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December 27, 1944

Dr. Charles . Erv&y.,
Eclipse Machine Division,
Bendix Aircraft Company,
Elnira, New Yorik.

Deer Dyr. Ervay:

I am sending you herewilith & memcrandum which covers the results
of my obseyvations at the time I visited your plant, together
vith certain recommendations and some suggestions also with
respect to methods of procedure. :

I trust that this vill be cf use to you and your ass
but if there 1s anything further thst I can <o, pleacs
hesitate to cell upon me. .,

Yor the sske of my own convenience in aveiding records end
bookkeeping I am sending you also an accouni of my exppnses
plus &8 fee for my services. Uhe lovw tr&veling expense 1o
occasioned by the fact that I was in Bufifalo on other business.
I trust that this will all be satisfesctory.

I sh&ll be very muchn Interested in krowing the results ol eny
obeervations that are made and also of the practieal conclu-

sions that are worked out in preparation {or your enlarged
operatlons. I should also be glad to know the impressions
thet resulted Irom the visit of some ol your people to Wright
heronautlical.

I enjoved very nmuch maXking your acqueintance, and it was &
pleasure to meet and discuss the sltuetion with you and your
assoclates. 1 trust we shall have the oppertunity oi meeting
agein.

Sincerely yours,

hObeIt A- K&HGG, I"l- D.o
HAK ef

Enc.
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Fobert A. Kehoe, M. D.
_ College of Mediclne Eden Avenue
i Cincinnati 19, Chio

I'ccember £7, 1Y«

Fe:x in connection vwith vigli 1o plant
on Yridey, Tecember 15, including N KT AN 1Y
report

Lreveling Lxmensa 17.51
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.-
Expenses in connection with trip to
" Tlmira, New York, Dec. 15, 1944 |
H. F. (coach) Buffalo to Elmira and return $7.1%
Hotel = 1 night _ 4.00
Meals 5eU0
Taxi, etc. 1.85
Incidentals 1.23
Total $17.%1
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MEMO ANDUN Ol VISIYT 70 PCLIPSY MACHINI LIVICICK
BELULE fVlhs L0k, Lidilih, WLV Y0 &

“his plent was visited on December 15, 1944 for the
purpose of examining into the toxlc hazards of exposure to the
1ngredienté of high octane gesoline (luu octene aviation; on the
pari of men engaged in testing the performance of fuel distri-
tuting pumps for aircrefit molors. Ghe present temporary faclli-
ties for this vork vere examinecd and the performance cf ithe work
was observed. Afterward in a conference the means of protecting
vorkmen: in &8 projecied LWullding designed ifor this work, vere

considered ..

Hazards and “helr Uonirol {in yprincicle;

“he hazerds of fire sné explosicn Vere noi tho subjec:
of considerallon but vere merely meniioned in psssing in connecllon
vith the employment of leocal exhimsursi ventileilon for the removal
of gasoline vapd's. “he possibllity of the carriagc of exrlosive
mixtures in air through ductis and mpotorized fans was referred to
as & epccial nrceblem reguiring experi enpincering exverience ao
to Ll means cf ayoiéing staille clectrical accumulaticn ecpecially
in cold wveather, and preveniing ignition of vapors by operating

electricel equipment.

“he toxic hezeards tha&il mast be dealt vwith &re ithose 8sso-
ciated with ilhe vapors of mixed hydrccarbons and oi tetraethyl leacd.
both of these may rescn signiiicant proportions, and therefore the

condltions which influence thelir magnitude musi be understood.

sOoxic kxposure to Hydrocarbons

- The toxicity of modern aircraft engine fuels 1s coneiderabiy

higher than that of motor fuels commonly in use some years ago, the



latter having been composed chiefly of the producte of simple

distillation of petroleum. MNodern crecking, alkylating sn

el

o Y

forming processes result in the presence In aircraft fuels (and
in other high compression motor fuels; of verious hydrocervona
of much greater toxlcity than those produced by simple cdistilleiion.
The situation may be iliustrated by the fact that the tolerablc
concentration of naphthe or ordinary gesoline distlllates In
ely for prolonged human exposure 1o penerally acceplted &s approrie
mating luio p.p.ﬁ. by volume,vhile that of certsin aromatic hydro-
cerbons commonly found in 1.. octanc gascline (ur to 12 te 1! rer
cent by volume; is not greater thanr 2. p.puaa. by volume. Horcover
the irritating eiffect of skin contact wiih the uigl: octanc gascline
is preater than thet of ccmmerciél gasolines generelly availalle
in an earlicer pericd. %he result of theseo facto iz that nuch
greater care must be taken to contrel the splllage and vaporlzaiion
of 1L, octane gasoline and to aveld skin contuct tnerewith, thean
vould have been required to produce an'equivaleni deryee of safety
in the handling oi oyrdinary moior fuels of lhils or an esrliien
period. |

