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in the body of every animal that died. I might say at
that we did not have the experience that Doctor Sayers g
Kehoe had—that of finding lead in the body of our normg
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fing Over 2 pool of gasoline for 20 hours a day. It has been
W j that 8 man retains 80 per cent of the gasoline that he breathes

whiS Jungs. If this is so there can be no doubt that he runs a

We kept our control animals upstairs in another ro : : : ; r A

was :o iﬁance for them to come Ii)n contact with the l(:aI:dWeo | Tﬂ b over BN periee -Of G accuml'llatiln{,; a;n ;p.precmble

T would also like to say that the normal man does not ¢o : ,;ntity_ o le.ad. Th.e thing to' pemengber 15 Lhab G o s
1 W tive poison, while such poisons as carbon monoxide or benzol

0 his body as commonly as some people think. T exami i ;
stools of many of the men exposed at the Bayway pla*n’ washefl out Of_ e sys.tem man the' g S 130%1"
able to find lead in the stools of only 18 or 19 cases out o g s, CHEIICRCINE by R e s g

: : ! ~~ 1 believe, in some parts of the country. Two persons
. Also in the past have had joriety: ’ ; ; 4 sy Wi
siiilén:;fineisg 11?1005 giflig::I;FeI S?:;e{ﬂ da t}:iilgugol(;a;e t:king with all the care they could in making this Investigation
=) ) b

. ' 0 lead absorption. These persons were not exposed to any
300 of these men were employed by the National Lead C Jié sho™
AT e pbuginessy ondh the, reo S Shovs Jaight tetraethyl lead except to very small amounts and then for

was found in the urine of only 20 per cent of the men. Of iy 2 oD % Of. min1'1tes'a e R Rl
the exposure of these varied. The stippled cell ﬁnding"s,‘r . ! csll leachnioxicabion Syn}ptoms—I. wou_ld hesitate to say fat §
cases was rather rare also, but this is in agreement with e showed wakefulness at night and irrational drea.m.s, i
ture. We ourselves have examined the urines of ad b fact that they accumulated lead unde.r those con'd}tlons shows
men during the past year and found lead only in about 30 it lead could' be abaed unde'r (riiny cond1t10n§ L OuI.ld

For fear that we might have some mistake in our loay ages. _Our windows were kept wide open and the'ventﬂatlon in
and because the question arose as to whether lead, or rg Texperimental room was as good as one would find in such places.

: : ; W (ur experience leads us to believe that if man is given the same
bstzacthy] .1ead, gyanaTated ypith th-e 283 olingfi d.e cided msure that our animals have had that he can not help but absorb
ther experiments. We took a galvanized iron pan 30 inche

oter, having a depth of 20 inches, and placed a movable: ul, whether it be through the skin or by means of the lungs.
to‘m’o £ 14-inch mesh screen 11 incl’les from. the botia llether the symptoms are well enough known for the average prac-

ik . o T a0 bl of iyl gsnlin o o e e
of the pan after it had been thoroughly cleaned and o U (e §

: L ftrian and Bellevue Hospitals and have asked them to make an
movable false bottom was then placed in position and,\‘ imination for us. Each time we have got back a report that
p_l aged 10 ratts. A0 tt(:JEP o tlhe.paln Was'.hleft 9B lto e is nothing significant. One animal, on which the Presbyterian
AR mmlr{emen}; fash £ Rl /iDen, Nesh, SEHGEE Bpital made a special examination of the nervous system, was re-
topo ke b e.rats rom jumping out. - The. rafs THES Med on the other day, and lesions of the brain were noted, but
the fumes resulting from the natural evaporation of thad fleport closed with the’z remarks: “These lesions are no more,than
929 hours daily for 7 days. : fing ; kel

For two hours each day the rats were removed to gl { il per_cent L : 1 ﬁnfi Al 2

5 ! ¥ ! the men who died at the Reconstruction Hospital revealed prac-
chance to eat and drink apd to permit us'to clea:n out t lly nothine that would indicate lead poisoning, except from
was obs'erved that approximately 200 cubic centimeters bchemicg] ﬁ; s Jeliail s B ol it b0 et i ;vhere G bl
were left unevaporated at the. end of the 22.hours. V ed. Ve havetila At b as batenioa W i aristhils,” O
thiseven.days tllle‘rats Heradibon an'd e?;ammed. An “d animals showed nothing that was not observed in a certain
content of 4 milligrams per rat weighing 150 .grams : “tage of normal animals. All we have to go on, except for the
There was no way that the rats could have come in conta T e the,excretion o
lead except through the fumes formed by the natural Uy o ft,er Jeath, and stippled cells in about 50 per cent 0’ £ the
of the ethyl gasoline. There was no dust as the bott Rl Y i ] P A i & e
moist.  We feel after this experiment that there can be X the CHAIm\i ourﬁnlma v;)ord . TC i h.n mtgs( OIE 17 D b
our minds that the lead concentration in the ethyl-gasoit L. 70uAN‘ b ?:1 ag L feqse LD m}‘? ho " orr;eth'r(l)c 18
of sufficient degree to cause lead storage in the body in ¢ » JoU probubly sHOW Gf SOMeICE M G ne

gl
quantity. Of course, we are not claiming that man (lzfng this line.
¢ . / rse, we a or TH
exposure that these animals have had. No one expects oupsox. T suggest Doctor Kehoe.

