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THE TOXICITY OF TETRAETHYL LEAD.

The toxisity of tetrasthyl lead for rabbits has been de-
termined for the various mothods of administration, and it has been
compared with the toxleity of certain inorganic salts of leads In
the case of both teiraethyl lead and the inorganic salts of lead a

‘gufficlent number of animals have been studied to make possidle a

|} ¢

proper allowance for individual varistion. If otnly the lethal
amount for a single administration be considered, little individusl
variation 1s sesn. However, if tho toxicity be considered on the

basls of numerous repeated administrations, a considerable wariation

i3 found.

The fatal dosages of tetraethyl lead administere’ in one
dose to rabbits by various means are substantially 2s follows:
intravenously. 04014 ec. per kilo body weight, approximately 0.014
grams lead per kilo; cutanesusly 0,7 66. por kllo body weight, or
about 0.7 grams lead per kilos by oral administration 0.1l c.c. per
kilo body welght or gbout 0.1l grams lead per kllo; the quantity
taken into the body of the animsai by inhalation is difficult to cal-
culate for = varlety of ressons, but the consentration of tetraethyl
lead in terms of lead in the air breathed by the animal which will

1l in gbout three days of six-hour daily exposure is approximamtely
0.182 mge per liter of alrx.
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In all of these methods death of the animal takes place

in from slx to ssventy-two hours.

The fatal dosages of salts of lead such as the chloride

end nitrate are not widely vafiant from the sbove figures.

When lead chloride is administered intravanously, & var-
iety of things may ocour, dependent upon the sslt employed, the speed of
administration and the concentration of the solution. The animal may
die a% once; ke may develop a thrombosls at the site of the injJection,
or he may aevaiop a general systemic poison;ng. The lethal dosage is
calculateé on the basis of the last situatiom, to be about 0,015 grams

of 1lezd per kilo.

Yhen adminigtered orally, approximately 0.037 grams of lead

per kilo are required to produce death from one dose.

In the case of lead nitrate spproximately 0.0L1 grams of
lead per kilo injected intravenously brings sbout death i thin twonty-four

hours.

The cutansous application of inorganic aalis of lead results

neither in desath nor 1llnese of the animils.

Comparison of the toxiocity of tetraethyl lead with that of
the inorganic salts of lead, shows that in genoral these are of the same
order of magnitude. An exsention of sufficient masgnitude to i:e woll oute
side the limit of chance variation is seen, however, when one compares the
poisonous character of lead salts taken by mouth with that of tetraethyl

lead taken in the same ways. In this case the gsalts 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 esse 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 tetrasthyl
lead to the skin. N | o

The generél conclusion szAxicish‘sﬁ»a»ms to be o’bvioné from the
above data, s that tetraethyl lesd owss its toxiolty to the lesd and mot
to'zmy other mert of the ccmpound, tetraeﬁiwl Iea.d.‘.is not peculiarly toxie
as compared with other heavy metal compoumds, but that its principal danger
resides in the fact that it is readily a.‘bsor'béd through the skin, as well

az being capable of Inhalatlon because of 1tz volatility,

When tetraethyl lead is administered in smller repeated
doses, the outcomes is dependent upon the size of the do;o and the time
interval between doses. In a series of rabbits treated with O.l Cec. at
intervals of three days sympitoms began t0 appear in most ¢sies after six
to oight treatments. (The only symptom was a slight loss of weight.)

The total quaantity applied before the death of these animals averaged about
twice the amount of & single lethal doses It will be seen from the con-
sideraticn of later experiments that the lethal amount is dependent not eo
much on the total quantity of ieazd which the animel is led to absorb, but
rather upon the concentration actively mobilized (in the blood stream probe-

ably) at a partiocular time.
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TG ACCUMULATION OF LEAD IF EXPERINENTAL
ANIMALS TREATED WITH TETRAETHYL LEAD

When rabblits are fmtad at regular lntervals with sub-
lethal doses of tetrasthyl lead, there 1s an ascumulation of lead in the
body of the animal. The rate of acoumulation depends upon the sizs of
the dose sdministersd and the time interval between injections. The
qusutity of lead found in the snimal varies, however, not only with the
quantity administered, but also with the time which has elapsed betwoen

adminigtration of the last dose and the time of aualysis' of the enimal.

That ig, the rate of secretion is of such an ordes of magnitude as to
make gtriling differences in the gquantity of lead found in animals
treated in an 1dentiocal mamer.

