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THE TOXICITY OF TETRAETHYL LEAD.

Tha toxicity of tetraethyl lead for rabdits has been de-
termined for the various msthods of administration, and it has been
compared with the toxleity of certain inorganic salts of leads In
the casae of both tetraethyl lead and the inorganic salts of lead a
‘gufficlent number of animals have been studied to make possible a
proper allowance for individual varistion. If ordly the lethal
amount for & single administration de considered, little individual
variation is sesn. However, if the toxicity be considered on the

basis of numerous repeated administrations, a considerable wariation

is found.

The fatal dosages of tetraethyl lead administere’ in one
dose to rabbits by various means are substantially as follows:
intravenously. 04014 cc. per kilo body weight, approximately 0.014
grams lsad per kilo; cutaneously 0.7 oc. per kllo body weight, or
about 0.7 grams lead per kilo; by oral administration 0.1l c.c. per
kilo body welght or about 0.1l grams lead per kilo; the quantity
taken into the body of the animal by inhalation is difficult to cal-
culate for a variety of reasons, but the consentration of vetraethyl
lead in terms of lead in the 2ir breathsd by the animal which will

i1l in about three days of six~hour daily exposure is approximately
0,182 mge. per liter of alr.
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In all of these methods death of the animal takes place

in from six to ssventy-two hours.

The fatal dosages of salts of lead such as the chloride

end nitrate are not widely variant from the above figurss.

when lead chloride is administered intravanously, z var-
ety of things may occur, dependent upon the salt employed, the speed of
administration and the concentration of the solution. The animal may'
dle a& once; he may develop a thrombosis at the site of the injection,
or he may deveiop a general systemic poison;ng. The lethal dosage is
caloulateé on the basis of the last situatiomn, to be about 0,015 grams

of 1ead per kilo.

When administered orally, approximately 0.037 grams of lead

per kilo are required to produce death from one dose.

In the case of lead nitrate approximately 0.0l grams of
lead per kilo injected intravenously brings about death i thin twonty-four

hours.

The cutansous application of inorganic salts of lead results

neither in desth nor illness of the animals.

Comparison of the toxiocity of tetraethyl lead with that of
the inorganic salts of lead, shows that in general those are of the same
order of magnitude. An excention of sufficient magnitude to i:e woll oute
side the limit of chance variation is seen, however, when one compares the
polsonous caracter of lead salts taken by mouth with that of tetraethyl

lead taken in the same waye In this case the galts of lead are seen to
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be about three times as toxio as tetraethyl leade This is probably due
to the greater ecse of absorption of lead salts in the alimentary tract.
On the other hand, lead salts are not absorbed in lethal doses from skin,
whoreas death may reé,dily be pfodused 'bj the spplication of tetraethyl

lezd t0 the skin.

The generél conclusion szAxicish‘sﬁ»a»ms to be oﬁvioné from the
sbove data, is that tetrasthyl lesd owes its toxiclty to the leed and mot
to'zmy other mert of the ccmpound, tetraeﬁwl lea.d.‘.is not peculiarly toxie
as compared with other heavy metal compoumds, but that its princlipal danger
reaides in the fact that it is readily a.‘bsorbéd through the skin, as well

az being capable of inhalation because of 1tz volatility,

When tetraethyl lead is administered in smller repeated
doses, the outcomes is dependent upon the size of the doajq and the time
interval betwoen dogses. In a éeries of rabblits treated with O.1 ce.c. at
intervals of three days sympitoms began t0 8ppear in most ¢sies after six
to eight treatments. (The only symptom was e slight loss of welght.)

The total quaantity applied before the death oi; these animals averaged about
twice the amount of & single lethal dose. It will be seen from the cone
sideraticn of later experimente that the lethal amount is dependent not so
much on the total quantity of leazd which the animel is led to absorb, but
rather upon the concentration actively mobilized (in thes blood stream probe-

ably) at a partiocular time.
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THE ACCUMULATION OF LEAD IN EXPERIMENTAL
ANIMALS TREATED WITH TETRAETHYL LEAD

When rabbits are treated at regular intervals with sub-
lethal doses of tetraethyl lead, there is an acoummlation of lead in the
body of the animal. The rate of acoumulation depends upon the size of
the dose administered and the time interval between injections. The
quaatity of leed fownd in the animal varies, however, not only with the
quantity administered, but also with the tims which has elapsed between

administration of the 1last dose and the time of analysis. of the animal,

That is, the rate of sscretion is of such an orde:r of magnitude as to
make striking differences in the quantity of lead found in animals
treated in an identieal mammer,

Yiith the accuwmulation of lead n the animzl there is
no evidence of a chroniec polsoning, with the single exoeption of a
slight Ios's of weight. If the animal becomes 1ll, his symptoms are
acute and death results.

