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Recently a geochenist hss suggested that the people of the United Btates
are being subjected to chronic lesd insult fros industrisl sources with the
result that there are functicoal shifts in Bigher pervous sctivity, (1)

He slso stated that the lesd lavels in the litersture sbould be ast satde.

This does DOt make sense to W toxieclogint 50 iV 14 tecosanry ‘o Feswaluste
the pest and currect use of lesd in the iited Btatesj the sources of the leed
sntericg the buman body; the metadolism of lesd including lesd balance of the
vody; the manper in vhich booe seekers (such ss lead, stroctium, otc.) are
discrinivated against dy physiclogical mechbaniszs snd last, but by DO meens
lsast, the oversll toxicology of lsed.

USTS OF L2AD

Exsxination of the total uses of leed for the pericds of 13RS to 1929,
1952 to 1956 and the years 1560 to 196% tnclusive reveals oaly & elight
tocreese 1n consumpticn of lesd In the (hited States (Ftg. 1). Such sapplice
ticos as Amnmitiocn, besrizg metals, solder, casting metals, weights end dellast
and 60 forth have seen slight fluctuation and, 1n scoe cases, sctual decrease in
total yearly usage of 1ead. Figure 1 shovs the actual decreese in the use of
lead ploments and dulldicg materials, 1.e., lesd pipe. These chacges bave dees
brought about by the Sevelopment of sudstitutes such as titanium pigoente end
copper of galvanized o5 well as plastic pipes. By fur the greatest iocredses in
the uses of lred bave octurred in starege batteries sod leed alkyl gasoline
acti-rmock capoasla. Thus, although large ascunte of lead continue 1o de
used, those appliceticcs, 1.e., pairts snd plumdirg, shich vere icvolved in
iradvertent toxicity in the past have been almost elizizated at the present
tine, Decresses in the use of lesd-ccotaining insecticides bave also occurred
88 & result of the istroduction of the chlorinated hydrocerdens and phoeptate
fesecticides. lead izsecticides utilized 12 1930 wers 6000 sbort tcose, ia
1948 vz;') 25,957 short tans and 10 1959 80 lov that Sdefinite figures were Bt
given .. E

AYTT-IPMOCK LEAD ALXYLS

In viev of the innrease 1o usage of lesd alkyls and their indiotaect as
8 general cause of chroole leed insult to the gesersl populatice (1) &t 1o
DV CACessAry L0 examioe the oversll picture fo Bore detall. Figure 1 edovs
the increase in leed alxyl usage for the years 1505 to 1756 foclusive and
this reflects the increase 1o application of the sutamcbile ss the principel
neans Of tracaportaticn 1o the United Dtates, The prise questicn 18 not the
1ocreased Yuraing of lead alkyls dy the internal ccmbustion engice vith the
subsaquent relaass of 1ssd compounds 1nto the alr but the type of compuunds
"relsased, the ares of rvlease, the particls sise and soludility of these
cmpounds And Whelr cversll avallability to the prblio. Hirechler ot ad (3)
bave shown Lhat telrweinyl lead Geancepcess 1sto My Cl-Br, NI, CLIPCL'Me,
P-KCL-FCLeBr, P30 CLoCLeRr, PoiOy, THORCL M 0 and th the pressoce of
phosftate sdditives 3% (10, ),-MCL'dr, Rowever, the d3atribution of the
Yaricus compovnds depecdd oo both the sutomobile and its metdold of cperstiod.
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A nixture composed of the azmcniun-lesd-halide conplexss appears predouinantly
under city driving conditions; vherees Fu-Cl:Br appears st full-throttle
accelerations. Moreover, the former couplaxes ars =ost often formed in Sumle
exhaust systoms wvhich operate at lowver tezperstures, Comparison of cleea
versus dirty exbaust systens indicates thst the former saits 20 per cent of
the leed durped wiile the latter emits up to 60 per cen. Gevere service