Ther

>
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This finding, that lead appeared  where it was not expected, is another example of the difficulty in tracking lead once it is let loose in the environment.
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pen lead chloride is administered intravenously a variety of
. may occur, dependent upon the salt employed, the speed of
' istration, and the concentration of the solution. The animal
y Jie at once, may develop a thrombosis at the site of the injec-
" r may develop a general systemic poisoning. The lethal dosage
lculated, on the basis of the last situation, to be about 0.015 gram
pad Per kilo.
{fhen administered orally approximately 0.037 gram of lead per
srequired to produce death from one dose.
the case of lead nitrate approximately 0.011 gram of lead per
" injected intravenously brings about death within 24 hours.
The cutaneous application of inorganic salts of lead results neither
jeath nor illness of the animals.
(omparison of the toxicity of tetraethyl lead with that of the
giganic salts of lead shows that in general these are of the same
Jor of magnitude. An exception of sufficient magnitude to be well .
gide the limit of chance variation is seen, however, when one
gpares the poisonous character of lead salts taken by mouth with
tof tetraethyl lead taken in the same way. In this case the salts
lead are seen to be about three times as toxic as tetraethyl lead.
Isis probably due to the greater ease of absorption of lead salts in
alimentary tract. On the other hand, lead salts are not absorbed
tthal doses from skin, whereas death may readily be produced by
application of tetraethyl lead to the skin.
e general conclusion which seems to be obvious from the data
i ahove is that tetraethyl lead owes its toxicity to the lead and
10 any other part of the compound. Furthermore, it is plain
the compound, tetraethyl lead, is not peculiarly toxic as com-
“ with other heavy metal compounds, but that its principal
s resides in the fact that it is readily absorbed through the
) 85 well ag being capable of inhalation because of its volatility.
‘en tetraethyl lead is administered in smaller repeated doses,
tCOme is dependent upon the size of the dose and the time
m etWee.n doses. In a series of rabbits treated with 0.1 cubic
E U at intervals of three days, symptoms began to appear
f OSCRSGS af'ter 6 or 8 treatments. (The only symptom was a
- :n(_)f weight.) The total quantity applied before the death
A “}_nlals averaged about twice the amount of a single lethal
fhe |, 1l be seen f.rom the consideration of later experiments
b cthal amount is dependent not so much on the total quan-
which the animal is led to absorb, but rather upon the

- tad
& Ation actively mobilized (in the blood stream probably) at
me,

“Culy, ti

DR. ROBERT A, KEHOE 4
College of Medicine, University of Cincinnati, Cincinngti. O
Mr. Chairman and gentlemen, I have here quite a maés
which I will not inflict on you at this time. There are e
items here of experimental work that we have carried o
the course of the past year. The ﬁrsf: o‘f these refers to é
toxicity of tetraethyl lead. Since this is not germane to
ject under discussion, I should like to f)mlt reading it,
point out one thing. We carried out this study, not 01113;’ ‘
tetraethyl lead, but with certain other compound.s.gf _13
the chloride and nitrate, and compare}d their toxicity. EI
while to say at this time that, conmdermg't?l(l)se mann
sorption which are common to both, the toxicity of. tetl-:@
is of the same order and magnitude as 1.;11.atv of ordinary
pounds. The only difference in the toxicity of the thf"
fact that the one, tetraethyl lead, i§ capable of.li)_
through the skin. I should like to br{ng that out, in orde
that their toxicity is practically identl.cgl. The data are |
in this paper covering the actual toxicity of tetraet :
g rabbits only. i
reri‘aﬁ:l :(())xicity of te{raethyl lead for 'rabbits 1.1as beeg
for the various methods of administration, and it has b
with the toxicity of certain inorgani.c salts of lead. In
both tetraethyl lead and the inorganic salts of 1(?ad a
ber of animals have been studied to make possible a p
ance for individual variation. If only .the. le.xthal amoun
administration be considered, litjcle individual var
However, if the toxicity be cops1dered on t}}e b.as,lf
repeated administrations, a considerable vam‘at.mn is
The fatal dosages of tetraethyl lea.d adm1n1stered.,“.“‘
rabbits by various means are substantially as follows i
0.014 cubic centimeter per kilo body w.e1ght, appro
gram lead per kilo; cutaneously, 0.7 ‘cublc centlmgter,
weight, or about 0.7 gram lead per kilo; by oral adm
cubic centimeter per kilo body weight, or about 0. iy
kilo; the quantity taken into the body of the amﬂ{l.‘h-
is difficult to calculate for a variety of reasons, buth )
of tetraethyl lead in terms of lead in the air breat ;;
which will kill in about three days of SlX-l’):Ol‘lI' 2
approximately 0.182 milligram per liter of.-alr.
In all of these methods death of the animal ta
to 72 hours. «
; The fatal dosages of salts of lead, such as the chl
l : are not widely variant from the above figures.

o
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The accumulation of lead in exposed animals trea
lethal doses was also made an object of study. This ig
portance in pointing out that in sublethal dose lead is cumyly

There are one or two items of value in this which it is wq
to point out. A considerable interval of time elapses o
period of the last dose applied to the animal and the
analysis; the quantity of lead found in the animal is s
low compared with the animals analyzed immediat,él’yv'
the last dose. . In order to make that point clear, T Shor
present a little of our data.