Y7ith the acoummmulation of lead in the animzl thers is
ne svidence of a chronie polsoning, with the single exoeption of a
slight Ios's of waighte If the animal becomes 111, his symptoms are
acute and death results.

In f.he. table below may be sesn observations ond anolyt-
ical data collocted on & series o nine rabbits, treated at intervals
o2 three days with 0.l c«0. 0f pure tetraethyl lead, applied to the skin

of the abdoman,
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Xunbey Time of Appsar=~ Lead Determ-
: of ance of loss ination in
Rabblt Weight Treatmants of welght. Result milligorams
No. 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 Sawme 9,78
Fo. 35 & # is 8th treatment Died day after 15th
trostment 96,0
¥o. 36 5-3/4 § 17 lath " Survived
No. 37 6-3/4 # 7 Died after 7th
treatment 20,
Noe 39 4-7/8 & 14 7th » Died 29 dsye after
last treatment 7.10
Fo. 40 4-1/2 % 14 Tth survived
Xo. 42 4-5/8 % 11 9th v Died after 1lth
' treatment 51425
No. 60 3-1/2 & 10 7th EXRRRERIZXXER

Ixxx Survived

That the large variations iIn the quantity of lead foumd iz
these anlmals may be, and probably are due to the secretion of lead by
the aniral 1s indieatod by the data collected on the rate of secrestion
of lead from ths body of certain of these animals.

The animals in this case were Installed in the ordinary
melabolism cage with a lezd freo floor. The urine snd faeces were
collected over periods of several days and analysis was mde. The
cages were first tested &s to their lead-free character by using lead-
free animels as controle. The diets of the animals were unchangel

during the peried of collection.

191
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Quantity of Lead

Rabbit Period of Collestion in ¥illigrems
2 controls 7 dajs ) ‘ il
Hoe 31°¢ (A : : 5.89
No. 36 7o 4,00

Fo. 39 | 7 o 2408

* Kote: This animal died Besember 2l. RHils entlire body contained
15.3 mg. loade Soms idea can be cbiained of the quantity of lsad in
the body of this animal at & t1ms when he was excreting almost 1 mg..

per days

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

men poisoned by tetraethyl lezd is studied.
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TEE DISTRIBUPIOR OF LEAD IN POISORED AFRIMALS.

A number of animals known to contain considerable guantities
of lead zt the time of death were analyzed after the separation of their

tissues. The data below indicates the manner of polsoning of the

enimel, together witk ths lead eontent ¢f various tissues.

Rabblt Ros 32 -~ Exposed for 72 days to wvapor

of Pb (Et)s in air at the rate of 100 ce.

Pb(Et)y vapor to 5 liters of air.

1lgsue Yeight
Bones 225 grans
Skin 500 v
Liver and

Kldneys 5 =
Central Nervous

System 1z =
Fotuses in

Ytero 25 v
Qther tissae 2045 ¢

Nots: Ome liter of saturated vapor of Pb{Et),
at 25° Ce. containg 0.00456 grams Phe

Load in willigrams

9.15
3.18

3470

Wil

0.28

8.76

v
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Rebbit Ho. 51 - Treated every three dsys with 0.1 cce
Pb(Et)%a sixteen treatmnta. Died twenty-three daya
s .

after t treatment,

Hissue Foight Lead in Milligrams
Bonse 325vgrams 8.04
Skin 260 = 4.49
Liver and o

Kidneys o5 o 1.15
Gentrél Nervons

System 13.6 * ~ Lost in analysig
Otaer tissus 1590 2402

Urins in Bladder 50 ©.0. Oe14

Rabbit ¥oe. 16 ~ Exposed for ninety-dight days to
vapor of Ph(Et} in 8ir at rate of 5 ce. of
Pb{Et)4 vapor to 5 liters of air, and then for
three days to 200 cce. vapor in five liters of air.
Died.

Tisgne Weigkt Lesd in ¥illiprams
Bones 520 grams 2422
Liver gz v 375
Cantrel Nervous

System 8 - 0.13
Remzinder {without

gkin) 2180 % 264,00
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THE BFFECT OF TETRAETEYL LEAD OF ANINALS

Whea toxic amounts of tetraethyl lead are administered to
rabbitd, the first syaptéms saen':aro lack of appetite amd lose of
weighte A sluzpishness and lassitude are appavent, and the snimel
sits with drooped ears and arched backe As the symptoza increase

. in saeverity, he beoomés naryous, moving about in the csge from place
%0 pluco, stopping from time o t;mg to sink into £ drowsy state.

