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MEMORANDUM ON THE LEAD ALKYI, COMPOUNDS

The compounds in this éeries that have been studied
wlth respect to their toxlcity consist of lead tetra ethyl,
lead tetra methyl and the tri, di, and monc configurations of
these two radicals. '‘'he formulae, the densitles, and per cent
of composition of lead in the molecule, the vapor pressure at 25°
C, and the toxlicities of these compounds administered orally
upon the skin are given in the table telow. The data on oral
texicity demonstrate that these ccocmpounds have a toxlcelty of
the zame order of magnitude, varying to gomea degree probably in :
accorcance with thelr ease of sgbsorption from the alimentary
tracti; with the exception of tetra methylg they are absorbed

threousn the skin te such a degree as teo produce fatslities.

For rome reason which s not clear, tetre meinyl Lo abocorted
only slightly and not in suificlent dosage tc cause fatalltiecs

in experimentsl animals. This 1s not the consequence purely of

its volatility, since 1is spplicatlion to the skin even wnder

onditions that ntave prevented volatilizatiqn have not produced

acute 1llness and death. |

‘rom the point of view of inhalatioq/the lethal con-
12 to 18

vcentzation oi lead tetra ethyl for -/ houis of exposure 1s of
- the order of magnitude of U.Rmngs. {(expressed in terms of lead)
per liter in alir. Concentrations of much lesser magnitude of
.lead tetra ethyl will preoduce fatal results on prolonged expo-
sure. A concentration approximating 0.18mgs. per liter will f: '
" _5 ! produce - fatal results after three exposures of 6 hours per
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day on successlve days. (Expefimental animal here is the rabbit.)
Tﬁe study of 1nhalatlon cxposures in the case of the

other compounds has been limited, but the indications are that

they are all of the same order of toxicity when the concentration

13 expressed in terms of lead. (Pt)
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Frem this fact alone oné would assume that the toxlelty
ol these compounds 1s referrable to their content of lesd. How-

¢ver, ciheor experimental evidence justifies this concluslon

zt211 more cirongly. In partlcular, the distributlion of lcad iIn

the ocrgans in acute intexication i that of & fat soluble conme

wound . Hligh concentratlions are found in the brain, liver, muscle,

and fatiy derota, vith negliglble quantitles Iin the skeleton. 7The
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the brain which colnecides with fatal volsoning
13 0of the sane general order of magnitude, fegardless oi the com=
round employed. (Feference here is made only to the compounds
listed In the Tirst sentence, since these are the cnly ones in
the alkyl scories that have been investigated.)

Theee organic lead compounds are decomposed n the body,
the LIrst result of this deccmposition being that volatile lead’
compounds can no longer be reclaimed frpm the tissues after a fevw
acurs follovwing thelr administration. A further decomposition
tgkes vlace as shown by the fact that within about 14 days of
the administration of a sublethél dose the distribution of lead
in the tissue correspends to that of water soluble lead compounds
rather then to that characteristic of tetraethyl lead.

ine clinical picture of tetraethyl lead Intoxicatilon,

as vell as that produced by the other compounds mentioned pree-

viously, 1s that of an acute central nervous system intoxication
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and
with hyperrefletia/agi tation, which progresses into convulsions

and coma. This plcture can best be described in terms cf the
fatal human cases of poi=zoning. In such cases the clinlecal
plcture 1s the =ame substantially, regardless of the length of
time required In terms of exposure to produce toxic concentra-
tions in the body. Xven in those cases in which exposure to
small concentrations has occurred over a period of months, the
clinical piciure has hLeen the saﬁé. Chronic icad noisening has
never bhesn seen in association with exposure to these organic
leacd compounds. o rmicrosconic changes cceur in the cellular
elements of the hloed. That is to say, tiiere is no stippling,
no snemia, and no evidence oi' disturbance of the bone marrov.
“he inccex ;Lateu ir dual Xhnxx cevel“*s Qental abverations
characterized Ly & dream=-like state with wild renresentatlions,
confusion, perscnality distortlons, and hallucincsis. As the

res and the state of

(/‘

intoxication develops, the confuslon Ilnareas
acute mania may ensue, fcllowed ty convulsions, erhaustion, coma,
and death. In mlld cases the mental symptoms predominate and
may develop and disappear vwithout the more serious manifestations
of chemical intoxication. Even in the most acute cases the evi-
dences of organic Intoxicatlion are limited largely to cirﬁulatory
manifestationsin which there iz a very low systolic and dlastollc
blood rressure, slov pulse andhypopyrexia.

Follovwing exposure there is & lcong lag In the appearance
of symptoms. Verying with the dosage this lag varies from 24
hours to.7 or 3 days. By reason of this lag in relation'to an’

incident of exposure and by reason of the bilzarre clinical picture,

°
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the dlagnosls of lead polsoning has never been made by any
physiclan who has not had {irst~hand e%perience previouély.

