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Lead is only a trace element in the earth, averaging about 12 parts

per million in its surface rocks. During the course of evolution most plants growing

. /in soil came to exclude rare heavy metals in favor of the more abundant iighter
/ins :

metals. Similar exclusion-enhancement mechanisms evolved in herbivores and
carnivores. . Complex organisms like men, existing near the ends of food chcins; are
therefore relatively pure in nutritious abundant light metals comsared to the earth's
rocks, and are relaﬁvél* free of toxic rcré reavy metals beccuse of the cumulative

operation of exclusion-enhancement machs=’ . : cng successive stages in food

chains. The natural levels of . iffer ..o Jloszhere are not yet

known, but cbserved frecr'-. .« vee L -zn be used as

analogues to estimar. o o Wi, .>endent than -

lead in soil, it p. .- ‘es . =27 % .: - Jnconfaminated
terrestrial planr: i : Jti .oswnacs : v .
uncontaminatec <ls. -me - agestien -~ amounts

larger than those . _-a.tc - . he: L To man.

Only @ minor fracrion ¢ cad ‘sod envers the intc. =i bloed,

- most of it being excreted. The live. the w8 sie TromoserTa. L o€ d

rejects it with bile before it can ex. the r2is ssstemic bicss £°- - sosaar ssout -
95 % of the lead taken by mouth is fiaally excretec in feces. Je ar

l.ead brec;fhed into  : ‘ur_.. About 40 % & such .2ad enters rac cem.c sle.., and
atmospheric.lea. crefore @ much more ser..  ..ateminent. Moo .oc absorbed

\. -
into body fluic .- in urine after c . <.y short time. - ver, ¢ small

fraction of the c. . &ad is retained for .cng serieds in the body, msinly in the

bones, where it a. s a sluggish reservoir in contact with the blood, slowly
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accumulating or draining according to chenges in the rcies of lecd ingestion. in
natural circumstances body concentretions of lecd probebiy at first increase ragidly
with age in the child and then increase more slowly in the ccult. Asan enzyme
inhibitor, lead impairs cell metabolism in the body and theredby disrunts the netural
functions of organs made up of those cells. (n some instences of excess lecd ingestion,
as in cases of gross dysfunction of the brain, or muscles, or kidnays, the cumulative
impairment of the metcbolisms of multituces of cells in the body is recognized as
classical lead poisoning. In other instances of excessive lecd ingesiion, when organ
dysfunctions are less severe and symptoms less overt, the widespread impairment of
cell metabolism is termed chronic lead insult.
Man cannot eat food conicining even cne=~ieath the average concentration
of lead in soil, that is, cbout 1 parr per million, for very long withicut beceming ill
with classical lead poisoning. Man's feod in industriciized sociaties is conreminated
with lead, and it contains cbout 0.2 parts per million of lead. !t is likely thet the
uncontaminated food of man's cncastors containad much less lecd, zeracae orly
0.01 parts per million. [n prehisteric rimes nciurs! water end air conirizured amounts
~ of lead to the body which were insignificent comparec fo thet in food. in naturcl
circumstances a mar srobably consumed ecch coy csour 20 microgrems of lecc in
food, and on this basis he excreted cbout 19 micrograms in his feces, cbscrzed
about 1 microgram into his blood, stored a smcl! frection of that in his body cnd

excreted a little less than @ microgrem in his urine. At lote maturisy he probebly

¥ »'\'c;nfained a tota. zyrden of cbc\n:t 2 milligrams of nctural lead in his sody.
o S
= Man's troubles with incustiial lecd began czout 25CC B.C., recr the end
? of the Chalcolithic era in southwest Asic. By that fime men were mining and smelting
-é: metc! ores and they were well ccquainted with the remerkable uiility of bronze ond
< the value of gold. In their attemz<s to smelt useful bronzes from cifferent, cbundant
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ores, they had finally discovered that small amounts of silver could be parted
(cupel.led) from lead metal which had been first smeited from lecd ores. Previously,
native silver had beer much rerer than gold, cac perhaps more esteemed. Treces of
silver occur commonly in galena, an cbundant lecd sulfide ore, and silver production .
from lecd ores boomed after 2500 B.C. The mines were worked by slaves whose lives
were brief and painful. About four hundred tens of lecd in oxide form were produced
for every ton of silver obtained by cupellation. Lead oxide was zasily converted to
metal again by reduction with charcoal. With the advent of coincge in 650 B.C.,
silver became a keystone in the founcing end cperciion of successive civilizetions
and lead production rose sharply. The glory of Greece and the grendeur cf Rome
were founded upon the iccd mines of Artica and Szein.