An additional faci of consideratle pracilcal importance hsass
just come to light ss the result of certain recently 4 conflden~
1imlly reporied observailonc on the vaporizaticn of gascline.
Gesoline vaporliges into an air-stream conducted over 11 with re-
markeble speced. As 8 consequence of this fact the rate &t vhich

the air moves has relstively little effect upon the concentretion

of gasollnc arrived &t in the air stream. Therefore, the freguency

of sir-changes in & ventilated space in which gasoline is handled
in open conteiners or spilled, is not the important factor in the
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control of the concentratlon of gasoline vapor. Isther the imvore

tani factor is the extent of the surface of gasoline ihnat is in

contaci with the air siream. It follows, thercfore, that (1)

openings by which air may come in contact with pasoline 1n e
ventilated space must be reduced io the minimum; (2; spillage of
gasoline must be controlled with extreme care; and (%, the sprayin:
of droplets into the a&ir from any source must be prevented. lor

the controli of sﬁch exposure &s may otherwise occur througl: the
cperation of any of these factorg, vapors should be removed Irom

hie

(4
0

peace Ly beingp picked up al their point cof origin and conduciec

ot

o the outside. Iy these comtined methods of contrcl the concen-
tration of gasoline vapors in alr must be keplt below 5.0 p.pau. 8%
the least. It is belleved thai few persons unaccusiomed L0 eXpOosure
to 1,0 octane gasoline will fail to devéiop variasble degrees ol
éiscomiort if exﬁosed for hours per Gay to &l conteining Hiu D.T di.
of such vapor. Tor this resson it 1s advisavle to achieve the
moximun freedon ol the air of workrooums from‘such vapor .

“he equipment to be used should be B0 designed as Lo
dirinish to the minimum the need for contact ¢©f the skin cf workmen
with pssoline. lracilities Yor cleansing the skin theroughly at
meeltime and other suitable intervels should bte provided and all
workmen should be acdvised of the need for meticulous cleanliness.
Where feasivle, a barrier creecm may well te used, ad in any casc

the use of & grease cream (for olling the skin; should be available

for use follovwing thorough washing &fter routine contact with gaso-

line in the course of vork. These procedures are recommended for

the purpose of preoveniing dermatitis as the result of contact with
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potroleun hydrocarbons. fSuch dermatitis ls rarely serious tul pe:
cauvse congiderable interruption in the work of individuals. Oim
vicusly, carce &geinst contaminatiicn of clothing wiih gasoline munt
e taken o avo:d much wmore sericus injury to the skin ithen thst
voecssloned by contaci of uneclothed skin aress. I condlitions

require periodic or occesional chenges cof clotbing, suiteble

equipment i(lockers, locker-roonm, &nd clothing,; should be mede avells-

Y

:le under some welleestatlished reginen.

*

Torie LEnosure 10 Letrocihyl Lesd

Under the conditions cof ihe normal commerclal handling <!
motoyr fuels contalining tetraecthyi lead,; no gigpifican: risy 67
lesd susornilon existe, bul certaln smiergency meithodes of millitery

-

hendling have given ricse Lo trouble,and certalin technicsl over&iion:

suci: &y the procecures invelved in the present instancd, have
troughilt &boul votentislly dengerous condlitione ¢f lead erposure.
“hese¢ condlijons can reaclly bte &volided by the appllication of cerialin

generel prinelrles,and therefore 1t seems mdvisable to clerisy ihe

3

fe

feeitors the iniluence ho extent of the exposure.

che goiety faciors in the nermal commerlesl hendlin- of
leaded gascilne are primerlily twe in number.