From the polnt of view of chemical warfaré tactics,
Inscfar as ilhe writer has any familiarity with previous concepts,
1t would seem that this group of compounds offers little or no
Tromise. From the point of vlievw of dosage, large quantities of
material vould be requlired to produce an effect. Horeover, the
‘Ime lag beltveen exposure and the inductlon of symptoms is so
sresy natl disasdliitly would be greatlly delayed. 1t is apparent
hat 1T effecilve concentrations could be obtained and maintained ‘f
in & ccmbat srea, a very conslderabls amount 0i incapacitation
cf sizable numbers of men would ke vrougnt about. Ilovever, the
quaniities of matverial that would he requlired to produce this
situatlon would e very greatlt indeed.

”

Hco czpervience has been had with the higher homologues
of the ccmpounds referred to Iin this memorandum. Acbually such
compowads as hiave been syntﬁesizei cven in comall guantities,
have nmerely teen the subject of sclentifilc curdcsity with respect
te thelr physical and chemical properties. No dommercial uses
have Tteen found {for them, and therefore no effort has been expended
on studies of their toxlicity and mode of action. Judging from
the facts availlable, one would aséume that the toxicity of such
hemologues would be of' the same order ci magnltitude as those that
have bteen Investlgated, and that ﬁheir properties as chemical
wvarfare agenis would De less rather than more satisfactory.

The reference above to the quantitles required to pro=

duce an effect is consldered iﬁ a relative sense. Obviously,
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the less material that has to be handled the more effective
should be the results, all other factors beilng similar. 1In

this connection the extremely high tcxiclty of riecin comes to
mind; in that only the lowest concentrations of this materisl neéd
e zvailable to produce prompt and highly dramatic cffects. A4s |
compared with such a material lead tetra ethyl and 1ts homologues

rmust e regarded as very tame substances.

S e N

Rcbert A. Xehoe, i.D.

Tecember 12, 144k

KE 0003423



Toxlicity and Certain Properties of Alkyl Lead Compoun

Denisity |Lead Content|lMn. Hg. | Approximate M.L.D. in mgm/K; as Pb i
’ o ’ 8t ‘ ) T Sa
Percent 25°C _ |Intrav, |Sub.q. Oral Percutsneous| indef
1,66 ° 64,0 0.5 17.0 | 70.0 {4LO to 110 750 0.2 p
SRR IR rabbit |rabbit] rabblt | rabblit
1,99 7.5 30.0 Lo 65-70 20 not absorbed
S ' ' rabbit rabbit with fatal
results .
1.79 70.2 3,0 10 150
SRR R rabbit rabbit
1.88 737 10.0 _ 15 210
Co o e rabblt ‘rabblt
1.71 67.0 1.0 25 | 150
o o o rabbit- rabbit




Toxicity and Certain Properties of Alkyl Lead Compounds

e

ity |Lead Content|Mm. Hge. | Approximate M.L.D. in mgm/Kg as Pb goncentrat
. o at S ' ' Safe for
4 Percent 25°C__|Intrav, [Sub.qg, Oral Percutaneous|indefinite timefLethal
66 64,0 0.5 17.0 | 70.0 {4O to 110% 750 0.2 per cu.m.
' ot 0 lrabbit- frabbit] rabblt rabblt
99 77.5 30.0 Lo 65=70 20 not absorbed 4.5 pe
‘ ~ "~ “Jrabbit]|  rabbit with fatal rak
results
19 70.2 3,0 10 150
' BRI SR rabblt rabbit
88 737 10.0 15 210 .
; o S rabbit rabbit -
71 67.0 1.0 25 150
' S o rabbit- rabbit

htly result of carrier.




Toxlelty eand Certuin Properties of 4Alikyl Lead Compo
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Compound Denalty {Lead Content|m. Hge | D, in mem/Kg a3 Pb

; . ' at |
% ' Parcent 25°C {Intrav.iSub,y,. Oral Percutaneousllng
jd tetraethyl | 1.66 64.0 0.5 17.0 | 70.0 |40 to 110w 750 0.2
S rabblt {rabbit|{ rabdblt ravblt

% tetramethyl| 1.99 77.5 30.0 Lo 65=70 &0 not absorbed]

E rabbit rabbit with fatal

g - resuits —
id dlmethyle | 1,79 70.2 3.0 10 150
} Vd1ethy1 rabblt rabblt

@ trimethyle- | 1,88 3.7 10.0 15 <10

."enhyl - rabblc rabblit

d triethyl- 1.71 67.0 1.0 25 150

» mathyl ‘ _ rabbit rabblt

:Variation apparéntly regult of carrier,




Toxleclty and Certain Propartiea of 4lkyl Lead Compounds

—

8Lty |{Load Content|im. Ng. | Approximate M. L,D. in mgm/Kg as Pb 'angéngg
' at Safe for
" Parcent 25°C {Intrav.jSub.q. oral Percutaneous! indefinite time! Leth
.66 64.0 0.5 17.0 | 70,0 {40 to 110w 750 0.2 per cu.m.
rabblt {rabbit|{ rabdbbit ratbit
«99 715 30.0 440 65=70 20 not absorbed] 4%
_ ' rabbit] rabblt [with fatal r
resulits -
o719 0.2 3.0 10 150
f' rabblt rabblt
.38 3.7 10.0 15 210
o rabbit rabblit
1 617.0 1.0 25 150
Lo ' rabbit rabbit

intly result of carrier,