In t_he. table bslow may be seen observations and snalyt-
ical data collocted on & series o nine rabbits, treated at intervals
62 three days with 0.l 6.0. 0f pure totraethyl lead, applied to the skin

of the gbdoman.
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Hunber Time of Appsar=- Lead Determ-
' of ance of loss ination in
Rabbit Weight Treatmenty of welght. Result milllorams
¥o. 31 5-3/8 # 16 7th treatment Died 23 days after 15.3
last treatment.
No. 34 6-1/8 ¢ 13 ¥o loss of weight Saume 9,78
No. 35 & # 18 8th treatment Died day after 15th
trostment 9640
Ho. 36 5-3/4 § 17 lath  » Survived
No. 37 6-3/4 # 7 Died after 7th
treatment @90,
Fo. 39 4-7/5 & 14 7th * Died 29 dsys after
last troatment 7.10
Fo. 40 4-1/2 # 14 7th " survived
Fo. 42 4-5/8 & 11 9th v Died after lith
' treatment 51e25
Fo. 60 3-1/2 & 10 7th v )3 A5 V010179869 5

xxx  Survived

That the large varlations in the cuantity of lead fommd in
these animals may be, and probably are due to the secretion of lead by
the animal 1s indicatod by the data collected on the rate of secrstion
of lead from the body of certain of these enimals,.

The animals in this casoe were Inegtalled in the ordinary
matigbolism cage with a lead free floor. The urine and fasoes were
collected over periods of several days snd analysis was macee. The
cagos were first tested as to thelr lead-free character dy using lesd-
free animels as controls. The diets oL the animals were unchangesd

during the pericd of collection.

™4
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Quantity of Lead

Rabbit Period of Collestion in ¥illigrems
2 countrols 7 daﬁys ’ ‘ wil
Ho. 31 2 5.89
Ho. 36 7T . : - 44,00

Fo. 39 | 7 2408

®* Rote: This animal died Besember 21, BHis entire dody contained
15.3 mge leade Somd idea can be obiained of the quantlty of lead in
the body of this anlmal at a tims whon he was excreting almost 1 mg..

per day.

This feirly rapid rate of excretion ralses the
question as to whether in the decompositlon of the tetrasthyl lead
moleculs & compound of lead may not be formed which is more readily
excreted than the ordinary compounds of lead. This question is
presented the more strongly when the rate ¢f excretion of lead in

men poisoned by tetraethyl lezd is atudied,.
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THEE DISTRIBUTION OF LEAD IN POISONED ANIMALS.

A number of animals kmown to contain considerable guantities
of lead ot the time of death were analyzed after the separation of their
tigsues. The data below indicates the manner of poisoning of the
enimal, together witk ths lead content cf various tissues.

Rabblt FNos 32 «~ Exposed for 72 days to wvapor

of Pb (Bt lg iz air at the rate of 100 cec.
Pb(Et)y vapor to 5 liters of air,

71gsue Yeight Load in willigrams
Bonesg 225 grans 8,15
skin 300 " 3418
Liver and
Kidneys 5 n 3470
Central Nervous
System 3 = Hil
FPetuses in
Utero 128 » 0.28
Qther tissue 2045 % 8.76

Hote: Omne liter of satwrated vapor of Pb{Zt),
at 25*° Ce. containg 0.00456 grams Phe
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Rabbit No. 31 - Treated every three days with 0.1 oce.
Pb{Et}4, sixteen treatments. Died twenty-three days
after %ast treatment,. :

fissue ¥Welght Zead in Milligrems
Bones 325 vgrama | 8.04
Skin 260 *® 4.49
Liver and :
Kidneys o5 ¢ 1,15
Gentrél Rervous
System 13.6 * Lost in analysig
Otaer tissus 1590 *» 202
Urine in Bladder 60 c.c. Ol.14

Rabbit No. 16 - Expossd for ninety-dight days to
vapor of Pb(Et24 in eir at rate of 5 cec. of
Pb{Et)4 vapor to 5 liters of alr, and then for
three days to 200 cce. vapor in five liters of air,

Died.

Tisgue Veight Lesd in ¥illigrams
Bones 520 grams 2422
Liver gz 375
Centrel MNervous

Systen 8 * 0.13
Remzinder {without

akin) 2180 * 264,00
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THE BFFECT OF TETRAETHYL LEAD OR ANINALS

Whea toxic amomnts of tetrsethyl lead are administered to
rabbitd, the first syapt@a seen are lack of appetite snd loss of
weighte A sluspishness and lassitude are appavent, and the animal
sits with drooped sars and arched backe As the syuptome increase

. in severity, he becomés narvousd, moving 8boui in the osge from plase
to placa, stopping fron time to t_.'mg to 8ink into & drowsy atate.

