THIKD RCPORT ON THE INVESTLGATION OF LEAD POTSONING.

| "
An imatigation ef lead polsoning mmm been % prt
grosa for tho last threo yovers at the Havvard i!ﬁdiwl Schm:lisfd‘ now
i
being terminated. The funds for the immgmim wore mm ¥

the Nationsl Lend Institute. It is very mtﬁt’y{ng that this orgh

fzation hes not at any time affored mggamma a5 Lo eny polioy ok

polnt of.view, but hag allowed the work to yun Ma @r&e and to

onstrate the truth without regard for a padﬁiblb .éem‘omm effeut u'p—_-A -

on the lead indusirics. 4
The stalf engagod in studying the verious pmblmlm& been:

as followsi~ Dr. Joseph €. Aub; Dr. lawrence T. Feirhall, Dr. Anne

8. Minot, Dr. Panl Regnikeff, Dr. J. Albert ey, aided by Dr. Joln

Brady, Dr. Herman Blumgart, ¥iss Dorothea E. Smith, Hiss Charlottic
Shaw, Kiss Mary Borrison, and Mrg. Harion Frankfuriery. Hugh benoe
£1t has also boen obtained by consultations with meny members of the
faculty of tho Harvard Hedical Schoal.

During theose throg years the problem of lead poisoning has
been studied neithoy as en industriel hazerd nor &n the light of pro-
ventive medioine, but with the dosire to understand more fully the
shemistry, physiology, end clinionl aspects of the dlgease itgelf.
This point of viow was 'be.k@n beoause the other typesof lrnvesiigation

«"

have besn carried ocut S‘raqu ! t‘ly ‘in rmnt gpnx*s, and do not parmit

g‘ ¥ ‘.a:.su-

Ebmms for pmant&ng the doletorie

F LHN 5

oud elfests of lead must be mndammteﬁly de;mndent upon an underw

eareful sgiontlific work.

w l -
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stending of s action in the organien if they aro 4o bo &fi‘mﬁ?ﬁ»
Wo heve, therofore, undortaken an tmostigation of tho ;&amm of
the sbsorption, retention, and exprotion of lead by f&m bodyt amt
wo have been able in this way %o ahtain & Dar olmrer, uomapbicn of

how and why lead produces the elinfenl signs ahamdt#ﬁ}at&n of lead

polsoning and alse of the conditions which contral i!sa orotlen.

The following 1o o brief etatement of t&w o&txaluawm dram
from this weﬁ;.- _

Lead 18 ebsorbed fyom the gastro-intostined tract, the lungs, |
the mueous nembrene of the noge and mouth, and the mbcumwwa A K-
sues. Absorpiion {rom the respiratory troot ivé the mst dangerons Lo
csuse mogt rapid and bocauso 1% permits dlreot entrence of lead into
the genarsl circulation. Abgorption by the gm%igﬁatim tract
iz mado less dangerous by the primary passage of lwd through the pore
tal ciroulmtion to tho liver -~ which catchos mohm’ the lead and oxe
oeretes it in the bile. The rete of ebsorption froa the alimentary sane

unabgorbed

al iz 2lgo reduced becauss of exeretion of (atend campounds in the foces.

in the tlood serum

Lead is 4ranaported /\M a highly dieperscd lead phosphate,

and iz doposited in the tlssues largely by csorption of colloidel
pargigles. Thia load phosphate 18 mest insoluble st the normal hy

ii,

drogon i ton cdnceh@mtion of.‘ the bedy,~ pll T.4. ¥heon a sclution is
SR

more ac&dg alknuna ﬂmn ihu, tho load is dlasolved to a greater

‘ﬁ:,ﬁ Y #
amount. -‘«%a;
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During active a,b-ad:;pt,ion l@a,d‘i’a present in many of the
tisgues of the body, for the moat part in the bones, liver, kid-
neys, snd gastro-intestin&l tract, but alter sbsorption ceases it
becomes localized until mri% ‘a,ll is stored in the bo:wé @8 a harme
less deposit of tri--lead; If lead would stay permanently in ths
bones it would probably exercise no toxioc aciion exoagt that which
ocourred during absorption. It is not porfecily stable in the bone#;
'howerver, ‘besause for a long time after exposure has ceased it may
appesar in the excorota. Oeca-aiona_liy coertain abnormal -cénditiona
dovelop which apparently cause a sudden liberation and floed the
organism with soluble léad. This may cause an acute attack of lead
poisoning. Such late acute attacks are usually asacclated with asute
infections, heavy drinking or unusual activities. It iag therofore
{mportant to know just what are the mechanisms which liberate lead,
in erder tc estoblish a logiecal treaimont and preveni development of
the aoctive manifestationa of _the disease.

