0.069 + 0.009 ! 0.116 + 0.024 0.086 + 0.011
Lead in Milligrams Per
Liter of Urine 0.063 + 0.C09 0.0863 + 0.010 0.065 + 0.007
‘umber of Subjects 19 15 34

/o

/
(
S
478
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It would appear that an examination into the rg}ati*nship
betwean length of service and lead excretioQ; mightfé;véyé means
of ascertaining the significance of the lead exposure associated
with the occupation of the garage mechanics. This was done first
by studying the correlation between ths period of continuous em-
ployment 1s mechanics and lead excretion, and then by a correspond-
ing study of the length of exposure in repairing cars which used
Ethyl Gasollns, as against lsad excretion. The results of these
attempted correlations are shown in Table.| . There is a complete
lack of correlation in either matter. TFrom these results one must
conclude either that the lead exposure associsted with the occupa-
tion 1s insignificant, or.that i1t of of such irregular occurrence

as to have no measurable time relationship.

- There remains one other means of examining the available data
in search of evigencés of lead absorption from the handling of
Lthyl Gasoline. qu;g the subjects studied in 1929, there were
twenty-six filling station attendants, and twenty-four tank wagon
handlers who had been employed'as subjects 1n 1927. Presumably,
if their occupation contains a_sign;ficant lead hazard—-they should
show some evidence of change iﬁ lead -excretion after two years.

~ ot .
The findings for the two jyears, as regards lead excretion, are
shown in Tables ¢ ,if , and 5&’. The mean values are summarized

in Table &° . It may be seen that no statistically valld difference

is demonstrable.

e
)
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TABLE L2

Showing Lack of Correlation Between Duration of Employment

of Garage Mechanics and Lead Excretion, and Duration of
Exposure to Ethyl Gasoline and Lead Excretion.

Factors Correlated Correlation Coefficient
Length of Continuous Service as Garage Mechanic with

Lead in Faeces in Milligrams per Gram of Ash. +0.017 X 0.056
Length of Continuous Service as Garage Mechanic with .

Lead in Urine in Milligrams per Liter +0.023 - 0.055
Length of Exposure to Ethyl Gasoline as Garage Mechanic +

iith Lead in Faeces in Milligrams per Gram of Ash +0.223 = 0.099
Length of Exposure to Ethyl Gasoline as Garage lMechanic

"/ith Lead in Urine in %illigrams per Liter -0.243 = 0.099

ke o1.
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Distribution of Identic:l Subjects For the Years 1927 and 1929

According to Milligrams of Lead Found 4in Faeces.

111ligrams of Lead
Per Sample of Faeces

F1llling Station Attendants
bxposed to Ethyl Gasoline

Tank "agon Handlers
Exposed to Ethyl Gasoline

KK km_lfl L'LM o{, A«‘-u{? -_;\‘/\LJ

n

A /'\,LJw(j—,—!«;«.t W\LM‘)__{“(‘,W 0.3LS £ 0.02%

1927 1929 1927 1929
Yumber 7 | Number | 7 Number # | Numver
0 - 0.079 1 5 3 15 o 0 2
0.08 = 0.159 6 30 3 15 3 17+ 2
0.16 - 0.239 2 10 8 40 4 23+ 3
0.24 - 0,319 3 15 o g 3 17+ 3
0.32 = 0.399 2 10 3 15 2 12 1
0.40 = 0.479 1 5 1 5 3 17+ 3
_ 0.48 - 0.559 g 1 5 & o 1
0.36 = 0.639 2 10 1 5 2 12 1
0.64 - 0.719 1 5 0 0 0 0 ©
0.72 ~ 0.799 o o | o o /1 o 0 0
0.30 - 0.879 0 o 0 0 /0 0 0
0.88 - 0.959 o o] o 0 0 0 0
0.96 - 1,039 0 g o 0 - 0 0 1%
1.83 1 % 5 0 0 o 0 0
5,10 i 5 0 0 0 0 o-
Total 20 100 | 20 100 17 100 |- 17
Mean 0.280 0.236 0.308 0.402.*
'robable Error of lean *0.030 X0.023 *0.025 :o.osg_
tandard Deviation 0,187 0.153 0.150 0.2f8
> Mdiﬁi LA 3&.;1"‘.&/15%’*“ Ui wuaw, .



TABLE

Tictribution of Identical Subjects for the Yeurs 1927 and 1929
~ccording to Milligrams of Lead Per Gram Ash in the Faeces

y1itigre
~am

3 >F Lead
Pay .70 ol

o
~3h

Filling Station ittendants

Expcsed to Fthyl UYasoline

Tank Wagon Handlers

Lxposed to Eth

1 Gasoline

1927 1929 1927 1929
Number < | Number ™ Tumber o Number o
o 2 10 1 5 1 6 7 41
i o= 2.279 5 25 7 35 4 23+ 2 12
5 - 2.119 5 25 6 30 5 30 3 17
J12 - 0,159 3 15 3 15 4 23+ 2 12
~L15 - 2.109 1 5 1 5 3 17 1 6
0.0 - 0,239 | & 1 5 0 0 1 6
) - 3.279 1 5 1 5 0 0 0 0
. 9 - 0.519 0 o] o q 0 0 0 0
0,72 = 0.359 o 0 é, 5 0 0 6 5
.53 - 0.399 5 ) 0 5 0 0 9) 0
20 - n.aze || 1 s| o 0 0 0 o 0
C.44 - 0.479 0 0 o 0 0 0 0 o
0,57 5 ol o 0 0 0 ¥ 6
0,54 1% 5 é 0 o _ 0 0 0
1.35 1% §5{ 0 0 0 0 0 0
Total 20 100 20 100 17 100 17 {100
Yean 0.118 0.106 0.109 0.142 77
’robable Error of
Yean X 0.015 X 0.009 *0.008 %0.019
standard Deviation 0.093 0.058 0.04%7 0.117

*Excluded 1in ce¢alculation of mean
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TABLE 22