- The temperatuve dcss not ordinzrily -vary more than is normsl in
‘these animals, but respiration guickens &t first and then, with in-
ereasing severity of symptcons, decressese 1f sufficlent tims inter-
venes before death, a2 wtery dlsrrhoea developse Convulsicns usually
ococur as 2 termintl sign, and tin saimal dies with bulging, corngested
oyss and paralysed respiration, with the heart continuing for somes
timo afterwerde When illness results from inhalation thera is an
irritation, with somes weeping of the mucous membranes, The upper
respiratory tract may become red and in very severs cases even haemor-
rhagice When the application is made on the sbdominal well, there is
an slizost lmasdlate increase in the peristaltic activity of the intes~
times. [Raopld peristalsis may be easily cbserved under the abdominnl
walle During the courss of their illness, whether acute or prolonged,
no characteristioc obJjective signs develops There 1s no typieal alter-
ation of the blood piectures {Stippling and polyohrcmatophilig ere
found almost uniformly in noymnl rabbits, sc that no minute changes
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would be dmon:tr_ablo_.) . Only & slight anemia has @ppeared in aay 9XpOT-
imentsl animal thus fare a

Post-morytem examinntion of poisonnd animals disclcses osrtain
cmractsrzstic. thowgh not definitely nrfamntiaﬁng, changese Those
are ecnﬁmd almost wholly to the aumntary tract and the central nervous
systems - mra is a cons:derabls amomt of capnlary dintatum of the
viscera gemxnny and the hoart Is wmuy dllated and flabby, but the -
pronounsed ﬁnainga &re seen’ :.n an acuta fntestinel irritation rnd desquie
mation ana an’ am odems of tha braina. !’he !ntestinal chamge is confined
almost wholly to the small %ntestina and xs most proncunced in the duodenum.
Here the intestine is flled with & stioky mucold fluid which may e, bdut
usually 18 not, dlood tinged. It 13_»Mteﬁaticauy Yyollowigh and
. glairy, and often coppulates spontamamiy on stinding for & time,  %The
mucosa iz this region is thin and almest £1uid in charaster. No sctual
ulceration is found, &m‘.. there are soldom any definite hasmorrhagic areas,
The brain is either dry end swollen and very frisble, or else it is very
wot with & large amomt of free fluid under the dure, especiclly at tio dase.
- Microscopic findings are very meagers No characteristic change
ns been founde The study of nioroscopie vpatholop;'y has not besn gompleted.
Among the effaocts o experimental animels, which should be poted
in passing is the Inflwenoce of lead polaoning on pregriancy and the procreative
functions in gemarale A4 number of pmt fomale rabbits Mave given birth

to premeture iitterse In several cases abortion or miscarriage hag resulted
shortly after the administration of the s;oison.. Howevor, ths 1o0ss of

ability to reproduce has not occurred in the case of either male or female
rabbitse Znimals which have beon severely poisonmed have both fertilized snd
becons mpremtea and have brought forth normal young after only brief pericds

of recoverw.
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ON THE ABSORPTION OF TETRAETHYL LEAD THROUGH THE JKIN,
THE ABSORPTION OF TRTRARTHYL LEAD OUT OF GASOLINE.

In the former experiments, in which the toxicity of tetraetiyl
lead as absorbed throush the skin, was ,da_témineid,’ fhere was in almost
ezery case 3 possibility thet the animal ha.d' obtaizied & portion of the lead
by inhalation and 1ngest1§n. It was deté;mlx;acg_",ihérefore, to carry out
. some ezperiments to control this factor, and to estadlish, beyond auy

doudbt, the facts in the matter. Accordingly, Wls ware selacted 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 tetiraethyl lead was carefully romoved by means of kerosene, sud
subsequently soap snd waters During the period of expcswre the animal was
tied down, and vemiilation was maintalped in such a way ss to prevent apprec-
i1abls inhalation of the gasoline-~tetraathyl lead vapore A sesond purpose in
thess experinrants was to discover whether tetrsesthyl lead could be avsorbed
through the skin out of gasolines The prastical Importance of the latter
qunestion lay in the fact that the exposurs to tetraethyl lead, on the part

