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DITRODCT IO

Recently a goochenist has suggested that the people of the United Btates
are being subjected to chronic lead insult from industrial sources with the
result that there sre functicosl sbifte in bigher pervous sctivity, (1)

He also stated that the lesd lsvels in the litersture sbould be set saide.

Tbis does Dot make sense to the toxieologimt 50 AV L4 necosanry 10 reewaluste
the pest and currect use of lsad in the United Btates; the sources of tbe lesd
entaring the buman body; the metadolisa of lsed iIncluding lesd balance of the
body; the manter in which bDone seekers {euch sa lead, atrootium, ete.) sre
discriminated against dy physiological mechbanisms snd Jast, dut by Do meons
lsast, We oversll toxicology of leed.

USTS oF 124D

Exax{rstion of the total uses of leed for the pericds of 152$ to 1929,
1952 to 1956 and the years 1560 to 1968 inclusive reveals caly 8 elight
incresass 1n cocsurptics of leed in the (hited States (Fig. 1). Buch applice-
ticos s azmamitiocn, bearirg metals, solder, casting metals, weights aod ballsst
and 00 forth have seen slight fluctuation and, in scoe cases, sctual decrease in
total yearly usage cf lesd. Tigure 1 shovs the actual decresse in the use of
lead pignents snd dutildicg materials, f.e., lesd pipe. These chacges bave deen
brought about by the Sevelopment of substitutes euch 49 titasium pigoects and
copper of galvanized as wvell as plastic pipes. By fur the greatest increases in
tle uses of leed bave occurred in starege batteries sod 1ead alkyl gasoline
asti-lmock capouslds. Thus, although large ascunte of lesd continue Lo de
used, those applicatiocns, 1.e., pairts snd plumdirg, which vere icvolved in
iradvertent toxicity in the past bave been almost elizisated at the presest
tine, Decresses in the use of lesd-ccotalning insecticides bave also occurred
88 a result of the istroduction of the chlorisated hydrocardens and phoeptate
insecticides. leed icsecticides utilized in 1930 were 6000 sbort tcos, ia
1940 vzr; 23,957 sdort tans sdd 1n 1957 80 lov that Sefinite figures were oot
given 2). . .

ANTT-IROCK LEAD ALKYLS

In viev of the 1nrrease 1o usage of 1eed alkyls and tWeir indlotasnot as
8 geoernl casuse of chiroale 1eed insult to the geoersl populaticn (1) 1t 1s
DV LACessAry L0 examipe the oversll picture in more detsil, Figure 1 ebows
the 10crease 10 leed alxyl usage for the years 1525 to 1768 inclusive sod
this reflects the increase 1o applicstion of the sutimcblile sa the principel
neans Of tracaportaticn $n the United Dtates, The prisme questicn 10 not the
increased burning of lead alkyls by the isternal ccabustion engice vith the
subrequent relsase of 1ead compiunds 16t0 the air dut e ty}e of compounds

‘relsesed, the ares of rviease, the particlas sise and eoludility of these

Cmpomas and Whatr cverall avallability o the prbllo. Hirechler ot s} (3)
bave shown that teirwmeindyl 124l deccapcsss tato Iy Cl-Br, XU CLIPRXL'Rr,
P-KIACL FOCYBr, XN, CLICLoPr, Tooy, TR0 PCL M 0 and tn the pressnce of
phosptate sdditives Uv (N\)?-Ml'lr. Rovever, the dlatributton of the