TN

Distribution of Identical Subjects for the Years 1927 and 1929

According to Milligrams of Lead Per Liter of Urine

’41ligrams of Lead Filling Station Attendants Tank Wagon Handlers
Per Liter of Urine Exposed to Ethyl CGasoline Exposed to Ethyl Gasoline
1927 1929 1527 1929
Number 7 | Number}! < Number g Number 4
0 - 0.039 3 11 7 27~ - I 25
0.04 - 0,079 9 35 7 27« /16 4% 11 46
0.08 - 0,119 6 23 9 35 5 11 2 8+
0.12 - 0.159 3 11 0 0 3 H+ 1 44
0.156 - 0.199 1 4 1 4 { 4t 1 4+
0.20 - 0.239 2 8 1 4 0 0 o o
0.24 - 0.279 0 0 0 0 0 0 1 4+
0.28 - 0.319 0 o 0 0 Q o o o
-0.32 - 0.359 0 0 0 0 1 4+ 1 4+
0.36 - 0.399 0 éﬁ o 0 1 4+ o o/
0.40 - 0.439 0 o 0 o ! 4t | 0 o
0.58 1 4 0 5 o Jo} o -0
0.87 1 4 0 0 o o 1 4+
v 1,00 | o o 1 4 - 0 Q- -
4,00 - + e | O o o O 8+ o - - -
_Total 26 1100 | 26 100 24 100 24 100
Mean 0.142 . 0.111 0.129 0.115 %%
robable Error of
ean + 0.024 +0.025 +0.015 - +0.024
tandard Deviation 0.180 0.188 0.106 - 04173

» Excluded in calculatlon of mean
#% Mean drops to 0.083 + 0.1l when one result of 0.87 milligrams is excluded.
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TABLE 32

Summary of Mean Yalues of Lead Found in Samples of Faeces, of Lead
in M1lligrams per Gram of Ash in lFaeces, and of "Lead in Milligrams
Per Liter of Urine for Identical Subjects kxamined in 1927 and 1929.

Filling Station
Attendants
Exnosed to
Ethyl Gasoline

Tank ‘iagon

Hendlers

Exposed to
Ethyl Gasoline

Combined

Pilling Station Attenda:

and

Tank Wagon Handlers

1927 1929 1927 1829 1927 1929
~ad in Milligrams in 0.280 | 0.236 0.308 0.402 0.294 ' 0.312
ingle Sample of Faeces |+ 0.030 {+0.023 | +0.025 | +0.C36 +0.019 +0.022
£ad in Milligrams Per 0.118 | 0.106 0,109 0.142 1 0.114 0.124
ram Ash in Faeces X 0.015 |+0.,009 | +0.008 | +0.019 r0.0C8 X0.011
2£ad in Milligrams Per 0.142 0.111 0.129 | 0.115 0.136 0.113
2ter of Urine } 0.024 (*0.025 *r0.015 | X0.024 +0.015 *0.017
umber of Subjects 26 26 24 24 S0 50

.
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Chapter VII

Certain Considerations_in the Prevention, Diagnosis and Treatment
of Lesd Poisoning

1. The Prevention of Lead Poisoning Among the General
Population,

The necessity for further detailed knowledge of the opportun-

ities for lead absorption under present conditions, and the anticipa-
tion of new opportunities arising from changes in the life and active
ities of the community.

At present the largest factors which differentiate the modern
community from primitive life are found in candies and fruits, The
spraying of fruits and leafy green materials with lead arsenate is
the largest cof these factorse.

Necessity for particular caution in the lead contacts of
young children (cite literature) because of their apparent suscepti-
tilitys their unusual behavior - pica and their natural tendency to
have hands.and other objects in their mouths - and the disproportion-
ate frequency of encephalitis, Inexperienced and ignorant manufac=
turers of beds; toys, etc. coated with lead paint. Repainting by
parents or otrers, Drinking water, lead nirple shields, leadecontaine

ing cosmetics on mother's skin, Other items of importance. Typical
cage records

gL?»Thg!ggevention of Lead Poisoning in Industry.

The recognition of exposure to lead compounds - air sampling

_ methods versus studies of lead excretion. (See typed article on this

subjecte )
The limitation of exposure - means to be suited to occaaion,
Sharp segregation coupled with measurements of exposure as influenced

by improved methods of eliminating danger. Not adequate until lead

~poisoning is completely eliminathQ This means exposure must not be

sufficient to injure even susceptible persons, Careful medical

\e @ 01485
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supervision will usually serve to prevent tragedies while the methods
are being perfected: Rejection of diseased pefsons in lead trades,
, Symptoms and signs of impending intoxication. Stippling and other
blood changes,
What are safe limits of industrial lead exposure in terms
of the methods of measuring exposure? For practical purposes the
exﬁosure must be reduced at least to the point where the lead ex-
“cretion of representative groupg of workers is within the limits
which are not associated with the occurrence of lead poisoning.
It should be limited to such even lower levels as are compaetidble
with the application of reasonable methods of control., If this can
not be done except at an eipense which brings economic ruin to a
lead industry, it would seem that society could better endure tke
loss of tke industry than to pay the price exacted by its continua-
tion.
Ss The Diagnosis of Iead Poisoning. ~
Three points: 1. History of exposure. 2. Characteriétic/
" symptoms and signs, 3. Establishment of significance of exposure =
knowledge of conditions and their relation to cases of lead poiscning.
Chemical analys#s in appraisal of exposure,
Difficulties in case of sequelae - malingering, vague sube
joective symptoméf‘ﬁ?ﬁ-specificity of symptoms or signs or seguelae,
There is no laboratory shortecut to a diagnosis, The only
thing the laboratory can do at present is to establish the signifie
cance of the exposure,
Studies of faecal excretion within twenty-four hours of
cessation of exposure give m;gnitude of exposure in dusty trades,
Studies of urinary excretion of more value under thre usual
conditions because of the persistence of abnormal findings, uncom?_

Plicated to a large extent, by dietary lead.

Ve 8 01486 o
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The laboratory signs of lesd intoxication - valuable but not

h

w

-

specific or 1inal. Lead in excreta, lead in blood, blood changes,
: :
- Typical cases: Observations following immediately after ex-

&

"‘if

-

SR posure, Delayed observations. =R
. A
The curve of lead elimination in urine - Smith, Foster, Jones,

.

The slope of tre curve in relaticn to severity of exposure., With
knowledge of tke time interval since exposure, and with two or more
points established the curve in any iﬁstance can be projected to
give a messure ofvthe relative magnituce ot the exposure.

Fatal cases withoutr observations pfior tvo death.

e Post mortem analyses and their signiricance,
Cuncentration ot lead in certain tissues as liver and blood.
C- Gross amount ot iead as inalcanive 61 significent exposure.

