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ie Introduction,

This dipecussicn of an laternational probles of ceceuputional aund
sublie health, wore than thirty ycars after its esergence, and at o time when
vut o few poraons appear to o councerned about 18, may scem to have little ™
Jugtificution, Tetraethyl load has long beun accepted gonerally ag 4 valuaivlc
audtive to zasolino for uss in outomotive and sercnautical gasoline, and
satisfoctory neans have been Ffound for the control of wll of the cocupational
nazards that have ool agseciated with ita production, its transpurtation, wana
Its aqaditia to paesoléine. Inasmuch as gasoline containing tetracthyl lcad in
cusmereial concentrations, when &istributﬁ&vthreugh normal commercial channcls
sid when used oy Lts intcended purpose, {9 not appreciably wore dungerous for
ity handlers and uvsers than are the potroleun hiydrocarbons of which it is
mainly canposed, no further refcrence to this aspoeet of the matier nced be made
neres{1).

The question of the extent ang significance of the contamination
& urban gtmosphore with lead {row the oexhaustys of automobilog was raisced long
age for investigation, and has Loen under oxunination in one way or aacther
and frozm time to time, over since, 4 degree of concern un thia score has ruappoarcd
reeently in at lcast one section of the United States in connection with tho
general problen of the polluticn of the air with products of the oxhausts of

sutomobiles, This has beon heightoned to scme cxtent by the decision of the

industries concorned to inercase the concuntration of totracthyl load ia certain
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zasolines in thé United States and Canada by a smail iﬁcremént, 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 foramal report thereon,

by the Public Health Service(zii further stimulus to some feaxamination of the
entire problem relative to the use of leadncontaining;antiknock preparaticna@&'
has arisen ocut of technologic considerationa that have promptedgand initiated
the use of tetramethyl lcad as a sué}ement, or nerhaps as a substitute in whole
or in part, for tetraethyl lead,

It is not the purpose of this paper to discuss the hygienic issues
involved in the aforementioned yrecent developments in the application of lead
compounds to the production and distribution of high-cctane automobilce fuecls.
Tvideuce concerning the significance of those developnents in rdd ation to
industrial and public health has booen assenbled elsevwhoere and will be obtained
aie published more fully in due course. Hather, it is our intention To call
attention, briefly, to certain policies and procedures instituted in 1928 by
the {at that time) sole distributor of leud=-containing antiknock compounds, with
the full co-operation of the {at that time) sole munufacturer of tetrasethyl lead,
scting with the full hnowledge aad the informel advice, from time to time, of the
United States Public Health Survice., These policlesa and procedures,maintained
and cxtonded here and abroad zince 1026, with modifications and improvements
indicated by extensive research and applied and tested by nractical cxperience in
several industrial organizaticns now invelved, have surrounded 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 individuéls and groups that have contributed impartautli

to the success of a joint effort, Certain prinéiples have evolved out ol the
experience of the years, however,.and nay now be visualized. That these
principles are said to have evolved "out of experience’ is u plain statement

of fact, and in the form presented here they are the product of retréspective
synthesis, They may be the more useful for their si@plicity and for their
applicability to other hygienic pioblems in the complex fabric of modern industry
and technologic life,

2. Certain Principles of Industrial Medicine and Hygiene as Applied in

The ianufacture and T Trangportation oi lead-Containing Antiknock Compounds
znd in Their Iatroduction into Gasoline.

{i) Physiologic and ?bxicologic Investigation.

The first provision for the introduction and commercial
exploitation of tetraethyl lead on a bread base lay in a program of inveatigation
which would reveal its overt potentialities for injuring persons who might be
subjected to exposure thereto at any ppint in the operations, That ig;t principle
was not recognlzed and acted upon carly enough to ward off all zerious troub1Q;
ia & fact of history which has served to dramatize the validity of the principle
rather than to vitiate it. Suffice it to say, here, that after a tragic start
which halted further commercial activities for a time, and brought forth an
cxtensive intorim investigation by the United States Public Health Service, the
industry resumed its course in 1936, and this time devecloped the various parts of
its hygienic regimen in proper sequence, Ivery anticipated procedure was planned
with an eye to the carcful interpretation of the results of preliminary toxicologic
investigations, and was carried out under a technologic scrutiny of the resultant
¢nv1ronmenta1 conditions and under a clinical surveillapce of the personnel involved

therein, R point which should be cmphagized in this relaticnship is that the
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toxzicologic information aﬁtained by more or legs conventional procedures