In noking chemiecal and phyelological studies it becamé ovi-
dent that 1T the resction (pﬁ)' of the body beocomos bmore‘ acid or ale
kaline then normal, the triple phosphato of lead besames more soluble.
¥e have t}ftg i‘bre*stud&ed ‘91’59 eff‘ect of changing the hydrogen ion
concentmtio‘r};@i;im body by t.ha admini stration of a diet low in cale
cium with aridae oq: ;;i&YOMng embstana@a such a§ phosphoric acid

or amoniun chloride. This causes .;ges of calcium frqm the bones.

Yhen tried onanimals it was found to increase the lead exseretion.
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Ingested eoda bicarbonate alsoc incroased the lead excre_tion,»-prdb-
ebly by meking the bedy so alkaline that the tripl&phoaphﬂa of
lead is rehd@red soluble. These exporiments illustrate how a change
in the general metabolism of the body may suddenly liberate lead
from the bones and have thus suggested a new troatment of plumbigm
whigh has been used on éatienta with succoss. This may be briefly
outlines as followsi-

¥heri lead i.aiz- causing acuto symptoms, 1lneothsr words,
when too much is oirculating in the body, large guantities of cale
cium arc given in order to favor doposition and prevent release of
lead froam the bones. This may be done by giving adequate quantitioes
of milk. For lead colic active cetharsis and atropine should also
be given. After the acute symptoms have subsided elimination of
t.ha ‘more ersily mobillized lead may be eccomplished in geveral ways,~-
the ;%%‘L sa:ci sfactory of which is to give a diet contalning little
oaloftm:; gluf: éﬁiﬁﬁf‘orming substences. The diet consists of moatl,
potatfasb,f%iﬁcé’, dmaca,;gn?‘?ﬁapplos, bananas, sugar, 8alt butter, and
bread made rrithmt milk. Hilk, green vegetables or other fruits
may not be included & aﬂit}n'hha.s len(gh% to ten grams of ammonium chlow
ride is given deily in water. By this treatment lead exerotion is
inoreased"nore than three times. Cthor methods 'ethieh are not so ef-
fective but which do inerease elimination of lead involve administres
tion of large doses of soda bicarbonate or potassium iodide. Thus,
by varying the diet and the medication control of load metabolism
ia now possible.

A study of the mechanism underlying wrist drop 1 not com-

pleted, but tho cxperiments so far all suggest that wriset drop is
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produced by muscular fatigue nnd that the action of the lead is
on muscle and not nerve.

ve heve also Egg.ﬁgérﬁawq&htzk-.-*r'df.:ff&onw o lend in the
bones of 1nd1vidn§13 who»hﬁd. 80 far:aa they anW. not béen‘ex-
posed to 1ea&wiﬁ'iﬁﬁdéﬁfﬁlffiﬁ‘%ié'present in'odly.three 0f twone
‘ty-two oasos, This iﬁdiéatas7£hé£ the a%ér&ge indi?idual doas
vnot rotatn lead under prasent caaditions of life. The kﬁo&ledge
of distribvution is 1mportant from the medico«legal peint of view
in rogard o deaths &acribad to lead poisoning. .If<;ead3has been
an tmportant raotorain.eausing death it should b@.distributed.in
many organs. If, however, Lt is preseat only in *he bones, it sige
3}1*I;Ss only that absorption has takan place, But tha£ lead has not

‘(’\Lﬂ>x“;é

ggggntlywpro&acedggg}ivm 1ntox1caticn or des'th.