VArioue eompounds dopow) oo both the automobile and its metdol of operstion,
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@ A nixture composed of the azmcniun-lesd-halide corplexss appears predoninantly §

under city driving conditions; vherees Fb:Cl:Br appears at full-throttle .
accelerations. Moreover, the former cosplaxss are zost often formed in Suml- H
exhaust systems vhich operate at lover tecperstures. Comparison of cleea

versus 4irty exhaust systecs indicetes tbat the former eamits 20 per cent of

ths 1sad durned Wiils the latter emits up to 60 per cent. Severe service

tends to clean the extaust system. 7The rsage of particle sises emitted R
rengs from 0.01 micron to several millimeters in dianeter vith those smaller
than 1 micron, although more pumercus, sccounting for caly S per cent cf the
enitted lsad. Cilty-type driving results in the exissico of 27 per cent of the
lead as particlee 5 ricrucs and larger wvhile accelsrstion incresses this esission
to 39 per cent. The perticle size distridbution and compositica are independent
of the asount of lead alkyl ia the gasoline. The inorganic campounds under
discuseiocn are relatively insoluble and the amcoiim-lead-balids 80 unstadle
that even the water {n the extaust gases csn cause it to decocpose t0 nore of
the inorganic lead compounds. It is wll nown that the largsr particles,

adove S microos, bave & tendency tO settle repidly and those that are inhaled
are trapped in the exterval mares., Purticles in the lower site rangss are
renoved by tvo mechanisze: estrsjoect in the broocheclar mucous secretiocs as

a result of cemirifugal scticn produced when the 8ir streoa reaches the various -
droocheolar difurcations and di{rect precipitation ca the zucous secreticos.

In doth cases ciliary sction reacves tbe particles from the lungs and sllows
then to be expectorsted or swvalloved and excreted via the gretro-intastinal
trect. The particles delov 1 microa can reech the &epths of the alveclt and

be stsorted directly or phagocytized by the tissus zacrophages. In either

event the total amount sbacrbed via the lungs is caly s s=mall projortioa of

the dally leed intake coapared to that adsorded from food and weter.

MDY LEAD CONTTNT

In discussing sutancdile exhaust, it bdecones Quite spparent that the leed
coepaunds released are retdhar insoludle and thus cas coly be small comtridutors
20 the lsad content of the dody. Ounly 0.03 ng of the daily leed intaks cones
via sir-boroe material; vearess food aod liquid intake cootridute 0.3 mg to
the total leed intake of 0.33 mg (4). Kebce (3) Las shovn that slmoet every
food stuff and Leversgs cootalos sone lead ad 8 patural cocstitusot of its
total mineral compoeiticn. This 1 oot surprising tecause moet soils Lo this
country contaln detween 15 and 20 ppm of lead Wiich 1s taken up Dy plasts and
transforred 0 Animals eventusally ending up 1o the humma food chain. Sinilar
couiitions apply to the water supply mnqlx«mnu and lasching of rocks
844 lead to the water supply. lesd s o 1e constantly relessed from the
earth's crust as s result of decay of the uranium serfes of tuclides., Mayneord
et a) (6) have shovn that tials alj2a emitter 1» taxen up Dy grasses acd ther
plants which are eaten a3 forage by enirals Wifch {n turm becume part of the
huzan fo04 chatn. 511l (7) bas showm that the 1ead-210 which escajes 1620
the atacerhere 1 returred R0 earth vith rain and adls 0 the ratursl redlo-
activity in e food chaln, Murton and Otevart (4) found that the mesn
residence time of 18ad4-210 18 the Atocerdare 10 adoutl b weaka, sufficiently
long encugh for mixing to occcur but shirt campared 0 tals marltde’s balf-life
of 21.% years, Vater supplies also contain 1aad-210 aa & result of reln or
frem leaching «f the earth's cruat by river water (9). Tha tc'al sacunt of
124d4-210 12 small compared to stadla lead dut thess nuclide medsuresents
sgain point o the datly food and liquid sonaumption as Lhe mcat ixportant
sources of lsad intaXe dy the human, Ketoe (3) bas polated out that, although




1 lead coctaaination of food end drink can ocour éuring harvesting and proceseing,
3 1t is resarkadble that such contanination is of such & lov order as to cootridute
very littls to the overall lead intake. lLead excretiocn follovs s definite
pattero vith feces containing 0.3 mg per day and urine coantaining 0.03 ng

per day. Thua the aversge individual {a in lsad dalance and pot accuzulating
sxcess lead to 844 to bis total body durden. Changing envirocoentsl conditions
can changs both the ictake and excretion pattern but the doly adjuste to
maintain its normml lead balance. Distridbutiocn of lesd in the Body reveals a
low order of concentratica of the element in the soft tiasues other than the
liver vith 0.0% to 0.25 ng/ 100 g and the kidney with 0.015 to 0.16 mg/ 100 ga.