In the table given may be seen observations and analy
collected on a series of nine rabbits treated at intervals of |
with 0.1 cubic centimeter of pure tetraethyl lead, appl
skin of the abdomen. N

These rabbits varied in weight slightly, running from 9
a little less; in other words, they were approximately the
The number of their treatments varied as follows: 16 t
13 treatments, 15, 17, 7, 14, 14, 11, and 10. That is to
these animals received 16 treatments of 0.1 cubic cen
tetraethyl lead applied to the belly. Of these anim

pis factor of variation puzzled us somewhat, because these ani-
e were.of the same gen.eral condition of health, approximately
e qame size and age, and it would seem they should have absorbed
. mewhat more nearly the same quantity, although there would,
fcourses be some alloyvance for individual variations. It appeared
ovevers that this variation is probably due to the rate of secretion,
kol from these animals and the rate of secretion in these animals.
” of such an order of magnitude as to lead one to question the
sicity of a com_pound of lead different from that ordinarily occur-
dng 0 lead poisoning, and this question is presented the more
qongly when the rate of excretion of lead in men poisoned by tetra-
iyl lead is studied. !

The excretiqn of some of these animals was observed. They were
it i an ordinary cage and their urine and feces were collected
el perlods of seven days in order to give a considerable amount of
mterial, so as to avoid an experimental error, and careful analyses
ere made. The quantity of lead secreted by these animals, and
hese represent animals of this same group of which I spoke’ was
g follows : :

vived, and, so far as could be seen, developed no sym

others died at variable periods of time. One of them Rabbit Period of | Quantity

after his last treatment and contained 15.3 milligram cllection | 2SS0 IR

Another died the day after his fifteenth treatment, and.

96 milligrams. Several other animals are presented in Ay N

and they show the same thing. That is, if the animal ? o
7 2.08

analyzed immediately after he dies, he has lead in b
of that treatment anywhere from 50 to 96 milligrams
be analyzed two or three weeks after the last i
some of these animals were, the quantity of lead whic
them varies from 7 to 15 milligrams. ‘

I
This anima] died D i
. 21. His entire bod i illi
Bo o Dec [is entire body contained 15.3 milligra i
i e quantity of lead in the body of this animal at a tin;ge vﬁegfhte%gé.s esggrl:tifgeaalﬁgstb ?

&am per day,

E nlin gilve? an i.dea of the quantity of lead which in the body of
Thic fa' gives rise to an excretion of about a milligram per day.
the dalrly mP.I(?- rate of excretion raises the question as to whether
™ niCOmPOSItlon of the tetraethyl lead molecule a compound
lin, ay not be formed which is more readily excreted than the
Hgl; v:ﬁnlp;unds of lead. This question is presented the more
R en the rate of excretion of 1 i :

b Lead is studied. nhdend in moen poletiad by fotigs

Number | Time of appear-
Rabbit Weight | of treat- ance of loss of
ments weight

Pounds ¢

No, B 201 534 16 Seventth treat- | Died 23 days after 1ast p

ment. d { . 2 3 ; . . . 2 ;
Mo 4 R O e | Doted day affer fifteent s n:’t?‘&butwn of lead in poisoned animals.—A number of ani-
No. 36 5% i Fourtgcenth treat- | Survived..--------- oy ) Wn to contain considerable quantities S Tas et

ment. : 0 wer

. t , W }

Mot e T e Pl after soveRtd et in % bel oy, ?;?i'anf l};ied ST spur g bt IRER Bl he

ment. ' h i1cate the manner of poisoning of i

el L. LS of the animal, tog

Noddoo M Ml Died st oleventh e B o2 oifiint e Vivons diniaa 0 i
NGB0 2o 3% 10 Seventth treat- | Survived..-------= “Obiy A :

ment. ! oSO

109 Exposed for 72 days to vapor of Pb (Et). in air at the

PR BT AR T S

Cubic centimeters PB (Et). vapor to 5 liters of air.
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Rather than positing a new compound of lead, a more believable hypothesis might have been that the amount of lead in urine varied inversely with the amount of lead in bone. That is, as lead accumulated in bone over time less lead became available for excretion in the urine. Without more information there is no way to verify this however.
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L N S St e R D T T 4 nature of the decomposition. One thing is certain, the lead

