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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 Iaboratory in The Doepartment of Sreventive Medicine
and Industrial Heaith, College of Medicine, University of Cincinnati.

1. Introduction,

This discussion of an international problem cof 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 valuabic
aadditiye to gasoline for use in autonotive and aercvnautical gasoline, and
satisfactory weans iave been found for tho control of all of the cccupational
hazards that have been asscciated with its preduction, its transportation, aad
its additidoY to gasolince. Inasnmuch as gasoline containing tetraethyl louad 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 hydyrocagbons of which Lt is
nalinly conposed, o 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 cxhausts of autcomobiles was raised loag

ago for investigation, und has been under cxenination in one way or another

and from time to time, cver since. A degree of concewxn on this score has reappcared

reecently 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
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paselines in the Undted Status ald Cunads by & 203l inovoment, and Ly

the considerstion of the matier o the et of The Joitced Ztates Public Health
Service, whoen consulited by the manufacturers and distridbutors of antiknock
aicitives in this country, and by the issuanee of o formal repowt theroon,

Ly the Fublic lealth Smrvzce(2)} further stimulus to zonme reoxaminasticon of the
uative problem relative to the use of lead-containing antiimock preparetionsd—
kas arigen out of technologic considerations that have prowptod and initiated
thae use of tedramethyld lead as o gué?ammnt, or serhaps 43 & substitute in wholo
R oAn part, Jor tetraoctiuyl lead.

It 45 ot the purpore of thiz paper to discuss the hygienie lssues
iavolved in the afvrencntioned xocent cevolopments in the apwlicaticn of iead
cunpounds to the production and cistribution of hish~sctane autonabile fuels,
Iwidence concesnilng the sinniiiecnce of these deveiopmoents in rd ation (o
industyial and public hoalih has Leon ssserbled elscvhore und wiil bo cbiained
and published more fully in due course, Jather, it is5 cur intention to cail
uﬁ£Cﬁﬁi§a, sriefly, o cortain policies wand procedures institated in 1826 Ly
tho {at that time) sol edistributor of leud-containing antiiknock compounds, with
e Iull co~operation of the ut that time) sole sunuiacturer of tetrsothyl luad,
acting with the full uowledse end the inforsal advice, fron tinoe o tiwe, ol the
United States fPublic Healdth S.rvice., These policlica and procedures,sainiaincg
and extended here and abrosd sinee 1028, with acdifications und fuprovenonts

indicated by extonsive resourch and applivd and tested by nractical onporisnce in

several dndustrial organizations now invelved, have surrounded o hazardous chomigal

indusisy of fateraaticonal proportions with hiypionic safeguards which huave proved
to be highly offective., This i3 not the {ize or pluce to tallk of details, aor

would any useful purposce e served by an attempt €O nive credit where oprceait is
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due Lo the many individuals «and groups thai have centribuled importagtiy

to the success of a joint efiort, CQurtoin principles have evolived out of the
eX¥pericnee of the years, however, oand may now de visualiszed, That thcso
srinciples are said to have ovuived Tout wf oxperience” is o plain statement

of Fact, and in the forwm presented here they ave the produet of retraospsctive
gynthesis, They may o the core useful for thelr sinplicity and for their
spplicability to other hygienic probluws in the conpler fabric of wmoedern iaduatry

and technologic life,

3, Certain Principles of Industrial Hedicine and Hygiene a3z applied in
The Zanulocture and fransportation of lcad-Containing antiaoncoll Comdounds

