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In order to clear the way for a detailed considerat ion 

of the dangers potentially existent In the handling of Ethyl 

Fluid, I shall deal very briefly with the hazards sp eculatively 

associated with the distribution of Ethyl Gasoline as dlstln- 

guished from other gasoline* Ten years of experienc e and of 

critical investigation have failed to reveal the ex istence of 

danger to any group of workmen or to the general pu blic, because 

of the presence of small amounts of tetraethyl lead  in automobile 

fuel. Various aspects of the question are being fur ther investi­

gated at present, but only two matters deserve ment ion In a practical 

discussion of safety problems•

1* Exposure to Lead Compounds In Cleaning Storage T anks for 

Ethyl Gasoline* ’

Tetraethyl lead a lone or dissolved In gasoline slo wly 

decomposes to yield crystalline triethyl lead compo unds. Under 

the normal storage conditions this decomposition Is  almost in­

appreciable, but over a period of years variable amo unts of such 

deposits can be found In the scale on the sides and  at the bottom 

of storage tanks. If the sides or bottom of such a tank are cleaned 

in a dry state, finely divided dust containing trie thyl lead salts 

may''be suspended in the air, and may be inhaled by un protected workmen 

who 4ay enter the tank. The Inhalation of these comp ounds causes 

Irritation of the respiratory mucous membranes and the skin, accom-
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panled by violent sneezing, weeping, and burning of  the skin*

If this sharp warning be ignored further exposure n ay result in 

rapid lead absorption and acute intoxication. It is  a simple matter 

to present lead exposure of this type either by cle aning the tanks

in a wet state, or by the us® of air line masks dur ing the cleaning,
; '
Actually a combination of these two safety measures  Is employed in

routine cleaning at refineries in general, in guard ing against the

Inhalation of gasoline vapors* Nevertheless since t he lead hazard

would not be considered of itself, the attention of  refinery personnel

has been directed toward it through instructions wh ich coincide with

or supplement the current practices of tank cleanin g. It should be

pointed out further, that materials of this type, r emoved from

Ethyl Gasoline storage tanks should be buried or ot herwise disposed

of so that they may not be resuspended by air curre nts,

2. Lead Accumulation on the Surface of the Earth.

Through a variety of avenues lead compounds are bei ng

brought out of the bowels of the earth and distribu ted upon its

surface. The deposition of finely divided lead brom ide by way of
»

the exhaust gases of automobiles and aeroplanes whi ch b u m  Ethyl 

Gasoline Is only one aspect of this process. I ment ion the problem 

In this connection not because the use of Ethyl Gas oline Is the most 

Important factor - for it Is not - but rather becaus e the whole 

question arose out of the investigation of the publ ic health problems 

associated with the distribution of Ethyl Gasoline.  I shall not 

discuss the details of the matter, here, since I ha ve treated It 

elsewhere, and especially since there Is no present  reason to believe 

that it involves danger to the public health. Howev er, It must be 

recognized that a sufficient general Increase In th e gross daily 

human intake of lead, from any and all sources, cou ld result in

KK  001-8973



widesprea&dsmage to health* It becomes a matter of some importance, 

therefor®, to know ho? much lead we are taking into our  bodies through 

our food materials and otherwise, and to keep a cri tical eye on the 

faotors which''affect such lead intake* This, my as sociates and I 

are attempting to do in the laboratory of Applied P hysiology In the 

University of Cincinnati by means of an experimenta l technique which 

seems adequately adapted to develop the facts*

The Hazards of Handling Ethyl Fluid.

She general character of the hazards In the handlin g of 

Ethyl Fluid is determined by the properties of the lead compound 

vrhioh Is its principal constituent* Therefore, If I ap pear to 

ignore the other ingredients through the greater pa rt of this dis­

cussion, it Is because safety measures must be direct ed specifically 

toward the prevention of exposure to tetraethyl lea d* The latter is 

an oily liquid which shows a decided tendency to cr eep through the 

seams or Joints of containers and pipe lines, there by supplying 

abundant opportunities for the danger of leakage. M oreover it Is a 

heavy material, of almost twice the weight of water,  so that packages 

of suitable size for the operation of mixing with g asoline are handled

with some difficulty, and with the ever present dan ger of physical
!