o ( appears in the urine and feces is in an inorganic form, but in
'hlctl what state I am not able to say.
- pe pathology which has been observed in animals actually poi-
S bt b1 ud vith tetracthyl load may be a mater of somo interest.
Liggt @ RAnsi ooty ool e T yhen toxic amounts of tetraethyl lead areadministered to rabbits,
T e T TN SRR L AR S EN Y : , first symptoms seen. are lack of appetite and loss of weight. A
This animal had two young in the uterus at the time of h : duggishness and lassitude are apparent, and the 'animal S__its with
ceveralI do mot remember how many there were, but their e ooped. ears and arched back. As the symptoms increase in sever-
was 126 grams, and they contained 0.28 milligram of lead. The . he becomes nervous, moving about in the cage from place to
weighed 2,045 grams and contained 8.75 milligrams of lead. : a’ce, stopping from time to time to sink into a drowsy state.. The
Note: One liter of saturated vapor of Pb (Bt). at 25° C. conf perature does not ordinarily vary more than is normal in these
grallllzn t11)12.se cases, and after this long period of exposure, we fing Limals, but respiration quickens at ﬁrSt_and f‘heng with increasing
siderably more than half of the lead in the animal was distribu werity of sympto'ms, decreases. If sufficient time intervenes before
other than the bones. ‘ uth, 2 watery diarrhoea develops. Convulsions usually occur as
Rabbit No., 81.—Treated every three days with 0.1 cubic terminal sign, and the animal dies, with bulging, congested eyes
(Bt)s 16 treatments. Died 23 days after last treatment. il paralyzed respiration, with the heart continuing for some time
torward. When illness results from inhalation there is an irrita-
i, with some weeping of the mucous membranes. - The upper re-
iratory tract may become red and in very severe cases even hemor-
lagic. When the application is made on the abdominal wall there

Tissue Weigh’t.

it 325 grams . . . . . . RS (

T e RS BN R 200 graima an almost immediate increase in the peristaltic activity of the in-
P e A OO DA N S 13,5 graiey ines. Rapid peristalsis may be easily observed under the abdomi-
R T T I T il wall. During the course of their illness, whether acute or pro-

nged, no characteristic objective signs develop. There is no
bical alteration of the blood picture. (Stippling and polychroma-
philia are found frequently in normal rabbits, so that no minute
inges would be demonstrable.) Only a slight anemia has ap-
red in any experimental animal thus far. - ;
e found, as a matter of fact, in the cases a considerable number
lormal rabbits which we had at our disposal at the University
Clncinnati, where there was no possible exposure to lead, that
ey large number showed stippling and polychromatophilia.
therefore came to the conclusion that a change of this sort in
E lood ig very likely to be of questionable importance.
) %t-mortem examination of poisoned animals discloses certain
UCteristic, though not definitely differentiating, changes. These
-‘ cOnﬁned almost wholly to the alimentary tract and the central
(I)I“S system. There is a considerable amount of capillary dila-
y of the viscera generally, and the heart is usually dilated and
W but the pronounced findings are seen in an acute intestinal
iilon and desquamation and an acute edema of the brain. The
k. al change is confined almost wholly to the small intestine
Most pronounced in the duodenum. Here the intestine is

1 Lost in analysis.

We were at that time working on some theoretical notions of
regard to the materials which bring about increases in .rate of
poisoned animals, and this animal at this time had this quan
its urine, which I have no doubt is a very unusual quantity.

Rabbit No. 16—Exposed for 98 days to vapor of Pb (Et)g
5 cubic centimeters of Pb (Bt). vapor to 5 liters of air, an"d
to 200 cubic centimeters vapor in 5 liters of air. Died.

The bones of this animal contained 2.22 milligrams of lead,
82 grams and contained 3.75 milligrams, the central nervou
18 grams and contained 0.13 milligrams of lead, while the ;‘?I{I
the skin, weighed 2,160 grams and contained 26 milligrams Qf(

These data simply show that in these animals the
lead is such as to show that not all the lead is storf%(l
One wonders—and we are attempting to determine
whether the distribution of lead in experimental ani
by tetraethyl lead is the same as that of animals .W',’
poisoned by ordinary lead compounds. That, of cours
point, which can be seen at once, that when an org
such as tetraethyl lead is taken into the body 1ts fate
can hardly be determined with ease, and one Wond‘{‘
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filled with a sticky mucoid fluid which may be, but usuaa‘
blood tinged. It is characteristically yellowish and gl
often coagulates spontaneously on standing for a time. The 1
in this region is thin and almost fluid in character. No