During the two millenia beginning with ine cupeiiction of silver from
lead ores and ending with the commencement cf coincge, men found ¢ mul.i=ude of
uses for the huge piles of lead that began to accumulatz. 3y Classic Grezk “Imes

water was being coilecred from lecd-covered roofs, ecnd trensportec tnroug!

¥

.ead

metal gutters to lead-lined cisterns. Sione builcing tlocks were being helc tcgerher
with iron clamps imbedded in lead metal thet hed been poured into holes crilled in
the stone. Ships were being shecihed with lecc metal o repel wood-worms. Salves,
ointments, cosmetics, and paints were being mcde of lecd compounds. Grese sugars
boiled down in lead pots, were being added o wines to keep them from souring (1).
Lead=tin alloys were being widely usec to line the insides of bronze utensils to keep
copper out of foods and liquids.

The industrial use\of lead in the world reached ¢ monumentc! plceteau
during the st and 2nd centuries of the Christicn ere. !n litly, the cnnual incustrial

use ot the time cmounted ‘o nearly 0.C04 ton of lecd/person/year, which cimost

equaled the 0.006 ton of lzad/persca/year incustriclly used in the United States two

N7, § 001297



..

thousand years later. The Romans exnausted ail the lead mines within rheir empire
down to severcl hundred meters belo;/v the water tcble by about A.D, 300, end
world lead production declined precipitously with the fall of Rome, cnd then
remained ot a low ebb during the following six centuries. Production again began
to climb slowly in Europe aiter the 9ih century A.D., when most lead mining
activities shifted from holdings in tha daclining Syzentine Emaire to virgin deposits
operated by free entrepreneurs in cenira! Surcze. Juring ne 'cfe Renaissance,
world lead production finclly reachec ihe fermer mighty ieveis cenleved by the
Romans, aofter entire Indian notions beccme ensicved in the lecd mines of Peru and
Mexico. Beginningb with the Industria! Revolution, world lecc srocduciion climbed
exponentially from 100,000 tons/yr in 1750 to 3,500,CC0 tons/yr in 1968 (2).
Today there is evidence ci intense, wicespread poilution cf the earth's

surface by industrial lead. Studies of the accumulation of lead in ocacnic sediments

show that 11,000 tons of cissolved lead/yr were added during prehistoric rimes to

all the oceans of the rorthern nemisohere by rivers draining all land crecs there

(3). This flow of dissolved iead rhrougn the earth's returel sedimentary geccnemical
cycle is now quite small comparec ro the massive 3,500,600 sons/yr flow of
industrial lead through man's urban environmen:, and there is evidence thar geo-
chemical balances in some portions of the ecrth have been modified cs ¢ consequence.
Measurements of lead in rivers, atmosghere and oceans in the northern hemisphere
suggest that the present annual input to the oceans may be about 430,0CC tons of
dissolved lead/yr, the forty-fold increase coming from industric| pollution cnd
agricultural stimuiation of sol\gble denudation (4).

The young, upper layers of the oceans appecr to contain about five times
more lead than is natural, compared to underlying ancient waters, which cre not

yet much affected (5). The concentrations of industrial lead in the otmosphere of
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remote locations in the Pacific and the Arctic cre huncreds of times chbove ncrurai
levels established by silicate dusts anc other natura! airborne constituents (&).

In urban areas the excess of industric! izad in the ctmosphere is abour 12,000 times
above natural levels (7). Mosses collected in Scanc:nevia over the !ast century
and onalyzed recently, show o ten-foid increase in r2=d content during this period
near cities with the increases becoming smeiler cv locerions remote from roacds and
urban areas (8). In cities of Norii America concenrrgiions of ecd in upper leyers
of soil have risen ten=fold. Annuai icyers of snow in Greenlena ncar fhe North
Pole show progressive increcses of ircusiricl lecd with time adove ncrurci levels
during past centuries, present concenirarions teing excessive by o fceier of chout
500. At the beginning of the Industria! Revolution, lead concentraricns in
Greenland snow were already 25 times cbove nctural leveis, cnd they cenrinued to

rise steadily during the next two centuries ro 150 times above natural. Nacrly all

of this excess lead probably originated from iead smelteries. At about 1940 iead
1

concentrations in snow rose abruptly, orobably beccuse of mcssive new cdditions of
lead aerosols from automobile exhcusis, end increcsed by a facior of three in only
two decades (9).