The time ot exposure may be determinea with some degree of
accuracy 1iruwm i€ quantity of lead pfesent. The ®xtent of the ex-
posure can be determined if ;ﬁe time factdr (since exposure) is known.

The accumulation of information as to the amounts of lead
present in numan tissues in relation to determ&ned rates of lead
excretion may eventually facilitate the formation of accurate estimates
in terms of actual amounts of lead in the body. If tnis be accompliéhed
analytical methoga_a}one will serve to answ;r some‘of the gueetions
which present themselves at the necropsy table,  The amounts of l=zad
in the tissues of an individual who has died under conditions which
permit suspicion of the existence of significant lead exposure will
then establigh the facts, in relation to the time interval between

cessation of exposure and death,

L ke
IR

- Typical cases: (1) normal amcunts of lead. (2) abnormal amounts

Vv i e

T of lead,

e Lead in the brain and its significance. Typical cases: no
J .« exposurej significant exposure.

8 01457
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4, The Treatment of Lead Poisoning.

Removal from exposure, o
'.us.#uf Normal elimination of lead versus induced elimination,
(1) Unnecessary. (2) Dangerous, especially in children and severely
exposed. (3) Unavailing because of brevity even if doubtful accuracy
éf observations be ignored, and because of the brevity of periods of
treatment., Such brevity enforced by reason of economic necessity,
Hosp8talization and meéical care are costly and are not provided for
by compensation courts.

Resty freedom from anxiety including economic,

AR Full diet, profuse liquids, alimentary tract kept freely

./ .+ eliminating. MgS0,, etc.

5. Compensation Cases of Lead Poisoninge

. o Proof of exposure in relation to occupation.
Duration of disability.

/o / 'Re-empLoyment.

6. Theoretical Considerations,

/
In view of the conservatism of the conclusions which have

hitherto been drawn from the data which have been presented the writer

Al

may be permitted to indulge in a few speculations as to the meaning
of certain matters which have had only a partial »r practical inter
pretation, Pefhaps such efforts may bring into relief some of the

problems which require solution.

See The factors which are active in the production of lead poison=-

type=-
written
article
on sube-
jecto

ing are but poorly understood. Why is it that one individual may be
exposed to a certain set of conditions for years without apparent
injury, while another becomes ill after a short period of exposure?

Or why does one and the same individual persist in good health for a

long time only to develop an unanticipated acute attack of colic or

%ﬁ;% 01488 L.




neuritis or encephslitis. One may guspect that in many instances
these results have arisen because of the preseﬁce of diseased persons
in lead trades, or because the signs of impending intoxication were
not sought for. Certainly the term "unusual susceptibility”, has been
a most convenient term under which to conceal féulty observations, and

by means of which to sidestep the responsibi}ity for the maintenance

*;f unnecessarily hazardous conditions in lead trades. Nevertheless,

variability in susceptibility is & fact which must be dealt with in the
interpretation of the nature of lead poisoning. Does lead accumulate
in the tissues of some individuals to a greater extent than in others,
and does this occur more readily under certain physiological ® nditions
than under others in the same person? If so there must be a certain
variability in the chemical compounds of lead in the body under a
variety of conditions. The nature of these compounds and their reac-
tivity under various conditions, must be known before we can hope to
understand the mechanisms of lead absorption and lead intoxica%}on.
Some clue to the existence of important chemical compoynds in
the body may be found in the relationship which apparently exists
between the rate of lead-abgorption and the rate of urinary lead excre=-
tion., (Plet accurate curve of faecal lead content {exposure) versus
urinary lead concentration, showing the point at which a c¢ritical break
occurs.) At a ég;?ain point in thg absorption, elimination faile to
keep pace, showing little or no proportional relationship to absorp-
tione. At this point the excretory ability of the kidnsys reaches a
maxXimum or else some chemical reaction has reached its limit, thus
permitting the lead to be distributed into the tissues, Something
definitely modifies thé.release of lead from the body. This point is
probably the beginning of rapid accumulation of Tead, and if it can

be established definitely in relation to exposure it should be easily

possible to distinguish between a safe level of lead exposure, and i

(e d 014589 -




that is not safe. At this point any individual is in danger of being
‘poisoned. Presumably susceptible persons reaéh this point in advance
of'normalrindividuals, as an expression of the existence ot chémlcal
factors which promote accumulation, or conversely, as a consequence

of the absence of chemical tactors wnich promote elimination. That
this is not always a matter of disease, but may occur within the iimits
of normal physiological states is demonstrated by the susceptibility

of infants and children.,.
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S ffost

Ixperimental ethods .

/ In a fleld as many-g\ded and as replete with pos 1-

ibllities of error as the onﬁgunQer discussion,

¢

{
{
[ﬁ&::? the validity of %%N’fesuité\or conclusions depends/pri-

|
{ marily upon the accuracx and adequacy of methods of pyocedure,

In fact, one of the m obstacles to a proper »yéw}mm
of much of tke ::::i#:a work on lead compounds arises from
the fact that metnods are ‘not ﬁescribed with quff!cient de-
finiteness to justify Judgments as to their accuracy or to-

rermit of tbeif duplication. Therefore”at the risk of intro-

ducing 1ntringica11y tedlous material, &%—beeemee—neceeeeey
unssx_cowaq&NEQJs—ef experimental methOdBQAb’7¢Am ws dilod

L '4.1 e béw‘w**] }" Mo-4 }"0 /
: !

1. Analytlcal !‘ethods

/
I

/

(1) Analysis of Urine.

