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Lo Introduction,

This discussion of an international problen of cccuputional ang
sublice bealth, wore than thirty yecars after its eumergence, and at o time when
zut a few persons appear to he concerned about it, may scem to have little
Justificution, Tetraethyl lead has long been accoepted generally ag o valuable
saudtive to zasoline for use in outomotive and aércnaueical gasoline, and
satisfactory weans have been found for the control of ull of the cocupational
aazaras that have Loon agsociated with its production, its transpurtation, wna
its a«diitiev tu gasoline, Inassuch as gasoline containing tetracthyl lecad in
commereial concentrations, whcen &istributﬁ&‘threugh norzal cummercial channcls
s when uged for its intended purpese, io not appreciably wore dangerous for
ity handlers amd uscrs than are the petroleum hydyrocarbons ¢f which it is
safnly cuanposed, no further reference to this aspeet of the matier need be made
acresi1).

The quostion of the extent ang significance of the contamdination
£ urban atwosphere with lcad from the exhausty of automdbilos was raiscd long
ago for investigation, and has boen under cxunination in one way or ancther
wnd from time to time, over sinece, & degree of concern on this score has rusppoarcd
recoently in at lecast one section of the United States in connection with tho

seneral problea of the pelluticn of the air with products of the oxhauvsts of

automobiles, This has beon heightoned to scme cxtent by the decision of the
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sg&solines in thé United States and Canada by a small ihcreméut, and by

the consideration of the matter on the part of the United States Public Health
Service, when consulted by the manufacturers and distributors of antiknock
additives in this country, and by the issusnce of a forxal report théreon,

by the Public Health Service(zk further stimulus to some reexamination of the
entire problem relative to the use of lead—containing;antiknock preparaticna@?‘
has arisen out of technologic counsiderationa that have promptedﬁand initiated
the use of tetramethyl lecad 4s a sug}ement, oy nerhaps as a substitute in whole
or in part, for tetraethyl lead,

It is not the purpose of this paper to discuss the hygieniec issues
involved in the aforementioned yecent developnents in the applieation of lead
coupounds to the producticn and distridbutiom of hizh-gctane automobile fucls.
Tvideance concerning the significance of these developnments in rel aticon to
industrial and public health has been assesbled clsewhere and will be obtained
anu published more fully in due course. Hather, it is‘aur intention To call
attention, briefly, to certain policies and procedures instituted in 1926 by
the {at that time) sole distributor of lead=containing antiknuck compounds, with
the full co-operation of the {at that time) sole munufacturer of tetrsethyl lcad,
acting with the full knowledge and the informel zdvice, from time to time, of the
United States Public fealth Scrvice, Thege policles and procedures,maintaincd
and cxtonded here and abyoad since 1826, with wodilications and improvements
indicated by cxtensive research and applied and tested by practical cxperience in
several industrigl orypanizaticnsg aow invelved, have surroundsd a hagurdous chemical
industry of international proportions with hygicnic safeguards which have proved
to be highly cifective, This is not the time or place to talk of details, nor

would any useful purpose be scrved by an attempt to give credit where credit is
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due to the many individusls and groups that have contributed importautlé

to the success of a joint eifort., Certain prinéiples have evolved out o the
experience of the years, however,.and nay now be visualized. That these
principles are said to have cvolved “out of experience” is u plain statement

of fact, and in the form pregsented here they are the product of retr#spective _
synthesis. They may be the more useful forxr their slppiicity and for their
applicability to other hygienic problems in the complex fabric of modern industry
and technologic life.

2, Certain Principles of Industrial Hedicine and I Hygicne as Applied in

The Manuiacture and 7. fransportation oi lead-Containing Antiknock Compounds
and in Their Introduction into Gaaoline.

{1} Physiologic and ?bxicolo"ic Investigation.
The first provision for the introduction and commercial
cxploitation of tetraethyl lead on a broad base lay in s pyogram of investigation

which would reveal its overt potentialities for injuring persons who might be

-
v{u 4

subjected to exposure thereto at any ppint in the operations, That 4zt principle
was not recognlized and acted upon carly enough to ward off all zerious troub1Q;

is a fact of history which bhas served to dramatize the validity of the principle
rather than to vitiate it. Suffico 1t to say, here, that after a tragic start
which halted further commercial activities for a time, and brought forth an
cxtensive interim investigation by the United States Public Health Service, the
industry resumed its course in 1836, and this time devecloped the various parts of
its hygienic regimen in proper sequence., XIvery anticipated procedure was planned
with an eye to the careful interpretation of the results oif preliminary toxicoclogic
investigations, and wae carried out under a technologic scrutiny of the resultant
¢nv1ronmenta1 conditions and under a clinical surveillance of the personnel involved