- %he tempeyatuve does not ordimerily ‘vary more than is normsl in
‘these animels, but respirstion guickens at first and then, with in~
ereasing severity of symptcss, decressese If sufficient tims Inter-
venes befors death, a wtery disrrhoea developse Convulsicns usually
oocuyr as a termintl sigm, and tis spnimal dies with bulgling, corgested
oyss and paralyzed respiration, with the heart continuing for soms
timo afterwerds When illness results from inbalation thers is an
irritation, with some weeping of tle mucous membranes, She upper
rospiratory tract may become red and in very severe cases even haemor-
rhagice Waen the spplication 1s made on the sbdominzl wall, there is
en slrzost immediete increase in the peristaltic activity of the intes-
$imess Ropid peristalsis may be easily observed under the abdominnl
walle During the comrss of their illness, whether zcute or prolonged,
no characterisiic objective signs develop. There is no typleal alter-
ation of the blood picture. {Stippling and polychromatophilig ere

found almost wniformly in normal rabdbits, sc that no minute changes
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would be dmcn:t:ablo_.) . Only a slight anemia has eppoared in aay 9XPOT~
imentsl animal thus fare o

Post-mortem examination of polisonad animnls disclcses osrtain
cmracturistze, thowgh not definitely ditfemtiaﬁng, changese. Those
are ecnﬁmd almost wholly to the mmnsary tract and the esntral nervous
gystem, - There is & eonsiderable ammt of eapn!ary dilitatlm of the
viscera gamxnny and the heart 1s vmmuy dflated and flabby, but the - -
pronounsed nnamga are toen h: an acuta intesnnal irritation end desqui~
mation an& an’ aonte edema of tln braina. !‘he intestinal chaa:ge is confined
alwoat wholly to the small %ntestina sad &s most proncunced in the dusdenum.
Here the intestime is £llled with & sticky muoold fluid which mey be, but
aswally 18 not, dlood tingoed. It 1s_>¢;haraeterist1eauy vellowigh and
. glairy, and often coppulates spontqmamiy on stimding for & time, The
mucosa in this regiom is thin and slmost fluid in caracters Ho sctual
uleeration is foumd, aac‘.. there are soldom any dofinite hasmorrhagie aroas.
The brain is eitber dry end swollen and very frisble, or else it is very
wot with a large amomnt of free fluid under the dure, especially at tio dasee
- Microscopic findings are very mesgers No characteristic change
ns been founde The study of miorescople pathology hss not besn gampleted.
Among the affocts cu expsrimental animals, which should be poted
in passing 1s the influwenoce of lead polsoning on pregnancy and the procreative
functions in gemerale 14 number of pmé:ut femsle rabbits Mavo givan bBirth
to premeture litterse In several caqg§ aborticn or miscarriage hag rosulted
shortly after the administration of the ;;ozson.. Howevor, ths loss of
&rility to reproduce has not occurred in the case of either male or female
rabbitse Animals which have beon severely poisoned have both fartilized snd
becona mpre@mtea and have brought forth normal young after only brief periods

of recoverw.
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ON THE ABSORPTION OF TETRARTHYL LEAD THROUGH THE SKIN,
THE ABSORPTION OF TETRAETHYL LEAD OUT OF GASOLINE.

In the former exporiments, in which the toxicity of tetrasthyl
lead 53 absorbed through the skin, was ,dal_:éminevt‘l,‘ 1it}mrta was in almost
orery case a possibility thet tbe animel had‘ obtaiped a portion of the lead
by inhalation and 1ngest1§n. It was deta}migeﬁg ",ﬁherefore, to carry out
. some erperiments to control this factor, and to establisk, beyond auy

doubt, the facts in the matter. Accordingly, aiimls ware selected of
spproximately the same size and age and were exposed to & dsfinite concen-
tration of tetraethyl lead in gasoline for & definite period of time, after
which the tetraethyl lead was carefully romoved bty means of keroseno, and
subsequently soap and watere During the period of expcswre the animal was
tied down, and ventilation was malntalped in such a way as to prevent apprec-
1able inbalation of the gasoline~tetraethyl lead wapors A seocond purpose in
thess experinients was to discover whether tetrsethyl lead could be absorbed
through the skin out of gasolines The practical Importance of the latter
gqaestion lay in the fact that the exposure to tetraetkyl lead, on the part

of distributors and comswmers, would have toc do with this svlutlion in sontact
with the skine. Since in almost every cawe such gascline would be wiped orf
or wesbed off before evaporation, the relative rates of abscrption of gaso=-
line und tetruethyl lead, and the partition occwrring between the gaéoline
and the skin, ‘as solvents for tetyasthyl lead, would determine, largely the
magnitude of any hazard arising from exposure fo gasoline containing tetra
ethyl lead.
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The follaving experimnts show tm.t tetthl 1ead may be
absorbed through the akin of exparlmental animls. 1n qnantit.tea suffic-
1ent to produce daath, when the tactora ot inhalation and, ingestion are
adequately controlled. B‘nrthar, they ahow, that thotraethyl lead may
be absorbed out of gasonm, thongh tharo 13 no indication of any select-
ive absorpilion. ‘ "’hey .'mdicato, however, that tha qua.ntlty of tetrazetiyl
lead which may be abaorbea out of a solntion cf tatmthyl lead in gaso-

lins comparable to oomercial "Ethyl Gaaoline" i: 'mry minute.

