e " LEAD POLLUTION . 97 C&—w’ war—e/fww

. Lead is on!y a trace elemenf in the earfh averagmg about 12 pari's

- per mslhon in its surface rocks. During fhe course of evolution mos? p!ants growmg

in soil came to exclude rare heavy metals in favor of the more abundant lighter

metals. Similar exclusion-enhancement mechamsms evolved in herbivores and
carnivores. . Complex organisms like men, existing near the ends of food chains, are

. ?herefore relahvely pure m nutritious abundant light metals compared to the ec*th s

rocks, and are relahvely free of toxic rare neavy metals beocuse of the cumu!ahve

opemtcon of excluslon-enhancemen. mecha’ . = ong successivél stages in food
ichams. The natural levels of .z iffe e ~‘osshere are not yet
known, but obse_rved fraei™s ve: Rt ~zn be uﬁed\as
analogues to esfimé?; | . o DI .sundant than
!ead insoil, itp.. L es I o : uncontaminated
terrestrial pl'un;a_ VO T sunin : o
uncontaminatec ( &ls. - .me - ‘ngestie. . ... amounts
larger than those =iowaifo . ) he. . rie 70 man. |
‘ Onl‘y;a minor fraciion o .cad “sod envers the intes” -al blood,
most of it being'ex;r'e'fed. The_!iﬁ:_ the  .wca rowe Tomzo L o€ Ea
reiects it with bilé before it can er. he rsin vs-:em’.c’biooc: 5e. ~.. soiaat about | o
95 % of the lead tcken by mouth is nna!!y excreted in feées. ' Lo e o
‘ i‘eod breathed ‘inro =2 lungs. About 40 % of such lead enters fa. . wremicblecd, and
| atﬁiospheri’c\leo‘ ~ .zrefore a much more seris. Lontamingnt . Moo ecd absorbed
- into bedy fluic * ww in urine aftera . -e.y short'time. - .. .;ver,‘d small-
fraction of the c. . _ ecd is retcmed fo. xon\ seriods in the body, mcmly in the

bones, where ita.  sa sluggush reserveir in con‘acf w:fh fhe blood slowly
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| acéumdidﬁ'hg or drciﬁing ccéording to changes in the mi‘eé of leo& 3nge$rfoﬁ. ‘ I‘n
natuml curcumstances body. concentrations of lead probczbly at first increase mpxdly
L :wuh age in the ch:ld cmd then increase more slowly in the cdult. As an enzyme
mh«bx tor, lead i smpm,rs cell metabolism in fhe bcx:’y and fhereby dxsrupfs the natural
,funchons of organs mcde up of those cel!s. In some msi'cnces of excess lead ingestion,
as in cases of gross dyjsfunchon‘of the brain, or muscles, or k.dneys, .he,cumuluhve
impaifmen# of the metabolisms of multi fuc.es of cells'in the body is récognizeﬂ s
‘classical lead poisoning. In other mf‘~nce5 of excessive lecd i ‘ingesiion wBen organ
d}'sfuncﬁons are less severe and A'symp?oms less overt, the widespread impairment of
cell metabolism is termed chronic lead ir.»su!f. | |
Man cannot eat fooc con’rcmmg even one-tenth the cverage concehfrdﬂon
of lead in soil, that is, ubou‘r 1 pert pe- million, for very long without becceming ill
with classical lead po?séh?ng'. Man's feod in indusirialized societies is contaminated
with leaa} and it contains c’a-ouf 0.2 paris per million of lead. It is likely that the
‘anoni‘aminaf‘ed food of man's ancestors contained much less lead, perncp: orly :
0.01 parts per million. In prehistoric fimes nasurs! water qqa air ccniriseied amounts
of lead to the body which were insigﬁiﬁcc‘nf compared fo fﬁcf in féod . in'ncturcl
’ cxrcumstances a ma: ,robably con5um ed ecch c.\,y coouT - 20 m:crogrcms of lecd in
 food, and on this basis he excrei'ed cbout 19 microgrcms in his feces, absorbed

about 1;,mici?ogtcrr.' into his blood stored a smal! fraction of that in his bocy and

' excreted a little less than a microgram in his urine. At late mc.unfy ke probably -

‘2

NN

f\)@nfatned a tota! burden of about 2 mx!hgrcms of natural lead in his body.

Man's troubles with mc.;s*na! lead began cbouf 2500 B.C., near the end
of the Chalcoh?hxcem in sou?hwes? Asia.. By that time nen were mining and smelting

mei'ai ores and they were weH ccqucxnfed with *he -emcrkcble uuhfy of bronze and

- /{r'Sﬁnf‘cJ 4/676

._ the vulue of gold !n their atterz*s fo smelt useful bronzes from di fferent cbundcn. :
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;ares, thef had ﬁndlly’discoVere& that small amounts of silver cou!d be pcrteé

i (cupelled) from lead metal wh«ch hcd been first smeited from leod ores. Prevxously,

" native'si lver had been much rarer thcm gold and perhaps more esfeemed Traces of

silver occur commonly i galena, an cbundant lead sulfide ore, cnd silver produchon N

from lecd ores boomed '«':*Ffe; 2500 B.C. The mines were worked by slaves whose lives

were brief énd ipai,nful . About fbu_r hundred tons of lead i'n‘dxfde form were proéuced :

for.every ton of silver obtained by cupe!iation. Lead oxide was easEly converted to

“metal again by reduction with charcoc!. Wiih e odvent of coincge In 650 B C.,

sulver became a keystone in the founding end cpercuon of successive cxvmzahons

and leud produchon rose sharply The glory of Greece and the grandeur of Rome

were founded upon the lead m‘mes of Atiica and Spcin.