of distridbutors and conswmers, would have to do with this soclution in eontact
with the skin. Since In almost every case such gascline would be wiped oft
or washed off beiore ovaporatiocn, the relative rates of absorption of gaso-
line und tetruethyl lead, and the paritition cccurring between the gaéoline
and the skin, a8 solvents ror totrasthyl lesd, would determine, largely the
magnitude of any hazard srising from exposwre to gasclime containing tetre-
othyl lead.
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The follaving axperimnts show tm»t tetthl 1ead may be
abgorbed through the akin of e:parlment&l animls. J.n quantities suffic-
1ent to produce daath, when the tactore ot 1nhalation and ingestion are
adequately controlled. Fnrthar, they ahow, that thotraethyl lead may
be absorbed out of gasonne, thcngh thero 13 m zudicatio:n of any select-
ive absorpiion. | "’hey 1ndicato, however, that tha quantlty of tetrzetiyl
lead which may be absorbed out of a sol'aﬁ;m of totraethyl 1ead in gaso-

lips comparable to commercial "Ethyl Gaaoline". is vory ninute.

Broerimentss -

1. Three rabkits of approximetely the sama wbight {about 2 kilo)
ware exposged for half an hour each, on thrse consecutive days, to a one
to ten dilution of tetraethyl lead in gasoline. Bach saimel was care-
fully tied down on & comfortzble board, as much ags possible of ths halr
wasg c¢lipped fvom a fore leg without any abrasion, zné the leg was gently
but firmly held in a test tube of the solution,‘ down to the elbow joint.
Care was taken not to 1nterfere‘wiih the circulation. The quantity of
solutidn to which the leg was e¥posed wasg aiprcximtely 35 cce  The ex-
posure was carried out In 3 hood where the aly was being ohanged rapidly.
At the end of the exposurs the lag was bétbed in kerosene repeatedly,
wiped dry, &nd then treated with cold cream, for the purpose of counter-

acting the harmful effect of the gasoline on the akin.

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

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

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

One of the animals was ashed and an snalysis for lead was made.
The entire carcass contained 36.46 milligrams 6f leade It is well to
point out that this animal had been axpon'ed; for 1-1/2 hours to 105 cc.
of a solution containing approximately 10 grams of lead. Approximately

0.35 of 1% was absoxrbed.

2. ien rabbits were selected and were treated in the same manner,
three being used as controls, and seven being exposed for half an hom'
at a time to a dilution of 6ns part of tetraethyl lead in one hundred
parts of gasoline. For the first seven days the treatment was carried
out dajly. After this the exposureswere made twice weekly. This w38
done because of the skin irritation which resulted from the dally treat-
mente It was found that the skin could be Xept intact by increasing
the interval between exposures, provided the skin be treated wi th cold

¢cream in the interwval.

The following table shows the results of such treatment:

Ko, Animal o, Treatments ge;_;;_ght After Result

89 control 28 2-3/4 5-1/8 Survived

95 " 27 4-1/a s-1/8 -

9% " 27 3-1/4 3-3/a "

20 1:100 7 4-1/a 4-3/8 Eilled for spalysis®
91  1:100 29 3-3/4 4-3/a Survived

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



Welght

No. Anime]l Ho. Trestments Before After asult

S84  1:100 ' 16 41/ 4&-1/2 Died suddenly with-
out previous illnesa**

95 13100 27 4-1/a 3-1/2 I11 after 10th treat-
mente Recovered.

96  1:100 .25 , 5-1/4 6-1/2 Survived. B

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

* Lead content of carcass of 90 381 mge
*¢ Lead content of carcass of 94  7.50 mg.

*¢* Ko szalysis was made of carcass of 97.

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

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

The question of the ezard existing in the handling
of Ethyl Gasoline hinges upon two comsideratioms: °
(a} whether the quantity of tetraethyl lead volatilizing
out of gasoline at the existing concentration {1.1300
approximately} is sufficient to czuse apprseciablé ab-
sorption of lead; _
{b}] whether skin absorpt.’;on of tetraethyl Iead in gasoiiné

can ococur to an extent sufficient to ocause polaoning.

Fota: @rom the Research Laboratories of the Ethyl Gaso-
line Corporation and the Eichberg Laboratory of
Physiology, University of Cincimnati, Cincinmati,
Obio. :




Both of these probiems were investigated by exposing animals
to conditions as nearly 11ke the noymsl conditions of human exposure &8s
could be devised. Foxr this purpoeé guinea pigs end mdnlmys were selected;
guinea pigs, because of their susceptibility to lead poisoning, and monkeys

because of their similarity to the human being.

