alous study. and the- 1nsistent presenta-
he condition have’ outlined a clinical

;The manufacture and handlinghofotetra-ethy lead, resultant upon its

'recent development for important in&ustrial%purposes has brought

’about the appearance of a type of lead poisoning, which beaause of its

}nnique character, is made the subgect of the present paper.

lwaetra—ethyl lead?isha clear. heavy. ( Sp ge about 1.62 ),

‘oily liquid with a peculiar sweetish odor.,which is somewhat volatile
;at ordinary temperatures.»: It is insolubke in either hot or cold

1ater Hﬁt soluble in alcohol and acetone and'miscible in all proportions

: 1th fats and oils. It‘decomposes in the presence of sunllght with

:he formation of crystalline»tri-ethyl lead‘oxide, which 1n tne presence




istening patehes. However, if removed ffom-the skin ( best done
ith,kerosene ) within a short time after its applicatlon, no harmfful
;ePfect on the skln is producea I i,

It would be assumed that such a compound of lead is a general

‘protOplasmic p01son, and in fact chemists Ln gen al have regarded it

a8 such Observation and experimentation have conflrmed the truth of this

;assumption, and have shown the extent of tox1city, the avernines of

: adﬁiesion into the body,” and the cllnical features whlch develop in

e'thevcouree of the poisonln the peculiarltles of the p01son1no are
_ ; often S
- striking, so much so that the condltloeﬁsears little resemblance

“ to any of the clinical types of lead poisoning except the infrequent
1ead.encephalitis . lievertheless, it cannot be doubted that the lead
is the sssential toxic agent in the'eompound. In fact, its toxicity

. is of the same order of magnitude as that of other well known compounds
of 1ead.‘b’ The peculiar symptoms end signs produced are due, in all
likeliheod, to the physical and chemical properties of the compound
rwhich'permit of & more rapid absorption through the skin and lungs than
is pqssible in the case of the more common lead compounds., Liore
important, perhaps, ite distribution in the tissuee may be confidently
:}Sf expected to differ from that of the udual lead compounds, in that its
selubiiity in fats predisposes its early localization in relatively

: high_cehcantration in tissuee of high fat content, such as adipose tissue,

central nervous system, and liver.

od S 0 trance

It has been shown experlmentally thal tetra-ethyl lead 1s

;capable of producing illness and death of animals?when 1nha1eé as a

vistered orally

Avapor ;ﬁhen absorbed through the skin, and when ‘&

“or intr‘avenous'lyw Under anv one of theee condit ""de‘ath ma_v‘he'
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_brought about in the course of three to six hours, though minimal

1ethal doses kill in from twenty four to seventy two hours. ordinarily.
Even intravenous administrafion does not producelimmediate or even
quick death, unless injected in such quantities and at such a rate

as 10 mechanically block 1arge pulmonaryﬁvessels. ( vretra-ethyl lead
is immiscible with blood and does not cause cosgulation. It may well

be thsat poisonous properties depend upon some degree of decomposition

" of the tetra-ethyl lead molecule.), N

In man poisoning ie produced as a result of the inhslation

of the vapor of tetra-ethyl lead, and also as a result of skin absorp-

" tion. It may be produced accidentally or carelessly by ingestion, but

% tetra-ethyl lead »
in the industrdaal handling/such & source of poisoning is not encountered

to any 1nportant degree, ‘Ususlly, illness in men has been the result
of the combination of skin absorption and inhelation of vapor over

a considerable period of time. ( ‘“he inhalation of the dust of

the tri-ethyl lead decomposition products of tetra-#thyl lead has
also been seen to0 vroduce illness, which,under the conditions of
observation)could not be differentiated from that due to tetra-ethyl

lead alone. ) However, an acute, even fatals poisoning may result

- from EXHINFZXH exposure either to a high concentration of vapor for

KOO EY ( several

a comparatively shoxrt time

working days) , or to a large quantity allowed to remain on a large

skin surface .

Under conditions which allow of the absorption of tetra-ethyl

- lead in any manner, in sufficient quantity, an illness develops in which

.some or all of the following subgective symptoms appearz.