Dunng fhe two milleni "mmg with r*.e cupeilction of silver from

. lead ores and endmg w:’rh the commenczment of coincge, men found a mu.ii*ude of

uses for the huge piles of lead that began to accumulate. By Classic Greak -imes

\4

water was being co!lécted from lecd-covered roofs, and transported fnrough lead

mefal gurfers to lead-lined cisterns. Sione building b oc.<s were bemg held fogc her

-

with iron clamps |mbedded in lecd metal that had been poured into holes driiled In

the stone. Ships were being shecihed ‘w_;.h lecd metal io repe! wood-worms. Saives,

‘ointments, cosmetics, and pamfs were being made of lead compounds. Grape sugars
'bonled down in lead pots, were bemg added fo wines to keep them from souring ('t) _

- Lead-*hn c!loys were being widely used to line the ms&des of bronze ufensiis to keep

copper’ouf: of foods and liquids.
- ) N\
~ The indusfric-l use of lead in the wor!d reached a monumental plateau -

dunng the 1st and 2nd centuries of the Chrisfian era. In lm!y, the annual mdusfncl B

 use at the time -mounfed to nearly 0.004 ton of 'ecd/person/yeor which clmost

equaled i‘he 0. 006 ton oF lead/persm/year mdusmc!ly used in the Um?ed States two
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théusand years !cfer. The Romcns exhausted all the leod ‘mines within their empure »

down to several hundred meters befow the water tcble by ubouf A.D. 300, and

‘world lead production decimed precnpltously with the fall of Rcme, and then

remoined at @ low ebb. during fhe following six centuries. Production again began

to climb slqv;riy in Europe after the 9ih century A.D., when most lead mining

_activities shifted from holdings in the declinirg Byzantine Empire to virgin deposits

operafed by free en?repreneurs in ceniral Eurcpe. Duting the icte Renaissance,

“world leadproduct'ionf‘incl!y reachec i e former mighty leveis ccrieved by the

Romans, after entire Indian nations became ensicved in the fecc mines of Peru and

_' Mexaco. Begmnmg with the Industrial Revoluﬁkor_;, world lecd production climbed

exponentially from 100,000 tons/yr in 1750 to 3,500,000 tons/yr in 1966 (2).

Today there is evidence or'.infense wicespread pollution of the earth's

‘surface by industrial lead. Studies of ihe cccumulation of lead in oceenic sediments

show that 11,000 tons oF dissolved eac/yr were added during prehistoric rimes to

- all the oceans of fhe northern hemisphere by rivers draining cH lanc crecs faere

(3). This ﬂow of dissolved lead through fhe carth's natural secimem‘cry gecchemical

cycle is noquurfe smc“ Acompcrec to the massive 5,500‘, 000 tons/yr flow of

industrial lead through man's. urban environmeni, and there is ev':dence that geo~-

.re

chemuoa! balances in some portions of the earth have been modified as a conseguence.

Measurements of lead in rivers, atmosphere and oceans in the. northern hemisphere
suggésf fhm fhe preseht .unnuo! input to fhé oceans may be about 430, ODO tons of - |
dissolved !ead/yr the forty-fold increase commg from mdustncl pol!uhon cnd
agricultural sfumu!ahon of solub!e denudahoﬁ (4) |

The young, upper__ lcyers of the oceans appear to contain about five times

" more lead than is natural, compared to underlying ancient waters, which are not

yet mgch‘cxffecfed (5). The COnce~nfrcfi6ns.o‘r' industrial lead in the afmosp!iére_cf 7
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feméi’lejlocaf“ions in fhébPaciﬂc and the Arctic are hundreds of times above natural v
levels esfablishea by sil i‘écz%e -vdusfs and o‘rher‘ natural airborne constituents (6)
| ‘ln urban areas the excess of Fnduéfric! lead in the q?moépherg is about 10,000 times
#Save natural levels (7). Mosses collecféd in ‘S'cdnc"zncv?d over ‘ﬂ;)e icsf cenfury :
cmd onalyzed recenﬂy, show a ten—fold i mcrecse in r2zd content durmg fh|s penod
near cities with the increases becoming smcller ot locations remo.e crom rocds and
urban areas (8). in cities of Norrh America concenrr@.uors cf lead in upper leyers
-of sm! have risen fenafold Annual iayers of snow in Greenacna near the Norfh
Pole show progressive m;:recase_s of ircusirial iecd with fime above :c;fu.a.l levels
. du,ring.pc.:Sf cenfufies, present ‘concenirations being excessive by a fccfo% of about

500. At the begih,n?ng.of the !ﬁdusfria! Revoluﬁ‘on, lead concentrations in

Greenlénd snow were dlread)}' 25 times above néfural levels, and fﬁey,con‘:inqed to

rise steadily durmg the next two cem‘urses to 150 fimes above natural. Necrly all
‘;of thls excess lead probcbiy originated from jead s‘ne!rerles. At cbouf 1940 lead

‘

c.oncemrmhons in snow rose abrupfly, probably because of massive new additions of

lead oerosols from aufomobale exhcusts, and increased by a factor of three in only
‘two decades (9). |

Obvxous ev:dences of lead ooHu.ion hove ccused conﬂncfs fo cr:se between '

private industrial mferesfs and pubiic health interests. ' Chemical industries rrcmrcc‘l‘urmg

lead alkyﬂs and pefroleum industries acmng them to automotive fuels are the most
. power‘f'ul defenders of the use of Iead and at the same Hme_confr’ibufe the largest
'idenﬁﬂab‘le shafé of lgod\polvluﬁoh. In 1966 these industries used 31_0,000 tons of
" the world's annual 'produ‘cﬂor\)e f)f 3,500,000 tons of lead .‘o‘rﬁcnufacfuré a product
‘- that was .comﬁlefe!vy bumed'fn ambienf air. .Lecd exhcusfs frorh fhis producf then

entered the bodxes of people dlrecﬂy via fhe lungs fro‘n air or indirectly via the mfeshnes

by &zllom on food
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Pefroleum indes%x:ies came tfo depena more and more upen‘ lead alkyls -
during the last 45 yecrs because they decided in the begmm*: to meet demcnds for .
better fuels by purchasmg a cosﬂy chemical ccdxhve out cf current funds on short=-
term bases, rather thn risk large mvesfments on reﬂm,ng developments that hcd to be
S umorﬁ'zed over loﬁg periods‘ in unc.ertcin future markets. T"r_.e hﬁge,sums subsequénﬂy ;
expended on lead alkyls over past decades characterize *he cdcit ional investment
-the petroleum indpsi‘ry would have needed to mcke on refining equipmenf, had they