{1; Vhereas ierraethyl lesd is abscrbed through the human sk;n
with feir ease, the dllution ¢f tetraethyl lefd wiih gasolline retardcs
iits passege through the skin and prevents it, for &ll pracilcal
purposes, when the dilution ie of the order of magnlitude of luuu
paris or more of gasoline to 1l of tetrsethyl lead. (%he concentra-
tion of tetreethyl leed in commerclal gascline mey not exceed luo.
paris ;er'million; while that In military gascline, vhile not under
contrel of the Tibyl Corporstion, has not exceeded this figure

T o



except in commection with certain experimentiel sctlivities of
restricted scope.)

. (2, From the aspect of 1nhalation of vaporized telraethyi
lead oui oi gascline, the difference In tne volatillty of these
twvo engredients of motor fuel, together with the difference in
their respective concentrations in the mixed fuel, is such that
very litile tetracothyl lead ls given off in the vapors of the fuel
vhen evaporation takes'ﬁlace from an open conialiner. {(The first
10 ver cent of vaporized fuel contains only & minute fracilcen cf
the availstle lead compound.} As & conseguence, 1f the fuel is
handled sc &n e avold the undue risks from flire and explosion tlhw:
would follov from arillage or leadage 1n enclesed spaces, and so
as to Trevent Lthe occurrence o toxice ceneentrations’ of rascline
in the alr breathed by handlers, no risk of toxic lead absorpilon
oceurs .

Py reason Qf the overatlon ol these 1wo factorg, plus ihe
cere currently taken by gacoline distributors to avolid firves and
explosions , the commereisl nandling of léadeé~g&eoling heo been
unoccompanied by any cases ol measuratle 1@&& absorption or of
leéé intoxicatlon over the perioé of approximately twenily years
during which such fuels have been distributed. (Certain conditions
peculisr to the cornfined spaces of gesollne storage ta&nks, have
resulied in some serious cases of lead poisoning among periods who
have entered storage tanks to carry out cleaning and repailr opera-
ticns, without fellowing standard precautlions. Such cases, which
have been reported in medical literature, should hotvbe permitied

to confuse the clean-cut issue under discussion.) However, there
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can be no doubt that leaded gésoline can be dealt with in such &
manner as to gilve rise to dangerous lead exposure. Three principal
factors are responsible for the production of such an hazard, =
{e) splllege of considerable quantlities of gascline in &n enclosed
or paftially enclosed space, (b) spillage or leakage cof gusoline in
a thin l&yer or on & surface that permlits of its complete evapore~
tion, end {c) the creation of & spray vwith reéultant complete
vaporization of the gasoline in the air.

it is eprarent that all the conditlions that may result in
the operaticn of ithe aﬁove fectore must he controlled with deteiled
preciéion in any technicel coperation that is intended to continuc
over &ny ccnslderavle period of time. Lead absorpticn in velaiion
t0 such operations must be kept within gulte lov limite in order
to sveld cumulstive effects. IL has been shown. that & reasonalile
degree of gsaf'ety can be mainisined by preventing the occurrénce ct’
lead concentrations in the air in excess of 1.5 mg. of lead (FiL) per
1o cuble mecerz of alr. It ig feusltle and wise, however, in

conneclion with exposure to pasoline to tighten up this standard by
v ‘

%4 per ceni O more fornéo doing the concentraticn of gascline
available in the eir will usually be beneficially influenced. he
basis for the use of 1lu cubic meters &8 & standerd comes froam the
fact that this is the upper limit of the quantity of fir breathed
in by & well developed adult at reasonably herd work in the course
of © hours. If the working day is longer than 8 hours the permissi-
tle concentratiion oflleaﬁ must be reduged proportionately.

{Methods for the determination of lead in the air are

appended hereto, as & basis for compliance with these standard:s,

and 1t is recommended that preclse measurements be made under the

V) -
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“he experience

various condltions that may exist in connection with present and future
It may be unnecesssary to maks correspendin

coniliions
thie significance ol

opereting #
determinetions of the concentratlon of gascline vapors.
provide sufllcient indication ol
The severity of the leéd exposuie , hovever,
. Y or:

cf the men mBl
the exposure Lo gasoline.
should not be lef't to conjecture, wnless virtually complete freedom

Trom exposure cen be achieved.)
Practical Observatlions and recommendation
fiticns under which: the work under con-