tends to clean the extaust system. The rsnge of particls sites enitted

renge from 0,01 micron to saveral millimeters in dianeter vith those smaller
than 1 micron, although more pumercus, sccounting for caly $ per cent cf the
emitted lsad. City-type driving reeults in the exissicn of 27 per cent of the
lead as particles 5 micrucs and larger while accelsrstion incresses this esission
to 39 per cent. The perticle size distridbution and composition are independent
of the amount of lead slkyl in the gascline. The incrganic campounds under
discuseion are relstively insoluble and the aamcoium-lead-balide 80 unstadls
that even the water in the extaust gases csn csuse it to decorpose t0 nore of
the isorganic lead compounds. It is will nown that the largsr particles,
adove § microns, bave & tendency to settles rspidly and those tat Are inkaled
are trepped {n the exterval mares. Purticles in the lowver size rangss are
removed by tvo mechanisze: estrajoect in the droocheclar mucous secretioco as
a result of coemirifugal actica produced when the air streoa reaches the wvarious -
droocheolar difurcatiocns and di{rect precipitation oa the mucous secreticos.

In doth cases ¢iliary sction removes the particles from the lungs and sllovs
then to Do expectorsted or svelloved and excreted via the grstro-intastinal
tract. The particles delov 1 microa can reech the Sepths of the alveold and
be steorted directly or phagocytized by the tissus macrophages. In efther
event the total amount sbacrbed via the lungs is caly & s=mall projortion of
the daily leed intake coapared to that adeorded from food and weter.

MUY LEAD CONTTNT

In discussing sutancbile exbaust, it decones Quite spparent that the lesd
coepunds released are retdher insoludle and thus cas coly be small comtridutors
20 the lead content of the body. Ounly 0.03 ng of e daily lead intaks cones
via air-boroe material; veress food aod liquid intake contridute 0.3 mg to
the total leed intaxe of 0.33 mg (4). Kebce (3) Las shovn that slmcet every
food stuff and Leversgs cootalos sone lead ad 8 patural cocstituent of its
total mineral compoeiticn. This 1s not surprisicg tecause mcet eoils in thts
country contalin detwvees 15 and 30 ppn of lead Viich 18 taken up by plante and
transferred 0 animals eventually ending up in the bumaa food chain. Siatilar
conditions epply 0 the water supply n-.-rha«mnr( and lssching of rocks
844 lead to tde water supply. lesd na o 1s constantly releassd from the
earth's crust as 8 result of decay of the uranium serfes of tuclides. Mayrneord
et 8l (6) have shiovn that tiatls alij2a emitter 1p taxen up by grasses acd other
plante which are eaten a3 forage by enirals Wifch {n turmn becume part of the
huzan food chain. H1ll (7) bas showm that the 1ead-210 which sacajes 180
the atacerhare 1s returred t0 sarth vith rain ansd adls 0 s ratural redlo-
activity in e food chaln, Murtan and Otevart () found that the mesa
residence time of 18ad4.210 18 the atocefdare 10 adoutl b weeks, sufficiently
long encugh for mlxing to occur but shiert compared to thls nuclide’'s balf-life
of 21.0 years, Vater supplies 8150 contatn 1aad-210 as & resull of retn or
frem leaching «f the earth's srust by river water (9). Tha tctal sacunt of
1244-2]10 12 small compared to estadla lesad dut these npuclide measuresents
sgain point to the datlly food and liquid sunampticon 8» Lhe mcetl ixportent
sources of lead intake by the buman, Kabos (3) bas pointed cut that, although
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lead coctaainaticn of food apd drink can ocour éuring harvesting and processing,
1t is resarkabdle that such contaainaticn is of such & lov order as to cootridute
very littls to the oversll lead intake, lead excretica follovs s definite
pattero vith feces contalining 0.3 mg per day and urine ccataining 0.03 ng

per 4ay. Thua the aversge individual {a in lesad balance and not accurulating
excess lead to 844 to his total body durden. Cbanging saviroooentsl conditions
caAn changs both the ictake and excretion pattern but the doly adjuste to
maintain its normml lesd balance. Distribution of lesd in the boly reveals a
lov order of concentraticn of the elemsot in the soft tissues other than the
liver vith 0.0% to 0.20 ng/ 100 ga snd the kidoey with 0.015 to 0.15 mg/ 100 ga.