Injury to the worker, as well as the likelihood of b ursting If dropped 

or subjected to-, unusual violence* Tetraethyl lead  has an appreciable 

vapor pressure at ordinary temperatures, and if exp osed to heat the 

vaporisation of the Fluid develops a pressure withi n containers, which 

tinder extreme conditions (conflagration) may result In t he bursting of 

the container with Ignition of Its contents, and wh ich in the hot sun*s 

rays causes a sudden escape of vapor when the conta iner Is opened. The 

oily (fat soluble) and somewhat volatile character of the material 

gives it a peculiarly hazardous quality among lead compounds in that
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absorption takes place into the tinman body both by w ay of the unbroken 

skin through contact, and. by way of the lungs thro ugh inhalation. The 

saturated yapor of tetraethyl lead in air atordinar y temperatures 

contains approximately 5 age. of lead per liter' of air - a concentration 

Which la lethal for experimental animals after a few  hours of exposure. 

It Is apparent, therefore, t&at the rate of absorpt ion of tetraethyl 

lead through the lungs is very much more rapid than  In the case of 

particulate inorganic lead o ompounds, and that the  dangers of inhalation 

are correspondingly great. The tendency of tetraethy l lead to decompose 

to yield peculiarly irritating and toxic solid comp ounds has been 

mentioned previously*

With these characteristics In mind* it Is possible t o 

visualise the chief difficulties which attend the m anufacture, trans­

portation, s fcorage, and handling of Ethyl ^luid* T he necessity for 

the avoidance of leakage and spillage of Fluid, and  for prevention of 

skin contact or inhalation, is apparent* And not on ly m a t  safety 

precautions be designed for the prevention of rapid  absorption and

acute Illness, but also for the avoidance of repeat ed slight exposure
_ - . » . ’

with its resultant slow accumulation of lead which ma y result in chronic 

plumbism*

1 * Easarda in the Manufacture of Ethyl Fluid*

The preparation of Ethyl Fluid consists essentially  of the 

blending of tetraethyl lead with a sufficient amoun t of an organic 

halogen carrier to convert the lead to the correspo nding halide when 

combustion occurs, and with an oil soluble dyd to g ive the Fluid a deep

color. The materials must be thoroughly mixed, and checked by chemical 

analysis for correctness of the quality and proport ions of the in­

gredients* The finished Fluid is stored in tanks, or  introduced into
• 1

drums or tank cars for shipment. The control of the  dangers of maun-
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facfcure la relatively simple, aines all the operations are carried 

out by a single isolated group of men who are under  constant supervision* 

The solution of the problem of safety is found in t he use of carefully 

constructed^ closed systems of pipes, pumps and tan ks, with the necessary 

vents carried well outside wanking areas# General a nd local ventilation 

is employed as a supplementary precaution. The fill ing of barrels for 

shipment necessitates a break in the closed system#  This operation is . 

carried out, therefore, in a specially constructed,  highly ventilated 

hood, equipped with safety devices which care for e ither a few drops 

of Fluid or a large accidental spill. The difficult y is increased by 

the necessity for accurate measurements of the Flui d, this being ac­

complished by filling the container up to the desired  net weight#

Skin contact with the materials, and inhalation of vapcr 

is obviated through detailed regimentation of the t echnique of all 

plant operations, including the carrying out of rep airs, and the 

maintenance of meticulously careful housekeeping In  the plant, ihe 

adequacy of precautionary measures is checked by reg ular medical super­

vision of the workmen and the plant.

An Integral part of  the manufacturing and shipping procedures 

is the cleaning, testing and repaintlng of metal dr ums before refilling, 

and the testing of refilled drums for leaks before shipment# The 

hasards of the cleaning operation are essentially n egligible since it 

is done by equipment enclosed in highly ventilated h oods and operated 

from the outside. Cleaned drums are given an air pr essure test, and 

filled" drums are tested in a specially ventilated room, by setting them 

with the bung down for a period of twelve to forty- eight hours. The 

slightest leak becomes readily apparent because of th e spread of the 

deeply colored fluid into the bright new aluminum f inish on the 

surface of the drum# Suitable warnings are pastedti ghtly on each
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drum, tohether with instractions for caring for acc idents, or leaks. 