Obvious evidences of leac pollution have ccused conflicts ro crise between
private industrial interests and public nealth interests. Chemica!l indusiries manuiccturing
lead alkyls and petroleum industries acding them fo automotive fuels cre the most .
powerful defenders of the use of lead and ct the same time contribute the largest
identifiable share of lead pollution. In 1946 thase industries usec 310,CC0 tons of
the world's annual production of 3,500,C00 tons cf lecd to manuf:cturg a product
that was .completely burned in ambient cir. lecd exhcusis from this product then
entered the bodies of people directly via the lungs from cir or indirectly vic the intestines

by fallout on food.
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Petroleum industries ceme to d2pend more cnd more upon lecd cikyis

during the last 45 years because they deciced in the beginnir3 o meet cemends for

better fuels by purchasing a costly chemicci cdditive out ¢ current funds on short=

term beses, rather than risk lcrge investments on refining ceveiopments thet hed to be

amortized over long periods in uncericin fuiure markels. The huge sums subsecuently
‘ H 1 & ' " e &t ——t 2 .

expended on iecd clkyls over past deccdes characterize the cccificnal investment

the petroleum indusiry would heve ..eedec ‘o make on refining equipment, hed they

chosen not to use lead cdditives. The risk of amortizing the cost of ¢ complete

c

switch from using lead cddisives o cetually refining

Ry v

(V0

er fuals is very much greater

now than it was in the past. !n addiiion, the petroleum incdusiries have cacome

accustomed to meeting cifferences between mcerket demends and their raiher inf

0.

refinery outputs and to correcting refining errors Sy cdjusting the emounis of laa

additives used, anc they fear the risk of ceing recuirad fo depend upon mcbility and

accuracy in refine;y preduction, beccuse rio precedent axists for Fais more complex
plant operation, and they have no icrge=-sccle grevious exsarience o draw upen.
The iecd cikyl producing ead censuming indusiries have suceessiuily
used two methods to exert pressure in fovor of the continued use of lead cikyls:
s

invoking the threat of economic pancliy i iecd clkyls are not used; and cceuiring

data concerning the public health hazards of lesd poilution which faver their cousz.
In testimony before public heaiih agencies end legislative bcdies, ond
by information disseminated in public literciure, industry ncs refusec o explain that
lead additives are alternatives ¢o complex refining methods cna thet the use of lead
N
additives imposes cddnhonai costs on the automobile owner through plug fouling end

engine corrosion. lnstead, industry meintains without equivocction that lecd alkyls

are so essential that cutomotive traffic will grind to @ helt without them. The
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petraleum industry clone p;;sesses all the informetion needed ‘o ‘proper!y evaluaie
the economic feasibility of eliminating lecd aikyls, but ac iegisictive committee
<an pry it from them of present. Only naked inrects by the sudlic ro tcke over
the automotive fuel industry would shcke thet industry’s resclve in this matter. .

The lead alkyl industries have enjoyec spectccuicr success in
manipulating public opinion on the heairh nezards of lecd paliviion. {n 1924,
Aub, a distinguished specialist in lecd poisening, cnd his coilieccgues publ!s'ned' c
definitive work on the subject, wherein they clsimed thet lead ic not exist naturally
in humans, but was present only in those persons contamingted by industrici exposure
(10). It was difficuit o detecr leed in cny

but badly contaminatec cersons ct the iime baccuse methods then in use were rather

insensitive. This was ¢ correct approximation, but it ceme cf cn unforruncie time
because it proved to be a perfect foil for Kehoe, ¢ young doctor at the University of

Cincinnati Medical School, who had been nhired by the Ethy! Corporcticn to unearth

data which could be used to defend their menufacturing practices. Using newer cnd

more sensitive methods Kehoe was able to demonsirate thet lacé was oresent not caly

in typical human food and feces, but in their Slood end urine as weli. Ciher

investigators confimmed his findings. By thus disproving esiaziisned experis, Kehoe

gained, in time honored fcshion, stature and respaciful notice.
In the following deccdes Kehoe, fincnced by the Ethyl Corporetion,
developed three major principles that hcve since become enshrined in medicel fexis:

() the equality of natural, uncontaminated lecd sictes with typiccl, conteminated

A

lead states (natural lead is ubiquitous in nature and mcn, existing in cmounts

-

compargble to those introduced by indusirial pollution, cnd so verichle in concentration

from one place to another thet it is impossible to distinguish beiw

ean naturcl end

industrial lead contributions); (I1) the threshold for damege concept (persons are
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cbsolutely healthy and completely free of any form of lecd ciszase for cll levels
of lead exposure and ingestion up to ¢ certain, high, knife~sharp value of lecd

concentration in the body, beyond which, persons cre suddeniy siricken with \

classical lead poisoning - the emphaiic tarms in this statement originate with Kehoe);
and (111) the equilibrium concept of the flow of lead through the body ond its equality
with harmlessness {(excest for unusuc! cccuncationa!l exposures, typicel, contaminated
persons excrete in urine as much lead cs they cbsord E‘n systemic dblood . &nd since
the bady is thus able to “detoxify" any indusiticl pollution lecd thet enters its
fluids in typical circumstances, such lecd does no harm) (11),

There was ¢ dearth of basic acccemic research on the bicchemisiry of
lead in the period 1925-1965, and Kenoe's work filled that void. The views of
the lead alkyl indusiries, cloaked in cn aura 5? ccademic and scientific raspectibility,
therefore remained unchallenged for forty years end came to be regarced cs the
best medical information available on the hazards of lead pollution, instacc of the
defensive propagance it actually was.