1 ree rabbits of approximately the same weight (about 2 kilos) were
.5 d forvhalf A hour esfch on three consecutive days to a 1 to 10 dilution
te qethyl lead in gasoline. Ea.ch animal was carefully tied down on a
‘ ortﬂblevb;g:gs,iilsl n;llllfih taltls plossmle of the hair was clipped from a foreleg
ulceration is found, and there are seldom any definite hem o gf:{fion dowri to the eell?fwwflos' gtentlg i e o
‘ r ound, : . e solution, ds joint. Care was taken not to interfere
areas. .'lhe brain is either dry and swollen an@ very fri ge circulation. The quantity of solution to which the leg was ex-
else it is very wet with a large amount of free fluid under it yos APCIGRIICY o CHUIS TERIE ISuE 1« esooiiie s Aon i
b 2 hood 1where the air W'as being changed rapidly. At the end of the
Sm.e 'the elﬁ was bathed in kerosene repeatedly, wiped dry, and then
ed Wlﬂl‘ co. cregm, .for the purpose of counteracting the harmful effect
e gasohne on the skin.
it the end of three such treatments the animals developed paralysis of the
i 105, and _on the next day they died. Control animals, two in number
e same weight, treated in exactly the same manner except that the gasoj
,contained no tetraethyl lead, showed no indication of injury b
iree of irritation of the skin. oty
je of the animals was ashed and an analysis for lead was made. The
ire carcass contained 36.46 milligrams of lead. It is well to poi.nt out
t this animal had ‘been’ exposed for one and one-half hours to 105 cubic
simeters of a solution containing approximately 10 grams of lead. ' Ap-
smately 0.35 of 1 per cent was absorbed. ' i
. Ten rabbits were selected and were treated in the same manner, three
”‘;1 1.1se(.1 as controls and seven being exposed for half an hour at ’a time
dilution of 1 part of tetraethyl lead in 100 parts of gasoline. TFor the
seven days the. treatment was carried out daily. After this the expo-
I Were made twice weekly. This was done because of the skin irritation
- re}sulted from the daily treatment. It was found that the skin could
! g b A
, Dt mtac‘t by increasing the interval between exposures, provided the ski
reated with cold cream in the interval. 4 ifd %0
‘-* following table shows the results of such treatment :

especially at the base. i
Microscopic findings are very meager. No characteristic g}
has been found. The study of microscopic pathology has n
completed. 0
Among the effects on experimental animals, which she
noted in passing, is the influence of lead poisoning on pr
and the procreative functions in general. A number of p;
female rabbits have given birth to premature litters. In
cases abortion or miscarriage has resulted shortly after the
istration of the poison. However, the loss of ability to
has not occurred in the case of either male or female rabbii
mals which have been severely poisoned have been both fer
become impregnated, and have brought forth normal yot
only brief periods of recovery. i o
So far my entire discussion has referred to pure tet
and has had nothing to do with the matter of gasoline.
paper refers to the absorption of tetraethyl lead through
and T am going to give you just a brief summary of it:
In the former experiments, in which the toxicity of
lead as absorbed through the skin was determined, there

most every case a possibility that the animal had obtained ,
of the lead by inhalation and ingestion. It was determip Number of animals iy iy
fore, to carry out some experiments to control this fac ments | pefore | After R
establish, beyond any doubt, the facts in the matter.
For this reason animals of about the same size were!SoIECEE_EGSw)— - iifoq il G R g o
coveral of them were exposed to a definite concentratiol i i Whvor Do e
ethyl lead in gasoline in the following manner: LA 4t % it e
The animal had the hair clipped off of the fore foot, W Ay 494 Died suddenly without previous ilk
could be done without any injury to the skin ‘atiall, GHCHISEEEN. - il % 44 ¥ I alter tenth treatment. Recovered.
foot was dipped up to the elbow joint in this solution Of SN T e § 444 Paralysis and death.s

) “nt

4 eomgg% g; carcass o; gg 3.81 milligrams.

Walygi €ass o .50 milligrams.
S Was made of carcass of 97. il

lead in gasoline, and was held there for the 'period-'of !
such a way as not to interfere with the circulation. -

period of time, in which we were working with conce Nk POT thig Aritna®s AEMRER s :
. . . . . . ™ 2 even trea i .
tions, a high rate of ventilation was maintained SO &ilhe it Grdes b gl s na quicm;uﬁgtfm:igas A}sillle.(lil f)or analysis
3 ! : 11 o . nj z o ; . will be noted, of
would have no opportunity of inhaling appreciable d! iy € 6 animals 4 survived, 2 died; one of them died suddenly. w’it(1)1
7 2

} ; : g Vi iy

tetraethyl lead vapor. Briefly, the result of these expe! evgleonee of iliness, from a cause which could mot be ascertained:

as follows: dud % o thped a paralysis which may have been due to the manner of’
€ board and which may have been due to the lead.
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For our purposes it may be safe to assume both those animalg di‘w‘ o monkeys, rlfour in numb(c;r,f of the Rhesus type, were all cared fo.r in t.he
poisoning: Of course the manmner of taking a rabbit and tying hj 4 aunetr_-m et(::z Wi?retllllsf Ol‘l'controls, and t.wo were treated daily with
an animal board and keeping him there quietly for half an hoy u jo cent! 7 of ethyl gasoline, prepared in the above manner. The
certain experimental difficulties of its own. as clipped from an area on the back, as large as the palm of the hand

: B ol i :
The above data show that there is an accumulation of lead in rabpj yo gasoline. mixtnre, was, dropped, am:opt of 2  pipette. One of the

i 3 Al 4 - ¥
with gasoline containing a sufficient quantity of tetraethyl lead ahq; “,‘ < to be used as e% c?ntrol dl.ed within a few days after his arrival, hav-
animals may be poisoned by a concentration of 1 part tetraethyl ? Dtmc’ced pneumonia in transit. The other control escaped from his cage
parts of gasoline. It is of some importance to see that animals ty jed of exposure before he could be captured, The two being treated as

{ 3 £ .
a concentration of 1 part of tetraethyl lead to 100 parts of gasoline o Were c?ntmued Wlthl‘:uti gy controls for comparison. ! _
approximately one-thirtieth as much as animals exposed under iden o following paragraphs, indicate the course of the experiments carried
ditions to ten times that concentration, i. e, 1 to 10. L pon these animals.