’ chesen not to gse‘lecd additives. The risk of cmoﬁ;ﬁz’ing the cost of a complete
switch from using lecd addiiives to ec‘.‘uc!ly refining better fuels is very muchr greater

‘ hew than it was in the past. In addition, the pei‘roleum,_‘indusﬁ'ies have Secome »

v aceusfomed to meeﬁnédiffefences ‘beh—Neen’mcrke% demands and their rether inflexible
_. refinery outputs and fe, correcting refining errors by adjusting the amounts of lead
additives used, and i'hey ‘fecr fhe'risk of being required fo deper.d upon mos:.i':"y and
accuracy in refmery production, beccuse no precedent exisis for this more cemp!ex
plant operation, and they have no :crge—scc.‘e previous experier .c‘e fo draw upen.

The lead aikyl procucmg and ccnsumfng industries hcve successruiiy
used two methods to exert pressure ir. favor of the co...mued use of lecd alkyls:
mvokmg the threat of economic pen .e;w it lead e!ky!s are not used; cnd acguiring

data concermng the public healfh hazards of lecd pollution w"nch favor their ccuse..

In feshmony before pubisc health agencies cnd legxslch ve bedies, and

* a

by mformahon dnssemmafed in pubhc leerci‘ure, mdushy has refused fo. explain that
lead addmves are alfernahves to complex refining methods and that f”ze use of lead
.
"additives i imposes additional costs on the cufomob;le owner through plug fouling and

engine corrosion. ln‘sfecd,-iindustry maintains without equivocation that lead alkyls

are so essenfial that automotive traffic will gﬁnd to a halt without them. The
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‘p.e‘ffrdleum industry alone pé%esses all the information needed fo properly evclume
| the economic feusxbthry of eliminating lead c:lkyls, but no legislative comrmﬁee
can pry it from them at present. Only nakec f‘xrea?s by the ouohc to fake over
the automohve fuel mdus‘hy would shake that mdus'rry s resclve in this 'matter. .
~ The lead calkyl industries have enjoyed spec.ccu{cr success in

manipulating public Qpinion_ on the health hazards of lead pollution. In 1924,
 Aub, a di‘stinguished specialist in lead eoisoning, and his colieagees published. a
definitive work on the subject, wherein izhéy cieimed that lead did not exist naturally
in humans, but was presentonly in those persons confaminaied B)r industrial eXpoﬁure
{10). It was difficult to deteci lead in any |

but bad ly contaminated persons at fhe fime beccuse ‘mei'hods.' then in use were rc“rhver;
" insensitive. This was a correci c’pproxir.ﬂcﬁon, but it came at an unforfuncte time -

: _beeause it proved to be‘a perfeef foil .‘or. Kehoe, ¢ young doctor at the Uni ve'ei-‘y of
Cincinnati Medical School who had been h..ed oy the thy. Corporc.xon to unecrth
data which could be used fo defend their mc..vac?unng prcchces. Usmg newer c""‘
more sensitive ‘methods Kehoe was cble to demonstrate that lead was prese—xf not only
in typlccl human food and feces buf in their blocd end urine as well. i-‘\er
_investigators confi rmed his findings. 5/ thus dxfa"ov."c es.abnshed experts, KeHue
gamed, in time honored fcshxon, sfcfu'e and respec’:rui notice. .
ln the foilowmg decades Kehoe, financed by the Ei'hyl Corporchon

' developedi i’hree major principles that have since become enshnned in medical texts:
(I) the equality of natural, ,unconfammcfed lead states with typico_l, contaminated
 lead states (ﬁaturel lead is. ub?éui!'bus in ﬁature and man, existing in amounts
comparable to those introduced by industﬁcl pollution, and s0 vcricb!e in concentn;etien o
from one pl‘o.ce' to aﬁofher fhc? it is impossible to distinguish between naturcl and

e ‘mdusmal lead. contnbuhons), (H) fhe ‘hresho!d for damage co'mcepf (persons are. . '
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aibso,l.ufeﬂy healthy and éomp!éfe!y free of any form of ie‘cé diseés;g for all levels
of lead exposure and 'iﬂgesi‘ion up fo a certcin, h§gl_ﬁ, ‘knife.-s'f\qrp /vqlue of leod
‘c‘onc‘:enfr&ﬁ‘on in the Body, beyond which, persons are suddenly stricken wifE
.clcssic_:al lead poisoning - .?he e-mphc.‘i,c terms in this statement ori ginc'ljé with Kehoe);
arltd '(Hl) fhe aqumbriun‘{ ;énc$p?v of rhe bﬂow of lead r.hréuc:"n the Eody ond its cqucﬁry
with hcxrmlessness (exces. for unuwcl occuoa.xoncl exposures, rypxccl contaminated
persons excret'e in urme as much lecd as they obsom in sys‘emxc biood and since |
"’the body is thus cb!e to “"detoxify" any indusivicl pollution lead that enters ifs

fluids in typical circumstances, such lead does no harm) (11). | |

There was ‘c dearth of basic academic re;earqh on ﬂ;xe biochemistry of

lead in fhe.rperio'd' 19254196'5 , and Kéhoe"s work filled that void. The views of °

the lecd alkyl industries, cloaked in an cu ra of academic and scientific respecﬁbiiify’,v
fherefore remained unchallenged for forty yecrs and came to be reéc"ded as i;?\e
best medxcal mformahon avmlcble on the hezards of lecd pollution, instecd of .he
' defenswe propagcnc.’o it aci‘uc“y was. |