Influenticl public health organizetions, such as the U. S. Public Heealth
Service and some Cepartments of Public Health in a few populous U. S. stctes and
cities, were indoctrinated in their ecriiest years with the view thaf lead poisoning
was an occupational hazard, and during the first part of the 20th century they
applied themselves with success to the alleviation of clessicel tecd coisoning among
industrial ‘workers. This view, at odds with best public interest, had its origin in
Europe during the 18th and 19th centuries. Correlations betwaen occupction and
disease were developed by medical praciitioners during this period into powerful
diagnosfic cids. The obvious value of this practice placed the idea of ocecupctional
health hazards in @ morally righteous setting, and this, in turn, ccted in two

unfortunate ways: it short-circuited cny growth of an awareness of environmenta!
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"" poisons; and it established the civine right of hezardous menufcciure.

Severcl centuries cgo, s2opie hod been on tne brink of recs :nizing lead
as the first great environmental poison, Sur the opportunity vanished ¢s more and
more persons came to believe that lead poisoning wes clweys cssociated with the
improper handling of lead and that ¢ lack of lced coisoning wes clways associated
with its proper handling. The coroilary of this Selief upheid the divine right of
hazardous manufacture: responsibilities conceming the hecith hezards of lecd can
be partitioned and separately assignac in ecch step from mine, fo .‘c:;:tory, to home.

The absurdity of fhis belief cppears wnen one consicers (to icke only cne out of a

multitude of examples) the fifty thousand children in the ghattos of 5ig U. §

cities clessically lead-poisoned at this moment from old pcint, whose brcins, kidneys,
and livers are irrepcrably damaged (12) : where, back clong the torruous
route to the iead ore ceposits of Mexico, coas blame for this crime rest?

The clessic overt cpplication o the lecd pollution problem of the idea

of occupational hazerd and partitioning of responsibility is the cction tcken by the

eai:h nezezes cf tead

¥

c:

U. S. Public Health Service upen censidering ihe pubdl
alkyls in 1925, when it specified how the environmanicl poison iece refroathyl

should be manufactured without acute hazard to workers in the manufcciuring olants,
but made no recommendations limiting the cmounts to be menufactured, cnd when

in 1959 it increased the maximum cllowable recommended concentrations of lecd
alkyls in gasoline, again without plecing limits on the amounts to be menufcctured
(13, 14). The 1959 action is remarkable since it followed upon a decade of

thorough public indoctrination on the subject of environmental poisons srought

about by the testing of atomic weapons.

Public health organizations have engaged in another practice cetrimental

to public interests by working jointly with lead indusiries in eveluating public health
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-summarized and reviewed by Cantarow and Trumper (18). !nterest in the fi

hazards of lead pollution. In such deaiings, public hecith oficicis orofess to
believe that indepéndent of motives, true facts concerning the nczerds of lead
pollufic;n can be ascertained by scientific methods, cnd these fccts will then
determine the issue, letting the chips fcll where they mcy. Ar ourstanding examsie
of such hypocrisy is the study reported in 1945 by "The Workirg Grcup.or' Lecd”
Contamination” of the nealth hazerds of lecc cikyis, cnd mede iointly by the

U. S. Public Health Service, e Colifornic State Depariment of Public Health,

and various manufccturars and users of lead cikyls (15). This resort, whicn cbsolves

lead alkyls of cny pollution effects and public hecith hazerds, has been

-9y

oncly
quoted and referred to by tne peiroleum and lecd cikyl cnemical industries in their
attempts to manipulate ounlic opinion since 1945,

Researcn or. the piochemistry of lecd senk info coldrums in the 1920's.

Most of the basic work carried out during the next several deccdes has been

eld seems

to have revived now that Kehoe's popular views hcve been disputed by caochemists

studying the isotopic evolution of lead in the ecrth. Some isotoses of lecc cre

formed from the radicactive decay of long=iived uranium end thorium, and certcin
geological occurrences of lead cre useful for ceiing rocks and trecing their chemiccl
history. In order to study common, ubiauifous minerals of geologic imoorience

Y ] S : ’

investigators must isolate cnd measure the isotopic compositions of microegrem cmounts

of lead, because the minerals contain no more than that. These minute cmounrs of

lead are extremely succeptible to contamination, and elaborate preccutions heve
been developed during the Jast severcl decades to exclude industricl lecc contemination
down to very low levels. It was this background of an acute awcreness of the
pervasiveness of industric! {ead contamination cambined with cn experience in

handling small quantities of lead that helped geochemists stumble on to the discovery

NL 1 001304



that the oceans were being polluted wiih incdustricl lead. {nvestigetors were
interested in the ocecns because they serve s gicnt mixing bowls for cifferent
leads derived from all lands. Polluiicn effacis had not teen previously recognized
because ocean lecd concentrations are smeli cnd cifficuit o mecsure.