Samples of urine are collected in gallon jugs of

the type used for frult julces. The volume is measured ang

AR - -

“o“ every liter of urine 100 c.Ce 05 {Sp.CGr. 1.12) and
{{:10)

.10 ce.ce FgSO, . are added, ww@\ M care when

fealing with ammoniacal samples. (7,80, 1s used to avoid

aexcessive ulkal;nity,of the ash.) The sample 1s evaporated

to dryness on a hot plate at approximately 105° C., 1s trans-

ferred to a 500 c.c. Pyrex dish and again evaporated to dryness
aw

at 105° C. ~After ashing inﬁelectrical muffle furnuce at a

temperature controlled by pyrometer so as e to exceed
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500° C., the material is cooled, moistened §i¥:¥§;E7 with dis-

tilled water, and treated with 20 c.c. INO; (1:1), the ash
being broken up with a stirring rod. Distilled water is added
to bring the volume to 60 c.c. and, following digestion on a
hot plate, the residue 1s filtered off and discarded after re-
vpeated weshing, alternately,’unli; hot HNOs (1:1) and hot water,
the flltrate and washings being éaught in a 600 c.c. Pyrex

beaker. The filtrate is evaporated to dryness on a hot nlate .
o b eddine £ Buatide wnTh. mmmmampLSe . Cone, X awd, agosic

at 105° C. The residue is dissolved in TC1l (1:1), is diluted Vﬁ;{
0-

to 300 c.ce. and is neutxi'a/lized by adding 257 NaOH until just '?.Z,Q,
0. 17%/ 7

alkaline, 4 drops of - aqueous methyl orange serving as
indicator. XC1l (1:2) is added to the faintest rink, the
solution 1s cooled, and gassed with 1,S for one hour., After
standing overnight the precipitate 1is filtered off on.a 12.5
cm. Whatman #40 filter péper and is washed thorqdéhly)with
freshly prerpared H,S water to which has been added d.l? of its
volume of “Cl. The precipltate 1s washed off the paperAinto

the beaker in which 1t was produced,by means of hot %04 (1:1),

2
followsd by hot water, the sides of the beaker and the gassing

tube being simddirly washed. The solutlon is evaporated to
o ac oS
small volumej\transferred to a 100 c.c. yrex beaier, treated

=4th 1 ceCe H SO. (Sp.Cr. 1.84) and evaporated to Tumes of
i
7,804 After cooling IT=—taer—up—aa 30 c.c. 0of a mixture | ‘
Zre2 2 ii—-d'jﬂvcf P‘ffu'lf,b—pu,c,
of 10 c.c. 95 ethyl alcohol and 20 c.c. vatery =se lloved to//ﬂxu‘wL
HiTrn il L L C

/L Pty
stand over night. The precipitate 1s collected on a 7 cm. e <

Wunktell #1-F filter paper, thoroughly washing the beaker an

Jem 0149 . ] ot S oh e f
7& Q<CZN \_,o—o-w_ P /g/u_, ~ < :L_La.,luc-n c L1 ’ﬂJMf,.,, b a5 Mgty A idée
U » Z Ql{ “tw' ) + /h . o - sy
C"""(-»C'f{\. OELA/W - A /\ ‘t "’(-/(\-Q G e A—«l_,(/ a»qct.c,‘w
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~y V . :éé /' 77
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paper with a solution containing 1 c.c. HyS0, (sp.Gr. 1.84)
to 10 c.c. 957 ethyl alcohol and 20 c.c. water., It is then

dissolved off the paper into a 600 c.c. Pyrex beaxer with

2a%s
P— hot ammonium acetate, followed by hot water.
r W.Eé——-———*
(This 1s TR done by firgt washing theybeaxer in which the
Se. 1 %Lu,\»,‘ Sty qesrate Lol nmns
" precipitate was made, then decanting the solution and wash-
Tollimecro L é’,x( Sc.c. 27 Te Ftccosiin . Ges S o

/66

ings tnrougn tne filter ) This solution, now cdiluted to ,Z,,A, > 7%,,
-{E} (0.;‘_"%

-/ '{/:\ Log
(Sp.Gr. 1.42), and 1is neutrallzed by adding 257 NaoH to ‘f/amt,

300 c.c. with cold water, is treated with 2 drops ElNOQ,4 /

P, .
aléalinity, then #Cl (1:2) to a faint pink to Hethyl Ked Z&_‘:‘*;f;:
(4 drops of a 0.1”7 solution of Methyl ked in 50; ethyl alcoafﬁ‘ ‘*<—~7:g:;"
hol)e. 1 cece HC1l (1:2) 1s added in excess, the solution is ‘e:;:““{é
cooled, gassed for one hour with HpS and allowed to stand M:”:"S‘
overhight. The precipitate is filt’ered off, washed and re- :E"' la:'_d ¢
dlssolved /H/ / the’/ same methods and "f?;;é;ut ons as employed ;;_fn'?v:u
at the orevious qulphide step. /The solution is evaporated ::: Jﬁ“g
to 1 or 2 c.c., and transferred to a 150 c.c. Pyrex beaker, :A,:Le;_“
vhere 1t 1s diluted to 80 c.c. {vith cold water, neutralized“Qﬁ't‘;':-"ifﬁ;»:

- T

with 257 %aCH (free from iron and zluminium), w-tf, ; 4 drops

of a solution e#=@.5  phenolphthalein in 17 aqueous aOH,

as indicator. - 5 drops of 257 HébH are added in excess, for
the purpose of supplying enough sodium acetate to repress

the t+ lon concentration due to the presence cf small amounts
of mineral acids, whe.n the solution is neutralized with 57
acetic acid. After adding 2 c.c. of 57 acetic acid in excess
of that required for neutralization, the solution 1s brought
to a boil and treated with Q, c.c. of 17 X,Cro, solution, the

mixture standing on a hot plate for one hour, and at not

AE B 01493



less than 60°C. °V92418ht° The precipitate 1s collected on a
7 cm. unktell #1-F paper, the beaker uand paper being washed
wilihr - CxRmRme thoroughQ?;e wlth hot water to remove the last

1

traces of soluble chromate (tested with diphenyl carbazide
t11l washings do not give a pink coloration), and is then dis-
c*olved into a 250 c.c. Mohr flask containing 100 c.c. water,
~7 Wuww'f ce.c. cold HC1 (1: :5) followed immediately by cold
W irivimga ot
water. The beaker and stirring rod are washed an@qdecanted
throﬁgh the paper. In a similar flask a standard is prepared
containing sufficlent X,Crp0n solution to be equivalent to
0.30 mgs. lead, precipitated as PbCr0,. 100 c.c. water and
;? c.c. cold IlCl (1:3) are added. To the sample and to the
standard, 2 c.c. of a 17 solution of S-diphenyl carbazide in
glaclal acetic acld are added. After the dilution of each to
250 c.c. and after thorough mixing, the estimation of lead in
the sample 1s accomplished by comparing the intensity of the