The guinea pigs were divided 1n£o fO'_m' groups, kept separate,
but fed and cared for in exactly the szme manner. klsven pigs, four
“ females and the remsinder males, were treated on the skin surface of the
belly, after clipping off the hair, with 1 cc. of ethylized gasoline.
ﬁleven, all fenales, wore set aside as untreated controls. Eleven, five
of which were fomales, were treated with 0.2 cc. of ethylized gasoline.
Three, one male and two females, were treated with 1 co. of ordinary gaso-~

line.

The gasoline used was a good grade of high test commercial

gagsoline. The othylized gasoline was prepared by first making 2 mixture

of pure_tetraethyl 1sad and ethylene didbromide iIn the proportion of three
parte of lead to two parts of dibromide. This mixture was kept in 3
tightly sealed brown bottle to prevent decorposition, snd was mixed in
gasoline in quantities of 0.25 te. to 200 oce of gasoline, as meeded.
This corresponds to the most concentrated mixture of tetraethyl lead in
gasoline, known as 8 3 B, mixX., representing approximately one part by

volume of tetraethyl lesd per thirteen hundyed parts of gasoline.

The monkeys, four in number, of the Rhesus type, were all

cared for in the same mamners Two were used for comtrols, and tw were

treated daily with 2 co. of Ethyl gasoline, prepsred in the above manner.

T
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The haiy was olipped from an &rea on the back, as large as the prim ¢f
the hand and the gasoline mixture waz dropped on out of a pipette. One
of the monkeys to bo used as a control dled within a few days after his
arriﬁl, having contracted pneumonia 1_n tra;zsit. The other cop.trol oS~
caped from his cage znd died of axposnrev_‘hefore he could be captured.
The two being treated as above were continusd without any controls for

comparism.

-

The following paragraphs indicate the course of the experi-

moents carried out upon these animalse.

GUINEA PIGS.

Pen No. 1. 4 females 7T mles fraated with 1 cc. Ethyl
treatments twice weskly. Gasoline.
Aunber of treatments 40.

In the periocd from November 25th, to the present there hauve
been no natural deaths smong these snimals, Three were killed for snalysis
on March 3rd, and one was killad for aﬁalyaia cn March 3l. The females
have given birth to six yomng which bhave survived, twe of which were born
May 14th, fThere have been two litters of young born dead. fThose ccecurred
in January and February, during periods of inclement weather, in which all

of the animals suffered somewhat.

?wo pigs were selscted, becmuso of distinctive markings, for
observation of blood conditions. The initial observations on ths two were
a8 followss

(a8) Hb. (Dsre Method} 90, Red Count, 6,160,000

(b} Hbe - 10, * " 6,200,000

0017863
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Observations made on My 17th, werec as follovs:
{a) Hbe. 90 Red Count, 5,754,000
{v] Hb. 105, " 5,230,000
Blood smears shav no eppreciable change now as compared with
the original obasrvations. _ Guinea pig blood under normal conditions
shows a variable amounf of folychxomatophilia, and an occasional stippled
eell may be fomd in the bleod 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.
| 0f 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 ssgregate these animols and continue the experiment to see
if healing of wounds will bring sbout recovery. The two females remain-
ing look healthy and sleek, exeept for the irritation of the skin of the

bellyo

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

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

birth premasurely to young, ons of these on May 13th.
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7wo pigs were selected for thelr distinctive markings, and
blood examinations were made a8 in the case of group Fo. 1o No varlation
was seen in 4the blood plcture, and no variation as compared with those in Pen
Fo. 1 wag seen, except thnat in one plg an ccoasional stippled erythrocyte
was founde

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

tyable deviation from the normale.

Pen. Noe. 3o 6 Fomales 5 Males Treated with 0.2 cce. Ethyl
Preatments twlce weekly. Gasoline.
Némber of treatments 40.

Since Fovember 25th, the beglmnning of the exnsriment, there
have been no deaths among these animals as a result of illness. Three were
killed for analysis on March 3rd. Twenty-~four young ones have been born,
0of vhilch nineteen mre now alive. The others died within 2 day or tevo of thelr
birth, There have been thres litters born dead. Yone of these occcurred
since April lst,

The blood findings in these animils are no moro significant
than those in the othar groups of pigss Ho variztion from the normal hes
been found in spite of repeated examinations.