The question, then, of the toxicity of ethyl gasoline arises. .Q'
of this matter Doctor Edgar has some experimental data which aréa,wé
presenting to you, of the same general type as Doctor Sayers, sho
volatization of ethyl lead and gasoline. Leaving that out of the q'
the moment, I should like to present some experiments we have do;
ethyl-gasoline work : W

The question of the hazard existing in the handling of ethyl gasol;
upon two considerations: (a) whether the quantity of tetraethyl 1
izing out of gasoline at the existing concentration (1:1,300 app
is sufficient to cause appreciable absorption of lead; (b) wheth
sorption of tetraethyl lead in gasoline can occur to an extent suffici
poisoning. 1t

I should like to ask your permission to read this entire
there are several details of it which I think are of rather vital

Both of these problems were investigated by exposing animal
tions as nearly like the normal conditions of human exposure F
devised. For this purpose guinea pigs and monkeys were sele
pigs, because of their susceptibility to lead poisoning, and mOI
of their similarity to the human being. ;

The guinea pigs were divided into four groups, kept separat
cared for in exactly the same manner. KEleven pigs, four female
mainder males, were treated on the skin surface of the belly,
off the hair, with 1 cubic centimeter of ethylized gasoline. Ele_Vé(‘.
were set aside as untreated controls. Eleven, five of which
were treated with 0.2 cubic centimeter of ethylized gasoline.ﬂ :
and two females, were treated with 1 cubic centimeter of ordinary !

I might say that we took no precaution at this point, so far as
tion of the gasoline containing tetraethyl lead was concern
attempt to take any precaution against the animals licking b
others of their group. This we felt was, so far as the inh
cerned, only an addition to the excellence of the experimen
two hazards instead of one. s

The gasoline used was a good grade of high-test commercia
ethylized gasoline was prepared by first making a mixture of

GUINEA PIGS

Pan Vo- 1 —Four females, seven males. Treatments twice weekly.

ated with 1 cubic centimeter ethyl gasoline. Number of treat-

onts 40. »

4y the period from November 25 to the present there had been no natural

s among these animals. Three were killed for analysis on March 3, and

was killed for analysis on March 31. The females have given birth to

young, which have survived, two of which were born May 14. There have

g two litters qf young born dead. These occurred in January and Feb-

ay, during periods of inclement weather, in which all of the animals suffered

ewhat. »

Iwo pigs were selected, because of distinctive markings, for observation of

ol conditions. The initial observations on the two were as follows:

(¢) Hb. (Dare method) 90, red count, 6,160,000.

(b) Hb. 110, red count, 5,200,000.

servations made on May 17 were as follows:

(¢) Hb. 90, red count, 5,754,000.

(b) Hb. 105, red count, 5,230,000.

¢ variations in these, as can be seen, are well within the limits of experi-

‘W error' \ L

;;I. Smears 'show no. appreciable change now as compared with the

l observations. Guinea-pig blood under normal conditions shows a

1 ie;l a?};mmt of polychromatophi.lia, and an occasional stippled cell may be

k. bee(; I;Lood olf3 1a.'normal amm-a.l. In‘ t.he two pigs above no stippling

. en. uish or basophilic stsflmng erythrocytes may be seen in
ery field. There has been no noticeable increase in the number of

ioieg-el-l pigs remaining in this group two males do not appear to be
Hay, in;t'mn at present. They have been fighting almost constantly lately
o 0 icted many deep wounds upon each other, some of which are
l g Suleurating. It has been thought advisable to segregate these
1_ecovm‘;ontl';‘llllle the experiment to.s?e if healing of wounds will bring
lead and ethylene dibromide in the proportion of three parts 3 lx'ritation of t(;letvsvlfinlefnzlll?bgll;ammg e e
parts of dibromide. This mixture was kept in a tightly seaf ’ °' ®—Rleven females. Not tre;ated Male from pen No. 4 introd

to prevent decomposition, and was mixed in gasoline in ‘ avVe been no natu.ral deaths ar;long these ax?iem Iso. '].‘lli1 Siiems
cubic centimeter to 200 cubic centimeters of gasoline, as I hr Analysis March 8 and one was killed for analysi 211\1. h 3;% FWere
sponds to the most concentrated mixture of tetraethyl lead | v ¢ been born alive, of which three have d?e; ysix:h' arcf .d ot
as a 3 E mix representing approximately 1 part by volume V by their birth. Thrée females have given birth :ren;:tl:lrelir“tco ;(y)in(:

per 1,300 parts of gasoline. a8 }‘ 88 on May 18.