Sas mSﬂuéiasﬁoi‘ the mochanism by which lead effects the body
-oells wore made with.rod blaod oorpnscles and mugcle. Tts action
on blood coells was oare“ully invwstigated, and the roaults: partly
ehecked by its acuion on muscle calls. The effect on rod oalls is
+o make them hardg, brlt le, and inelestic. They bregk up nore
rapidly than normal cells. This is the axplanation of the high
peripheral bloed destruction in lead poisoning == with thevrosultn
ing ansenla. This 18 due to a reaction of the lead with'tha inore
ganic phosphate of the cell surféoe,vxhioh produces a change in pere
meability and eclasticity with a resultant definiite strain. In iao-

lated muscles, this is demonstrated by an incremsed permesbility.




to inorgeniec phosphates and by'mnre repid fotipue.

The following detalled reports of these imvestigatlions have

in the medical literature
boen published, and they give L complote outline of the work dnna:«

Feirhall, L. T.: Load 8tudiea, I, The Estimation Of “inute
Amounts of Lead in Biclogical Material, J. Indust. Eyg.
_4: 9-20 (May) 1928.

Kinot, A. S.: Lead Studies, 1I, A Critioal Note on the
Electrolytic Detsrmination of Lead in Biological Maw
terial, J. Biol. Chem. 55: 1-8 (Jan.) 1988,

mub, J. C.3 Reznikoff, Paul; and Smith, D. Ev: Lead Stud~
ies, 111, The Effecta of Lead on Red Bleood Gells, J.
Exper. Med. 551 151208, 1824&.

Key, J. A.: Lesd Studies, IV, Blood Changes in Acute Lead
roigoning in Rabblts, Am. J. Physicl., to be published.

#inot, A. S.: Lead Studies, V, The Distribution of lLoad
in the organism in Acute and Chronio Lesd Poisoning, J.
Indist. Hyg. 6% 125-136 187148, 149-168 (aug) 1924.

- Blumgart, H. L.: Lead Studiwa, VI, The Absorption of Lead
from the Nesopharynx, J. Indust. Hpg. 5: 153-158 ( 8ept- )
1923,

Fairhell, L. T.: Lead Studies, VII, The Phosphates of Lead
Equilibrium in the System Lend OxidesPhosphoric Anhydridee
Wa‘ter &t 2«) deg., J0 m. Ghemo Soc- 46! 1593‘1598 (July)
1924.

Fairhall, L. T.; Lead Studles, VIII,. The Microchemical
toetion of Lead, J. Biol. Chem. 57: 455-461 (Bept.) 192%.

Fairhall, L. ¥.: Lead Studies, IX, The Solubility of Vae
rious Lead Salts. in Blood Serum, J. Biol. Chem. 80: 481.484
}'_}wd%_’ (July) 198, T
m%ha&;;, L. T., and Shaw, Charlotte: Lead Studies, X, The
Depdsition’ d%;%ggd 821%ts in Bone Tassuc, J. Indust. Hyg. 6:
59-&6.8 (Aug)
fvairhaii, L. T-1 Lead Studies, XI, A Rapid Mothod of Anale
yzing Urine for Lead, J. Biol. Chem. 60: 485-488 (July) 1924.
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#inot, A. 8., and Aub, & C‘.; GLead Studiess XII, Tho Heche
anisms for Storage and* wrr‘tmn of Leud, to be pub~
llehed- : . :

Aub, J. C., and Einot, L» 3.'13,; Lead Stedles, XYIT, The Troute
ment of Lead Poi &ming% t¢ be published.

Regnikoff, Paul; and Aub, J.ﬁc.f Lead Studies, XIV, Experimenw
1al Btudies in Lead Pelyayg to be published. ,

Mib, J. C.3 Hinot, A« 8.3 Ll‘iirh&ll Ly Ty end Reznikoff, FPaul:
Lead Studiss, XV, Regent ﬁnvestxgations of Absorption and
Excretion of Leed in the frganism, J. of tho A. ¥. A,
.83, 58858 ,( ! ug.as) mé«;. - |

In addition to ’chese t;a JS is st111 one report to be
published, a ;aonagmph, which is{ névr nearinw completion, It is
to appear in the moedioal journak antitled "edieine® in the nesr

future, and also as a monograpl‘i {mhlished hy Wi lliams and Wilkins

3

of Baltimore. - 7Hi7s sindy hos vl

fhis study has thratm light on govoral new aspeets of
the sction of lead on tho br.adv which should be of importance not
only in understanding tho ?.action of load 1tself tut also that of

s

other toxic substances.
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