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TETRAETHYL LBAD - THE DISPOSITION OF AN INTERNATIONAL

CHEMICAL HAZARD,
by
E‘:Obert Jic ;:C‘h‘)E, f&.Do

From The Rettering laboratory in The Doepartment of Sreventive Medicine
and Industrial Heaith, College of Medicine, University of Cincinnati.

1. Introduction.

This discussion of an international problem of occupational and
public health, wore than thirty years after its emergence, and at a4 time when
tut a few persons appear to be concerned about it, may scom to have 1ittle
Justification, Tetraecthyl lead has long been accepted generally as a vailuabic
aaditiye to gasoline for use in autonotive and aercvnautical gasoline, and
satisfactory weans have been found for tho control of all of the cccupational
hazards that have been asscciated with its preduction, its transportation, aad
its additidoY to gasoline. Inasmuch as gasoline containing tetraethyl load in
cozmercial concentrations, when distributed through normal commercial chamncls
and when used for its intended purpose, is not appreciably more dangerous for
its handlers and users than are the petroleum hydrocagbons of which it is
nalinly conposed, no further reference to this aspect of the patter ncod be made
herel).

The question of the uxtent and significance of the contamination
of urban atmospheie with lcad fxom the exhausts of autcomobiles was raised loag
ago Xor iavestigation, and has been uader ¢xamination in onc way or aanother
and from time to time, cver sinée. A degree of conceyn on thls score has reappeared
recently in at lcast one section of the United States in connceticn with the
general problem of -the pollution of the air with products of the cxhausts of

automobiles., This has been heightoned to some extent by the decision of the
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paselines in the Undted States ald Cunada Dy & 2mail inovement, and by

the coasideraticon of the matter on the nurt of the Mnitcd States Public Jealth

Service, when comsulted by the manufacturors and distributors of antiknock

widitives in this country, and by the issusnce of o Joraal repowt theroon,

Ly the Feblic llesklith Smwzce(zi\z further stimulus o some reosmaminaticon of the
ty

vatize problen relat;vw to the uge of leadegontaining sotiknock preparstions

has aricon out of technglogic considerations that have prompted and initiated

the use of totramethyl lead ag o .e.m-{fitwmt, or perhaps 43 u substitute in wholo

P in part, Jopr tetracthiydl lead,

It is not the pukntre of thizn super o discuss the hygichlie lssues

iavolved &n the & srentioned rocent develoments in the apwlication i iead
cunpounds o ¢ sEoduction and cistribution of Ldddiovotane autonabile fuels.

Ividenice goncaestiing the sioniiicunce of thoese developnonts in rdd ation (o
industrial and sublic health has boen assepblod elscwhore wnd wiil he cbiained
aad published more fully in due courss. Sather, it is our intention to call
uttc;xﬁi&;ﬂ, Lriefly, o cortaln policies i procedures instituted in 1036 Ly

tho {at that time) sol edistributor of leud-containing antilnock conpounas, with
the full co-operation of the fud that timo} sole swnuiscturer of fotraotiyl iwad,
agting with the full uowledge and the informal «dvice, Ifroo tiae 0 Slee, oi tho
dnitod States Public Health S.rvice, These policica and proceduses,waintaincd
and oxtonded hore and abrosd sinee 1920, with mowdifications and fuprovemonts
indicated By extonsive resourch and applivd and tested Ly practical oxporisnce in
several indaustrial organizations now involved, have surrounded o hazardous chasigul
industyry of international proportions with hiygicnic safeguards which Luve provoed
to be bighly offective., This is not the tine or pluce to talk of details, aor

would any useful purposce Do served by an attemplt to pive oredit where creait is



gus to the muany individuals Gad groups that have cuntribuloed daportunidy

to the success of a joint efiort., Curtoain principles have evoelved out of the
«¥pericnee of the years, howuever, and may aow be visualized., That theso
srinciples are said to have woived Tout wi experience’ is o plain stalement

of Fact, and in the form presented here they ave the product of retroapective
gynthesis. They may Re the more useful for thelr sipplicity and for their
spplicability to other hygienic problews in the complez fabric of wedern ia&ustry

and technologic life,

2. Certain Principles of Industrial Hedicine and Hygiene as applied in
L]

fhe sanulscrure and Transportation of lead-Coplaining Aantiancoi Coaoounds
«nd in Their Introduction into Gusoline, »

.