therein, R point which should be cmphasized in this relationship is that the
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toxicologic in:ormatian ubtained by wmore or less conventional procedures
0 the laboratory were not sufficient Zor the purnoses of industrial hygione,
such inform&tian had {o be translated finto techiiologic methods for the quzutitative
acasuvencnt of the rnlevent fcaturaa of the cnvironmental hazard, und, nore
igportantly, iato meaningful techniques foxr discovoring the payaiolonical .nd
ciinical rehponses of cxposed perseonnel and detoeroining theldr significance. U
fopulsc té inject some collateral comments into this discussion at this point is
alnost irxesistible, for iundeed a wolume could Le writien on the irrelovance and
the Zutility i much of the conventicnalized toxicologic riguwmerole that has
developed during the past two decadesm, in s0 far as effective mexesureg of inmdustrial
and public health are concerned, Multiplicity #nd conplexity of nrocedure ﬁé;e
Leon subgtituted for clarity cf thought and singloness of surpose in ascertainiang
the facts conceraning human behavior in a potentially harmful cnvironment, Lot the
paysician, cspecially, conaider the fucts of biological 1ite and remember always
iae classic axiom that "the proper study of munki iz man”. Thiz iz not to suy
that thore 43 not virtue and nccessity in purpeseful and well designed anfmal
cxperinentation in advance of hunan ¢xporience., Nany of the alicged rofincwents of
such oexperimentation, howover, and a loarge proportion of those not concorncd with
shyslologic mechanismg, are comparatively sterile and wasteiul of tiwe and woney,
in ¢he scnse that the time mixd noney could better be spent in the development and
applicsation of methods for the investigation of the roversible responses of the
human organiss to noxicus or potontially noxiocus environmental conditions., De
these ceoatyoversial matters resolved as they may, the faet remains that it ia
neecgsary, in confronting the prospect of human cxposure to uncxplored chemicals
and physiecal agents, to investigato,in experiments with animals the wmecans of aceess

ui such substances or forms of cnergy into the complex organisu, to ostabligh, at
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leaét in a descriptive manner, the effécts of such an invasion in.terms of
dosage and duration of exposure, and to discover, 1if possibie, means by which
the threat or the actuality of the attack on the organism can be ascertainéd
before it shall have caused serious or irreversible damage, With these facts
available to the extent that is mandatory under the cirqumétances, the essential
features of environmentel control and cf medical supervision come to light, at
least in preliminary form.
d ¢ 2

(2) The Pesign of Gommercial ¢perations

The primary features cof the production and distribution of tetraethyl
lead, from the hygienic viewpoint, were predetermined by its intended use aé:gn
antiknock agent in a low concentratien in gasoline, IXIf it was to achicve the wide
use which alone would justify its continued existence, a large quantity had to
be manufactured, transported to appropriate sites in appropriate containers, and
introduced in exact quantities into gasoline., All of the operations that invelved
opportunities for hugan contact with, or hazérdous exposure to, this toxic material
had to be subJectéd to direct and thorough hygienie control, The feasibility of
such control in the nation-wide and ultimately world-wide automotive transport
industry depended obviously upon the-limitation of such exposure to as few sites
as possible and to comparatively small numbers of cxposed personnel who could be
instructed and supervised both technically and medically. There was no hope that
tragic results could be avolded through the more issuance of instructions to the
persons responsible for the various operations. such a pious gesture would only
have been a disclaimer of responsibility. Consequently careful consideration had
to be given to the development of a pattern of commercial operations to wiich the
essential hygienic regimen could be applied. This resulted in the conceantration

of manufacturing activities at sites where expert technical and hygienic and
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aedical iécilities and personnel could be asscmbled and joined in a co~grdinated

cffort to examine and izprove manufacturing processes and eduipmenﬁ,

and also supplencntary measures of environmentai control, as well us satisiactory
aedicul procedures, all ia the iaterest of reducing the occupational hazards and
cventually bringing them under complete control. It is iaportant to recognize
that this can almost never be done completely in a new iadustry in advance of the
work ol inéuatrlal production., Thae best of planning in advance is certain to

Le lacking.at certéin points and to require modification in practice.