' certaln criticlisms. Vhile

Gbservaticon of ithe cond
deratlion is beling carried out

ine present iacilities ure Lenmporary in charactier

expecialtion as t¢ the completion

1 thatl present conditions

id that

recofnining thao in
il wW&s salid

rrevious experience and the present
es necessitaie the conclusio
Horecover

of' new facil
ey rewmain in use or quite some tinme.
eddlitional equipmeni aimilar to that nov In use waAa: Lo be iniroduced
into the same space. She criticiesms, whleh &re not intended 1o be
unduly epmphatic but merely stralghiforward, follow: -

{1, uhe veniilation cf the work is done

EAE o
P W

is general, rather than spec.;.f,.callJ b

the room in whic
ed 1o the problem Iinvolved.
¥or reasons indlcated above this type of ventlilation cannot buti be
Lm -3

If additional equilipment 1s added there will
¢t propo:xtion, 8l ieast, te

Ineffective, and 1t is.
be an increase in the exposure, in éir
the increase in the number of units. Tach unit of eqguipment employed
in the testing should be ventilated individually, in such manner as to

remove rether than merely to dilute the vapora thst arise from the
All

entire operation.

' The inevitable spillage of gasoline should not be
vermitted to influence the cleanliness of the space in general.

{2)



dripped or spllled gascline should be caught by ventileted drip
pans that will keep the gasoline off the floor and its vapor out
of the &ir in the roun. All fuel lines must be kept ebsolutely
tight. At present much too much gasoline lles on the floor. This
should be cleaned up completely, snd 1f sny opportunity\for future
spillage is ellowed to remain, floor drains and water lines muscz
te a?ailable for washing it awey promptly and completely. The use
of composition floor dryer Lo remove gasoline, 1f that is intended,
is unjustified for this purpose. No doubi it is setisfactory for
teking up oil, but the presence of dye on the floor cleerly indi-
cates the splllapge end non-removal of conslderable quanitliles of
gascline.

{(#; 9%he spparatus in use 1s not sufficiently enclosed or
free cf legks to rrovide safle conditionc., feverel modelc are Iin
use, presumably &s an indlcation of zomevwhat less than £ eaticfeclory
performance of any. L model should be scitled unon uz sqon ac |
possibvle, 8o thet makeshift methods can be diespenced vwith and
saiety devides introduced to the maximum derreeo.

{(4) The fire hazord to &ll the men s grestly marniflied
by the fact thai there 1s no edenurte isolatlion of in?fvidual unite
of equimment. Any further Introcuctlon cf simliler ecuirment will
intensif'y this hagzard ,which in the opinion of this observer 1s
alread; much toc greatl.

it is strongly recommended thét observations be made tc
detemine the extenit of the lead asvsorption of certgin of the indi-
viduals vho have been engsaged in this work, or whose exposure in
the developmental process resembled that of the present operators.

Samples of urine and blocd can be obtained and snalyses can be
made that will result in demonstrating the degree of significance

v J = e o e e o~ a



" of the lead exposure that has occurred. Such observetions will give
| a clue tc the present need for precautions and may vell point the
wvay to what should be done in the new bullding that 1s to be built.
If the ground work is properly laid for the collection of thesc
samples, so that their value and prupose is undarstooé,~it seems
improbavle thet they will create difficulty. Our previous rathe:r
broad experience in this repard has given us little or no reascn
to fear the reaction of reasonable men. It 1s recognlzed that the
occaslonal man is ﬁot or does not wish tc ve reasonable. Careful
sclection of men for this purpose ahould cbviate auy difficulty
glong this line. If and whern the number of persons to e examined
in this vay is determined, we shall send all the necessary cont&iners
and complete instructions.

¥ith respeci {0 ihe nev building‘thaL ig 1o house uiils work,
it 1s recommended ;hat the plans for the instellation of tlie tesctiing
and ventlileting equipment be revieved in the light ol this dis-
cusslon of hazards and the principles of thelr contrcl. Indeed, it
is unﬁérstomd that this le being done and that this recommendation
is merely & confimation of verbel statements. L1 i1s hoped ihat
the vislt to the .L.ockland, Ohlico, plant of ¥Wright Aeronsuilcal (orpora-
tion was productive of useful information in this directiion.

From the Kettering Lesboratory of Applied Phyeiology, College of
Medicine, Unlversity of Cincinmnati, Cincinnatl, Ohloc.

ExOberé ; . %ehoe M. L.,

Director

December 27, 1944
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