7 The largest lead depot in the body 18 in the skeleton vhers the ssount

: varies with different types of boos, beirg 0.21 to 1.11 mg/ 100 gn in flat done

azd 0.67 to 3.59 mg/ 100 g» in long toce (5). Recest stulies of 150 ceses dy

3 Tiptoo and Coock {(10) pointed cut that there ves & vide variatiocn io the lesd
content of all tissuss dut the yalues cbtained were in agreemect vith
thoce Kebos et al (11) reported 23 years carlier. Sinilar results have dees
ocdbtained by Busbaum et al (12) for booe saxples cbtalned {n the Los Angelss
aree, Trey found no correlaticn betwveen lsed coocentretion and tinme of
residence 1o the ares end Bo correlaticm detween concentratica sad age in the
175 ceses apalyied. Conparisco of thelr results end thoee cbtained dy others
1s given {a Tadle 1. It can De seen that there Bas besn little clangs {n doos
1sad coocentraticn over & period of 31 years Vhen the use of leed alkyls has
shovo such & large increase (see Figure 1). Thus, again the unavsiladility

@ of e lesd compianis in auta=ctive extaust 18 apparest, Purtiemcre, Boltimaa
(16-18) bas sbhovn that 1sed-210 from the food-chain slso sppears {n the human R
skeletca as well as the soft tissues. P e

LEAD TRARIPOSRT AXD METAROLISM

o ﬂ.d_z.’ adbia

After adsorpticn mostly via the gastro-ictestinal trect, 1ead is carried

0 varicus tissues dy the dDlood, The 4dlstridutica of leed 10 the Dlcod stream

Eas deen shown by Kehoe (5) to ber plassa, 0.0015 »g/100 ga; erythrocytes,

0.0%% ng/ 100 g3 or a total of 0.027 mg/100 ga for wbole dlocd. Recently the

United States Pudlic Eealth Service conducted & survey of dlood and uricary

leed ancng groupe of tndividuals in Clocionetl, Los Acgeles and ibiladelphis, (19)

Mean dlood lavels vere: Cincirzzatl, 0.023 to 0.(C% pg/10CgR; Loe Angeles, 0.019

1 to 0.001 m/100¢n and Mitladelpnia, 0.01) to 0.6 »g/170 ga. Urinary lesd
values veres 0.606 to 0.028 me/L) 0.0)d to 0.021 mit/L aad 0.000 to 0.03) me/L j
respectively. 7These data derved to confirm Wiose obtalosd earlier by Kenoe (5). l
Experivental ingeetion of lead st & conetant lerel of 0.) ng per dayproduced |
£o detectadle elavaticn of bDlood lead in AJO days, After b yvars of ingestlon
of 1 mg of lead dally the blood 1aad reached 0,006 2¢/100 ga. ¥reo the datly
8080 vas raised to 2 B¢ fOr. 2 years We dlood value vas 0.063 rg/100 ga and ,
Ven irgo9ted 12ad vas Increased 10 ) ng dally for b mathe e blood level P
nvb-? 0.0 ng/100 . ELagerimental intalaticn of atr ccotatolng 0.19 ag of o
1sa4/%? for 31.9 Nours fer wear for 102 veeXs increased the blocd level to
0.h% 2g/100 ga. Obvicualy both esperimental {ngsstion sod fohalation increass
blood 1ead lavels but there vas 8150 & concamitiant increass in urinary leed

e soonting 1o 0.0 to 0,11 sg/L arver trgestion to 0.74 aa/L after inhalation.