40
s
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Two pigs were selected for their distinctive markings, and blgg, _ animals were moved in rs ¢ 4 7
tions were made as in the case of group No. 1. No variation ;wa il fd ]I RN ey lfedr lglu:;zléex;n Es:lziecil;y “:;l lilcellll tt]ile wyeather became
blood picture, and no variation as compared with those in pen N i orror in the selection of a place for them ey were moved led
except that in one pig an occasional stippled erythrocyte was' foung ;;t ond of the large room, which was being'used for housing the animals
frfrilesfea;;ﬁ;i are in good condition and present no deanStm§§@ " e cold weather, was used from time to time as a place of storage
Pen No. 3—Six females, five males. Treatments twice weekly, | jution of tetraethyl lead.
with 0.2 cubic centimeter ethyl gasoline. Number of treatments, 40, il jpparent, -and S0 edgipre Hiae sl b ol busatlicit o
Since November 25, the beginning of the experiment, there haye ‘Iﬂnt from the decomposition of such a port%on i te?raeth f’loﬂd e dust
deaths among these animals as a result of illness. Three were in ' s cunlifsimt et el At o gh o y ea f}swas
analysis on March 3. Twenty-four young ones have been born, [entb‘ of air, and the feet of attendants, to tha‘t portion ofwtzs i
are now alive. The others died ‘within'a day or two of theirjp ‘ i ‘ e room used

t he animals. It is almost certain that the food of i .
have been three litters born dead. None of these occurred since Ay : Ofsbie BRI s iRty

; il ! jnated as well. In this manner the animals ingested and i
The blood findings in these animals are no more significant tha nﬁtieS of lead as to completely spoil the experimeﬁt R
the other groups of pigs. No variation from the normal has been f ;

spite of repeated examinations.

The animals are all healthy. i
Pen No. j—One male, two females. Treatments twice weekl
with 1 cubic centimeter gasoline. Number of treatments, 40, L
There have been no deaths in this group. Two litters of you '
born, six young in all, of which one was. dead at birth! " e i
No blood examinations have been made on the pigs in this 0
first examination. They were used largely as controls on the e : f
the gasoline alone on the skin. No variation is seen either ‘in‘il 811 ;11111:5: pI;;g, pzianzQz 1’w }:?tnte blllék» Wejgllt 143 p.o,unds,‘ 2.55.
of their skin or their general appearance as compared to trea d 910, i a4 e and black female, weight 15 pounds,
An unfortunate and unforeseen variable was found in the : v $ | ;
exp_eriments when a group of treated and contrgl a‘nipi"a'l'w,. 1:1 aor%alzzlrs ;vxi;serigiiifld ;atzttzenéate; e .We fanicd 56 be absolutefy
analysis on March 3. The table below shows the lead.CQnt o1 methodl tiDCitEnt sa s e el 5;.50 wished to. be certain of our
of these animals. It will be seen that the quantity of lead is pr tion about the analytical ﬁxethod isnftizicih aats Iitthvtrr;lz ther}i ((;an i
i s worked over by

same in all animals, treated and control alike. This, wai Saff under the direction of Doctor Edgar, and. the thod
: il e ‘ : d ! . the method, we think
RV 8 800d as can possibly be devised for the determination of lead :

mistakes in handling or treating the animals, nor was
chance of incorrect selection of animals for analysis. The 34 result of th 4 1
¢ ] ! ¥ e error ‘i i T I
found only in a detailed consideration of all the environmental Biions may He kdrawi a]sl g)let 1infmner t?f conducting this experiment, no
first three groups of these anima}s' were quartered in a sing fhed from the leaded gasoline. elt(llrl::yltbye (;I; lea'q W}.llcl'l may have been
into three p'arts by wooden pax:tlthns of tongued ax.nd gr fle quantity of lead absorbed from the gasolin 'S_(;me significance, however,
and front side were made of inch mesh ere' netting. e in the total Jend. obtained from alf s .1,e, i Efny’ ma'dfe nf) appreciable
therefore, for the excreta of one group of animals contami Biutire group of animals may be 6x }::)lainal(fs. Sltl]ih ;amatmn 45 0LERES
. Q 13 2 1 2 1 ) ] e On e 1 . .
the others; nor could dust from one cage enter the other 3 i f:;t- It is certainly significant that even under these aacis\ir(s)ﬁ Z(a)1 ft;}:}(ms
ALY % ey i nditions
| unle:l: Semon.mabl.e evidence of the poisoning of any one of these ani-
S8 the misearriages be considered. This is of extremely doubtful

quantity.
I enumerate these things because in the handling of h
“fnce, sine
‘ ) e such occurrences ar i i
f a0 _ e not infrequent in a grou is -
mals in any environment. g e

decomposing substances these matters are of the utmost
mining whether or not in a given animal you get a quanﬁty q&
all. Any variation in the manner of handling the animals ﬁ’g g
plete segregation leads to the accumulation of lead in confEORE b Fa [
unforeseen SOurces. ., ‘ : o " ‘ MONKEYS
When the animals were received they were kept on the
the treated surface was dry before being returned to the
ventilation was employed, since there was 1o objection in o8
tion of gasoline and tetraethyl lead vapor. (In the, ca ot
both of these possibilities are presentéd.) Under these ¢
tunity for inhalation of vapor from treated animals W
control animals. j ' i
The cause for the experimental result can be foun
which all of the animals were equally exposed.

il ing . s
[111'119(1 packing cases filled with empty and full cans used for the early

o)