0f the laboratory were>nnt sufficient fop the parpoéea of industrial hygicne.

such information had to be tyanslated into technolegie methods foxr the quentitative
acasureéant of the relevemt featuraé ol the cnvironmental hazard, and, nore
inportantly, ianto meaninéful téﬁhniques for discovoring the physiclogical and
clinical rosponses of cxposed perscnnel and determiniug'theif significance, .Eﬂﬁ
impulsc 25 inject some collateral comments into this discussion at this point is
alnost irresistible, for indeed a volume could Ge written on the irrelovance and
the fFutility of much of tihe conventicnalized toxicologic riguwmerole that has
develuped during the past two decudes, in so far as effcctive mezsvres of ilndustrial
and public health are concerned, Multiplicity éné conplexity of procedure ﬁé&e
beon substituted for clarity of thought and singleness of purpose in ascertaining
the facts concerning human behavior in o potentially harmful cnvironment, Lot the
paysictan, especially, consider the fucts ol Biological life and remember always
iae classic axiom that "the proper study of munking iz man”. This 15 not to say
that thore 43 not virtue and nccespity in purpeseful and well deosigned animal
cxperinentation in advance of hunan ¢xporience. Many of the allicged rofinemcents of
svch czperimentation, howover, and o large proportion of those not concorned with
shysicloegic nechanisns, are comparatively sterilce and wasteful of tiwme and woney,
in the sense that the time and noney could bettor be spent in the dovelopment and
application of methods for the investigation of the roversible responses of the
human organiss to noxicus or potontially noxiocus environmental conditions., De
these coatyoversial matters resolved as they may, the fact yemainsg that it is
necewsary, in confronting the prospect of human cxposure to uncxplored cheuieals
and physical agents, to investigate,in experiments with animals the mcans of aceess

o such gsubatances or fomms of conergy into the conmplex organisn, to ostablish, 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, if possibie, means by which
the threat or the actuality of the attack on the orgénism can be ascertainéd
before it shall have caused serious or irreversible damage, With these facts
available to the extent that is mandatory under the circumétances, the essential
features of environmentael control and of medical supervision come to light, at
least in prelininary form,
d < ?

(2) The»?esign of ?ommercial ¢perations

The primary features of the production and distribution of tetraethyl
lead, from the hygienic viewpoint, were predetermined by its intended use as:gn
antiknock agent in a low concentration in gasoline, If it was to achieve the wide
use which alone would justify its continued cxistence, 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 involved
opportunities for hugan contact with, or hazérdous exposure to, this toxic material
had to be subjecfed to direct and thorough hygilenic control., The feasibility of
such control in the nation-wide and ultimately world-wide automotive transport
industry depended cbviously 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 mere issuance of instructions to the
pexrsons 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 which the
cssential hygienic regimen could be applied, This resulted in the conceantration

of manufacturing activities at sltes where expert technical and hygienic and
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aedlical fécilities and personnel could be asscmbled and joined in a co~grdinated
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cffort to examine and iasprove manufacturing processes and eduipman§/
and also supploncentary measures of environmentai control, as well as satisiactory
aedical procedures, all ia the iaterest of reducing the occupational Lazards and
cventually bringing them under complete control. It is lgportant to recognize

that this can almost nevor be done'completely in a new iadustry in advance of the
work of in§ustrial production. Thae best of planning in advance is certain to

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

Careful cousideration had to be given to the wroblenms of
transportation, to the cad that accldents in transit would be reduccd to tie -
nininum, and that po person should incur exposure inadvértently or without |
knowledge of the risk incurred and of the means of avoiding such risk, Tais
‘required the use of special containers, distinctive labveling, speecial handling
adapted to the required methods of transport by rail, ship and truck, with
particular rclference to transpartiion from consigner to consigncs without
intermodiate handling by untrained persannel. Faully informed employees of the con-
siger were always available at sites indicated on the labels as being subject to the
call oif transport persconnel for advice and direct assistance according to need. The
acceptance and the hagdling of shipwents at destinations weres dealt with by
instructed pereunnel, so aus, under normal circumstances, to leave no opportunity
Tfor mistakes of judgment or performance by uninformed persons.