Influenticl pubhc health organizaiions, such as the U. S Public l‘e "

Serv:ce cmd some&pcri'menfs of Public Health in a few populous U. S. states end
~cities, were mdocfrmafed in their ecr;xest yecrs with ‘he view f"xcf lead poisoning.
- was an occupational hazard, and during fhe first part of the 20th cem'ury fney

' bapplned themselves with success to the alleviation of,;loss;ccl sec_:o poisoning among
ihdﬁsf}icl'workers. This view, at odd; with bésf public interest, had i.fs originin -
Europe during the 18th cmd 19th centuries. Corre}qﬁor;s Eefwéen _océupcﬂ on and |
- disease were d’eveloped by mta’dical practitioners during this peridd ints powerful
dmgnoshc mds. The obvuous vclue of fhxs practice placed the idea of occupchonol
health hazcrds ing mor‘ally nghfeous seifing, cnd fhxs, in turn, ccfed in two

unforﬁ'uno_te w'cys:( it short-circuited cny growth of an awareness of envi ronmenfcl
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‘hazards of lead pollution. In such declings, pﬁbﬁc health officials préfess to.

berl ié\};e that ind‘e‘pé»n&enf of motives, true facts concerning the hazerds :of fea’d
pol!i‘uﬁorn can bgd#c‘:érfd?ned by sci’enﬂﬁ;‘ methods, and fHese facts will then
det;fmine ‘fhe TssL»e, letting the chips fall where they may. An oufs.‘cnd?ng example
of such hypoerisy .is the study reportéd in 1965 be "The Working Grpup.éf'Léca :

Contamination" of the ﬁeclfh. hazards of lecd a'lkylsv, cnd made jointly by the

U.'S. Public Héclfh'S‘ervice,:;‘he California State Department of Public Health,

and various manufacturers and users of lead atkyls (15). This report, which absolves =

e lead alkyls of any po\”uﬁon effecfs and public heé!?hﬁhczcrds,'hcs*b'een fondly
- quoted and referred to by the petroleum and lecd ciky!b chemical industries in their

_atfempts to manipulate public opinion since 1965.

Research or the biochemistry of Ibecdbscnk into coldrums in the 1920's.

* Most of the basic work carried out during the next several decades has been
‘summarized and reviewed by Cantarow and Trumper (16).  Interést in the field seems
to have revived now that Kehoe's popular views have been disputed by geochemists

studying the isotopic evolution of lead in the earth. Some isotoses of: lecd are

formed from the radicactive decay of long-lived uranium and thorium, ard certcin

geological occurrences of lead are useful for dating rocks and fracing their chemical

history. 'In order to study common, ubiguitous minerals of geologic importance,

" investigators must .isolate and measure the isotopic compositions of microgrem cmounts
- of lead, because the minerals contain no more than that. These minute amounts of

. lead are extremely succeptible to contamination, and elaborate precautions have

been developed during the |qst several decades to exclude industrial lead contamination
down to very low levels. It was this background of an acute awareness of the |
pervasiveness of industrial lead. éom‘aminaﬁon combined vﬁth an éxperignce in.

Bohdli.ng small quantities of lead that helped geocherﬁiisfs stumble on to the discovery.
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" poisons; and it established the divine right of hazardous manuiccture.

-

-Several centuries ago, people had been on the brink of recs ;nizing lead
as the first great environmental poison, but the opportunity vanished as more and

more persons ¢ame to believe that lead poisoning was always associated with the

improper handling of lead and that a lack of lead poisoning was aiwdys aSsociotgd '
‘with ifs pr‘oper'h‘aﬁd‘!ving.’ The corollary of this belief upheid fthe divfne right of

hozardous manufacture: responsibilities conceming the heaith hazards of lead can.

be partitioned and separately assignec in each siep from mine, to factory, to home.

_The absurdity of this belief appears when one considers {to take only one out of a

multitude of éxamples) the ‘fi_fy thousand children in the gheitos of big U. S.

. cities classically lead-poisoned at this moment from old paint, whose brains, kidneys,

and livers are irrepqrcb’!yv damaged (12) : where, back along the tortuous
route fo the i€ad ore deposits of Mexico, does blame for this crime rest?

The classic overt application to the lead pollution problem of the idea

‘of occupational hazard. and parhnomng of respo'xsxb lity is the cction taken by the

“U. S, Public Health Servxce upon considesi ing the public health i"czcrcs of iecd :

alkyls in 1925, when it specified how the environmenic! poxso'x lead teirc nyl

should be manufactured wxrhouf acute hazard fo workers in the manu.ccru*mg piants,

but made no recommendchons limiting the cmounts to be mcnufccfureu,'cnd when

in 1959 it increased ﬂ'vxevmc%imum clldwcble recémmended' concentrations of iecd
".,q!k'yl‘s in gasoline, again wifhoﬁ placing limiis on the amounts to be mcnu;."cctﬁ}ed
{13, 14). Tﬁe ¥959 action is remarkable since it followed upon a decade of
“thorough pubhc mdocfrmdtton on 'I'he sublecf of env:ronmentc! po:sons broughf

~ about by the testing of atomic weapons.