Analytical results,  March 3

Three guinea pigs, pen:No. 1, 2.10-2.10-2.55.
Three guinea pigs, pen No. 2, 2.00-2.00-2.10.
Three guinea pigs, pen No. 3, 1.60-2.00. Beak

2 i ) . JUUL ake . &
spoiled. r broken, analysis
Analysis repeated March 31 as check

N ey 2 g
;‘ cubizoc.e lllt;;ﬂl:tl::ust‘hmfle. Weight. 5% pounds, January 19. Tredted
e 1.e yl gasoline daily. Number of treatments, 88.
i Congicr, . s w lively, apparently perfectly well, is tame, playful, and,
b&ek_ n in every way, except for some degree of irritation of the skiﬁ

-l&eeond

i monke i s ¢ v by o
hﬂlly y was treated in exactly the same manner and showed

t s ‘ i
d onlg he same thing, so there is no need to repeat his story.
b

i
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In April the animals concerned in the above experimenté-wg,:
different quarters, which allow of no opportunity of exposure tq
way other than under controlled experimental conditions. Tl}
teing continued to determine if symptoms and signs of poisoning,
duced by the experimental methods previously outlined. 3

|

The Cmamman. I believe, if T can read your faces arig]
the time to adjourn for lunch. We will meet again at 2 o
complete the discussion.

(Thereupon, at 1 o’clock p. m., a recess was taken unti]
Pp- m.)

Afternoon Session

The Cmarrman. In accordance with the program, I sy
we now take up the discussion of the experimental data whi
reported this morning, and I am going to ask Doctor Hende
Yale, if he will open the discussion.

DR. YANDELL HENDERSON
Professor of Applied Physiology, Yale University

Mr. Chairman and gentlemen, I have no general paper
such as we have listened to this morning. There are, hoy
or two quite general points that have occurred to me as th
ence has gone on that I would like with your permissio
before I touch on more specific matters. One point is
Secretary Work spoke of, that we might be here for a
days. I think I ought to say, on behalf of myself an
leagues, that we can scarcely stay beyond to-day. We are
~ on our own expense, neglecting work which we ought -
hope this conference will finish this evening if possible.
ought to do so, and to set an example I am going to be
merely try, as the chairman has suggested, to open thi

There is one other point of a‘general character that 1
to your attention. The Surgeon General, in opening
spoke of the lack of laws applying to such a matter as
my mind, there he touched on a matter which is more
far than the specific question before us. As I understa
Surgeon General has neither authority to say that ethyl
be made or may not be made, or even to direct an inve
volving the expenditure of Government money witho
of Congress. I should like to point out that if gasoli
this situation would not exist. We have full legal P
legal definition of foods and of their qualities, and it
that this is one thing that we all can agree on. Perh
sides here present will not be able to agree with regard

hol
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; question of whether ethyl gasoline shall be used or not, but
eeﬂls to me that we can all agree that such a situation as has
‘5 | regarding leaded gasoline should not arise again; that there
ld pe legislation to give the necessary power to the Health
vice Then, when other questions of this sort come up, as they
Jnly will, the Surgeon General would have full authority, just

o Bureau of Chemistry in the Department of Agriculture now
full authority over foods. The Surgeon General should have
quthority to investigate and supervise and to advise the public,
gtate boards of health, and city boards of health in all such
jers. 1 have handed to the Surgeon General a resolution cover-
o this idea. I do not think we are at a point in the discussion as
" vhere we can present specific resolutions, but I hope before this
otng adjourns that we can all agree that it would be advisable,
ghly advisable, that Congress should be asked to vest in some
1ch of the Government the authority to investigate and to advise,
last, regarding substances other than foods entering into inter-
te commerce. I think we ought to be able to agree on that.

[have been assigned to open the discussion, and, as T said, I am
g to be brief. In fact, I do not catch points presented ver-
lly very readily; but there were three which I caught this morn-
¢ which stick in my mind. They stand out like mountain peaks.
e of them was reported by Doctor Sayers. He reported that
e was 10 per cent of lead in the dust of his experimental cham-
. Exhaust gases had been going through there for some months.
thaust gases go through garages for a very much longer time
i that. We may therefore take that observation as an indica-
i of what the dust in a garage is going to consist of, namely,
Per cent of lead.

alother point which struck me profoundly was that presented
‘Doctor Kehoe, that his controls were poisoned. I should not
¢ said poisoned, I should say his controls became leaded, and
lnk he implied that this was due to the lead from the lead
:y’ which he had around there being in some manner released,
Who 1 . . . .

) h?s ‘0ose, going into dust, or FADOL DTN, SDRe | gettl.ng
‘ control animals. That, I think, is a very fair illustration
hat the sanitary experts expect with regard to conditions
e . g Sy

_F Vou have a material of the high toxicity of tetraethyl lead,

0 lea S ;
| any form lying about.
QI‘ a third point, Whlct I shall want to come back to, was

nt§V Doctor Flinn, that tetraethyl lead, used even in small
. > 1s absorbed through the skin, so that if you get it on your
fh, It gets into the body in some way, either through the skin
 Ugh the respiratory tract. It is certainly a very striking
A even the experimenters, even the investigators, who cer-
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