Eroerimentss = -

i, Three rabBits of agproximetely the sama wbight {sbout 2 kilo)
ware exposed for halg an hour each, on thrse consecutive days, to a ome
to ten dilution of tetraethyl lead in gasoline_. Bach mimel vais caree
fully tied down on & comfortable board, as ﬁﬁch 28 possible of the izair
wag clipped fvom & fore leg without any abz?asion, and. the leg was gently
but firmly held in a test tube of the solution, down to the elbow Joint.
Care was taken not to interfere with the clrculation. The quantity of
soluticn to which the leg was eXposed was a;proximtely 35 cce The ex-
pogure was carried out in 3 hood where the aly was being ohanged raplidly.
At the end of the exposurs the lag was bé.thad in kerosene repeatedly,
wiped dry, zud them tyeated with cold cream, for the purposs of counter-

acting the harmful effsct of the gasoline on the eiin.

At the end of three such treatments, the animals developed par-
alysis of the hind legs, and on tho naxt day they died. Control animals,

two in number, of the same whight, treated in exacily the sams mamner,
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except that the gasoline sontained no tetrsethyl lead, showed no in-

dication of injury beyond scme degree of irritation of the skin.

One of ths snimals was ashed and an snalysis for lead was mede.
The entire carcass contained 36.46 milligrams of leade It is well to
point out that this animal had been exposed for 1-1/2 hours to 105 6c.
of a solution containing approximately 10 grams of lead. Approximsately

0.35 of 1% was absorbed.

Ze ien rabbits were selected and were treated im the same maumer,
three being used as controls, and seven being exposed for half an honr
at a time to a dilution of éns Fart of tetrasthyl lead in one hundred
parts of gasolines For the first seven days the treatment was carried
out daily. After this the exposureswere made twice weekly. This was
done because of the skin irritation which resulted from the daily treat-
mente It was found that the skin could be kept intact by increasing
the interval between exposures, provided the skin be treated wi th cold

gream in the interval.

The following table shows the results of such treatments

Ho, Animal o, Treatments g:;;_ght After Result

89 control 28 2-3/4 b5-1/8 Survived

95 27 4-1/4 5-1/8 »

98 27 3-1/4 3-3/a "

90 1;100 7 4-1/a 4-3/8 Killed for analysis®
91  1:100 29 3-3/4a 4-3/a Survived

92  1:100 29 4-3/4 5-1/8 "

Y
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Weight

Ko« Anime) Ho. Trestments Before After esult

84  1:100 ' 16 4-1/a 4-1/2 Died suddenly with-
out previous illneas**

95 11100 27 a1fa 3-1/2 I11 after 10th treat-
ment. Recovered.

96 13100 25 5-1/4  6-1/2 survivede

97 1:100 22 4 4-1/2 Paralysis snd death***

* Lead content of carcass of 90 3.81 mg.
** Lead content of carcass of 94  7.50 mg.

*¢* Fo anklysis was made of carcass of 97.

The above data show that there 15 an accumulation of lead in
rabbits treated with gasoline containing & sufficient quantity of tetraetlyl
lead, and that t}:ev aunimals msy be poisoned by & concentration of one part
tetraethyl lead to one hundred parts of gasoline. It i3 of some importance
to see thst animals treated with a concentration of one part of tetraetiyl
lead to one hundred parts of gasoline absorbed approximstely one~thirtieth
as much as animals exposed under identical conditions to ten times that

concentration, i.e. one to ten.
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ON THE TOXICITY OF ETHYL GASOLINE.

The questicn of the lezard existing in the handling
of Ethyl Gasoline hinges upon two considerationss
(a] whether the quantity of tetraethyl lead volatilizing
out of gasoline at the existing comcentration (1.1300
approximately} is sufficient to cause appreciablé ab-
sorption of lead;
{b} whether skin absorption of tetraethyl lead in gasoiiné

can occur to an extent sufficient to oause poisoning.

Note: @rom the Research Laboratories of the Ethyl Gaso-
line Corporation and the Eichberg Laboratory of
Physiolegy, University of Cincinnati, Cincinmati,
Onio. ,




Both of these problems were investigated dy exposing animals
to conditions as nearly 1ike the nommsl conditions of human exposure &t
could be devised. For this purpoeé..; guinea pigs end mdnk:ays were selected;
guinea pigs, because of t1eir susceptibllity to lead poisoning, and monkeys

because of their similarity to the human being.