Careful considcration had to be given to the nroblems of
transportation, to the cad that accideats in transit would be reduced to tie -
nininum, and that po person should incur exposure inadvértently or without |
kaowledge of the risk incurred and of the means of avoiding such risk., Tais
\required the use of special containers, distianctive labeling, special handling
atdgpted to the required methods of transport by rail, ship aand tzruck, with
particuilar reference to transpartfion fiom consigner to consignes without
intermodiate handling by untraiued persennel. Fally iaformed employees of the con=
signer were always available at sites indicated oua the labels as being subject to the
call of transport personnel for advice and direct assistaace according to need. The
acceptance and the hagdling of shipwments at destinations were dealt with by
instyucted persunnel, so us, under normai circumstances, to leave no opportunity
for nistakes of judgment or performance by uninformed porschs.

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

v %o wmaintain at a minimum the number of sites at which the &m,gck preparation

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

—— T

to the numbers of persons who were to handle the concentrated material, may be
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appreciated by moting that ‘the inttial plan, prior to 1926 and based on

convenience of distribution, rather than on safecty, ﬁas that of dispensing

the antiknock compound from small cans supplied to the operators of gasoline

service stations. The continuaticn of this procedure would have subjected hundreds
of thousands of service station attendants to a potentially severe and uacontrollable
hazard.) Model equipment for mixing was designed (and further developed subsequently
to limit the exposure of mixing personnél to alwmost aégligible prcportibns) by the
distributor of the antilinock compound, and the purchaser was required (by contract)
to build and cmploy equipment based on a blue print of tiismodel. Detailed
instructioﬁa were issued for the mixing procedures and for the.application of
hygicnic measures therein, and a regimen of techniceal supervision of the mix;éé
piants and of medical selection and supervision of the mixing perxrsonnel {employecs

cf the cil companies) was devised and carried out by the distributor of the prbduct.
The authority of tho technical and nodical ataff of the distributor to supervise

and regulatce those operations was vrovided by contract. The nature of this regimen.

!-/*u 23 2.4«4 \Chu:« 2 ac‘i & "‘;“,.. (; *“'. 1' ';.:‘: 1,..; X(.&s‘iai},szw
was such as to enable the” distributor to rogulatesbRevese graredoee in strict
—— el N AV e b o - / [ Sy mmasnt
‘:mw.}

accordance with the hygicnic provisions of his medical advisoxs. Its effect was
Ml A " o Peran s = — ——r _q\ haean, J

to achieve coumplote control of the cccupational hazard. No case of.tetraethyl icad
poiscning has ever cccurred in connection with these mixiﬁg operations invthe
United States and Canada, and it is believed that né? have occuf:ed in other
countries in which this regimen has been followed consistently. (Documentary
cvidence is not sufficient to substantiate fully the latter part of this statement,

but its essential accuracy is not in doubt.)

a. Special $ituations and Supplementary Procedurcs ,

1
(1) Gasoline ?torage }Kuﬂis
An unanticipated hazard of serious proportions appeared within the

refineries and storage plants ©of thegw oll companies after a few years of operation,
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i that nen engaged in cle@ning and repairing lavge cunks {more than 1000 mrrols
in capacity) used for the storage of loatied 3asoiine Weras founﬁ te e subjeetaed
tu hazardous exposure to tutracthiyl lcad and its decouposition preducts, The
roblean ws investigaled wad aéequaie precaationady measures Ior the caalrol of
ihis hazard were developed aud isausd to z2ll of the distributeors o gasoliac
ssoit after the first aifficultics cccursd, aftorwayds, to the cxtent that these
precautions were applied faithfully, no Jurthoer casea;of psiaca}ng devslopad,
it has peen difficult, however, ¢ achieve and smaintadl o general awareness of this
hAaZera, and to ¢nsure the upplication of tselgrecautﬁuna & il outliying g@inté
of storage througiicut the world, wad especially in those wnder the contzrol of
Lséldtary organizations. Frogquent chenges in mil#tary yefﬁﬁﬂn@l, und the
practice of farmiag ocut ithe maintomance jobsg to contractors whe may not understand
tas probler, plus the difficulties o access to gome éf thege tanks, bhave doen
responsible fof a4 nunber of serious casunlitiss, lHever the less, tho distributorz oi
icad-cuntaining antiknock compounida have persevered in thely ciforts tu iandors ond
remind the uppropriate perscus in xilitary circles concorning this matter, Juch
ciffdculties have not boen lizitced sirictly to silitary storape tauks. Dotause of

Lhe guegraphic scope wungd complexity of the distribution of loaded gasmoiing in the
United Stotes and Canada, the distributors of antiknoek cuapounds have found it
neeegsary to soeb up cluborate systems for exchanges of information and oy ci=the-
spot ccensultation betweon theiy vrganizations snd those of the oll compansice,
vhoreby the cleaning of gasovline storage tanks is supervised by trainod pérsonnel
throughout the countiy.