«nd in Their Introduction into Gasoline,

. |

- {i} rhyziclogic anu Toxicologic duvestigation

The first provision for the introduction and commergiald
cxploitation of totaaethyl load on & broad base lay in o program of iovestigation

witceh wouldd zoveal its overt sotentialities for induring perseons whwo oight Le

subjectad to exposgure thercetsd at any point in the operations. That ;;51 princizico
was not vecognized and acted upon carly enough to ward off 21l vericus txouble,

i & faet of history witich has saryved fto dramatize the walldity of the yprinciple
sather than to vitiate it., Tuifige i¢ to say, lere, that uiter a tragic asiart
which halted iurther commercial sotivities Jor o time, and byought forthk an
cxtensive interin investigation by the United States Public Hoalth Tervice, the
industry resumed its coursc in 1826, and this time deoveloped the wvaricus parts of
its hyglenic roginmen in proper seguence. Ivery antlelpusted procodure was planned
with an eye to tho careiud interpretaticon of the resulis oi preliminary toxicologic
investigations, and was cavricd out undor a technologic serutiny of tho resultant
cnvironeental conditions and undey & cliinicul surveillance of the personnel ianvolwved

therein, 3 point which should Le ¢uphasgised in this reluticnship i3 that the
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toxicologic informaticn obtained by more or less conventional procedures

of the laboratory were not sufficient for the purposes of industrial hygiene,

Such information had té be translated into technologic methods for the quantitative
measurement of the relevent features of the environmental hazard, and, more
importantly, into meaningful techniques for discovering the physiological and
clinical responses of exposed personnel and determining their significance. %
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 coaventionalized toxicologic rig:mmarcle that has
developed during the past two decades, in so far as eififective measures of industrial
and public health are concerned. Multiplicity and<com;1exity of pfocedure 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, comsider the facts of biological life and reéember always
the ciassic axiom that "the proper study of mankind is man’. This is unot to say
that there is not virtue and necessity in purpcseful and well designed animal
experimentaticn in advance of human experience, Many of the alleged refinements of
such experimentation, however, and a large proportion of those not concerned with
physiologic mechanisms, are comparatively sterile and wasteful of time and money,
in the sense that the time and money could better be spent in the development and
application of methods for the investiggtion of the reversible responses of the
human organism to noxious or potentially noxious environmental conditions} Be
these controversial matters resoclved as they may, the Ifact remains that it is
necegsary, 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 c¢nergy into the complex organism, to establish, at
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lecast in a descriptive manner, the effects of such ap invasion in terms 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
befere it shall have caused sericus or irreversible damage, With these facts
avallable to the extent that is mandatory under the circumstances, the essential
features of environmental control and of medical supervision come to light, at
lcast in preliminary form.
i 4

(3) The gzéign af{é%mmercial_géerations

The primary features of the production and distribution of tetraethyl
lead, irom the hygienic viewpeint, were predetermined by its iatended use as an
antiknock ageﬁt in a low conéentraticn in gasoline, If it was to achicve the wide
uge which alone would justily lts continued existence, a large quantity had to
he manufactured, transported to appropriate sites in a;gfopriate containers, and
introuduced in oxact quantities into gasoline., 3111 of tho cperatisns that iavoived
oppoxtunities for human contact with, or hamardous exposure to, this toxic matcerizi
had to be subjected to direct und thorough hygienic control, The feasibility of
such control in the nation~wide and ultimately world-wide automotive transport
industry depended obvicusly upon the iizitation of such exposure to as fow sites
a8 possible and to comparatively small nunmbers of cxposed persomel who could be
instructed and supervised both technically and medically. Taere was nc hope that
tragle rosulis could e avoided through the more issuance of instructicns tu the
persons responsible for the varicus operations. Such a picus gesture would only
have been o disclatmer of reuponsibility. Consequently careful consideration had
to be given to the developnent of a pgattern of coummercial operations to waich the
cssential hygienic roginmen could be applied., This resulted ia the conceatration

of manufacturing activitica at sitcs where expert techuical and hygicnic and
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medical facilitiss aad personnél could be assembled and joined in a co-grdinated

affort tc examine and improve manufacturing processes and equipmenglaww,ua»
- and also supplementayy measures of environmental control, as well as satisfactory
aedical procedures, all in the interest of reducing the occupational hazards and
eventually bringing them under complete control., It is important to recognise
that this can almost never be done completely in a new industry in advance ¢f the
work of industrial production. The best of planning in advance is certain to
be lacking at certain points and to require modification in practice.