The guinea pigs were divided 1nt;o fo;n- groups, kept separate,
but fed and cared for in exactly the same manner. ‘Elsven pigs, four
females and the remainder miles, were treated on tho skin surface of the
belly, after clipping off the air, with 1 cc. of ethylized gasoline.
ﬁleven, all fenales, were set aside as untreated controls. Elesven, five
of which were females, were troeated with 0,2 cc. of ethylized gasoline.
Three, one male and two females, wore treated with 1 cc. of ordinary gaso-

line.

The gasoline used was a good grade of high test commercial
gasolines The sthylized gasoline was prepared by first making a mixture
of pure tetraethyl lsad and ethylene dibromide in ths proportion of tinree
parte of lead to two parts of dibromide. This mixture was kept in &
tightly sealed brown bottle to prevent decorposition, snd was mixed in
gasoline in quantities of 0.25 sc. to 200 cce. of gasoline, as needed.
This corresponds to the most comcentrated mixture of tetrasthyl lead in
gasoline, known as 8 3 B, mix,, representing approximately one part by

volume of tetraethyl lesd per thirteen hundred parts of gasoline.

The monkeys, four in number, of the Rhesus type, wers all
cared for in the same manmer. Two were used for ccatrols, and two were
treated dally with 2 cc. of Ethyl gasoline, prepared in the above mannmer.

T
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The haiy was olipped from &n &re2 on the ‘back, as large as the paim of
the hand and the gasoline mixture was d;opped on out of a8 pipettes One
of the monkeys to be used as a control diesd within a fow days after his
arriﬁl, having contracted pneumonia in transite The other cmtrol e~
caped from his cage aand died of exposme__“before he could be captursde.
The two being treated as above were continusd without any coatrols for

comparisme.

-

The following paragraphs indicate the course of the expsri-

ments carried out upon these animals.

GUINEA PIGS.

Pen Fo. 1. 4 fomales 7 miles Troated with 1 cc. Ethyl
treatments twice woekly. Gasoline,.
Rumber of treatments 40.

In the period from November 25th, to the present there have
been no natural deaths among these animsls., Three wers killed for analysis
on March 3rd, and one was kxillaed for analysis cn March 3l. The femalos
have given birth to six young which have survived, twe of which were born
Kay 14th. fhere have beem two litters of young born dead. These occurred
in January and February, during periods of inclement weather, in which all

of the animals suffered somewhat.

?wo plgs were selescted, becsuso of distinctive markings, for
observation of blood conditions. The initial cobservations on ths two were
as followss

{s) Hb. (Dare Method} 90, Red Count, 6,160,000

(b, Hbo ’ 110, bl ” 5.200'0%

&
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Observations made on My 17th, werec as follovs:
{a) Hbe 90 Red Coumnt, 5,754,000
{v] Hb. 105, " 5,230,000

Blood smears shav no eppreciable change now as compared with
the original observations. _ Guinea pig blood under normal conditions
shows a variable amounf of folychxomatophina, and an occasional stippled
eell may be fomd in the bdleod of & nomsl animal,. In the two pigs
gbove no stippling has ever been seen. RBluish or basophilic staining
erythrocytes may be seen in almost ‘every fields. fThere bas been no
noticeable increase in the number of these.

Of the 7 pigs remining ir this group two mles do
not appear to be in good condition at presents They have been fighting
almost constantly lately, and have inflicted many deep wounds upon each
other, some of which are infected and suppurating. It has been thought
advisable to segregate these animnls and continue the experiment to see
if healing of wounds will bring sbout recovery. The two females remain-
ing look healthy amd sleek, except for the irritation of the skin of ths

bellyo

Pen Xce Zo 11 Femnles. Not treated. Male from Pen 4
introduced.

here have been mo matural desths emong these animals.
Thres were killed for analysis, March 3rd, and cne was killed for anslysis
Karych 3lste Forty yowg bave been borxn alive, of which three ave died
within & few days of the day of their birth. Three females have given

birth premasurely to young, ons of thess on lMay 13th.
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Two pigs were selected for thelr distinctive markings, and
blood examinations were made as in the case of group Fo. ls Ko variation
was seen in tne blood plcture, and no variation as compared with those in Pen
No. 1 was seen, except that in one pig an cccasional stippled erythrocyte
was founde.

These animals are in good condition, and present no demons-

trable deviation £rom the normal.

Pen, Noe 3o 6 Pemales 5 Males Treated with 0.2 cce. Ethyl
Preatments twlice weskly. Gasoline.
Ntnber of treatments 40.