rink color with that of the standard, uﬁtfq a Duboscq colori-

meter. . .
: %f":—— i oa+r Xl - / g . S
) ’ L*- o “""*“‘{“"\-‘ C?\,Lf H,La; er e S e SJecTTat e /,:T'{A — \.J.(_._.,{»{f “LZE
: oo .
a0 -V'\. 4 €’~ i/ /Q/ . ,,42. TR S e S o {é/;.'b:..c,,{,'.&:;,,/, P ,g...f ¢/* I A I r‘.
/c/t bd"/“‘r‘q (_l (A C A e /-c R f— ,/‘Z‘:) ; :F"'e"l-”,f—(;_f o .(.‘é_— /a . (,/( e e [f:- .’.
ik an I < &3 e Ao D \; 8 \71* R '.’(/’--- . — - S
L4 -l el ~ . EAR L L L o
(2) ° Analysis of Faeces ’ i
Samples of faeces are collected in glass-capped \\

cuart or pint preserve jars. Each sample 1s transferred to a

500 c.c. weighed silica dish, dried to constant weight on a

hot plate at 105° C., and then ashed in the same dish in an £ O'3¢§¢é
electrical muffle furnace at a temperature controlled by pyro- G
meter 30 as not to exceed 500° C. After cooling and weibhing

the ash, distilled water is added vé%ﬁkedbo and the molstened,
a/’ [ /(—bh—c ‘.ac.ccz é’otu.,«c.e—,‘,, Kl T f‘w‘ a...ﬁu_t,(, ,(,-. aa LCL . A Z;’

o ’bcﬁ—m:fmmv- ,Z'o ./L«_HUG.AL /.qct,to&c_'«u,e,u.ucrut—u Gee A ,fa ,Lcdau



ash 1s treated with 20 c.c. HNOs (1:1) while belng broken up
with a stirring rod. Hot water 1s added to bringbthe volume
to 50 ce.cCo A period of digestion on a hot plate is followe
ed by filtration into a 600 c.c. beaker, the residue being
thoroughly washed alternately with hot HNOg (1:1) and hot

water, and discarded. The combined filltrate and waghings

JZ, ,’:'4,-;4_.(‘1.“@-'{4 do el 2Sce. Ca,
are evaporated to dryness on a hot plate, fhe residue 1s I o @.ye,

<

e rali
s

d1ssolved in ®C1l (1l:1), is diluted to apprcximately'soo CeCoe ol Faes e

in a 600 c.c. beaker, and 1s neutralized with 25% NaOH, added
drop by drop'with constant stirring until a slight permanent
turbidity is present. The solution should be coo0l, and should
not be permitted to become arpreciably warm while being neu-
tralized. A few drops of 0.57 aqueous solution of methyl
orange are added, and if the solution is alxaline 1'C1 (1;2)

1s added to a2 faint pink. Following treatmegt/with 1,5 for‘one
hour the precipitate 1s allowed to settle oveqbight and is
filtered on a 12.5 cm. Whatman ;40 filter papér and 1is wéshed
with freshly prepared E,S water to which has been added Q.lﬁ y
of its volume of iICl. It is then re-dissolved into the Seaker»
in which the gﬂfﬁﬁlde rrecipitation was made, Dy means of @pt
HC1l (1:1), to which has been_addéd 10 drops of COncentrated. |
05, 1n order to dissolve any CuS and thereby prevent occlu=-
sion of lead. The s’des of the beaker and the gassing tube

are washed down with the acld, and the taper 1s further washed
well with hot water. The solution 1s permitted to digest until
ali the H,S has been driven off, whereupon it 13 diluted with

cold water to 300 ¢.c. From this point on, the second neutrall-

-zation with NaOH, the second precipitation with HgS, and the

(€8 01495 .
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subsequent steps of the analysis proceed exactly as in the case

of the urinary sample,

(3) Analysis of Food, Tissues and (Other %aterials,

These materials are collected in glass-cappred quart
gésbn jars. Except for those m&;&tﬁi;~4'large amounts of cal=-
cium or fét, the general procedure, after weighing, is to in-
troduce suiltsble guantities into 600 c.c. Pyrex beakers to-
gether with 10 to 20 c.c. concentrated HNO0s, 7 c.c. concentrated
uCl, and & to 10 c.c. concentrated !,;S0,, taking down to a char
on a hot plate. The char 1s destroyed by frecuent additions of
small amounts of concentrated Ili0s. lear the end of the pro-
cess 2 c¢.c. 607 perchlorIE acid are added, while additionsl
amouﬁgs of H1l0g are introduced until no char appeérs on evapora-
tion to %QSO‘ fumes. The material Is avaporated to small volume,
cooled, and treated-wi&h 10 c.c. concentrated 1'Cl and 350 to 400}
C.Ce water. The reguiar analysis is carried on from this point.

Mo 1,80, is used in the digestion of bone or of tis=
sues which comsedsn bone. Such materiels are treated with suffia
clent WNO; (1:3) to complete digestion, after which the sample
is evaporated to drjness on a hot plate at approximately 110° C.
The resldue .is taken up in 50 c.c. concentrated 1105 and hot
water, transferred té a silica Jdish, again evaporated to dryness,
and ignited to a white ash in the electric muffle furnace at a
temperature not higher than 500° C., The ash i3 moistened care-

fully with water, 1s treated with 50 c.c. concentrated PHOg s




and set on a hot plate untll dissolved. The residue 1is fil-
tered off and washed alternately with hot HNO45 (1:1) and hot
wat%{:L)Th3~filtrate is evaporated to dryness. The resicue
is ;;eeoé;;d”én concentrated HCl, 1s again subjected to evap-
oration to drygess and 1is gi ally taken up in a minimal quan-
tity of cgéﬁaﬁed HCl. /’L{Tpon being diluted with water to
approximately 300 c.c., the usual anaslysis is carried out.

Fatty materials are dealt with muE ST Iefeatmetiy

by heatlng with concentrated 1,80, to an incipient char,

after which they are treated with successive Efﬁil portions
of concentrated 1NOsz until no further char 1s present.

The sulphurie acid solution 1s evaporated to small volume,
whereupon the slight char which appears 1s destroyed with
small amounts of concentrated HNQO, and 807 perchloric acid.
This entire procedure is accomplished with aeswt speed and
cenvenience if the sample 1s divided into small quantities

in XJ)eldahl flasks. Constant attention 1s reouired.