Careful consideration had to be given to the nproblems of

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

minimum, and that no person should incur exposure inadvertently or without
Znowledge of the risk incurred and of the means of avoiding such risk. This
required the use ¢f special containers, distiactive labeling, special handiing
adasted to the required methods of transport by rail, ship and truek, with
particular reference to transportition from consigner to consignee without
iantermediate handling by untrained persomnel, Fully informed employees of the con=-
sigaer were always available at sites indicated on the labels as being subject to the
call oi transport personnel for advice and direct assistance according %o need, The
acceptance and the handling of shipments at destinations were dealt with by
instiucted personnel, so as, under normal circumstances, to leave no opportunity
for mistakes of judgment or performance by wninformed 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

L

was to be mixed with gasoline., (The importance of this strategic move, in relation

— -

to the numbers of persons who were to handle the concentrated material, may be

-
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appreciated by notinig that the intgial plan, srior to 1988 and hased on
eonvenicnee of distribution, vather than on sadety, was fhat of aispeonsing
the antiinock compound fron small cans suppliced to the oporators of pasoline
service stations, The contimustion of this progodure would have subjected hundizeds

¢ thousands of service station atiendants to o potontlially severe and uncontrolliable

kazard,) Model cguiptsent for siming was designed (and further developed subscguently

to limit Che exposure of mixing personnel to alwmost negligible propoxtions) by the
cistzributor of the antilmock compound, and the'purehaaer was roquired (by contract)
to huldld and enmploy eq&igmént baged o 3 bluo print of fdsmoddel., Dotailed
instructions were issucd Jor the mixing procedures uad for the appiication ol
hygicnic mulBures thereia; and & regimen of tochinical supervision af the mimiag
plants wad of owdical selection and superviaicon of the nizming personncl {cwployecs
af the il companies) was devised und caryied oub by the distributor of thoe sroduct,

The wuthority of the technicsl aud mediesl utu £ oF the daistributey to supcrvise

and regulate theae oporations waa 6rfviucu By controact. The nature of this regiwe
vl’«x (;r y L’w\-h‘.ﬁ‘ 4 -f:._.. PIAT C]v 7&‘{ t«‘ff’ 7"(‘ ," &

was such as to cnsble the dzatrimutar *o~¢nqauaae~%ﬁnw&aemaﬁ»ﬂ§@~§¥&¢mﬁgy41 striut

s
..\iw

cecergance with the bygicnic provisions o h;a podical advisors. Its effect wmas

to schiove conplete contyol of the occupational hazawd. Mo case of tetracthyl locad
poiseniny has cver ceeurred in connection with these ododng amaratiar" in the
United tates and Canada, zad it is believod that ngp have occurred in othoer
countrics in vhich this regimen has boen followod consistentiy. (Dacumcntary.
evidence is not suificient to substontiste fully the latiter part of this statcment,

but its cssential accuracy is not in doubt,)

3. Special Situaticns and Supplonentary Proceduron
{1} Gaswiing /g(tc):’:xg;e F.auia
"J .
A0 unanticlpated hazard ol serious proportions appearcvd within the

reinerics amwi storage plants of thaeam oil companics alter o fow yours of operation,
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in that men engaged in cleaning and repairing large tanks {more than 1000 harrcls
in capacity) used for the storage of leaded gasoline w§re found to be subjected
to hazardous exposure to tetraethyl lead and its decomposition products. The
problem was investigated and adequate precautionary measures for the control of
this hazard were developed and issued to all of the distributors of gasoline
soon after the first diificulties occured. Afterwards, to the extent that these
precautions were applied faithfully, no further cases of poisoning developed.
It has been difficult, however, to achieve and maintain a general awareness of this
hazard, and to ensure the application oif the precautions at all outlying points
of storage throughout the world, and especially in those under the coatrol of
military organizations. Frequent 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 distvibutors of
lead=-containing antiknock compounds have persevered in their efforts to inform and
remind the appropriate persons in military circles concerning this matter. 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 Zound it
necessary to set up elaborate systems for exchanges of information and for con-the=-
spot consultation between thelr organizations and those of the oil companies,
wherchy 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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completness, is the wse of detalled oporeting mwnuals in vhich, encrsily,