Mention Is made of these details because they are o f extreme importance 

in guarding against danger in transportation* The re cognition of such 

dangers was responsible for the use of a specially designed metal drum, 

and later a special type of tank ear for shipping Eth yl Fluid.

It is evident that the filling and handling of tank  cars at 

the manufacturing plant is a simpler operation than  the intio ductlon 

of corresponding amounts of Fluid into barrels. The  construction of 

the tank is such that leaks are well-nigh impossibl e except for the 

occurrence of most unusual transportation accidents . Tank cars are 

inspected, cleaned if necessary by equipment contro lled at a safe 

distance, filled by weight from a storage tank, sea led, padlocked, and 

placarded with suitable instructions.

2« Hazards in the Transportation of Ethyl Fluid.

The difficulties in transportation arise largely fr om the 

fact that the Fluid may pass into the custody of pe rsons who have 

not been instructed adequately as to the nature of the dangers with 

which they are dealing, and the proper means to emp loy in avoidance 

of such dangers. There is the greatest peeessity, th erefore, for 

anticipating and guarding against the type of handl ing which is given 

to ordinary commodities in transit. In fact, every effort must be 

made to see that no opportunity occurs for contact or exposure from 

the use of shipment until the material arrives at i ts destination, 

where it can be taken in charge by properly trained  persons. For 

this reason shipping of drums, with rare exceptions , is carried out 

in full car load lots, or at full car load rates, s o that the drums 

may be safely fastened in place in the car at the m anufacturing plant 

and removed in safety by the trained personnel of t he purchaser.

Where shipment occurs by boat, the drum cargo is under  the supervision
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of a representative of the shipping plant, until it  is properly fastened 

in place on an open deck of the vessel, from which i t is removed at its 

destination under the supervision of the shipper's or purchaser's trained 

agent.

The shipment of tank c a m  of Fluid is not fraught wi th the 

same dangers as those associated with the transport ation of drums, 

and fcr obvious reasons which require no further el ucidation. It is 

true that major accidents might occur which would n ecessitate special 

handling of these cars and their contents. Carriers  are Instructed 

by placard to notify the shipper in such an event s o that instructions 

may be given or the situation may be handled by an agent of the shipper, 

lio serious difficulties of this type have occurred  up to the present.

From time to time drum shipments of Fluid have been  made

by truck. This has been done usually in order to av oid a transhipment

of less than carload lots by rail. Thus a car load of Fluid, shipped

to some central point has been split among neighbor ing purchasers,

each of whom has transported a number of drums by tr uck. This, again,

merely represents the attempt to maintain the respon sibility for the
*  '

handling of drums in the hands of persons who are f ully informed as to 

the proper methods of handling.

3* Hazards in the Handling of Fluid at Refineries an d Bulk 
- fixing- points«

The above paragraphs have dealt with the precaution s which 

must be taken by the distributor of Ethyl Fluid, in  order to see that 

the product reaches the purchaser without the likel ihood of any injury 

to anyone in transit. Prom this point on it la nece ssary for the 

purchaser to see that the Fluid is handled only by t he proper persons, 

that it is mixed with gasoline in proper amounts an d by acceptable 

procedures, and that the emptied containers are ret urned to the dis­

tributor with the same care against danger to the c arrier that was 
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observed by the distributor* The difficulties to be o vercome oy..be 

separated into the hazards of storage and the hasar ds of the actual 

mixing procedures.

The Hazards of Storage. ■ -

These hazards In the case of drum storage include t he 

mechanical difficulty of handling heavy packages* t he possibility 

of leaks and spillage* the development of pressure in the drum with 

high temperature* the partial solidification of the  Fluid at low winter 

temperatures* - i.e. freezing out of the halogen car rier, which must 

be melted before the Fluid can be mixed Into gasoli ne -, and the 

occurrence of a fire, with the possibility of burst ing of drums and 

ignition of the Fluid. Theft of the Fluid, and tamp ering with it 

must also be prevented. Obviously the Fluid should b e stored where 

the containers can be handled with ease, where vapor s will not be 

confined* where s pilled Fluid can be readily washe d away, where there 

is protection from direct sunlight {in warm or tempe rate climates), 

and from the spread of fire, and where there is sec urity from chance 

or intentional handling by unauthorized persons.