The decisionn was arrived at carly to limit the sale and distribution
of antiiknock compoutds to gascline refiners, and to make every reasonable attémpt

v to naintain at a mindmum the number of sites at waich the antiknock preparation
S et S o tam, e - -t Rt SePR S ) waesagmoe e ey TR s ! TR v g s

- was Egnbe mixed with_gggg&ipe. (The importance of this strategic move, in relation

waarn i,
erare

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

convenience of distribution, rather than on safety, 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 uncontrollable
hazard.) Model equipment for mixing was designed (and further doveloped subsecquently
to limit the exposure of mixing personnél to almost négligible proportions) by the
distributor of the antihknock compound, and the purchaser was requizred (by contract)
to build and employ equipment based on a blue print of tlismodel. Dotailed
instructioﬁs were issued for the mixing procedurcs and for the épplication of
hygicnic measures therein, and & regimen of technical supervision of the mixiég
plants and of medical selection aund supervision of the mixing pexsonnel {cmployecs

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

and regulate thoese operations was prcvided by contract. Tye natgre of this regimen .

- e ced
f'/“‘«‘#-& 24/4 \e“htca ,g ch‘ «.u«.

was such as to enable the’ distributgr to uaga&awwu%~lw semerimiria :

o ‘f,‘iv.\w.-} - /

accordancg with the hygicnic provisions of his medical advisors., I%s effect was
At ko g " - s L — —r .Q\ O T Tt

to achieve complote control of the occupational Lazard., No case of.tetraethyl lead
poiscning has ever cccurred in comiection with these mixiag operations in.the
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 1s not sufficient to substantiate fully the latter part of this statement,

but its essential accuracy is not in doubt.)

3. Special Situations and Supplementary Procedurcs .

1
(1) Gasoline ?torage‘fﬁnks
in unanticipated hazard of sexrdous proportiona appeared within the
refineries and storage plantg of thedw oil compenies after a few years of operation,
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in that wen ebgaged in cle#ning and repairing ledge tuics (more than 1200 barrois
i capaciiy) used for the storage of loadded 3asciiue woere founﬁ te Lo subjected
to hazardous exposure to tutracthiyl lead and i¢s Gucowmposition preducts, The
Lroblen wis lavustigated aad adeguate precauticnary seasures Ior the cenlrol of
ihi3 hazard were developed and isausd o all of the diatributeors ol gasoling
soon after the first difficultics ccoured., aftcrwards, to the cstent thut these
precautiong were upplied faithiully, no Jurthor cases;of ga&acagag devzlopad,
it has been difficult, Lowever, to uchleve and saintadn a gemeral awareness of this
haZa¥d, ang to casure the application of tkelgrecautzena 4% 8dl outldying g@inté
s storage throughout the world, wud especially o those under the contyol of
siidtary orgaasizatioas, Proquent changes in mizﬁtary p@fﬂwnnel, ang €4
oractice of farming cut the maiantoenance Jobs to contractors whovmay not understand
tus problom, plus the difficulties o acgess to sume éf these tanks, have boen
responsible for o nunber of sorious casunlitizs, lever the lees, tho distributors of
ivadecuntaining antiknoeck coupcaiia have poersovered in thelip ciforts to fudors ond
remind tho appropricte pexsons in militury circles conceraing this matter. Juch
wiffdcultics have not Leen licdited pivictly o willitary storage tanks, Docuuse of
the pecgraphic seepe and complexity of the distribution of leaded gasoiing in the
United Stotes and Canads, the distributors of antiknock coapounds have Found it
neceggary to sot up cluborate systems for exchanges of information and oy cn-the-
zpot censultation Detweon thoelr vrganisations and those of tho oll companics,
whoreby thoe eleaning of pesoline storage tanks is superviced by trained pérsonnul
throughout the country.