- {1} fayaivlogie aau %éxicalagzc,§hvestigatisn
The ¢irst provisiom for the introduction and commereial

sxploitaticn of totyaethyl load on a proad base 1ay Iin o program oi investisaticsn
whteh would roveal its overt potoentialities for injuring perscus who m;ght P
subjectod to exposurs thercta ot any point in the operations, That ;égi princinio
was not recogaized and acted upon carly enough to ward off 21l vericus ticuble,
i & Izt of history which has seryved to dramatizse the walidity of the prineiplc
sather than to vitiate 1€, Tuifice it to say, lere, that uiter 3 tragic astart
which halted further commsercial sctivities Jor & time, and Drought forth sn
cxtoengive interis investigation by the United States Public Hoalth Corvice, the
industry resumed its course in 1526, and this timeo developed ¢the varicus parts of
its hygienic rogizmen in propar seguence., Lvery antlclipatod piocedure was planned
with an eye to tho carefyl interpretation uf the resulis of preliminary toxicologie
investigations, and was carricd out undor a technologic scrutiny of tho resultant
envirvionantal conditions and undeyr o ¢iinicil surveillance of the persounnel involved

therein, a point which should Le ¢rphaaized in this relatiocnship is that the
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toxicologic informaticn cbtained by more or less conventional procedures

of the laboratory were anot sufficient for the purposes of industrial hygiene,

Such information had té be translated into technelogic methods for the quantitative
measurement of the relevent features of the enviroamental hazard, and, more
importantly, into meaningful techniques for discovering the physiological and
clinical responses of exposed personnel and determining their significance. 8%
impulse to inject some collateral comments into this discussion at this point is
almost irresistible, for indeed a vo}jume could be written on the irrelevance and
the futility of much of the conventionalized toxicologic rigsmmercle that has
developed during the past two decades, in so far as effective weasures of industrial
and pubklic health are concerned. Multiplicity and'comslexity of piocedure have
been substituted for clarity of thought and singleness of purpose in ascertaining
the facts concerning human behavior in a potentially harmful environment. Let the
physician, especially, consider the facts of biclogical life and reéember always
the ciassic axiom that "{he proper study of mankind is man’. This is not to say
that there is not virtue and necessity in purpcseful and well desiguned animal
experimentaticn in advance of human experience, Many oi the alleged refinements of
such experimentation, however, and a large proportion oif those not concerned with
physiologic mechanisms, are comparatively sterile and wasteful of time and money,
in the sense that the tine and money could better be spent in the development and
application of methods for the investigation of the reversible responses of the
human organism to noxious or potentially noxious environmental conditions., Be
these controversial matters resclved as they may, the fact remains that it is
necessary, in confronting the prospect of human exposure to unexplored chemicals
and physical agents, to investigateyin experiments with animals .the means of aceess

of such substances or forms of e¢nergy into the complex organism, to establlish, at
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least in 3 descriptive nanner, the effects of such an invasion in teras of
dosage and duration of exposure, and to discover, if possible, weans by which
the threat or the actuality of the attack oﬁ the organism can be ascertained
before it shall have caused scericus or irreversible damage. With these facts
available to the extent that is mandatory under the circumstances, the essential
features of cnvironmental control and of medical supervision come to light, at
lcast in preliminary form.
k4

{3) The ggéign af{é%mmercial g;erations

The primary features of the production and distribution of totracthyl
lead, from the hygienic viewpeint, were predetocrmined by its iatended use as an
antiknock ageﬁt in a low conéentraticn in gusoline, If it was to achicve the wide
use whieh alone would justify 1ts continued existence, a large quantity had to
be manufactures, transported to appropriate sitces in apgfopriate containers, and
intrcoduced in cxact quantitics into gasoline. 211 of the onerations that iavoived
opportunities for human contact with, or hazardous exposure te, this toxic matorial
had to be subjected to direct and thorough hygienic control, The feasibility of
‘such coatrol in the nation-wide and ultimately world~wide automotive tiransport
industry depended obwiocusly upon the ilnltation of such emposure to as fow sites
as pessible and to comparatively small numbers of cxposed persomnel who could be
instructed and supervised both technically and medically. There was no hope that
tragie results could De avoided through the more igguance of instructions to the
persons rogponsible for the varicus operationg., Such a picus gesture would only
have been a disclatmer of responsibility. Consequently carveiul consideration had
to be given to the developunent of a pattern of commerciul operations to which the
cassential hygienic regimen could be applied. This resulted ia the concecatration

of manufacturing activitics at sites where cxpert technical and hygicnic and
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medical facilitiss aad personnel could be assembled and joined in a ¢o-prdinated

affort tc examine and improve manufzacturing processes and equipmenejavw.uwm prosmees
- and also supplementary measures of environmental control, as well as satisfactory
medical procedures, all in the interest of reducing the occupational hazards and
eventually bringing them under complete control, It is important to recognize
that this can almost never be done completely in a new industry in advance c¢f the
worlk of industrial production. The best of planning in advance is certain to
be lacking at certain points and to regquire modification in practice.