When Fluid is shipped in tank cars the chief storag e problems 

have to do with the transfer of the large amount of  heavy Fluid from 

the tank cars to a Fluid storage tank without allow ing exposure to occur, 

the prevention of leakage of either liquid or vapor  from the storage 

tank, and provision against excessive cooling or he ating of the Fluid. 

These problems will be given further consideration later.

The Hazards of Mixing;.

The hazards of mixing with drums of Fluid brise in moving 

heavy drums to the mixing site, in removing the bun gs, in emptying 

out accurately measured amounts of Fluid, in mixing the Fluid with 

gasoline, in rinsing out the drums when emptied of Fluid, and in re­
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placing the bungs. All this should he done without leaks or spills, 

and it m a t  be done without exposure, on the part of the handler, to 

the liquid or vaporised Fluid. Moreover any implemen ts or equipment 

used in the process must be cleaned up so as to rem ove any opportunity 

for subsequent contact with liquid or vapor at the mixing site.

The most serious aspects of the problem of handling  Fluid 

out of a storage tank are concerned with accuracy o f measurement, 

the prevention of leaks in the pipe lines, and the carrying out of repairs 

if and when leaks develop. These difficulties can b est be appreciated 

when the type of equipment employed for the purpose  is understood.

Methods Employed in the Elimination of Hazards.

It is one thing to bring under control the occupati onal 

dangers of a single Industrial plant, or that of a series of similar 

plants which operate under the same management. It Is quite another to 

accomplish this and in the case of hundreds of widel y distributed plants 

which have almost as many different owners and manag ers. It is inevitable 

that there should be differences of opinion among th e large number of 

persons who have purchased and used Ethyl Fluid in the preparation of 

Ethyl Gasoline, as to the requirements for safety i n handling the product. 

It is equally certain that if the manner of mixing h ad been at any time, 

or were now left to the discretion of gasoline dist ributors, there would 

be a wide variety of methods and equipment, and a c orrespondingly wide 

variation in the precautionary measures surrounding  the occupation.

Especially at the beginning of this new Industry, it  was 

necessary to make a careful apprasial of the hazard s. In order to do 

this some type of centralized responsibility for th e manner in which 

mixing was to b© done had to be established. This w as achieved through 

the issuance of regulations and instructions to the  purchasers of 

Ethyl Fluid, together with specifications for mixin g equipment. Com»
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pliance-with these regulations and specifications w as made an obligation 

to which purchasers were bound by contract. Under t his regime a high 

degree of uniformity both in equipment and in techni que has been main­

tained.

Mixing plants are built so as to satisfy not less t han minimal 

specifications supplied by the distributor of Ethyl  Fluid. These speci­

fications cover the storage facilities for Ethyl Fl uid, the mixing 

equipment, locker rooms, bathing facilities, ordina ry and special pro­

tective clothing and equipment, and gas masks. Regu lations are pro­

vided covering all the procedures, Including the re quirements in the 

matter of cleanliness, clothing changes and similar  details. Workmen 

are selected from those available by a medical repr esentative of the 

distributor of Ethyl Fluid, on the basis of physica l fitness, and each 

man is instructed as to the regulations, and the da ngers associated 

with improper handling of Ethyl Fluid and exposure to It. A placard 

of instructions to workers is posted conspicuously at the mixing plant.

Storage space for drums of Fluid consist of a concr ete 

platform at boxcar or truck height, with at least th ree sides open to 

the air and a roof overhead suitably connected with  drains so that it can 

be thoroughly hosed. This plabform is continuous wi th the mixing area, 

the entire structure being .enclosed with heavy wir e, locked against 

entrance, and being of fire proof construction. The  storage tank for 

Fldid delivered by tank car is located adjacent to the mixing equipment. 

Further details of construction will be referred to  later.