Rere again Whe body wvas adlusting to incredsed lead fataks Dy tnsressing lesd

excretico vis the kidosy (20). There 1s also inoreased leed ia the feces, the

ek odaiidaaan Lo




principal rcute of excreticn, and this partially explains wby even vith a
cootrolled experirmot it is very Aiffficult to increase the body durden of lesd.

Ancther aschaniss exists for decreasing the amcunt of lead in tranait,
namely, depositicn in booe. MacDonald et el (20) have shova that both lead
and stromtium are bound 10 done by sdsorption or ionic exchargs at the
surfaces of Dans salt crystals or combined vith the sulfate in the crganie
mirix, Boce seeking elements such 28 lead and strontiun sre also discrine

. fnated against Dy the kidney. Ms:Donald et sl (21) have ahovn that wvhen bdoth

caleium and strontius are svailadble for skelstal retesticn, the kidoey
preferentially excretes the latter,

© . 12AD DWTCXICATION

In the previous discussicn the yariocus means wbersby leed ecters sod
exits from the body have daen covered. In no instance bas frank lead
iotaxicetion deen 4iscovered in the thousands of cases discussed, This is
$rcbadly, as bas deen shovn, Gue to lesd dalance in which excretion bas Xspt
up vith {ngestion. Wheu this dalance breaks down, tharee forvw of lead
trtoxication can resulty prisary fntoxicetics, charactarized dy intestical
tract dysfunction, loss of appetite, constipatica, colic and genernl malaise
and weakness; secondary intoxication, characteri:ed by weakness snd scame
strcihy or even parulysis of the foreara extenscsr muscles) finally, the lead
ssceptaloyethy fregueztly scead (n infects and chilérea. I all three instances
changes in bemmtcpolesis vith basophilic stippling of the erythrocytes acd
reticulocytes are seen. Ihe maln causes cf lead polacaing in e populaticn
are Indsetrial exposure, turning of taltery cases, eating of lesd based paint,
icgestian of leed frsecticides, ete. Dangerous exposure to leed give dlood
lesd values rerging from 0.C7 to 0.2 ng/100 gn and urirary velues ranging from
0.08 to 0.b vg/L. Tleaing {23) bas pointed out thAt the applicetice of good
induetrial hyglece practices has prevented any ceses of lead intoxication ia
the mmoufecturicg of lead alkyls in the last 3O years., Sixilar exewplary
records bave been compiled for the other segnents of the lead i{ndustry. Bves
ceses of ioadrertant polscaing by lsed have been reduced to very lov figures,
byt DO vce can guarsntee adrolute preventicm of scute lead intoaxication in
the pepulatica. HRovever, the developeent of chelatico therspy Les prevented
lsthality and Aacreased the possidle dacaging effects of lead. (hronic lesd
intoxicaticn from ithalation of the breakdowvn products of lead alkyls has R
teen Senccatrated 1 the 2)00 individuals covered in the tri-citiss survey
canducted by the United States Public Health Cervice durirg the period June

T 1961 through My 142 (19). Thus, sgaln 1t becomes apparect that 6 cause

elither acute oF chrunic intoxication the toxio agent eust be in & form that
can Do readily sabecrbved and trwnaported to its targst organs. This has nod

‘been dennatrated for the decipoeition products of lesd alkyle,

Lreury

It has Been shovn that the population of the United Dtates io i lsed
Yalance and the 6143 caunes of ecute and chronlo lead intosfcatico bave deen
reduced Lo very lov levels by changes 1n techoology. There s DO such entity
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a3 paturel lesd dody durdens becsuse the population has been sxposed 0
spproxizately the same amocunt of lead {n the solid and liquid caxponeats of
the diet since wery oarly {n tine, The earth's crust cootains the lesd which
eventually enters the body via the food chain and it bas been shovn that,
slthough pecpla have been exposed L0 increased concentrstions of lead coa=
pounds, these are not aveiladls and the body durden Las not increesed over
the last 30 years.
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