54} rFemarks on Analytical ‘ethods.
A survey of @Me znaljtical methods ~ieeimtsee in

4

1624, resulted in our use of those developed by FairhallY,

with certain modifications instituted by ' nr = Edgar. Tur-
ther efforts to shorten the method and to reduce tne slight
losses of lead to the minimum, Jeesse- resulted in investigation
of technlecal procedures origiﬁating in the minds of the lab-

oratory staff, or suggested by the work of Avery, Heminéway,




Anderson_and Read%f'TaylofV/

Francis'?/and his gssociates, and
Tannahil 'f The preparation of ®™EB samples for analysis by
primary ashing at low temperatures (500C° C.), he;:;gen aban-
cfoned in favor of initial wét\digestion methods except in the
case of faecal samples. FPFurthermore <4s—as seemed safer not

to place too great dependence upon the qﬁantitative separa-
tion of lead from urine by treatment with.ammania as suggested,
with certain qualifications, by Fairhalﬁéf or by precipitation
with the oxalates as recormended by Tayloféf’though we have
nqt investigated the latter method. The sulphate step, after
the manner of Averj%/;t al., has been found 8 i ety
nécessary'fg cbvv;i&@ the 1nclusion of materials other than
lead. The colorimetric determination in which chromate ion
1s measured by means of S-diphenyl carbazide ha; been so satis-
factory in our hands that wgwhav% been loathe to eliminate it
in favdf of a thilosulphate titfation. : >ulphi6e precipi*ation)

7
or the acid aulphite method of Ivanoﬁ// The thiosulphate

titration method L o &*m;n4:;Z&E;am_considenahian,—inmeun

«vv(c fLA

Sdgment, in éonT*an”ifh amounts as low as a few huncredths

I
of 2 milligraniesthe S&k%nth&t;tbe carbazide reaction COESIESY

upon chromate instead of lead becomes eﬁ—a&nﬂ»« 1gnii1cadf}¢cjaxn 7L

u' w /u.c.m»wvcp
vhen cnememilzTty that the CoapaEEsd elimination of soluble
G—J -+ o
chromsa te may;fe 91E§!§§3§£=&5w oS ITINER by tha:aéggiﬁgﬁib

Cesire

aud $74 L
J===t carg\reqmired te—eve&b the inclusion of non-lead materi-
als in 4he other two colorimetric reactions. An advantage in

the use of S«diphenyl carbazide is found in the identical

A 01458




qualitj of the colors produced in the standard and the sample,
a_matter-rarély mccomplished in-colarime+rit comparisons, <@
K ]

It would be highly desirable to dispense with the
numerous steps of a purely chemical method, which involve
slight but inevitable losses of lead. HNevertheless the re-
sults of our investigations derive their =ignificance from the
certainty that the methods have nqt yielded errors on the high
cide. Thus while slight uniform losses of lqgg are to be de-

Hie
7lored, they do not influence the validity of results, wirkelr
’ — -

/
tha_one hand. nor_wizh”noaa-sone4&480—buxhiaes—uaé§oru&y
SLLURELE—pIROGedures—orthe-UtiTeT, »uazheamﬂﬂﬁ‘-cﬁrfain defi-

,nite advartages have accrued from the accumula‘ ion of comparable

data over a period of years. The_grodual modification of

- e o

mW-mu:Wac ta, while
mafsteintng—technical uniformity-otherwise, hee—yieIdad a body

of increossingly conclusive~i2£g£gazianc

1

e g2 N145%90
~Zy—ratertils and Technique “w @ 0 g
Satlsfactory results from the employment of any method
of analysis for lead are predicuted on the utmost care against
ﬁhe introduction of lead from containers, reagents, and experi-

mental procedures. The opportunities for cortamination in the

aborat are slight, houglied, as compared to those assocliated

labo ory g 2- P SO Y /Q_,Lf’u

with the collection of samples.e@—aay«kiné. It i"_neCGSSuP to —-
8 AlazeaTs e "

v}u’q‘u vt ! A /Ln..y_\.f,,d ﬂl&uAﬁe 3 Qés)‘) Lv«.r-ol- 7S g o u."'/" ux

B e ] e Dttt
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supply chemlcally clean containers of glass which will not
yield appreciable quantities of lead to the sample regard-

less of any chgmical changes which may occur. It is wesg

: Tdinr) SuS

essential to wee that materials are collected into these
contalners, without the use of any intermediate veséel, and
wlth adequate precautions against foreign materiasls which mdy
be present in the air or upon the hands or clothing of éubjects.
Continual attention to these details 1is required to avoid gross
contamination. Where intermediate containers are unavoidable
as 1In case of persons confined to bed, spécial equipment is
pgqu;red which must be handled with laboratory technique.

VR P v ertion—af our samples have been collected in glass-.
‘capped prese;ve jars, and in gallon jugs with cork stoprers.
These have besn clearned in the laboratory with the same care

as that emplcyed 1n the case of the other glassware. Tﬁe J
technique rere is of some consequence. Tap water as well as
cleaning reagents may contain apprecilable quantities of lead.
Srecial care is needed to assure lead-free distilled water.

"hus the tap water and the dilstilled water are analyzed from
time tu time tQ assure thelr satisfactory quality, while the
best quality of Sulphuric Acid and Sodium Cichromate is used

as the cleaning solution, in order to avold the contamination
of lead foun@'fregyently te—gonsadepekis=otewmaidiias in the
commercial :25%2222@.' The poczsibilities of contamination from
the glass containers have beeﬁ tested by treating certaln ones

selected at random, with half thelir volume of hot nitric acid .

allowing them to stand on a hot plate at 105° C. for two days,

(€8 01550




after which the acid and washings were analyzed for lead. The
highest results obtained have been 0.0l milligrams of lead, in
the case of certaln quart preserve jars. The gallon jugs have
yielded no measurable quantity of lead under this treatment.
To determine the maxim® ! possibility of contamination certain
of the contalners have been broken. (ne-gram samples were de-
composed with chemlcally pure sulphuric and hydrofluoric acids,
and after fuming the residue to remove hydrofluoric acid
analys€s for lead ﬁﬁg)carried out. ilason jars are somewhat
variable in thelr lead content, results varying from nil to
Ce2 milligrams of lead per gram. The gallon jugs contain uni-
formly ﬁegligible amounts .

Corks used to stopver the bottles, and rubber rings .
used to seal the jars have been analyzed.. A typlcal determina- |
tion showed Q.07 mil}igraés of lead 4n 5.45 grams of rubber
ring, whlle 6.6 grams of, cork ylelded no lead.