Public heclfh orgc:nxzcmons have engcged in another practice de.nmenral

to pubhc mferesfs by workmg lomﬂy with lead indusiries in evclucfmg pubhc healfh
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.lt'h‘c:t”f.he oceans were being po!lu'fed‘wi.‘h‘indusfr‘icl lead. invé#fi‘gcfors were
interested in the oceans Because they serve as gient ﬂix?ﬁg bow!s for différenf
leads 8eﬁ#ed Frc;rﬁ‘dll lahds; Pollution effecis had nof bee-; prewously recogmzed
because ocean lead‘cohcehfrcﬁ’ohs are smcll and difficult to measure. .

As a geochemist involved in this work, | organized what was known

about ﬂ’xe occurrenée c:rid distribution 'o" lead in nctural and conteminated
. envn'onmenfs info a coherenf study and puohshed it in 1965 (17).
. To compare unknown natural lead environmenis wxi-h fypxcal, poliuted onas, i

formalized some enhancement-exclusion relciions amon i'ne alkaline ecrth grou
_ _ , , _ g the arth group

of metals in soil, plants, and animals, and then used the observed natural cbgndcnces ,
of lead in soil and the dbove relations as cnc.logues to exirapolate lead values in

natural food and human bodies. Thxs bod y burden value was c}‘ec&ec by mferpolchon

- from the human bod abundances of me“ais in crou 4—b and row 6 of the periodic
)’ P P

_‘table. It was shown by material bu!cnce co isiderciions that most of the lead in

our food, water, air, and bocxes probcb!y onginai‘ed "ro"n Eecd mines.

The- uverage urbcm Amenccﬂ mges?s about 350 mxc"og‘cms of lead

* each dcy in food and wci‘er and some 20 to 50 micrograms of lead in the air

he brecfhes. He cbsorbs 30 fo 40 m\croorc'ns of lecd per day into his mcm
bloodsfream, cbout half coming from the air. He hcxs en cverc:ge body burden of 200
m:lhgrums of lecd cnd an average bloed lead conce'ﬂ‘rchon of 0.25 ppm.

| suggested thcf the health hazard of this fypxcal contcmmc.ed state

could be evaluated from its pos:hon ona scale reachmg from natural, unconfommci'ed

: sfafes to classically iead-poxsoned states. This might be done on the basis of blood '
lead con:;enfmhons, since ‘rhey rise with mcrecsed lead exposure and i mgesuon. On o

 the basis of estimated natural lecd body burdens, it was qssumed that natural blood

lead concentrchons should be less than 0.01 ppm. Clcss:cc:! lead poisoning is
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- generaﬂy‘vcbzssocidfedwith _b.lood lead concenirations of 0.8 ppm. Since the
average American has 0;25 ppm of lead in his blood, | proposed that the évercge
Arﬂéﬁ_éﬁﬁ was sufferi ng severe chronié lecd iﬁsulf, probably wi ﬂ'x ca\}erse e.‘fect.v
| Na?ural lead states were defined in the report cnd it was shown how .
Kehoe had aﬁ’a:hed a nqturcl meaning to h:; term “"normcl™, and then uwd fhxs
ferm fo ‘d‘escri.b.e his analyzed subiécfs and their food, conveying the impression
that they were nafurc:-l and i;mpolluted when in fc.ci"fﬁey were fypiccl and polluted
wiﬂ‘; lead. It was shown how Kehoe had been camouflaging industrial ecd
‘ polluhon behind a fast shuffle of posed uncericinties: the exireme range of lead
concentrations in so:l (neglechng to meniion that the high urben vclues o*:gmc.ed
- from leaded painis and gasolines); the mu!ﬁ‘:udmo;;s natural !;ad coni'nbu’:xons o ~‘
. r R . fhe atmosphere such as soil dust and meteori‘.‘e smoke (neglecting to meni'io'n that the
| former confribiiteé less than one thousandin cnd the !dﬁer less '?hcn.one.bmionfh
‘f‘o‘F the lrecd in urban afr);’ and afmospheric lead contributions from such things as coal |
- smoke (neé!ecfing' i'ob mention the observed one-to-one correlcions beiwean
automobile traffic, ccvrbonb monoxice, and c‘rmbépheric le;:d, end the fact thpt a
coal-smoke tracer, vanadium, is foo low by a fc;tar of more than a h_dndred fo
‘indicate signiﬁ;cnf ’coritribuﬁqﬁ of lead by coci-smoke).
Kehoev's famous ‘proof éf.-lead écui!ibrium in ‘Be body,obi'cined by
~ measuring lead in fhe food and excretc of severci men,was shown to be erroneous
o because he had neglected fo measure lead inputs fo the body from the hngs, and hcd
- assumed thcf all such lead was excreted w""noui' sforcge in the body (18) .
A slmple case of assummg"rhe concluswn -a rci'he" serious mistake on Kehoe's part,
. smce some of his sub[ects cppcrenﬂy smoked and had very large lead mpui‘s from
fhe lungs, Hss assumed conclusxons !eﬁ him i m a pos:.xon unable to explain how hxs

. _ sub‘ects were. perhnenf ?o the publ:c at large if fhey did not have “ypxcol body burdens

ﬂaﬁu-ﬁm-w%mm




" of 200 to 400 mu!hgrams of lead and how i'hey acquired them if they did. It Wcs
poi nted out that there was no bxochemxcc! know!edge a‘nrmmg the hcrmlessness
of nndust'ncl lead cwculcumg ths ough the bomes of polluted people. By merely
observmg ksdney excretion, Kehoe did net prove non-interference with cell |

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

shov&n fhui' Kehoe's concep? for a thresho'aa of dc.'nage was d‘er?ved from circular

reasoning, and that success in reducmg the mc:dence of c!css: cal lead poxsomng

among industrial workers did not consiitute sroof that the caly form of lead

, po‘isonihg was -j‘hat defined by practi foners of occupational medicine ‘(71'7, 18).