Since FRovember 25th, the beglnning of the experiment, there
have bean no deaths among these animals as a result of illness, Three were
killed for analysis on Harsch 3rd. Twenty-four young ones have been born,
of vhich nineteen are now alive. The others died within a day or tve of their
birth,s There have besn three litters born dead. None of these cccurred
sinoce April lst.

The blood findings in these animnrls arse no mors significant
then those in the othsr groups of pigse ¥o variction from the normal has
been found in spite of repsated examinatlons.

The animals are sll healthy.

Pen Hos 4o 1 Male 2 Females Treated with 1 cc. Gasoline.
Treatmonts twice weekly. Runber of treatments 40

Thore Invd been no deaths in this group. Two littérs of
young have been borm, six yomng in all, of which one was dead at birth.

x© blood examinations have been made on the pigs in this pen
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gince the first exmmmination. Thoy were used largely as controls on the

influence of tha gasoline glone on the skin. Fo variation is soen elther .

in the condition of their skin, or their generzl appearance as compared to

treated animals.

An mfortumte and unforeéeen varisble was found in the
oconduot of these experiments, when & group of treated and control animals
wore killed for analysis on m;rch 3rde The table below shows the lead
content of the carcasses of these animals. It will be seen that the
quantity of lead is practically the same in 211 guimals, treated and coun-
trol alike. This was not due to any mistakes in haidling or treating
the animals, nor was thore the remotest chance of incorrect selection of
animmls for analysis. The explanation can be found only in a detailed
consideration of sll the envirommontal faotors. The first fhree groups
of these animals were guartered in a single large pen, divided into three
mrts by wooden vartitions of tongued and grooved siding. The top and
: ‘ front side were mde of inch mesh wire notting, There was no chance,

w therefore, for the exscreta of one group of animals contaminating the food

of the others; nor could dust from one cage enter the other in considerable
quantity.

J When the animals were treated, thoy were kept on the

animal board until the treated surfsoe was dry, btefore being returned to

the cages. No speclal ventilation waa employed, since there was no ob-~
Jection in this case to inhalation of gasoline and tetrasthyl lead vapore.
{In the case of humen &yposure, both of these possibilities are rresented).
Under these sonditions, the opportunity for inhslation of vapor from treated

snimals weg not presentsd to control animals,
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The cause for the exporimental result can be found only in &
condition to which all of the animlg were equally exposede One end of the .
large room, which was being used for housing the animals during the cold
weather, was used from time tc time as a place of storage for mtuﬁed pack-
ing cases filled v:ifh empty and full cans used for the early distributlion of
totraethyl lead.

It iz spparent, ard should have beer foresesn, that a guantity
of the dust resultant from the decomposltion of such a portion of tetraethyl
lead as was left in these cang scewmulated on the floor of the room and was
ecarried by carrents of alr, and the feaet of attendants, %o that portion of
the‘room used by tho animals, It is almost certain that the food of tho
animsls was contaminated a8 welle In this marmer the animsls ingested inheled

such quontities of lead &8 to completely spoil the expsriment.

Analytical Results -~ Xarch 3rd,

3 Guinsz pigs - Pan Nos 1. 2410 = 2,10 = 2,55

3 i " v n 2 200 = 2,00 = 2,10

3 i w ®« v 3. 1,60 ~ 2,00 Beaker broken enzalysis
spoiled.

An=lysis Repeated Morch 31 &z Checke
1 Guinez Pig - Pen ¥o. l.  White buck, weight 1-11/16 lbse 255

1 = n % w 2, yhite and black female, weight
1-3/16 lbs. 2,10

As o result of the error ;n the manner of conducting this ex-
poriment, no conolusionsz roy be drawn as to the quentity of lead which my

have been absorbed from the leaded gasoline. It mey be 0of some significance,



however, that the quantity of lead absorbed from the gasolime, 1f any, made

no appreciadble difference in the totel lead obtsined from all sources. Suckh
variation as occours in the entire grour of animmls may be explainable ou the

basis of varistions in weighte It is cortainly significant, that even under
these adverse conditions, there was no Aemonstrabls evidence of the polsoning
of any one of these animals, unless the miscarrlages be oonsldered. This is
of extremely doubiful significanas, sinos such oocurrences are not infrequent

in e group of this number of animals in sny enviroxment.

MONKEIS

Monkey §os 1  Rhesus Iale  Weight 5-1/8 1bs. Jan. 19
’ Preated with 2 cc. Ethyl Gassline dally.

Kunber of treatments G3.

" Thig monkey 1is ﬁow lively, apparently perfectly well, is tame,
playful, and In good condition in every way, exospt for some degres of
irritation 07 the skin of his back.