The largest leed depot in the bOdy 1 in the skeleton wvbers the ssount
varies vith di{fferent types of dooe, beirg 0.21 to 1.11 ag/ 100 ga ia flat bone
azd 0.67 to 3.59 mg/ 100 g» 1o long tone (5). Recent stulles of 150 cases by
Tipton and Cook (10) pointed cut that there wvas & wide variation o the lead
content of all tissues but the yalues cbtained were in sgreemect vith
those Kedoe et 8l (11) reported 23 ysars earlier. Sinilar results have dees
obtained by Rusbaun et al (12) for booe saxples cdtalned {n the Loe Angelse
aree., They found no correlatics betveen lsed concentretion and time of
residence 1o the Ares and 1o correlaticnm dbetween concentrstica sod age (n the
175 ceses apalyzed. Comparisco of thelr results snd those cbtained by otbers
1s gives 13 Tedle 1. It cas de seen that there has besn little chargs 1n boos
1064 coocentraticm over a period of 31 years vhen the use of lead alkyls has
shovo such & large increase (see Figure 1), Thus, again the unaveilability
of the lesd compnis in sulomcitive extaust is apparest. Purtiemcre, Holtioaa
{16-18) bas abovn that lssd-210 from the food-chain 8lso Appears in the human
skeletca as well as the soft tissues.

LEAD TRARSPOSRT AYD METAROLISM

After adsorpticn acetly via the gastro-iotestincal tract, lead is cerried
0 varicus tissues by the Dlood. The 4tetridutica of lesd 10 the blcod streaa
Ras been shovn by Kedoe (3) to bes plassa, 0.0015 »g/100 ga; erythrocytes,
0.0%% ng/ 100 g3 or a total of 0.027 mg/100 pa for whols dlood. Recently the
tnited States Pudblic Health Service conducted & survey of blood and uricary
lead anocg groupe of 1ndividusls in Clncinnetl, Los Acgelss sod jbiladelphia. (19)
Mean Dlocd lavela were: Cinciczaty, 0.0Q3 to 0.(C% 2g/10Cgr) Loe Angeles, 0.019
10 0.001 ag/100gn and Puiladelpnis, 0.01) to 0.006 »a/170 gn. Urinary laed
valued veres 0.006 to 0.028 ne/L) 0.0\0 to 0.021 me/L and 0.0Q0 to 0.03) me/L
respectively. 7These data served to confirm those cbtainsd earlier by Kehoe (3).
Dxpertoental Ingeestlicn of lead at 8 cunetast lervel of 0.) ng per day“produced
0O Getectadble elavation of Dlood lead in A0 days, After b yvars of ingestico
of 1 mg of laad datly the blood 1883 reached 0.046 2g/100 ga. ueo the datly
8000 vae Mised t0 2 2¢ fOr 2 years e blood vslue vas 0.063 £2/100 pa and
Ven trygseted laad vas Increased 1o ) mg dally for & mathe s blood level
rvocbag 0.05 »/100 pn., ELajerisental inhalatico of air ccotalning 0.13 »g of
10a4/M7 for ¥7.3 Nours fer weak for 102 wveeks increased the bloxd level to
0.49 2100 ga. Obvicualy both ssperimental ingastion and tehalation increass
blocd 1sad lavels dut there vas 2180 & concamitiant iocresss 1n urinary lesd
aecnting t0 0,00 10 0.11 ag/L after trgestion to 0.74 ag/L after inhalation.
Rere agaln the body ves adlusting to incrwased lsad 1ntaks dy insressing lesd
excretica via the kidoey (20). There 1s also lncreased lead 1n the feces, the




principal route of excreticn, and this partially explains vby even vith a
cootrolled experiomat it s very difficult to increase the body durden of lead.