“The U. S. Public Health Servipé and the Cc!?fomfc Sﬁ}e Depcriment .
of Public Health Qeré criﬁcized,in my répo;':‘ fdr.refuﬁipg to repognize, in their
coo’peraﬁ_\?é sfbay with the; lead i.ﬁdus?ﬁes, that lecd alkyls ha&- elevated the body
burdens o_f lead and 'i'hgac‘ohéentrqﬁons of leca’»in the blood of ‘_urbcn Ameri cans,end 3
fhat‘exi_sfing levels of lead contamination xr people were causes for clarm - noi‘-
compldcency. . |

ng

‘Public Heclfh officials operate with "facis”, |us‘ cs !cwye'rs and -

engmeers do, and not being scieniist s, fcil (or refuse) to understancd that rhe'e are
o “facts” as the th i -1 i that de
no “facts" as they envxs:on em in the realm of science, and that science does not

operate to reveal objective truths which will solve human problems dispassionately.

*This point is admirab!y illustrated by a sequehce of events related to the repprf

:ssued by "The Workmg Group on Lead Confammchon" mentioned cbove. Me’nbers

. of the Cahfomla Sfcafe Depurtment of Pubhc Kealth camed out mves.xgchons oF

lead conceni'rahons in the blood of people and in S‘he afmosphere of cities cnd
|omed the lead mdusfnes in not ‘recognizing i ‘hc. a correlahon existed (their 1965

i:epg;r) . ln 1_966 l prgymled-upon’the Governor of California to direct the' Department.
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of Pﬁbfi‘c Héclﬂ‘i to re~evaluate their position, and they issued such a report ?.nM :

1967 (.19), in WBich “l:h_ey, reversed j’hefr earlier position on the same data and

"~ explicitly reﬁogn?”‘zed thot lead alkyls are the source of lecd in urban atmospheres,

and that lead cohcgnfra{‘ifsns in the blood of people Yi:v?ng in cities are elevated

as ¢ conséquen:‘ce. -T.i‘ae‘principa-! cui’hors of the Celifornia report then published |
“their views in a sc1ent|f|c ]ournal in 1967 (20), which resulied ina c:spufe and
polemic with Kehoe (2 1), their 'Former ally cnd chief co-cw'nov oc the 1965 report
The pefroleum and lead alkyl mdusfrxes, in referrmg to fhe 1945 joint reporf take -
care fo neglect to mention. these mfereshng cduencc

Public hec‘!’rh agenaes show a disma! lack of leadership, vision, and

-~ resolve in defendmg the pubhv* s heol‘h as mxgn" be expec‘ed _since they are

staffed wﬂ’h compromisers, the most successful being fhose who have dxsplecsed the

fewest in power. The U. S. Public Health Service did not rush to consider the

'hazade‘of lead alkyls, as one might infer from propaganda commonly aveilable.’

Lead fetrqefh}'l was manufa ctured and marketed without a twitch from thet agency

until poisoning ’scondals ossocidfed With its manufacture broughf legislative ores#ure
to bear on the serv:ce, and it was f_r_gg_d_fo act (lead alkyls are exfreme:y ponsonou:. |
in puré form, and the effecfs on the brcnns of ccufely poisoned subjects induces

blzorre behcvnor fhat is d«sconcemng io observe/.

‘Public health agencxes are pcfenfly uncble to conducf evaluative:

. mvestvgchons that turn out to be truly defenssve of publxc health. In 1939 R

 the U, S Public Health Service was involved in an extensive mvesﬂgchon

of public health hczards ongquhng from lecd arsencte msechcndes on apples

22). 1 concluded that there was no harm to the _publ,xc‘af a level of 7 ppm-
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lead _in',appl.e‘s (this maximum permissible level is still o regulation today).’ Kehoe,

'dp}ing this same time, was obtaining data on lead ingestion showing that 1.5 ppm
i ?oodvshauldgwé rise fo classical lead poisoning in a matter of months. The .

: ‘cor\;élius?bn's' of the Pubiicf Health ‘Se‘rvice were dictated by matters of e;onbniy

‘»‘hen, ‘and it is hke!y that they alwcys will be._
My reporf was prm':ed in a journal that be!onged to H‘e forces of
occupational medncme and lead mcus_:‘nes. This stirred up @ hornets nest of

opposifion; The furor acted to rally forces opposed to lead pollution, however,

" and a vigorous, well publicized, controversy ensued both inthe U. S. and in

Europe (23-25). The reverberations from that controversy and the renewed interest

“in lead biochemistry which it stimulated was so influential it brought to a close an -
" era, lasting forty years, of the complete domination by indusiry of the accepted

‘medical views on lead pollution.

Much anguish and bifterness accompanied this transformation. Kehoe's
associates in occupational medicine have been ouiraged by the indignities imposed.

on a prominent co'!!eague who coniributed so-much to their field.. They recognize

V_fhaf the pr:vnleged posmon of occupchoncl medicine in ministering to pubhc hech‘h

: whlch they long enxoyed, is now bemg senously chcllenged and they fear and

resenf this. No one wcni's or hopes for such personal "rcgedy, bui it should be

": pointed c_:’»ut.that tragedy has not been or_xe-sxded. The editor oi the lour_nc! in
‘whi‘dh' my‘pape‘r appeared was severely crifié?zed for allowing it to be pub!?sh'éd.
v.Frxendshxps cmong medlcal pracﬂhoners and researchers in pubhc health cgencies
cmd in mdusfry beccme stra\ned I have been msu!fed in numerous pub!xcchons and
on an Au‘nternahpr_xal scale. The Amencczyn Pefrol_eur‘n lnstsfufe; cancelled fhe:r'supporf .