As g geochemist involved in this work, ! orgenized what was known

about the occurrence cnd distribution of lead in ncturc! cac conremingrad

e

environments into c coherent study anc pudlished it in 1985 {(17).

.

To compare unknown nctural lead environmenis with fypice!, poliuted ones, |

formalized some enhcncement-exclusion relaiions cmong the clkaline ecrth group

of metals in soil, plants, cnd enimals, anc then used the observed rnerurc! cbundences

Y]

of lead in soil and the cbove relations ¢s cnclogues to exirepolate lecd velues in

1

natural food and human bodies. This tody burden value wes checkad by infersolation

- from the human body cbundances of meials in group 4-b end row 6 of ihe periodic

table. It was shown by mcterial balance consicerctions that most of the lead in

our food, water, cir, cad bodies probsbly origineted frem lzcc mines.

(313

The average uroan Americen ingesis cbout 350 micregrams of lead

each day in food and wcter and some 20 to 30 microgrems of lead in the cir

he breathes. He absorbs 30 to 40 microgrems of lecc per dey info his mein
bloodstream, cbout half coming from the air. He hes en cverage body burden of 200
milligrams of lead, cnd an average blood lecc concentration of 0.25 pom.

) " | suggested that the health hazerd of this fypical, contaminciad sicte
could be evaluated from its position on ¢ scale recching from natural, unconteminated
states to classically lecd-pcssoned stafes. Tais might be done on the besis of blood
lead concentrations, since they rise with increcsed lead exposure and ingestion. On
the basis of estimated nctural lead body burdens, it was assumed that natural blood

lead concentrations should be less than $.01 ppm. Classica!l lecd goisoning is
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generally associated with blocd lead concenitctions of 0.8 ppm. Since the
: average American has 0.25 ppm of lecd in his blood, | proposed thet the avercge
3 American was suffering severe chronic lecd insult, probably with cdverse effact.

Naturc! lecd states were cefined in the report cnd it was shown how

Kehoe had attached & nctural mecning to his term "acrmal”, and then used this

term o describe his anciyzed subjects and thair fooc, conveying the impression

that they were naturcl cnd unpoiluted when in foct they were tysics! cnd polluted
with lead. 1t was shown how Kehoe had seen cemouflcging industric! lecd

i ) pollution behind a fast shuffle of posed uncericinties: the exireme ronge of lead

concentrations in soil (neglecting to meniion that the high urben vciues originated
S

from leaded paints and gasolines); the multitudinous neiurc! lecd coniribusions o .

' the atmosphere such s soil dust and meteorite smoke (naglecting to meniion that tha

former contributes less than one fhousandin and the latter less then one sillionth
of the lead in urban cir); and ctmospheric lecd contributions from such things cs coal
smoke (neglecting to mention tha osserved cne~ic~one corrzlciions baiwean
automobile traffic, carbon monoxice, and acimoszheric lead, cnd the foct th‘ct c
coal-smoke tracer, vanacdium, is too low by s facier of more then ¢ huncred to
indicate significant contributions of lead by coal-smoke).

Kehoe's famous proof of lead ecuilibrium in fhe body,chicined by

measuring lead in the food and excraic of severcl men,was shown tc Se erroneous

“because he had neglected to measure lead inputs to the body from the lungs, and had

assumed that all sucn lecd was excreted wishout storege in the bocy (18) .

- A simple case of assumingthe conclusion - g reiher serious mistake on Kehoe's part,

since some of his subjects apparently smoked cnd hed very lerge lecé insuts from
the lungs. His assumed conclusions left him in o position unable to explcin how his

subjects were pertinent fo the public at large if they did not have fypical body burdens
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of 200 to 400 milligrams of lead enc how they ccquired them if they did. It was
pointed out that there was no biochemica! knowledge cifirming the hormizssnass
of industrial lead circulating through the socies of polluted people. Zy merely
observing kidney excretion, Kehos cid net grove non-intarference with cell

metabolism, even if storage did not occur, which, of course it does. 1+ was

shown that Kehoe's concept for ¢ threshold of damage was cerived from circular

, reasoning, and that success in reducing the incidence of classical lecd poisoning

.

. among industrial workers did not constitute sroof thet the oniy form of lecd

poisoning was that defined by practitioners of occupational medicine (17, 18).