Apcther mschaniss exists for decreasing the Amount of lead in trenait,
namaly, depositicn {n booe. MacDonald et el (20) kave shovn that btk leed
and stroctium are bound 0 bone by sdsorption or ionic excharge at the
surfaces of bane salt crystals or combined vith the sulfate in the crgaanie
mirix. Boce seexing elemente such &8s lesd and strontium are also discrine
tcated against by the kidney. MscDcanald et sl (21) have ahovn that when bdoth
caleium snd strontius are availadle for skelstal retesticn, the kidney
preferentially excretes the latter,

LXAD THTCX ICATION

In the previocus discussion the veriocus means whersdy leed ecters and
exits from the boldy bBave baen covered. In po instance bas frank lead
iatoxication deen 4iscovered in the thousands of cases discussed, This is
$Tcbadly, s bas been showvn, &us to lsed dalance in wiich excretion bas kspt
up vith ingeetion. When this dalance breaks down, three formw of lead
irtoxication can resulty prisary intoxicaticn, characterited dy istestimal
tract dysfunction, loss of appetite, constipaticn, colic and generanl malaise
and wekness; secondary iptoxicaticn, characterited by weakness snd same
atrcihy OF even parilysis of the forears extenscr muscles] finally, the lesd
sscestaloyetiy freguestly sees in fzfects and chilédrea. In all three instances
changes in bemmtcpolesis vith basopailic stippling of the erythrocytes acd
reticulocytes are seea. The maln causes of lead polaocing in the populatica
Are infietrial exposure, Yurning of tattery cases, eating of lesd bosed paint,
icgestion of leed insecticides, etc. Dangerous expcsure to leead give dlood
lead values renging from 0.07 to 0.2 »g/100 g and urirary velues ranging from
0.08 to 0.b wg/L. TNleaing {(23) bas pointed out that the applicatice of good
tndietrisl hyglece prectices bas prevented any cases of lead intoxication ia
the mmoufacturicg of lead alkyls in the last 3O years. Sinilar exezplary
records have been compiled for the other segaents of the lead {ndustry. Bves
ceses of loadrertant polscaing by lead have been reduced to very low figures,
dut DO voe Caa guarwntee adsolute prevention of scute lead intoxication i
the pepulatica. Boverer, the developmeot of chelatlioco therspy Lss prevented
lathality and Aecreased the Dosatdle dacaging effects of lead., Chranic lesd
fntoxication from fchalation of the breakdovn products of lesd alkyls has
teen Semccatrated in Wie 2300 individuals covered in the tri-cities survey
candusted by the United States Mudlic Health Cervice durirg the pericd June

T 1961 through May 142 (19). Thus, sgain 1t becomes apparest that 6 cause

either acute oF chrunls intoxication the taxio egent must be in & form that
ean Do readily absorbed and trwnaported to its targst organs. This hes not

‘been dencnatrated for the decciposition products of lesd alkyle,

gureury

‘It haa been shovn that the population of the United Btates s in lead
balance and the ©1d causes of ecute and chronio lead tntoxtcatica bave besn
reducsd 0 very lov lavels by changes 1ia techoology. There 18 Do such entity




b a8 patursl lsad body durdens becsuse the population has been exposed to

; spproxizately the same amount of lead in the p0lid and liquid canponents of
the diet since wery oarly {n time, The earth's crust cootains the lesd which
- eventually enters the body via the food chain and it bas been shovn that,

¥ although pecple have been exposed tO increased concentrsticms of lead come
pounds, these are pot aveilabls and the body durden bas Dot increesed over
the last 30 years.
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