{2) 9Jrerating nanuals,

Aunother feature of the hygienic regiment in the varicd operations

of the totraethyl lcad industly, to which reforence must be made Lor the sake of
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completness, is the use oi detailed operatiﬁg manuals in which, generally,

but not withauﬁ exception, instructions for all operations are accompanied

by instructions with respect to safety and health. These are put intce the handa
of the appropriate people and are used regularly both in instructing the Aew
persomel and remindibg more experienced persons. These.manuals are reviewod
from time to time and brought up-to-~date, In this manner, a high degzree of
uniformity of instruction and periorﬁanca ig maintained, It isg also the
practice to reproduce certain czsontial operating procedures (such ag those
conceraed with mixing operations, the cleaning of gasoline storage tanks, and the
handling of concentrated antikncecit compounkis in rescarch and testing léboratqpies)
on'placards, and to post the latter ia convenient places for reference by the
operators. Familiarity and compliance with the instructions in manuals and
placards is reinformead by close supervision and periodic reindoctrination of zall
operating personnel,

(3) Consultation with cccupational health authorities in
areas of opoeration,

A still Zwrther procedure, whiéh gyew Gut cf the considered
soliecy oi the Arxerican tctraethyi lead industry to conduct itsell responsibly in
its operations and in its informmal relations with the Uanited States Public Heélth
Scrvice 1n‘tha absence of any specific lesgal regulations or legislative chactnents
in the United States, was that of informing the responsible authorities, in various
other countries into which its product was to he introduced, of all of thé Lygionic
facts and considerations that hod coue to light out of research amd experienco. One
rcason foxr this policy, no doubt, was the hope of avolding legislative and regulatory
provisions which might conplicate iatermational operations and provide scericus

cbgtacles to the establishment and maintcnance of an cgsentially uniforn progran of
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intustrial hyglene, Prpbably,'hawaver; tie principel virtuc of such a péliey
ia intornational commercial coperations of an hazavdous type, is that of offering
Zull information aud co-operation to respansible'health suthoritios und secking
in voturn thoir advice ond assistance in achioving the best rosults within their
areasof rasponsibility. almost ﬁithout aexception this has been the outcome Qf
intervicws and exchanges of inicrumaticn with gcv&rnmentél authorities in couutries
sutsidd the United States, wnd the resulis, in terne of o ressonably wadfors
iateraational progyem of induatyial medicine and hygione, have been geusrally
satigfactury. In a world of natvions which have faoiled so siznally te find common
cround Tor agplying thelr resources end skills to the basicnewds of taeir pegplés,
it has been a refroshing experlieace to cncounter reasonablenegs and willingneég
to help, singleneaa of purpose, and general Ireedom irom porzonal and naticnal
orcjudices among our own pyoicssional collicagues in relation to this internaticnal
vroblas of occupational hcealth., I would be neglizeut and ungracicus were I to zoil
acre to give testimony ta/ggéieus uf interaaticnal understancing and good wiil,
(4} dedicsl consultants in operating areas.
no other point way be worthy of brief semtion in passing, bucause of its
relevance to the policy and procedure relerred to in ihe previous paragrapbBe. It has
' boen the pructice of the Amexdcan uand British coapanies iﬁ this industry to soceik out
and engage the services of conpuient and reliableo sedical consultants ia sach of
thoe countries in which their pioduect ig uséd. The duties of these consulitants vary
with their location and the extent of the upewratiocns within their arca of rospunsi-
bility. In general, however, these consultants have recognized competence in the
ficld of occupational .uedicine in thodr own right, and are informed concerning the
meaical problens, policies und procedures of this industry. IV is thoir Junction
to act proicasionally fcr the industry in sceing that the laws wnd practices of their

own country, as well ag the requirements of the chief medical advisors of the industry,
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:‘.:'6‘ complied with, and that thers is an adequate exchange of portinent
infvroation, Throush such a prodoasional arrangenent covery reasonable

srovision is nade for the fagtmiction and sedical supervision of those whosze
cxpoaure to tetracthyl lead may be hazawdous, for the attontion of all concorned
¢3 thelr personzl and occupational vesponsibilitiesjand for the maintenance of
Eyaienic rogimen which for rors then thirty years bas demonstrated its adeguacy

when 1t is acherod to with sergistonce and understanding,
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