The animals are sll healthy.

Pen Ho. 4. 1 ¥ale 2 Females Treated with 1 cc. Gasolina,.
Treatmonts twice weekly. Runber of treatmsnts 40

Thore Iavd been no deaths In this group. Two littaérs of
young have been born, six young 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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pince the first exxination. They were uged largely as controls on the
influence of the gasoline glone on the skin. Fo variation is seen elther
in the condition of thely skin, or thelir genersl eppearance &s compared to

treated animals.

An mfortumte sad unforeéeen varisble was found in the
condust of these experiments, when & group of treated and control animals
were killed for analysis on kﬁ;rch 3rde The table below showa the lead
content of ths carcasses of these animals. It will be seen that the
quantity of lead is practically the same in ell cuimals, treated and con-
trol alike. This was not due to any migtakss in haﬁdling or treating
the animals, nor was there the remotest chance of iacorrect selegtion of
animmis for amalysise. The explanation can be found only in a detailed
consideration of a1l the envirommental factors. The first tizree groups
of thess animals were guartered in a single large pen, divided into three
erts by wooden vartitions of tongued and grooved siding. The top and
front side wore made of inch mesh wire notting. There was no chance,
therefore, for the ezxcreta of one group of animals contaminating the food
of the otherss nor could dust from one cage enter the other in considerable
quanti ty.

When ths animals were treated, they were kept on the

=l board until the treated surface was dry, before being returned to
cages. No special ventilation was smployed, singe thers was no ob-
dAen in this case to inhalatlion of grsoline and tetrasthyl lead vapor.
the case of humen syposures bhoth of these possibilities are rresented).
»r these sonditlons, the opportunity for inhelation of wapor from treated

wls was not presentsd to control animals,
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The cause for the experimental result can be found only in &
condition to whichk all of the animels were equslly exposeds One end of the
large room, which was belng used for housing tlm animals during the cold
weather, was used from time to time 28 a plaese of storage for retui-ned packe
ing cases filled v:ifh empty and full canz used for the early distribution of
totraathyl lead.

1t iz spparent, ard should have been foresean, that & quantity
0f the dust resultant from the decomposgltion of such & portion of tetraethyl
lead as wss left in these cans scewnulated on the fleor of ths room snd was
carried by carrents of alr, and ths feat of atitsndanis, 10 that portion of
ths‘room used by tho animals. It is almost certain that the food of tho
animals was contaminated &8 welle In this mamner the animals ingested inksled

such gumntitles of lead &3 to completely spoll the experiment.

Analytical Resulis - Karch Ird.

3 Gulnea pigs ~ Pan No. 1. 210 = 2,10 = Z,55

s ¥ " v n 2, 2400 = 2,00 -~ 2,10

3 " ¥ ® w Z, 1.60 = 2,00 Beaker broken enalysis
gpoiled.

An=lysis Repeated March 31 &g Checke
1 Guinez Pig - Pen ¥o. l.  White buck, weight 1-11/16 1bse 2455

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

As g result of the error in the manner of conducting this ex-
periment, ro conclusionz moy be drawm as to the quentity of lead which mey

have been absorbed from the leaded gasoline., It mey be of some significance,
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however, that the quantity of lead absorbed from ths gasolinme, 1f any, male

no appreclable difference in ths total lead obisined from all sourcese Suck
varlation as ocours in the entire grour of animals may be explainable oun the

basis of varistions in weightes It is certainly significani, that even under
these adverse conditions, there was no demonatrabls evidence of the polisoning
of any one of these animals, unless the miscerrlages be consideredes This is
of sxtremaly doubiful signtifleanss, sinoe such ocsurrexces are not infrequent

in & group of this number of animale in any environment,.

MONKTIS

Monkey Noe 1  Rhesus Male  Weight 5-1/8 1bs. Jan. 19
Preated with 2 ccs Ethyl Gassline dally.

Kurber of treatments G8.

" Thigs monikey 1is izow lively, apparently perfecily wsll, is tame,
playful, and in good condltion In every way, except for some degres of
irritation 0of the skin of hls baok.

In February he was gsopowhat 111, and lost his appetite., The
weather was had at this time and all the animals were exposed to too low &
temperature for a few days. The animal lost welght at this time, dropping to
4—1/8 poundse Subgseguently he improved, regained weight slowly, and now
weighs 4-13/16 pownds.