In Pebruary he was sorewhat 111, and lost his appstite. The

weather was bad at this time end all the emimals wers exposed fo toc low &
temperature for a few dsys. The animal lost welght at this time, dropping to
4-1/8 pounds.  Subsequently he improved, regained weight slowly, and now
woighs 4-13/16 pownds.

Blood examinations when received indicated ths followlng con~
di tfons: Red ocount, 4,144,900; vhits oount.:, 13,800; Basmoglobin, 85.
Smears showed no variation f£rom the nomal appearance of the erythrocytes. -

Examination of the btlood has been made st regular intervals up

to the present. = Only slight variations of the erythrocytes have been seen.




i

The leuwsosytes heve varied much more. The last examination, sy 16th, is
as follows: Red count, &, 900,000; Yhite count,; 10,5003 Haemoglobln, 9G.
gmears showed &n occaslonal erythrosyte tazking the basic staln to a slight

dogree. Mo stippling, and no other abnormallty is fommd.

¥onkey Noe 2e Thesus Female Welight 6-1/4 1bs, Jane 19
Treated with 2 occ. Ethyl Gasoline daily. .

Xumber of treatments 88.

Thia monkey is nowvmael in every discermable way, except for
ths development of an elephmniiasis 0f the vulva. She is lively, and playful,
though she has not develoned ths tameness of the other.

She, too, was 11l in February, lost a 1little weight, develonsed
gnifflez, a2nd ate but poorly for several dayses She regained the woight svbe
sequently, apparently recoversd entirsly, weighing now 8-1/8 pounds.

The initlal dlood examinationa showed the following results:

Red count, 5,020,000; ¥hite count, 15,400; Hammoglodin, 90. Smeaars showsd
no evidence of any sbnormality.

Bleod exsminations have been msds on this animal. There s
been no significant variation in the enumeration of the blood slements, nor has
tne blood pictuwre develonsd any sbnormnlities. The last examination. Yay 15th,
was a3 followss Red comt, 5,700,000; White count, 8,700:; Fnemoglobin, S0.
Smears showed an occasional basophilic erythroeyte. Yo stippling fownd,.

In April the animels conserned 1n‘the abovs sxperimants were move
ed Intec different quarters, which allow of no opportunity of exnosure t0 le2d in
any way other than under controlled experimentel conditlons. Treatments are bee
ing containued to determine if symptoms and signs of poisoning can be produced by
the exparimental methods previously outlined.

e e
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THE HAZARD OF LZAD POISONING
. FROM THD
RANDLIEG :ED USIEG OF ETRYL GASOLIEE

fre interpretation of snimal experimms in
t;ms of human belngs is at best & questionable proceedurs. UWien
ons 1s detsrminine the toxic properties of o gemeral protoplasmic
poison, & ressonable agsurance exists as to the guolitative import-
anes of the exrerirments. It guantitative valﬁ ofkamh exporimants
is always a matter of doubt. This, becauss of eartaln variations in
the physiclopiczcl machanisms of different orgonisms, apd because of un~
svoidable varistion in the mammer and rate of introduction of tho mat~
erial in question, into the tiéms of various animils. .

The interprotaticn of the hagard szisting fros tie
nandling end use of "Ethyl Gasolime”, in gems of animzl experimentition
i3 doubly questionable, Locause it is impossible to duplicate the uctunl
ecnditions under vhich such hondling occurs. 2#n attompt was made 0 err
or tho sids of an increased exposure of animals over that likely to occur.
Yhather or not that was acooaplishod is 2 matter of Julgment,

In this eituation, the advisebility of making obsor-
vations in ths actusl field of operations, sugpested itself months agte
tecordingly arrangements were made for the careful taking of histories of

exsosurs, the making of eareful physical examinationa, and the analyses
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of specimens of urine and fueces of a conslderable numbar of men who had
been exposed to actuzal conditions over a considaia’ble period of tims.

The cpportunity to do this was present in that employees of the Gemeral
Xotors Eesearch Garage, and of the Dayton Power and Light Company, and of
the Kefiners 0il Company of Dayton, had boen exposed to all of the condi-
tions which could possibly bring' danger of lead .poisoning frmi the dis-
tribution end use of Bthyl Gasoline and from the use and mechanical care
of cars using Ethyl Gasoline, and over & considerable period of time.

(It must not be supposed that these nesn had been carelessly allowed to
assune these dangers without any lmowledge of them, or without m&iéal
observation at regular intervals. 7The fact remains, however, that the

early methods of usec and distribution of Ethyl Gasoline were of such a

=

sort as to present hazards of such 2 magnitude as will never oxist umder >./- b_;/{if”*
L7 e .

wresent methods of use and distridbution.) /

s Full data 1s avallble as to the histories of ex-
posure, the physical findings, and the clinical symptoms of these men,
inalytical datz will be presented on as many of thom &s ars now availlable.
The following table presents in brief the items of importunce found in the

analysis of these data.
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Lersons Examined

Gensral Xotors Mechanles Handlers of Drivers
Ressarch Garage Bthyl Gasolins
s 1 . 1 ' 1

Refiners 0il Co.
at Dayion

2 - 2 -

Dayton Power and
Light Company

25 8 & 16
History 2g to Exposure
Total Number Exposed Hot less Kot less less than 1 yre.
than 2 yrs. than lyre.
30 28 3 1

Symptoms appearing in Thirty Hen exposed to

Ethyl Gasoline and Exhuast Gas.