The glassware used in the analytical %rocedures con=
tains measurable quantitles of lead when decomposed with »ydro-
fluoric acid and analyzed. However, the .amount of glass actu-
21ly dlscolved 1s quite small, and in no way influsnces the

" —
results, as shown by blank determinations.

Lead-free reagents may be-purchased, but considerable
care must be taken to test them in thls regard. laving astab-
lished a source of satisfactory supply, a uniform purity is
reasonably weiM assured, but i1t 1s desirable to keep a continual
check on the matter by making regular blank determinations. We
héve made a/practice of running not less than two such control

determinations with every set of analyses, thereby sssuring a&¢u~uja;~
, |
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ourselves g? the amounts of lead which may be contained in the
maximal amounts of all the reagents employed in a single analy-
sis, “hile at the same time testing the uniformity of the analy-
tical procedures In thevhands of the laboratory staff. Over a
reriod of many months 967 of all such blanks ﬁave falled to show
traces of lsad. 1In no case ras the quantity exceeded 0.02 millia
grams of lead.

By means of scrupulous care in carrying out the technique
of the analytlical work, and by maihtenance of the utmost cleanli-
ness of the analytlical laboratery, as well as Z: continual
check on matqpipls, equlpment and technique, it h'as been possie
ble to ﬁéEEEEL'Q=E=I==E§§EEEE§ agalnst high results. ¢Slight loss
of lead is unavoidable.becauss of -the—metubiliby—of—tead—eompounds

vRicK usually Doy lLo—dersidtdeat—intotiblée The results, there-

fore, err on the low side. The extent of such errors is indicated.

by 'a typical exveriment designed to test the analytical proecedures
~only, it.2. In the absence of crgunic nmaterials,
Lead-Tree control samples containing 2.5 grams CaCl,,

'

roms TaaP0,.12%50, 10 Cece ECL (Sn. r. 1.13) in sdbout 320 c.c.

(n

41stilled water, were treated with variable cuantitieg of load

unknown to the analytilcal staff. The results a2 shown in Table I.

[
O
——
Ox)
(]
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Table I

~— ] ~ &

J ,-’-\l«‘:U :'\. v‘.,‘{‘_ .\«"-,_:'\') !,A;_//-‘: e ’,’—:' tae PO F SIS
¥illigrams #1lligrams *11ligrams Mi1lligrams
Lead added Lead Iound Lead Added Lead Pound
nil i1 ‘ 0.20 0.14
Nil il 0.20 D.14
Hil Ml 0,20 0,12
Nil M1l Ne20 0.15.
Q.Q7 0.08 0.25 . C.18
0.07 C.04 0.25 _ 0.18
0.C%7 Q.04 0.25 /\ } O.16
0007 0.04 0.25 / Ollg
AR -
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-
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1 ~ 3
3 ethods of LEstimating E hilic s¢ti i §: %
. et 8 n g zasop c ppling §¢?§\J\
of the Erythrocytes. S 8
ABN
o
o RN
The *WW changes &treihe 3 I~
<
SN
the absorption of lead compounds, #7‘ e specific impor- =~ - "~
tance to mtcr*oscopic examinations/f the blood in =g clini-N ~ ’\\
TN
cal or experimental work which £/oncerns itself with lead. \é&i\ Ny
“1thout preconcept.tgn as to the relative merit of the method\s‘:*i i
. , A N
of detecting variatic the content or distribution of § . :I%
™ “
oy ¢
basophllic material in hlood corpuscles, we have elec‘t;ed\?::\\‘k 8
£ £~ N
to make observations the\occurrence of stippling in blood i o

7’?”

s

may . ba gXami-nd
£ o et chra) o) %TM&PL mvaMwu(Mﬁ%

smears unmodified by fixation haemolysis or by vital stains.sx ™~ 3~
T~ s

The adoption of is as a general procedure on all cases, ;\_ {
- Si .
even where in//somejinstanc'es addi\ional methods were em- T % :

Y

, : R g
nloyed, was/Eased/ on the impossibilyty of sampling by any 15 io f
/ ) N TR
other means than that of = drie’d smedyr, under certain condl- ‘Q )
tions of our work. Thus we have attemfted to obtain a saﬁs%i S
N by ¥ ¥
facy rv degres of quantitative accuracy in a simple method t;ii v ‘E
/ e E
aprlicable to any subject at any distance from laboratory e X &
7 = . ‘? 3 * =
facilities., = N2
,:2 BN - .
Several ?émea“s are made from the ‘wlood of each subeX " 2 B
. s :e“,) A«nofulh Cwuwtﬁt.“ ?& .f \
Ject &Jlj@wx‘vﬂﬁé{ a—e—%—i—ﬁam..ﬁhiclma-a-e—mm o rfbu-b;} E\r .
Lo ! PR TIPOT RS VS ugxh,,[,“),/'zu Wi e t2r s:\& . ¢
tion—of-ergythrocytes.. sla,.on chacically-g-laan 5\;\\ <
. 4 . . A 4 ""\( M
+lides. 7The slides are perm tted to dry naturally, o dre & X g
. e ! ) - 3
labeled with the subject's name or number and the date) -S-h-ey-ig‘s ¥

z*

i

e
e
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.&ixh9&t—zny”E6EBHEEFEUTE‘*K!F@€‘—TT‘t?e3 e e Tty ——a Rl Gl oot
Atﬁﬁhiﬁ-ii-éﬂFg;y are 1nspec€e3\’°n the best and most uniform

ones are sgelected for staining. 7The stain emnloyed is made up
7 of 1.6 grams /%thylene flue, 0.2 coece of 17 NaOH in féthyl
' ﬁlcohol, in 100 c.c. #/thyl Alcohol. The smears are immersed
/1n the stain for four seconds, washed rapidly with 0.025° aqueous

1afCCs solution, and dried +spesr rapidly aeadessd® 1n a strong

alr current. “

The resultant stain 1s brilliant, and the stiponled
érythrocytes are éasily recognized. The erythrocytes are
stained a pale green, while the basophilic granules are a very
dark blue. The criterion of the satisfactory quality of the
stain 1s the relation sxisting between the pale . reen transliue
cent anrearance of the erythrocytes and the depth of the huclear
staining of the polymorphonuclear leucocytes.