XHXAFATAX Insomnla. Thls is one of the earllest and most troublesome
gsymptoms. It may be so severe as to prevent any sleep for days at a time,

or it may cause only frequent waking._ In severe cases. any sleep which



fwith frequent twitchings of the bodya

frequent movements, ‘and crying out.

the comnlaint is frequently made by the patlent that his mlnd is too

sctive to allow sleep, and that when asleep or awake he is in a dream

or dream-like state in which all kinds of grotesque an unusual situations

arise, "he attempt to sleep 1s more fatlguing than to remain active.,
Kauses HWA Anorex1a and vomltlng. These symptoms are ‘most

pronounmced in the early morning. A s1cken1ng taste, not described as

metallic.contributes somewhat to the development of these symptoms. Such

an individual contemplates breakfast with a p031t1ve aversion, though

ag the day goes on he feels better and often eats heartlly and with

"relish in the evening., However, an attack of nausea and vomiting may be

Niged
oz

L
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precipitated at any time by .the odor of tetra-ethdyl lead, or even other,
to him, objectional odors.

Vertigo and Headache., Neither of these are pronounced in most
cases, though something &pproaching them, in the form of & dull,full
feeling in the head is often complained of. Occasionally, however,
the vertigo is strikingly in evidence.

Muscular weakness. Some degree of weakness is a constant
finding. &and is commonly a very persistent complaint. It does not appear
until the insomnia and anorexia are well established, and appears to
be due in most cases to inadequate ZEBEA rest and food.

ltching of the skin is an occasionsl disturbing symptom.
0Ob S 8
the above symptoms are unvaryingly accompanied by the following -

signs. |

rallor. 4this is so wuniform as to be impressive. It is not
due to a blood destruction. but rather to a generally 1nadequate
circulation brought about by a pronounced fall in blood pressure.-

Subnormal 5lood pressure. .1he blood pressure changes are

seen early. drhey represent among the most relisble diagnostic signs.

\4‘/ Lo
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a éatient with s previously normal pressure. vrhe diastolic pressure

is relatively lower in almost every case,

pulse pressure being from fifty to seventy millimeters of'mercury.
Subnormal ‘emperature. 1+he temperature is extremely low;in the

early morning hours, often being as low &s ninety six degrees, rarely

being sbove ninety seven in affected persons. It ascends during the

day but is ususizly subnormal throughout the entire twenty four hours.

’ Loas of weight is a constant flndlng, varylng from sllght

to great decreases such as fifteen pounds in two or three weeks,

'remor. A well deflne&»and coarse tremor is seen in most cases.
with this the reflexes are exaggerated, and the muscles, themselves, are
commonly hyperirritable, responding easily to mechanical stimulation.
Occasionally the tremor is the most striking sign. lﬁ such a case there
is a continuous tremor, exaggerated when én attempt is made to control
it, and increased greatly by sudden , unexpected noises or events.

The sudden twitching of an srm or leg may srouse the subject from

sleep or _cause h1m to dgpp an obaect held in the hand. . gy
o, 5N ),0,77 ava«u.a,w 4o/ »ﬁLWd&’m/M 4‘4'7:7’ el Calld
fgg There is an ﬁ’rea e resplratory rate, and.uana&&s,a
S
¢2 decreased pulse rate,
<
gg Gastric and intestinal cramps are not an important item in

Ly the clinical vpicture. In the few cases in which they have appeared they

X have not been severe.. They have never been the cause of initial complaint.
VMLUU«.emux~kakh\1uvdudeHA_ﬁ~ P .

Blood Findings. There 1s 'no characteristic blood finding.

Haemoglobin determinations; carrded out regularly op all patients have
failed to yield any information. In one or two cases there has been a
very slight diminution , but in no case has it been s1gn1flcant ‘
(Determinations made with Dare 1nstrument ) There 1s llttleVGr nothing
in the microsconic examination of the blood to suggest destructlon of the
erythrocytes. Polychromatophllla and stlppllng are found in a hlgh

percentage of cages of slow absorption over a period of monthsa, but



A pimost. uniformly sbsent. Bven in the cases Whlch show§¥

arns—
polyohromatophilia and stippling, (and these werg—never pronounced
blood pictures, such’as are frequently seen in ordinary types of lead

AL ,
poisoning), there w== no sppreciable diminution of erythrocytes.

hﬂtu&wa\~>L ad Line. ‘The appearance of & lead line on the gums is

not a constant. nor even a f*equent finding. A lead 1ine has been seen
in several cases, and in two cases the 1ine ‘has been quite pronounced
and charocteristic. Yet this is not an early or 1mportant 1tem in
the diagnosis. o _

Urinary findings.ére meager‘exoept for #k%aé:%efminaiion-eﬁ
the presence of lead. There is a congtant hyperaeidity of the urine
in all severe cases, the urine remaining stfongly aoid to Methyl Red
during the entire twenty fomr hours. Albumin does not apnear in
the urine of even severely poisoned individuals.