{2) Dsexating nanuals,

Aunother foature of the hyglenic regimoent in the variced operations

of tho totracthyl lcad industly, to which reforence must be made for the sake of
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completness, is the use of detailed operatiﬁg manuals in which, generally,

but not withouﬁ ocxception, instructions for all coperations are accompanied

by instructions with respect to safety and health. Thege are put inte the hands
of the appreopriate people and are used regularly both ia instructing the hew
personnel and remindibg more experienced persons, These.manuals are reviewed
from time to time and brought up-towdate, In this nanner, a high degreo of
uniformity of instruction and perforﬁanca is maintained., It is also the

practice to reproduce certain cssential operating procedures (such as thoge
concerned with mixing operations, the cleaning of gagoline storage tanks, and the
handling of concentrated antiknceit compounds in rescarch and toesting léboratqpies)
on'placards, and to post the latter ia convenient places for reference by the
operators. Familiarity and complisnce with the instructions in manuals and
placards is rcinformeed by close supervision and pericdic reindoctrination of ail
operating personnel.

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

A still Zurther procedure, whiéh ZYew but of the considered
policy oi the Axerican tcﬁraethyi lead industry to conduet itseld responsibly in
its operations and in its informal relations with the United States Public Heélth
Scrvice in the abasence of any specilic legal regulations or legislative cnactments
in the United States, was that of informing the responsible authorities, in variocus
other countries into which its product was to be intreduced, ol all of thé hygionic
facts and considerationa that Lhad come to ldght out of research and experience. One
rcason for this policy, no doubt, wus the hope of avolding legislative and regulatosy
provisions which might compiicate international operations and provide serious

ohstacles to the establishment and mainteonance of an csgentially uwniform program of
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intustrial hygicne, Probably, however, tho principal virtue of such a policy

ia intornational coumoercial cperations of an hazardosus type, is that of offering

full information and co=operation to respansible'health authorities wund secking

in roturn their advice and assistance in achioving the Lest rosults within theiz

areasof rasponsibility. almost ﬁithaut exception his has been the outcone of

intervicws and exchanges of infcrmatica with gov&rnmentél»authorities in countries

cutsidd the United Stateg; snd the resulis, in teras ©f o roasonably undfors

iaternational program of induatrial medicine and hygione, have been geuerally

satisfactory. In & world of snetions which have failed so siznally te find common

ground for asplying thelr resowvrces end skilis to the basicnewds oi their peqpléa,

it has been a rvefroshing céxpericace to cncounter reasonablenegs and willingneég

to help, singleneas of purpose, and general Ireedom from porsonzal and natiocaal

arojudices axpong our own proicssional colicagues in relation to this internaticnal

wrohlemn of occupational health, I would be negligeat and ungracicus were I €o zadl

aere to give Stestismony ta/;g;;eua uf duteraational underastanding and mood wiil,

(4} dedicsal consultanis in operating arsas.
ne other point way be worthy of brief aemntion in passing, because of its

relevance to tihe policy and procedure relorred (o in fhe previous paragraphe. It has
' been the practice of the Amexican und British coxpuanivs iﬁ this industry to sceik out

and engage the services of compuient and reliable sedical consultants in sach of

the countries in which their piroduct is uséd. The duties of these congultants vary

with their location and the cxztent oi the cperatiocas within thelr arca of rospunsi=~

bllity. In general, however, these consultants have recognized competence in the

field of ocecupational wedicine in tholyr own wight, and are informed concerning the

medical problerxa, policies und procedures of this industry. It 1s their function

to act proficgsionally fcr the industry in seeing that the laws wnd practices of thetir

swn country, as well ag the requirenents of the chief nedical advisors of the industry,
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:‘.:.'s‘ complied mth, and that theoro is an adequate exchahge of portinent
inforastion, Throush such a nrofossional arrangenent overy reasonable

provision is made for the lastrction and nedical supervision of those whose
cxpogure to tetracthyl lead may be hazaxdous, for the attontion of all conecorned
€0 Theldy personal and cocupational respans;biittiesaand,fér the smaintenance of wxn
hyglends reginen which for rors then thirty years hasg demonstrated its adeguacy

Jren it ig acherod o with nersistonce and understanding,
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