v~ 1knm&-iﬁbb§e25xperience, careful technique,and micro-

scope lenses capable of excellent Fefinition are reguired to

obtain good results. : e - Ehe Smears s fvexauel

iIn a2 strong light, with a nmagnification of not ‘ .
S VAP 7%«_’: —— Ll r? vw‘f ;IL_QL +¢/ Mﬁm /, e Lf;"

"1ameters. = d
\_ ‘W-x C“ ‘0 WLUL . )Nkl.a:' _“’ F 7 '
. SUePP-wTYTATOCy O d. A -3

/’éknm_na:énu-ﬁ-Gu9“nea6—oSSeo%é#e—%%au—li-ﬁhe-caservnL4nn of
‘7§tbe central portions of a great many more fields. ¢Amﬁd7paﬁﬁz;)ausa/’

In-ebservationsg in which the sammmm

Tl .
employed, Cepefud selectlon of flelds of most nearly uniform

distribvution of erythrocytes reduces the variation in the




number per field. NKexertirelews—considerrbie—vemiationm—in—thts—fartor

~accurs,.. The number ger field averages approximately 950/, it
<29 : w”[&t
af _osbhsepvabkiens, Tewe fifty fields :

..,o—#) ”_w. Tl A e L L L N Ty T

2% approx-

imately 12L?$:f§%cytii.’ » _, f @WM ,eé./. %
ﬂy Seme zppreciation- of the limits ot quantitative accuracy 7
obtai nable, in view of wR the opportunities for variation in tech-
nique 1n the hands of a single careful worxer, may be had 1rom a cone
sideration of the observations of lable II. Ten successive smears

of the blood of each of three subjects were made, after which the

microscopic examinations were carriea vut by one rerson. N

e K;ariations in the results obtained by two persons are shown
in Table III. Each observer made ten successive counts on a single
smear, there’ﬁy showing the limits of wvariation in the techni‘que of
microscopic examination. Then each observer made one smear from .
successive drors of the blood of the same subject and agai n.made ten

Ve

counts on the smear so prepared. The c/ompsrlson of these two sets

JA‘;
of results g-nés._mms_id.ea_nf the variabiljity which may arise from the

preraration of smears, plus the microscopic technlque.**‘w

1 o = i A
N it o a8 1 & AN gt i o e e a1 S

MG%W’K

the progcedsre, e data which @B appear
! . .
in subseguent pages show/d that the accuracy oi observation 18 greater

than the accuracy @I interpretation in relation te the question at

issue,

r~\<
A

~
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4,. General Clinical Metnoas wg‘g 01 v

Meag qulte.clezx. that %ne excellence o1t clinical observa-

tions 18 dependent upon the skill, care, and judgment of the observer

rather than upon specific methods., Thus, it is _scarcely profitsebtie

MQWMS, et s 0of 8-Mme imhnvtwm
. ) - \l/’*an-d\) /‘M w“j-f{,w.o—}ﬁ——-

%tte»Mmu i) Lsll, wd T T MW




Table II

NI S - . .
R A R LT I FU v o, s
I}

2 et Aok

Qbservations on Ten Successive Smears made from Same Subjects

Smear

O 0O 9 O O WO

~
M
o

Average

AN
Hewbis | SRS Do T, frond o 89 P,

sSubject B. Subject J. Subject NW.S.

5 19 141
11 26 ' 145
9 ” 17 180
7 26 135
11 19 163
" 22 165
9 24 138
. 14 21 169
7 31 150
5 13 131
- 8.5 21.8 151.7

-




Table [T

. / i . ) N -.‘:fk' . ’!W }‘/t;"; dwdu‘/ POV s . PO K et e e . . e ee e - -
sty 2_ I
- LYY .Af/:w, MWM o M"' ’f\d‘
34N Sdinl, an h
U '\.:/ i ._::{,/‘,L/;: ”-.'./" . _.,) e LD ,7:24,:7:; l wo @w ZQ—ULI "s wL‘J I‘Q W
- ‘&LMWML‘/M G
|
! ) o on o{ Smeﬂz‘s/l
Obsarv,ai;ions on | s;;ng}a Smear ; SubJ
L‘?‘i\#{’x Itrx.‘/; kv((}‘sé'//« ,"{n‘,,,{ ‘é’ld Vfég y@v\w.lcu 3&7[.{[4( ’M;—;’a?“‘ ”w‘_jw /.‘#} 7
B by D. ~ by S. R by D. by S.
1 28 - 30 1 135 89
2 38 36 2 110 91
3 31 36 3 141 110 )
s 37 32 4 119 w01 /T
5. 40 38 5 117 o7 ’
6 34 . 33 6 118 106
7 29 34 7 116 o2
- 8 39 36 8 117 85
8/ 38 38 9 113 110
10 . 32 38 10 113 1086
Average  35.6 34.7 119.8  98.7
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7 é?ou£u42:;§'%uestioning of every subject was required,
in order to :etermine the occurrence, duration and signifi-

,'{ Lt

cance of Aexposure to lead compounds. SO0 many trades involve

some contact with lead that eareful-sTrutiny—of the entire
Had 7 c»uaﬁﬁpfrﬂ
occupational history must o

2. S R wor JOVEE LY S hmulth«a~uéi uHU&'/hwuaa& /ﬂomu44w¢
M—a&m&é was desiruuvie to W@Afw
individuals who exhibited evidences of chronic or acute
dlsease which might interfere with normal absorption,
metabolism and excretion. M¢nqumuﬂikwlh)**aM““’z:;

3. b m«{wtrf )
-e¥4dencaa_aﬂ-ialaeae*nf_aa§rJ4”A !;Z::l; ettention was
given to the discovery of abnormalities associated with lead

/

intoxication.

4 7or the sake of «caup&%ewcomparis s of‘ﬁlb varlous ou%»dzo
groups of subjpcts, 1nf rmation oé a auaﬁ;ijative ha actgﬁ/ /

\ .

was obtained qo far as poss ble.

N
data. and of -edd-Other matters amenablewxofmatheﬂa%ical treat-
progedure,
.;\ : 4 —— 7 — S~ r K
/"L -—--v_,év I «ﬂ/(!‘- "f 4 ':/:" Aty awn Clgiaede WER T ds. O -r""'*/
. \ / ; 4 j—— -‘\4—"1'—‘
\;‘t»\?j nes .[L)Z/ p ".- a;(d‘z -/:V e lesie o v‘ :u/¢ .,mu/

n? Ao audvcos‘zis 4u¥¥;)/ta443~%a
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