Careful consideration had to be given to the problems of

transportation, to the end that accidents in transit would we reduced to the

minimwn, and that no person should ineur exposure inadvertently or without

w

knowledge of the risk incurred and of the means of avoiding such risk., Thi
required the use cof special containers, distiactive labeling, special handiing
adajrted to the reguired methoeds of transport by rail, ship and truck, with
particular reference to transportation from consigner to consignee without
iantermediate handling by untrained persomnel, Fully informed employees of the con-
signer were always available at sites indicated on the labels as peing subject to the
call or transport personnel for advice and direct assistance according to need, The
acceptance and the handling of shipments at destinations were dealt with by
instructed personnel, so as, under normal circumstances, to leave no opportunity
for mistakes of judgment or performance by uninformed persons,

The decision was arrived at early to limit the sale and distribution
of antiknock compounds to gasoline refiners, and to make every reasonable attempt

to maintain at a minimum the number of sites at which the antiknock preparation
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appreciated by notinig that the inggial plan, prior to I088 and hascd «m

convenionee of distrilution, yvather than o5 sadety, woas that of dlspensing

the sntiimock compound Jrem ocoall cans supplicd to the oporators of pasoline

service stations. The contimuaticn of this nroccdure would have subjectes hundyeds
of thousands of service stotion attendants €0 o potoptially severe and uncuantrolilable

hazard.) odel cquipment for wmixming was designed {and further developed subscouently

to liamit the exposure of mixing persontiel to aluost nogligible proportions) by the
cistzibutor of the antihmocek compound, and the Laumhaaor was reguized {Ly contract)
to hudld angd esploy eq&izﬁnt haged on o blue print of L{ismodel, Dotailed
instructions were issucd ioxr the mixing procedures sud for the appiicativa o

hyzicnic measures therei a, and & regisen of tochnical supervisioa m‘.’ the niziag

nlunts and of owdical seleetion and superviasion of tho pdming personncl {epplovecs

af the il companies) was devised and earried cub by the distributor of thoe sroduct.

The cuthority of the technicsl cnd medical stage of the distribultovy to supcrvine
ang regulate theoao u‘zcx'auc'm wa:a nrovided .;j contract. The nature of this z*e,f;i.:c.n

/’«{ (E' ggkiwnn‘:v'i PR C]t-f . pf'?«f.l *’6_':"(‘

was such as to cnablo the districmtar o) W—WM&&@MX a1 .:xtl’ a.i:'
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cecordance with the bygicnic pyowisiony of his \i xijical advisors. Its effect was
—— e W e st

to achicve conplote conitrol of the occupational hazapd. HNo cape of tetracthyl Ioagd
sotsoning Jag ever cecurred in contection with thoese cdsding operations in the
United states and Canada, azd it i3 believaed that :zzéjfe have occurred in othoer
countrics in which this regimen has boen followod consistentiy. {(Documentary |
evidence is not sufiicient to substantiate fully the latter part of this ztatcment,

tut its cssential accurscy is not in Coubt,)

3. Ipecial Situatiens and Supplonentery Procadusron
A P ’
{1} Gasoiing /(tc)'::xg;c F.auia
/J :
A0 wnanticipated hazapd ol serlous proportions appearcd within the

rerzineries ami atorage plants of tho@s oil companics alter a fow youra of operation,
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in that men engaged in cleaning and repairing large tanks {more than 1000 barrels
in capacity) used for the storage of leaded gasoline w§re found to be subjected
t0 hazardous exposure to tetraethyl lead and its decomposition products. The
preblem was investigated and adequate precautionary measures for the contrel of
this hazard were developed and issued to all of the distributors of gasoline
soon after the first difficulties occured, Afterwards, to the extent that these
precautions were applied faithfully, no further cases of poisoning developed.
It has been difficult, however, to achleve and maintain a general awarencss of this
hazard, and to ensure the application of the precautions at all outlying peoints
of storage throughout the world, and especially in those under the control of
military organizations. Irequent changes in military personnel, and the
practice of farming out the maintenance jobs to contractors who may not understand
the problem, plus the difficulties of access to some of these tanks, have been
responsible for a number of serious casualties, Nevex the less, the distributors of
lead-containing antiknock compounds have persevered in their efforts to inform and
remind the appropriate persons in military circles concerning this wmatter. Such
difficulties have not been limited strictly to military storage tanks. Because of
the geographic scope and complexity of the distribution of leaded gasoline in the
United States and Canada, the distribﬁtors of antiknock compounds have found it
necessary to set up elaborate systems for exchanges of information and for on-the-
spot consultation between thelr organizations and those of the oil companies,
whercby the cleaning of gasoline storage tanks is supervised by trained personnel
throughout the country.