The U. S. Public Healih Service and the Cclifomic Sicie Deporiment
v of Public Health were criticizad in my report for refusing to recognize, in their

cooperative study with the lecd industries, that lecd alkyls had eievated the bedy

. burdens of lead cnd the concentrations of lecd in the blood of urben Americans,and

that existing levels of lead contaminction in people were ccuses for clarm - not

P | complacency.

Public Health officials operate with "facis”, just cs lewyers cnd -
engineers do, and not being scientists, fcil {or refuse) to undersicnc that there are
no "facts" as they envision them in the realm of science, cnd that science does not
; operate to reveal objective fruths which wiil solve human probiems disnassionctely.
" This point is admirably illustrated by a secuence of events related o the report

issued by "The Working Group on Lead Contamination" menticned ciave. Members
of the California State Depurtmant of Public Health carried out investigetions of
lead concentrations in the blood of people and in the atmosphere of cities and

joined the lead indusiries in not racognizing that ¢ correlation existed (their 1965

report) . 1n 1966 | prevailed upon the Governor of California to direct the Dedartment
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of Public Health to re-evaluate their position, cnc they issued such ¢ resort in
1967 (19), in which s:hey reversed ineir 2arlier position on the scme datc and
explicitly recognized tnot lead alkyls cre the source of !ead in urban atmospheres,
and that lead concentrations in the blood of peogie living in cities cre eievated

Gs g consequence. 1he princi;ﬁcl authors of the Cclifernia resort then sublished
their views in a scientific journal in 1967 (20}, which resulied in e cispure and
polemic with Kehoe (21), their former clly ané chief co—cuthor of the 1945 resort.
The petroleum and lead clkyl industries, in referring to the 1945 joint report, icke
care to neglect to mention these interesring cddence.,

Public health cgencies snow ¢ dismc! lcck of leccdership, visicn, an
resolve in defending rne sudliz's health, as might be expected, since rhay cre
staffed with compromisers, the mos successful being rhqse wno have dispieased the
fewest in power. The U. S. Public Heaith Service did not rush to consicer the
hazards of lead alkyis, cs one might infer from propagande commoniy cveilckie.
Lead tetraethyl was mcnufactured and marketed without a twitch from thet cgency
until poisoning sccndals associcted with its manufccrure drought legislative zressure
to bear on the service, and it was forced to cet (lead alkyis are extremely soisonous
in pure form, and the effects on the brains of ccutely poisoned subjecis induces
bizarre behavior that is disconcerting o observe).

Public health agencies are zctenily unable to conduct evaluctive
investigations that turn out to be truly defensive of public heglith. in 19239
the U. S. Public Health Service was involved in an extensive investigation
of public health hazards origingting from lecd crsenate insecticides on apples

(22). It concluded that there was no harm to the public at a level of 7 com
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lead in apples (this maximum permissible leve! is still a regulcrion today). Kehoe,
during this same time, was obtaining dsia on lacd ingestion snowing that 1.3 ppm
in food should give rise to classica! lecd poisoning in o matter of months. The
conclusions of the Public Health Service were cictated by matters of economy
then, and it is likely that they clways will te.

My report wes printed in a journci thet belonged to the forces of
occupational medicine cnd lecd industries. This stirred up ¢ hornets' nest of
opposition. The furor acted to reily forces cazcsed to lead nollution,.nowever,
and @ vigorous, well publicized, controversy ensued both intha U. S, cnd in
Europe (23-25). The reverberctions from irat controversy anc the renewed inferest
in lead biochemistry wnich it stimulcied wes so influentic! it srought to ¢ close an
era, lasting forty years, of the comslefe dominction Sy indusiry of the cccepted

medical views on lecd sollution.

Much cnguisn and biiterness accemzaniad tnis frensformation. Kehoe's
associates in occupationcl medicine have been outragec by the incigniries imposed
on a prominent colleague who conirizuied so much o .'r.e ir fleld. They recognize

thct the privilegec position of occuzciional mecic clic nealth,

ne in ministering fo sub
which they long enjoyed, is now being seriousiy chcllenged, and they fecr and

resent this. No one wants or hopes ‘or such sersonc! *ragedy, but it shouid be
h g yl

pointed out that tragedy has not been one=sided. The editor of the journc! ia

which my paper appeared was severely crificized for cllowing it to be published.

Friendships cmong medical practitioners and resecrchers in public heaiih cgencies
and in industry became strained. ! have been insulted in numerous pus!ications and
on an international scale. The American Petroleum Insiitute concelled their support

of my Tesearch. | am an clmost pure end-member of the species Scientist, and yet am
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regarded cs g crusader. Now thct is the unkindest cut of cll, beccuse, es a

consequence, my confributions o construciive cnd creciive aspacts of the
biogeochemisiry of metals anc problems cf icad poliution cre ignored, and my
name is confined to degreding contexts in sensciicnal Sattles.