Lot act withiout exception, instructions 2or all vporatlions «re acoounpanicd

Ly iustructions with respect to aafaty and heaslth. These are put into the hands
of the appropgiate people ald are usod regularly both in inastructing tho sow
pepsonnel and resinding sore :s-xparienced perschs. These nanuals are rovicwed
irom time fto time and browght up-towdate, In this samner, & high degree i
unifommity of ingtruction and porlormance is meintained, It io alzo the

wractice to repyoduce ceriain csseatial operating srogoduras {ouch as those
congerned with alxing operations, the cleaning of paseline atorage tanis, and the
sandling of concentrated antilowick cospounda in rosearch wnd testing laboratorics)
L slacards, sauxd o post the latier ia convenient plages for yoforonce Ly the
operators, Familisrity and conpliaznee with the jastructions in cuuals wnd
siscards is retofoyneed Ly close supoervision and periodie reindottrination of all

nersonnel.

&

Sperating

39

{3) Consultotion with cvocupationel health authoritics in
arass of oporation,

& still Zusther procedudre, which grow oul ol the considored
sadidey of the Smerican tetraethyl lead fndustyry o conduet $tooell respunsibly in
it opozations aad in its indormmal relations with the United States Public Hoalth
wpvice in the absence of any apgcizic legal vegulations or loegislative cnagtments
in tho United States, was that of salerming the respoasibie autherities in varicus
wihopr countsdios into which its prcduct was to be introduccd, of all of (he hygiovnic
facts and consgiderations thut had come to light out of research and exporicnce, e
reascd Jsor this policy, oo doubt, was the hope of avoluing Aogislative and repuistory
2Povisi-0s which might complicete intarmational r;g:m*atiunzs‘ and nrovide soriocus

Shatacles to the establishroent and maiatenance of wp essentially uniifors orogish ol
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industrtal hygiene, Probably, however, the principal virtue of such a pelicy

in international commercial operations of an hazardous type, 1s that of offering
full information and co~operation to responsible health authorities and seeking
in return their advice and assistance in achieving the best results within their
area of responsibility. Almost without exception this has been the outcome of
interviecws and exchanges of iniormation with governmental authorities in countries )
outsidd the United States, and the results, in terms of 2 reasonably uniform
international program of industrial medicine and hygiene, have been generally

satisfactory. In a world of nations which have failed so sigﬁally to find common

ground for applying thelr resocurces and skills to thCbasic needs of their peoples, i
it has been a refreshing experience to encounter reasonableness and willingness

to help, singleness of purpose, and general freedom from personal and national

prejudicés anong our own professional colleagues in relation to this'international

problem ¢f cccupational health., I would be negligent and ungracious were I to fail

here to give testimony tq/gxzieus of international undergtanding and gonod will.

{4) Medical consultants in operating areas.

One other point may be worthy of brief 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 companlies in this industry to seek out
and engage the services of competent and reliable medical consultants in cach 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 their area of responsi=
bility. In general, however, these consuliants have recognized competence in the
ficld of occupational nmedicine in their own right, and are informed concerning the
medical problems, policies and procedures of this industry. It is thsir function
to act professionally for the industry in seeing 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 therc is an adequate cxchange of portinent
information. Through such a nrofessional ariangement every rsasonable

9rovisicn is nade for the instruction and medical supervisiocn of these whose
exposure o tetracthyl lead may be hazaydous, for the attention of all concormed
tc their personal and cccupatianal'respcnsibilitiea)anﬁ Ior the azintesance af an
hygienlc regimen which for nore than thirty years has denonstrated its adeguacy

vhen it 1s achered to with persistence and understanding.
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