Disturb-
Hoad- Loss of Insom- ing Polyaria Gastric Digestive
Aghe Weight nia droams Cramps Disturbances Weakness
1 1* Hone 2%+ " Kone Hone lazz Yone

Notes: * This men lost weight following an attasck of cholecystits.
** Both of these men gave a history of dreaming for ysars and &d-
mitted the condition only after leading questionse
ss* ahis man gave & history of diarrhoea and fever, focllowed by
constipation.

A e g
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4.
PHYSICAL SIGNS APPEARING IN THIRTY MEN EXPOSED
TO BTAYL CGASOLINE AND EXHAUST GAS.
Sub-norml Subenorral Lead Low
Pallor Temmeratbure. Bradycordia Blcod Pressure. Line Stippling Hzmmoglobin
2 4 Fone s None None 2
3 {97.8) (1) 114-72
1 (97.2) (17 11270
(1) 110-74
(1} 106=66

Notes: Of ths two showing palloy, one has a ohronic cholescystitis and the other has e
history of tuberculosis of long sianding.

The other findings are of 10 more fregquent occurrence than mey be seen in any
gronn oF men taken at rondom, and they ars ezplainable on the basis of other
phmsical findings sweh as very bad dental conditlon, existance of common colds, otec.

4t the same time, sizty four men, st no time exposed to Fthyl
@asoline, have heen questioned as to ths detzils of thelr employment for tho
past several years and have been carefully examined. Spscimens of urine and
faeces mve been obtained for analysie 80 as to furnisgh o comperison with the
previously examined exposed mem.

4 detalled analysis of the dats obtained from unexpossd mex ag
to their histories and the resulis of physical examinations would reguirs too
much space for the present needs. However, the data now avillable as to the

results of the chemical examination of specimens of urine and fasces are

appended hsretc.

CONCLUSIONS

4 oareful conslderation of the resulis of the examination of
thirty men who have bsen exposed over a period of about two years, to one or
more of the hmsards arising from the general distridbution and use of Lthyl
Gasoline, falls to ghow any evidence of the appearance ¢f either symptoms or
signe of lead poisoning.

Appended hereto. are data as to the analyses of urines and faeces.
They are &8 yet incomplete and are submitted for what thev are mﬁ'ﬁf
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5.
Analytical Data from fen Men Exposed to Ethyl
Gasoline

(Nos. 13, 14, 15 and 17 were 2lso exposed to un-
diluted fluid containing tetraethyl lead and
ethylens dibromide for a considerable period of
tims, See history)

Averzge Sample Urine (0.182 mg.
(1525 c.ce Urine

Average Sample Fsecas (0.519
{33.05 gm. Dried Feces

0.12 mg. per liter Urine
1.57 mge. per 100 gm. dried feces.

Veight dried Yol. Urine
Sentpls feges in grams mEe in G.C. S
1 27 ok 0650 - 700 0.14
3 2l.1 0632 1200 Ol.17
4 11.1 Oell 3000 0622
8 445 ¢ 7% P-3 470 0.12
8 40.2 0665 1200 Oel?
11 29.8 : 0632 1500 0,08
i3 78 030 1400 0.10
14 117.3 1.91 2900 0.14
15 330 0.29 1350 0«58
17 3848 0.65 1530 0.12
Hay 18, 1925,

FEEDERICK THAULANN.




-Amalyticel Data from Ten Control (Unexposed) Worluen.

NP

Average Sample Urine  (0.091 mge
(1473 GeCe Urine

Average Sample Foces (0.38 mg.
(27.32 gm. Dried Feces

0.06 mg. psr liter Urine .
1.36 mge. yor 100 gn. d.riad fecﬂéo | -

Weight dried ' : Vol Urine
-Sample fecos in grams nZe in c.ce nge
29 22,7 ' 0e74 - 2200 0.14
68 3546 T 0432 - 1650 - . 0.11
74 45.4 024 1300 0.15 -
7 5040 - 0.22 1180 0.07
80 184,35 : 0422 1320 0.10
81 &8 e4 : 0.14 1400 0.07
82 B Te8 - 0.18 1950 0.05
83 328 - 058 710 . 0.07
84 ' PR ‘ 0,54 1170 Nii