Blood examinations when recelved indicated the following con-
di tfons: Red count, 4,144,900: White ooun;, 13,800; Haemoglobin, 85.

Smears showed no variletion from the normal appearance of the erythrocytes, -

Examination of the blood has beon made at regular intervals up

to the present. ' Only slight variations of the erythrocytes have been geen.
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Tns leusosytes hove varied much more. The last examinatioxn, May 15th, is
as follows: PRed count, & 900,000 vhite county -10,500; Raemoglobin, 90.
Smears showed &n occasional erythrooyte taking the basic staln to g slight

dogress Hu stippling, and no other abnormality is fouud.

Konkey ¥oe 2. Rhesus Female Welight 6-1/& 1bs, Jon. 19
Treated with 2 cc. Ethyl Gasoline daily. -

Xumbor of treatments 88.

Thig monkey is novmel in every discernable way, except for
ths development of an elephantiasis of the vulvzs. She is lively, and playful,
though she hag not dovaeioned ths tameneas of the other.

She, too, was 111 in February, lost a 1ittle wolight, develoned
gniffles, and ate but poorly for several days, She regained the woight suvbe-
sequentiy, appareatly .recovered entiroly, wolghing now 8-1/8 pounds,.

The initial blood examinations showed the following results:

Red count, 5,020,000; White count, 16,400; Hammoglobin, 90. Smears showsd
no evidence of any sbnormality.

Blood exsminations bave been made on this animal. There ms
been no significant variation in the enumeratlon of the blood slaements, nor has
the blood picture developed any ebnomalities. The last examination. May 15th,
was a3 followsy Red -coumt, 5,700,000; White count, 8,700; Hnemoglobin, 90.
dmears showed an occasional basophilie erythrocyto. To stippliang fowund.

In April the animels concerned 1nvthe above sxperiments wore move
ed intec different quarters, which zsllow of no opportuniiy of exposure to lead in
any way other tham under controlled experimentel conditions. Treatments are be-
ing containued to determine if symptoms and signs of polsoning car be produced by
the sxparimental methods previously outlined,

S




THE HAZARD OF LEAD POISONING
| FROM THE
HANDLIEG :ED USIEG OF ETRYL GASOLIEE

The interpretaticn of enimal experiments in
t;ms of human beings is at best & questionable proveedure. When
ono ig dstemining the toxic p'mpertiés of a general protoplasmic
poison, & reagonable agsurancs exists as to the guslitative import-
anes of the exrerirments. Tho guantitative valﬁ of such expeoriments
is always 2 matter of doudbt. mé, beconss of eortain variotions in
the physiclogiezl mcﬁanim of difforert orgonisms, and because of un~
avoidable varistion in the mamer snd rate of introdustion of tne mat-
erial in question, into the tisswes of varicus anlmalse

The interpretatica of the hazard exzisting from tiw
kandling end use of "Bthyl Gasolime”, in tgm of animal experimontition
is dowbly quostionable, hmﬁsa it 4s lmvossible to duplicate the uctunl
ecnditions under vwhich such handling occurs. 4n attempt was mede to err
on tho sids of an inoreased expesure of animals over that likely to occur.
Yhetheyr or not that was acoomplishsd is 2 matter of Julgment.

In this situation, the adviscbility of makius obsope
vations in the actusl fisld of operations, suggestod itaslf months apoe
tecordingly arrangements were made for the careful taking of histories of

exoosure, the making of careful physical exsminaticns, and the anilyses
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of specimens of urine and fueces of a considerable number of men who had
been exposed to actuzl condltions over a consideiable period of tims,.
Tha upportmiity to do this was present in that employees vof the General
Xotors Eessarch Garago, 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‘ dangar of lead 'poisoning fruﬁ the dis-
tridbution and use of Ethyl Gasoline and froem the use and mechanieal eare
of cars using Ethyl Gasolime, and ovar a considerable perliod of time.
(It must not be supposed that these nen had been carelessly allowed to
assune these dangers without any Imowledge of them, or without medical
observation at regular intervals. The fact remains, however, that ths
62rly methods of use snd distribution of Lthyl Gasoline were of such a
sort as to present hazards of such & magnitude as will never exist under 2./- t::’{if"*
wrasent methods of uss and distribution.) / -
o Full data is availble as to the histories of ex-
posure, the physical findings, and the clinical symptoms of these men.
Anzalytical data will be presented on as many of thom as ars now available,
Tre following table presants in brief the items of importance found in the

analysis of these data.
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Lersons Examinag