(2) Operating manuals.

Another feature of the hygienie regimen in the varied operations

of the tetraethyl lead industry, to which reference must be made for the sake of
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coupletness, is the use of detalled opersting :snuals in which, encrully,

Lyt act without cxoeption, ingtructions 2or all vporatlions «ré qccoupeniod

Ry iustructions with roespect to aafely and heelilh. These are put into the hands
of tho approngiate people alkd are usod regulariy both in fzstructing the aew
personnel and vesdinding more oxpericnccd perscns. These nunuals are roviowed
irom time fo time and brought up-towdato, In this senner, a high dopree of
unifommity of ingtruction and porlormance is seintained, It is also the

sractice to Tapruduce certain cssontial operating nrocoduras {ouch as those
congerned with alxing operations, the cleaning of jescline stopage tanzs, and the
sandling of concentrated sntillsck cospoundia in research und testing laboratorics)
Ji slocards, saxd o post the latier in conveniont placos fuy roforonce Ly the
opeators, Fandlisrity and congpliance with the juastructions in cwwals wnd
siecards is reinfoymeed Ly close supervision and periudice #c'-sindfs{atrizmi:izzzrz i ail
sserating nersonnel.

{3) Consultotion with cecupationnel health authoritics in
aress of oporation,

4 s8till Zurther procedure, which grew oul of the considozed
»

2

salicy of the Smoricun tetraethyl load fndustry o sonduet ftoell reppunsibly in

R

it opezations and in its informal rolations with the United States Public Health
Scprice ia the absense of any gpeciiic legal vegulations or logislative nastoents

in tho United States, was that of fulorming the reepuasiblie authorities in varicus
wehor counttrios into which its pocduct was io be introuduced, of ali o the hygientlc
facts and oonsidorations that had come to light cut of rescarch ard cxpoyrience, me
roascn Sor this policy, oo doubt, was the hope «f avolding dogislative and repulatory
2povisi s which might complicaete international ng;:cs'ationé and provida sorisus

Shatacles to tho establishroent and mainteRance of an oggentially uniiors oregisn ol



industrial hygiene, Probably, however, the principal virtue of such a pelicy

in international commercial cperations of an hazardous type, is that of offering
full information and co-operation to responsible healthk authorities and secking i
in return theilr advice and assistance in achieving the best results within their
i
area of responsibility. Almost without exception this has been the outcome of |
interviews and exchanges of iniormation with governmental authorities in countries
outsidd the United States, and the results, in terms of a reasonably uniform
international program of industrial medicine and hyglene, have been generally
satisfactory. In a world of nations whiéh have failed so sigﬁally to £ind common
ground for applying their resources and skills‘to thobasic needs of their peoples,
it has been a refreshing experience to encounter reasonableness and willingness
to help, singleness of purpose, and general frecdom irom personal and national
prejudicés among our own proiessional colleagues in relation to this'international
problem of cccupational health. I would be negligent and ungracious were I to fail
here to give testimony tq/g§;§eus of international understanding and good will.
{4) Medical consultants in operating areas.
One other point may be worthy of briei mention in passing, because of its
relevance to the poliecy and procedure referred to in the previous paragraph. It has
been the practice of the American and British companies in this industry to seek out
and engage the services of competent and reliable medical consultants in each of
the countries in which their product is used, The duties of these consultants vary
with their location and the extent of the operations within thelr area of responsi=-
bility. In general, however, these consuliants have recognized competence in the
ficld of ocecupational medicine in their own right, and are informed concerning the
medical problems, policies and procedurcs of this industry. It i3 thelr function
to act professionally for the industry in seceing that the laws and practices of their

own country, as well as the requirements of the chief medical advisors of the industry,
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are complied with, and that there is an adequate oxchange of pertinent
information. Throush such a nrofessional ariangement every reasonable

provision is made for the instruction and medical supervisicn of these whose
exposure to tetraethyl lead pay bhe hazaydous, for the attention ¢f all concorned
to theiy personal and cccugatianal'r&apcnsibilitiea)anﬁ Tor the agiantesance of an
hygicanic regimen which for wmore than thirty years has demonstrated its adoguacy

wvhen it is achered to with persisteonce and understending.
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