Lead Excretion. Lead is excreted in larger quantities
than is seen in most cases of 1eod poisoning. Excretion occurs by
way of both kidneys and alimentary tract. Usually the excretion in
the faeces exceed that in the urine for a corresponding period of time.
However, in one case , the urinary excretion uniformly exceeded that
of the faeces. The quantity excreted in a twenty-four specimen of

urine has varied from nil up to 8.4 mg of lead.

Clinical Tyves,

Tn mild cases of poisoning, where the exposure has been slight \,\é?{
"and brief, insomnia and anorexia, with a slight drop in blood pressureﬁ'> v
are frequently the only findings. In such a case WEXHHXE the examination
of the blood has failed to yield the slightest information., XEXAXANXH
Instead of igsﬁﬁgﬁithe victim may complain of being disturbed in
his sloep by frightful dreams. In the course off a few days this
condition disappears almost entirely, though it may leave the Dblood
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‘In cases in which the symptoms are mild, but in which there
has been a slight exposure over a considerable period of time (months)

there is likely to be a change in the blood plcture, in addition
A lead line has been geen in a few such cases.also.

to the above symptomsﬂﬁjﬁﬁigfaéreful examination of smears usually

shows an occasional stippled #EX1 erythrocyte, without ﬁ\Eﬁﬂﬂﬁﬁﬁgﬂ

of haemoglobin, or the number of erythrocytes. The leucocyte couns
in such a case is commonly, though not constantly KXKKXKK increasedﬂv
HEXX® one or two thousand above the prev1ous normal. Both the
symptoms and the abnormalltles in the blood plcture tend to disappear
quickly following cessation of exposure and/Qherapeut C measures.

In more severe cases the symptoms are more numerous. Loss of
weight, insomnia, and anorexia are especially pronounced. With the
improvement of XEHENEX of the patient, lassitude, weakness on exertion,

blood pressure and temperature
and the subnormal XEXXEXAXHFE become the most prominent symptoms .

The persistence of XKKEK this condition may be so striking as to /

4

‘simulate the chyronic fatigue of low grade infectious diseases. 1In the

% Zew ek’

course of-xﬁzﬁ: however, all the symptoms disappear, and no REXHEHHNX
residual efféets can Be found,

In wexry-—gewere cases, a cehtral nervous system involvement is
seen at once to be the’essential characteristic of the condition. The
patient is irritable, ﬁnernous“, and is in & constant state of |
excitement, which may progress to such an eitent as to render him
ﬁaniacal. ( No case of the writer's has presented such acute symptoms,
but eme=such cases ha¥¢been seen by him, sPhservations made on £g§;§ﬁe
cages are presented for the sake of completeness.) The mania resembles
an alcoholic delirium very gtrikingly. In it the victim talks constandly
and is in conétant fear of‘animals or persons who are on the point
of attacking him. His struggling to escape is continuous, and unless

restrained or quieted in some fashdéon, he is likely to attempt to

escape in any manner possible, even to leaping Qut.of an upper window,



v Tﬁ: 6;tcome of such a case is almost uniformly fatal, death occuring

apparently from exhamation. ' | ' **§%§i§§ﬁ§35:=r

Ho=eagea—efpeTivheret—neuritis—tevre—develeped in teotra-ebiryt—3tead-
The diagnosis of tetra-ethyl lead poisoning is to be made

from a careful consideration of the symptoms and signs together with

may not safely be excluded because of the absence of the signs

considered characterisfié of ordinary lead poisoning. On the other
hand, none of the items which go to make up the clinical aspect of
this condition is characteristic of it aione. The conditions which
offer the greatest difficulty inf making a gifferential diagnosis are
tuberculosis, syphilis, chronic myocarditis, chronic and sub-acute
sinusitis, and other chronic infectiohs with systemic intoxication.

significant quantities of
The finding o%ﬁ&ead in the urine and faeces may well be the only

certain differential point in certain cases, However, the greatest
difficulties in diagnosis are likely to be seen in those cases in

which there is doubt as to a significant exposure to tetra-ethyl lezd.

Treatment.