Gensral ¥otors Mechanlcs Handlers of Drivers
Ressarch Garage » Ethyl Gasolins
1

5 1 . 1 '
Refiners 01l Co.
at Dayton

2 - 2 -

Dayton Power and

Light Company
25 & 2 16
History ag to Exposure
Total Number Exposed Hot less Kot less less than 1 yr.
than 2 yrs. than lyre.
30 258 -] 1
Symptoms appearins in Thirty en exposed to
Ethyl Gasoline and Exhuast Gas.
Disturb-
Hoad- Loss of Inaom- ing Polyaria Gastric Digestive
Lche Weight nia dreams Cramps Disturbances Weaimess
1 1* Fone 2ns " Kone Yone lazz Yone

Notes: * This man lost weight followlng an attack of cholecystits.
** Both of these men gave & history of dreaming for years and ad-
mitted the condition only after leading questionse
*+* 9This man gave & history of diarrhoea and faver, fcllowed by
constipation.
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PHYSICAL SIGNS APFEARING IN THIRTY MEN EXPOSED
T0 RTHYL GASOLINE AND EXHAUST GAS.
Sub-normal Subenorral Lead Low
Pallor Tesmmerature. Bradycordia Blcod Pressure. Iine Stippling Hazsmoglobin

2 4 None 4 None None 2
3 {97.8) (1} 11472
(1) 110=74
(1} 108=66

Fotes: Of tho two showing vallor, one has a ohronic cholesystitis and the other has e

history of ijubercuiosis of long stendinge.

The other findings are of no more frequent occurrence than mey be seen in any

gromn of mon taken at random, znd they ars explainable on the basiz of other

phygiaal findings sush as very bad dental conditlon, existance of common colds, ete.
2t thn same time, sixty four men, at no time exposed to Fthyl

Gasoline, have heen questionsd as t0 ths detsils cf thelr employment for the

paat several years and hsve been garefully examined. Specimens of urine and

fascas mve been obtained for analysis 80 as to furnish a comperison with the

proviously sxamined exposed men.

A detalled analysis of the dats obtained from wmexposed mwen ag
t0 their historiezs and the resulis of physiocal examinations would require too
much space for the present needs. Howaver, the daia now gvullable as to the
resulis of the chemicnl examination of specimens of urine and fasces are

appended heretc.

CONSIUSIONS

4 careful conglderation of the results of the examination of
thirty msen who have bgen exposed over a poriod of about two years, to one or
more of the lmzards arising from the general distridution and use ol Ethyl
gasoline, falls to ghow any evidence of the sppearance af eithsr symntoms or
signes of lead poisoning.

Appended hereto . zre data as to the anclyses of urines and faseces.

They are 88 yet incomplete ond are submitted for what ther sre wnweti.
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Analytical Data from Ten Men Exposed to Ethyl
Gasoline

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

Averzge Sample Urine {0.182 mg.

(1525 c.ce Urine
Average. Sampls Fscas (0.519

(33.05 gm. Dried Feces

0.12 mge por liter Urine
1.57 mge yor 100 gm, dried feces.

Veight dried Vola Urine
feees in grams mE in G.ca Tige
27 od De50 - 700 0.14
2l.1 0652 1200 0.17
11.1 Oell 3000 Ce22
445 Ouls 470 0.12
40.2 Oeb5 1200 Oel%
76 030 1400 0,10
1173 1.91 2900 0.14
830 029 1350 058
38438 0465 1530 0012

Hay 18, 1925,

FEEDERICK THAMANH,.

5.




-Analyticcl Date from Ten Control {Unsxposed) Workmen.

e

Average Sampla Urine  (0.091 mg.
(1473 cece Urine

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

0.06 mg. psr liter Urine .
1.36 mz. psr 100 gm. dried feces. o

Weight dried = : Vol Urine
-Sample feces in grams - mZe in c.Ce nge
29 22,7 ' 0.74 - 2200 0.14
68 3846 : 032 S 1650 - 0.11
74 45.4 024 1300 0.15 -
7 5040 . 0.22 1180 0.07
80 1843 : Ce22 1320 0.10
83 32.8 - 0458 710 : 0.07
84 ' L34 : 0.54 1170 Nil