Will recent advances in knowladge cbout lecd zoiiution help in its

eventual elimination? Hardly. In ¢ recent conference on man's chemical

invasion of the oceans, it was mcda clecr thas it wes not knowiedge thet governed

action on pollution problems, but emotion. Knowledge of lecd scllution does
lend perspective to man's broccer preblems, however. The developmant over the
last four and a half thousand years of both lece rechnology anc iis cssocicted
environmental pollution, from its benign origin fo its ceiesivophic disiocction of

ourselves from our anima! heritcge, is not singuler. lnstecc, irismu

<
O

small, compréhensible, working mocel of our whole worlé &f difficul*ies - ¢ world
that seems to;)o big and complex to understend - for scientists, of lecs:.

We have ceveloped fechaclogy in our world s aa unbecreblz franzy,
and we huddle, overcrowded cnd tarrorized, in national jcils, hoping thct someone
will find a panacea that will banish this unpiecsentness. Well, we ccn see from
the example of lead pollution that no help can be expected from industry, cur
“servant" which provides the parcphernclic we cherish. Nor from the public cgencies
that are supposed to guard our health and keep our foed, water, cnd cir wholesome
and free of poisons. What about those saviors of mankind, the scientisis?

People want to be deceived by the new whitewesh thet has been poured
over scientists beccuse ﬂ:éy are cfraid and seeking help, but the centuries old
ev'qluction is still true: scientists cre cold-hearted, murderous, egomanices. We

would all seil our mothers to finance our exzeriments, and why not, since most of

us have had our wives and children in spiritual hock for years, and-thet's decication,

NL XY oo1310



RPN A

e A b A At
i

-17 -

a noble virtue. Scientists have tiny intellects. Consequenﬂy, our zhilosophy is
of the kindergarten variety. We resolve everything our senses perceive into the
simplest of abstract forms. The philososhy of science is ¢ name for the ccﬁvfﬁes
of some philosophers whose subject is science. it is not meant thet that term should
dignify the childish faiths of scientists. We cra congenitclly amorcl. Humen
relations are too compiicated cnc vast fo Se scueczad info cur small minds; therefore
scientists subjected to the hazards of pecoie are unchle o ungersicnc them, and
fear them. This mcde it easy for us o b;:sd fdgefher cnd cevise a wey o roast
alive several hundred thousand Jcganese civilicns twenty yecrs cgo. Any normal
human, contemplating his pert in that hiceous erime, would go mad. Zut we
manage to survive, sometimes being misicken for crusccars, even. Scientists

ey

are problem solvers. Not worttwhile Homo scpiens scpiens proz!em solvers,

like crective men in the humanities, but dinky little problem solvers, Screly
on @ hominian level. We are completely heoked, like any common junkie, on '
the mental orgasms we get from solving our cbstract problems. But cur cctivity
is revered by others cs basic research, cnd no one, except mcybe cur wives, wants
us to go to Lexington cnd get the .nonkey off .

Does this mean that scientists are not speciclly fitted o sclve our lead
pollution and other problems? Yes.' It is not just that scientists might suggest ‘

wrong solutions, for there are no solutions to humen problems, cnd cay recourse

" that is taken will eventually prove wrong, but scientists cre congeniicily incepeble

of understanding what to do about human problems. They are not wise. They can
only abstract things info inhuman form and discourse on arid problems of relationships
among these abstractions. Consider this assay, its subject, and ifs author. It'sa
typical scientific product, end it illum‘inc‘.'es the uné:ridg:—.\cble gulf that separates

scientists from what they may even yearn to do socially.
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xhe barrenness of ‘ha sciensific inteliect does not result from :he

mere fact that the scienfist is ¢ proslem-solver, rether, it derives from the

-

nature of his problems and the meanar of fheir solutions. Historicns, for excmple,

are also prob(em-solvers, but they are differenily ploced on the intellectucl

scolo, Let both the scientist and sne historicn e oresented with, say, o table of

data on silver preduciion, wherein eanua! silver zroductions of ¢ action are

Their recctions will be char creristiceily

.

different. They cre both cware from a standpeint of simple scientific meaning,

cited to twelve significent figures.

that the quoted procuctions.are proscbiy not ceeurcie to mere fhcn the first two
significant figures our of the twelve. The sciensist, affer clesing his jew which
had dropped open in astonishment, will rounc off the last ten of the nwelve figures.
The historian is not confined o such a miniscule ceiiviiy beccuse his \erger
awareness of human relctionships will drive him o seek non-scicniific mecnings

in those last ten nor-zero figures. Unlike the scientist, the histericn somehow
understands beforencnc that government Surecucrais do not issue tasles of figures
for scientific purposes. The scientist believes he understands the mean
statement, “The cccurcey of my conclusions, which involve clmnucl. srocuctions

of silver, cepends upon the aceuracy of the recorded silver production cate". But
from the historian's vantage this may sound like, “The accuracy of my ceterminations
of the boiling point of water depends upon tha cccuracy of the water” (2¢). -‘

]

Consciously or subconsciously, most scientisis cre awere of their intellectus!
deformity, and they try to jeaden this awiul perception with the narcotic of
scientific research.