Mixing of Fluid supplied in drums is carried out by  means of 

two types of equipment, one for less than full drum s of Fluid, the other 

in which not less than a full drum i3 used* In the former case a special 

apparatus is fastened in the bung opening, and the de sired amount of 

Fluid as indicated by gross weight loss, is drawn o ff by means of an
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eductor, attached to the gasoline line. In the othe r case, the full 

drum of Fluid is used as the unit of measure, and o ne or more drums as 

required are emptied by means of an eductor attache d to the gasoline 

line, and mixed with the proper amount of gasoline in a tank. The ,

operation is completed when the eductor line has be en well washed out, 

when all the Fluid has been introduced Into the gas oline, and when the 

Fluid and gasoline have been recirculated so as to o btain complete 

admixture. The latter is an Important item, for when  the heavy Fluid 

is merely poured into gasoline it drops to the bott om and remains as a 

separate layer for a long time. Mot only would this  introduce serious 

error Into the composition of the gasoline, whereby  excessively low and - 

more important in relation to safety - excessively high concentrations 

of Fluid in gasoline might be distributed, but it m ay also result in the 

accumulation of concentrated Fluid at the bottom of the tank, to be 

encountered, perchance, when the tank is to be clean ed.

The entire procedure of storing the Fluid and mixin g it with 

gasoline in mixing plants which handle tank cars of Fluid is carried out 

in two steps, (1) emptying the tank car into a stor age tank which is sus­

pended on a scales, and (2) mixing weighed amounts of Fluid into gasoline. 

Both steps are carried out through the use of an ed uctor on the gasoline 

line. Since all movements of the Fluid are accompli shed by suction, and 

since■ sufficient vacuum for the purpose can not be  obtained in the presence 

of leaks in the system, it follows that if the appa ratus moves the Fluid 

at all, there is no opportunity for skin contact wi th leaking Fluid or 

inhalation of escaping vapor.

The various factors which influence the magnitude o f occupational 

hazards of the.workmen may be listed in the order of  their importance as 

follows* (!) The extent of the cooperation of refiner y management in the 

avoidance of irregular practices such as unnecessar y sampling of Fluid,
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the removal of small amounts of Fluid into intermed iate containers 

for experimental mixes, and for the correction of e rrors In mixing - 

in short, the avoidance of any handling of Fluid ex cept by means of 

the standard mixing equipment! (2) the quality of the  mixing equipment}

( 3) the frequency of mixing fthis depends largely upo n the adequacy of 

storage facilities for Ethyl Gasoline in relation t o the volume of Ethyl 

Gasoline distribution)} and (l|.)  the degree of caution exercised by the . 

mixing personnel in following the instructions as p rescribed# The 1m- 

portance of the last item is stressed at all times in the promotion of 

safety, but much greater dependence is put in the autom atic safety which 

is afforded by the installation of proper mixing equi pment and adequate 

storage facilities. It is manifestly Impossible t& prevent departures 

from accepted and safe procedures excepting as the refinery management 

and personnel give their willing and intelligent co operation toward the 

promotion of safety, and unless they accept in prac tice, the point of 

view that no comercial consideration can justify th e violation of a . 

regulation which is reasonably designed to promote safety. The 1m- 

portance of the development and maintenance of this  point of view toward 

the handling of Ethyl Fluid cannot be over-emphasiz ed, for fcherin is the 

most significant problem of safety. The chief funct ions of the medical 

representatives of the distributor of Ethyl Fluid a re to promote such a 

point of view, to maintain and improve the. quality  of mixing plants and 

to prevent the gradual decrease in caution which ot herwise.is almost 

inevitable after years of freedom from occupational  injury. The periodical 

medical examination of every person engaged in this  worls, together with 

occasional study of the lead excretion of a represe ntative group of such 

workers, serves largely to determine the degree of success which has been 

achieved in the performance of these functions. Per haps this statement 

describes a somewhat uncommon concept of the signif icance of medical
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examinations in the promotion of safety* If this is  true* it should be 

understood that such a concept does not arise from any lack of appreciation 

of the necessity for the utmost care in the perform ance of examinations, 

and for the maintenance of proper professional rela tionships with the 

workmen. Rather, it springs from the certainty that  no amount of ex­

cellence of medical care is sufficient, in itself, to prevent the 

occurrence of lead poisoning among men who are work ing under conditions 

of exposure which bring about the absorption of sig nificant amounts of 

lead* In our opinion, the only successful way to pr event occupational 

lead poisoning is to so limit occupational leadexpo sure that poisoning 

cannot occur* .

Illuatrations by Lantern Slides * .
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