The treatment which has been employéd 1n the cases herein
discussed has been based upon several considerations, in the absence
of specific remedies. Lead is excreted by the poisoned individual
in the form of inorganievcompounds, in part, at least. It seems obvious,
therefore, that this-organic compound is partially, if not wholly.,
converted into inorganic compounds of lead. From this it would follow
that the variations in the symptomatology of tetra-éthylvlead poison-
ing as opnosed to ordinary lead p01son1ng, arise elther ‘rom a unlque
distribution of 1ead in the tissues or from a great dlfference in the

actual quantities present in the body.' Assumlng the correctneqs of ,



nfhese conclusions, the treatment of tetra-ethyl 1ead poisoning need

" pot differ from the teeatment of lead p01soning THXZHAHEXAL of other
types. | | . |
“""Accordingly a'type of treatment was emplbyed which has demonstrat-

ed its efficacy in several types of heavy metal p01son1ng. The experlmen—
tal basis of the method and the cllnlcal evidcnces of its vaiue appear
elsewhere. %%ﬁ%;; . The prlnciples underlylng it are as follows~
. | (i)i" Heavy metals combine With snd 1njure 1iving tissue.
(2) The combination of"heavy metal and tissue may be both pre-
vented and. broken by tﬁéﬁpresenée of sufficient concentrations of
salts of the light metals, in such a'way a8 to restore the tissue to
normal physical state, and freévthe heavy metal in soluble form for
excretion., _
(3) The symptoms of acid intoxication'and edema, WIXKXSENNEAHHINXK
FAXAXR AT BXAKXEEINN, associated with heavy metal poisoning, especially
of the acute type, may be combatted effectively by the same means,
The .actual treatment consisted 4f the administration of

mixtures of XHE(E

Sodium Bicarbonate or Sodium €itrate, Magnesium Oxide, and alciunm

& iy Lo fpw//‘a e dec/ Nt
of the urine. In the more severe cases Magnesium ate ‘was added

Garbonate in quantitées‘su*flc ent to make and maintain ngz%r 11ty
e Zw}

to the above-list. given in small doses throughout the day in order to

maintain a free diuresis. The bowels were kept open for the free

secretion of lead by means of saline cathartics., XHZNEHEK Since

none of the cases treated showed any evidence of the development of

acute edema, large quantities of watér and citrus fruit juices were

edministered. _ | ﬂ | ks : | 3
\\\\f\\‘ Jo Narcotics were uéed to prod s e”; ( It cannot be HEE

emph331zed too much that the use of 0p1um compounds and chloral hydrateil

in this and in 31m11ar types of 1nsomnia is an exceedlngly dangerous
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mhéggﬁggﬁgc Besﬁltg. _ '
It was found that after a thorough alkslinization

the insomnis decreased ihf%everity, ﬁsually disappearing in a few
days. The appetite returned almost at once, (and with it the sub ject
ceased to lose'weight. In several cases general weakness, nervous IXXIX.
irritability, as evidenced by tremors and somewhat exaggerated reflexmes,
together with disturblng dreams, persiated for con31derab1e periods

of time, The low blood pressure also tended to persist. However,
there was no increase of'seaerity of symptoms, and no ;elapse into
previously severe symptoms in a single case.It is‘possible. of course,
that this resulted largely from cessation of exﬁosure to tetra-ethyl
lead, and from the rest and diversion occasioned by!ﬁight out-of-door
exercise and recreation. ( None of these patients gg;ﬂ put to bed
for the reason that none of them was dangerouely ill, and all of them
maintained stoutly that they felt better é%gg;éiingzﬁéﬁﬂx. )
Onn the other hand it is probably not without significance that none
of the delayed effecta of either ordinary lead poisoning or of this
‘ particular type of lead poisoning has appeared in any of these cases.

Experimental evidence obtained in the‘study of these patients is

to be made the subject of a later and more detailed paper, but on

bbsapna _y

clinical evidence alone the writer feels justified in presenting the
above method of treatment as the most satisfactory one which can now

be offereds ( It is the opinion of the wrlter that the_genefig}al 54‘ i :ff;

effects of the administration of Sodi Thios iy 1
\@/’and ‘Potassium Iodide “in . ead TEOEEbHTY ~5»~
and lead p01sonin§6§§é explainable on the basig of the prlnclples
L]

above stated. It Seems likely that a greater effect may be obtalned

from the use of lighé meta

sal 8 which are borne 1n much higher

concentration than :'défgff i ‘ft ijl The efficacy of these_

therspeutic methods in the acute maniacal types of tetra-ethyl lead
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'ffcerebral symptoms ,

11

:Lfin an acute case of 1norganlc lead 901soning, with pronounced '

such a course of treatment vigorously carried

s ont} resulted in the permsnent diégppearance'of cerebral manifestations

- within a period of twelve hours.
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