- of my research. laman qimoéf,pure end~-member of the species Scientist, and yet am
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v a.'egcs;d‘ed as a crusader. Now that is. the unkindest cut of all, because, as o
eonsequence’, my contributions fo constructive and crecaﬁve .e‘soecfs of the
‘ Biogeochemisfry of m‘efde and problems 5{- lecd po!iuﬁoh are ignored, and my
, ‘nome is conf'ned to degrcdmg con{'exi's in sense..oncl bc itles.
will recent advances in knowledg‘e about lead poiluﬁon help in its

evenfual ehmmc:i‘xon‘> Hordly. in a recent conference on man's chemical
: unvasmn of the oceans, it wcs made clecr that it was no. know!ecge that govemed
acﬁon on poHuhon problems, but emotion. K':owledge of leoo pollution does

lend perspective to man's broader prob!ems, however. The e’eyeaopr:j. nt over the
last four and a half thousand years of bott lead. ‘echnolog/ and ifs associated
: envnronmeni'cl pollution, from its be..xg'u origin fo ifs co;csrrop’w c dxsiocc.xo'x of
ourse!ves from our animal heritage, is nof singular. Instead, it is much hke-c
small, comorehensible; working mocel of our whole world of difficuliies - ¢ world"
 that seems too big'and comolex to undersiand -~ for scientists, af lecst. o

We hove developed fech"zo!o"-y in our world 4;3 an uhbecroblef*e'::zy,-

.cnd we huddle, overcrowded and terrorized, in nc.honcﬂ icils, hopmg mcf someone.
~ will find a panacea that w:ll banish i'hxs unplecscnfness. Well, we can see irom
the example of lead pollufion that no help can be expecfed from industry, our
E ‘ “serv_onf" which .pro(/ides the paraphernalia we cherish. Nor from the public agencies
: ) that are eupoosed to guard our health and kéep our food, water, ond air wholesome
~and free of poisons.. _thf abouf fhose saviors of mgnkmd the suenhsts” -

People want to be deceived by the new whxfewcsh fhcf has been poured

over scientists because fhey are afraid and seeking help, buf the centuries o!d

B

' evaluuhon is shll true: scientists are colc-hecxrfed murderous egomamcxcs. We
‘would all se“ our mofhers to finance our ex,.,enmenfs, and why not, since mosi' of

qs huye had ;our’wwes qnd children in spxr;fual hock for years, and-that's dedication,

-
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" a noble virtue. Scientists have tiny intellecis. Consequenﬂy,‘ our philosophy is

- of the kindergarten varie":y. We resolve everything our senses perceive into the

simplest: of abstract forms. The phi!osophy of science is a name for the activities

‘ oF some phsloso;:hers whose sublec. is science. 1t is not meant that that term should

dignify the dhlldislh Falths of scientists. We are ccmgem.clly a"norcl Human
rela‘nons are too compls cated and vast to be scueezed into our small mxnds; therefore
sciEnffsfs sub.je:cfed' to the hazards of pecple are uncble to understand them, .and
fear '}herﬁ. T his'méde it easy for us 1o band together and devise a way to roast

ahve severcl hundred thousand Jcpuwese cxvshcns fweny years ago. Any normal
human, confemplahng his part in that hxdeous crime, wou.d go mad. Zut w‘.e,
manage f_o sprvive, someﬁmes being misi‘cmen ‘rpr crusaders, even. Scientisis

are problem solvers. .Not wortt.while Homo sapiens scpiens proslem solvers,

like creative men in the humaniiies, but dinky little problem solvers, barely
on a hominian level. We are completely hooked, like any common junkie, on

the mental orgasms we get from solving our cbstract problems. But our activity

" is revered by others as basic research, and no one, except maybe our wives, wants

us to. go to Lexingi‘on and get the .nbnkey off .

r

Does this mean that scienfists are not speciclly fitted to solve our lead: .

poHuhon and other problems° Yes. It is not (ust that scientists might suggest

wrong soluhons , for there are no soluhons to human prob‘e-ns, cmd eny recourse

" thci' is taken will eventually prove wrong, buf scxenhsfs are congemfally incapcble

of understcndmg whcf fo do about human problems. They are not wise. They can

only abstract things into “inhuman form and discourse on arid problems of ralchonshaps

among these abstractions. Cons:der this essay, its subj 1ecf ‘and ifs .aufhor.‘ it'sa

typical smenhf‘c producf and it illuminates the unbndgecble gulf that separafes

scuenhsfs from what fhey mcy even yeam to do socially.

0000-NLI-000020829

m—




B B S A 5

e P

- 18 -

none

The barrenness of the ,scien.x*:c intellect does not result from the

mere fact that the scientist is @ probfem—solver, rather, it derives frbm the

' nch;re of his problems and i'he manner of fnexr solutions. Hxsi‘oncns, for example,

are also problem-solvers but i‘hey are dx.rerenf‘ placed on the intellectucl

“ :tccln., Let both the sclentlst and "he historicn be presentec with, say, a table of

dafa on silver produc.ﬁon wherein cnnuc. sElver produchons of a.ncﬂon are . .

cited to twelve s;gmﬁccnf figures. Thexr reacti ons will be chcrcc‘er:shcc ly

- different. They are bo‘l‘h aware from a s.c—acpo int of simple scienfific meaning,

that the quoted produchons.cre probcb!y. not. cccurcte fo more rhon the first fwo

slgmf‘ccnf figures out-of the i'we.ve. The scxenusf after c‘os.rg his jaw whxch

hqd dropped open in astonishment, will round off ?he Icst ten of the twelve f ngures.

. The historian is not ¢onfined to such a miniscule activity beccuse his larger

awareness of human relchonsh.ps wz!l drive hxm fo seek non-scientific mecn ings
in fhose last ten not-zero fsgures. Unlike the scientist, the hxs*o..w somehow

undersi'ands beforehand fhcn govemnen. burecucrats do not issue tebles of ﬁgures

for scnenhﬁc purposes. The scientist believes he understands the meaning of the

sfcfemenf "“The accurcc.y of my conclusions, which involve cnnuc:l p roductions

of silver, depends upon the accuracy of rhe recorded silver production datc”. But

from the historian's vant_cge,fhis may sound like, "The accuracy of my determin_aﬁons

of the boiling point of water depends upon the accuracy of the water (26).