The problem of lecd polluticn - all of our troubles for thet matter - did

not originate with our generation. Qur iroubles evolved, and they wili be

v

dissipated by further evolution ino even greater troubles. -Although this may seem
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like we are etemally demned for being sumen, it really mecns that while we
live as a wholesome part of the universe, cur uncersiending of what we cre legs

behind what we'co, so most of us live in ignorent terror.

Three million yeers cgo the ciosphere cchieved a recognizecble mecns

[0]

of engag‘ing in overt ‘.'eéhno’logyt with the avolution of prezlem-solving hunters.
It resided in the power of ebsiraciicn by fhcse ecrly Plaisiccens men-like apes,
and depended simply upon their cbility o scuse cnd refiect cfier sensory
stimulation and before resgonsive ceticn. Possessing fhe recu
they could manipulate their envircament ot wiil cf their chsiract infeilect.

The origin of any technology cennot be descrized in ferms cf a
specific event &t ¢ given fime, however. 4 lies ouried within the evolving
biosphere as ¢ cériving force, ¢ spacicculcr excmele baing the wey in which

1o Ao

living organisms crept out of the secs, rcok over the lands, end modified basic
geologic mechcnisms operating ot the suricce of the ecrih. " lents did not just move
lérge masses of hycdrocarbons out of the seas onto terran wesielands to frensform
them into garcens inhabited by cnimals. Taey chengac tha mcnner in which the

Ty v .

forces of wecther cnd streams shified huge masses of lend. They edruptly siowed
down the rapid erosion of mounicins and fer fne first time permittec brocd eievations
of land masses to occur. Beccuse they crecied soils and greaily recuced the rapid
dumping of coarse debris into basins adiccent to mounicin chains, thay promotad for
the first time the long range transport of gigantic masses of fine clays o the open
basins of the oceans. This not only greaily altered the character of the oceans an
their sediments, but it~a‘}so modified the role which isostasy hed previously exercised
in volcanism cnd mountain bui!ding., cnd so modified the evolution of centinents

and ocean basins. We cannot look with seleciive horror upon man's destruction of

forests and crable lands, h’s exiinction of animals, his rape of minera!l deposits,

4 o
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and his pollution of the air, seas,. ead land, for it is en inherent cherccraristic

of the evolving biosphere to 1y o feed upon cad modify the surfcce of the earth.
But man's tribulations are net just ¢ common manifesiciion of @ long=

confinved process. He is the precurser of the evoluiion of the biosshere on cn

biosphere is now evolving on ¢ non-morzhclogicel tevel amicd remi
niches of emotion that never exisiad before. mmersed with
have looked back with the crid view of scientisis and have described evolution
on a morphologicc! level, but we have nof yet learned to cparecicie the new.
evolution of anguish on the emotional levai.

Capping the fossil record in geologic stratc are new cacitions:

increasing concentrations of ingusitial lead. They do not simoly merk new
aspects of physiccl evolution. Thay signify the probiag of life clong fer more
wonderful and terrible cvenues of emotion than have ever existed Sefore. The

125

prophets of the world's great religions sgid it in different, but frue, words. In
twentieth cenfury terms, tachnology is the davil within us, the temsiciion to evil
we must try to master.

At least the lecd poilution procliem may e solved. How? 2y Oregon
wheat farmers and California corn growers. The whect farmers want the government .
to build huge aleohol stills, buy the carbohycdrate portion of their wheat ot cost,
and convert it to alcohol, o substitute cnii-knock for lead cikyis ct no extra cost
to the motorist. This would pay for the wheat and the siilis and the government
would come out even. The farmers would keep the protein portfica of the whect
and make a profit from it as feed concenirate. The cutomctiles would run fine.

Since lead alkyls are not mede in Cregon cnd they are poison, while wheat is

grown in Oregon ond burned clcohol is harmless, there is every reason for the
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state legislature in Oregon to ban ieed and boost cleohol. Oregon can neatly
use all it can mcke. Now, Califomiag is right nexi to Oregon, and is the
leading farm state in the nation with g peweriu! block of fermers. Even more

aleohol can be obtainea from corn than from wheat. Exposed to Oregon's example,

California may succumb, end if Califomic goas - lock cut Sihy! Corporction!

‘

God bless the Oregon whect fermers. [f they cen do i, whet they do may tumn

out to be wrong eventually, but it will heve bzen right et ¢

ne
T Iae Tie.
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