‘ CehsEiously or subconseieusly, most scientists are aware of their infe!lectuc!
.deformxty, and’ fhey fry to deaden this awful percephon with the ncrcohc of

‘ scaenhf' ic research

The problem of lead pollu.xon - all of our i'roubles for that matter - dxd

'nof ongmcfe wsfh our generci'xon. Our froubles evolved cnd they will be

‘ -dussxpcfed by further evoluhon info even greatfer froubles. -Although this may seen_'w '
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' hke we are, efemo”y dcmned For bemg human, it really means that while we

live as a wholesome part of the umverse our understondmg of whot we are logs

il:ual'm'ad what we'do, so mosr of us live in ignorant terror.

Three million years ago the bxosphere achxeved a recogmzob!e means

of engaglng in overt technology with the evoluhon of prob! em-so!vmg hunfers. i

It resided in fhe power of abstraction by those eorly Pleistocene mon-hke apes,

. and depended sxmply upon their abxley to pause and reflect after sensory
‘stimulation and before responsive action. Possessing the re\.u:red body s.rucfure ;

‘they could mompuloi'e their environment ot will of fhen‘ abstract m.eHec?

The origin of any fec‘molo::y cennot.be described in ferms of a

specific event &t a given fime, however. It lies buried wstbm the evolving

biosphere as a driving force, a speciacular example being  the way in which

living orgon‘isms crept out of the seas, took over the lands, cr?d modified basic

geologic mechanisms opefoti‘ng at the suricce of the earth. “Plents did not }ust' move
large mos§es of hydrocarbons. out of the seas onto borren wcs%e‘. nds.fo fransform
them into gardens: inhabi ted by animals. T..ey chcnged the manner in w"nch the

forces of wecfher and si'reams shified huge masses of land They obruoﬂy siowed

o down fhe ropxd erosion of mountcins and for fhe first fime permitted brocd elevations

of land masses to occur. Because fhey created soils and grecﬂy reduced the rapid
'dumpi.rig. of coarse debris info basins adjacent to mountain chains, they promoted for

the ﬂrsf time the long range transport of gigantic masses of fine clays to the open

‘ basnns of the ¢ oceans. Thxs not only greaﬂy aH‘ered the charocfer of fhe oceans and

‘ _fhe:r sediments, but nf u‘}so modxf' ed fhe role which isostasy had p—ewously exercxsed

in volcanism cmd mountfain buxldmg, and so modxFed the evoluhon of continents

ond ocean bosms. We cannot' look wd‘h selechve horror upon man's desfrucnon of

forests and arable lands, h's exhnchon_ of animals, his rape of mineral depo;xfs,
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cnd his pollution of the air, seas,. and !hnd for it is an inherent characteristic -
of ﬂ’ne evolvmg bnosp‘iere to fry to Feed upon and modxfy the surfcce of the earth. :

But man's i'nbulcshonss are notf just ¢ common mcmfesfahon cf a long—.

' continved process. He is the precursor of the evolution of the b;osyzhere onan
e’n’ﬁfe!y new level. In striving foward new, different forms of technology, the
' bios?phere is now evolving on a non-—mdrphologiccl fevel amid ramifications and

‘niches of emotion i‘hcf never exisied before. !r“.me’sed within that miiieu we

have loo&ed back with fhe cnd v.ew of scientists and hcve descnbed evolu'hon

ona morphologlcal level, but we have not yef lecmed to cpprecxc.e the new .

evoluhon of anguish on the emohoncl level.

Capping the fossi| record in geologic strata cré new cdditions: _
increasing éoncenfraﬁons of indus%ﬁcl ‘ievcxd. T‘ney'do not Simp!y mark new
aspects of‘ph)?sicci -evéluﬁon. They signify the probing of life c!ong fcx"v more

wonderful and ’re‘fﬁble avenues of emofion than have ever ex.s‘ed b ore. The

‘prophets of the world's grecf relxg:o'\s said it in dsf‘e.em‘ but irue, wo.cs. In

twentieth cenfury ferms, technology is the devxl within us, the fe-rp.c.xon to evxl
we musf try to masfer. : | »

At leosf fhe lecd po..ution pro ‘ em may be solved. How? By Oregon
wheat farmers and _Cu!i‘forni'a corn growers . The whect farmers want the government .
to build >huge alcohol stills, buy fhé carbohydrate porf}on of their whed?.ci' cost,
and convert it fo dlcqhol., a substitute anti -kn‘o'c.k for lead c‘lkAyis at no»ex‘h‘a cost
to ‘the‘ tﬁofoﬁsf Thi§ WOuld pay for fhe whecf and the stills \c'nd the government
would come ouf even. The farmers would keep the protein portion of the wheaf

ond mc;ke a prof’ t from xt as feed concenfrc.e. The auf'Omobxles would run fine.

’ Smce !ead alkyls are not made in Oregon cmd they are poison, whxie whect is

grown in Oregon cmd burned clcohol is harmless, fhere is every reason for fhe
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state legls!afure in Oregon fo bcn lead and boosf alcohol. Oregon can necﬂy
. use all it can make. Ncw, Califomnia is right next to Oregon, and is the

‘leadmg farm sfat'e m fhe nahon wxfh a powem,l block of fcrmers. Even more

alcohol can be obtained from corn than from wheat. Excosed to Oregon's excmple,

California may succumb cnd if Ca.xfo"mc goes - lock out Ethyl Corpora.xon‘

God bless the Oregon whect farmers.  [f they con do it, what ?hey do may turn

out to be wrong. eveni'ually , but it will have been nghf af the fime.
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