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On The Potent1a1 Hazard Assoc1ated With The Introduction Of Tetramcthyllead
As An Antiknock Agent Into Commercial ‘Motor Gasollne, With Respect To The
Absorptlon of Lead By The Handlers Of 'Such Gasollne
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- An Interm Report Made After N1ne Months of Distr1but10n -

by
Robert A, Kehi:e, M.D., and J. Chcxlak Ch.E.

From The Kettering Laboratory in the Department of Preventive Medlc1ne and
Industrlal Health College of Medicine, Unlversity of Cincinnati.

:’lntroductory
V’Ce;tein Quéeiibn; arose‘initially‘coﬁcernlhg'the potenf;el‘haiard of
leedeabeorp;ien‘inkcoﬁﬁeeﬁion Withkthefdistributiop anq‘uee of_geeolinevcontaininge
‘ufhe"anfi#ﬂ;ek agen"c,v:'’ce’c’..r'ai'mve1",h3>rllez=1‘dv° lTheiprlﬁarfvfeetor whiChimlght give rise fo
"haeafdlfﬁreegh the,suﬁstifetioh'ofkﬁhis ceﬁeoend forgtetreeehyy}leaefln equivalent
eoncehtiatiOn inygasbllne (equivalent:in,terms of tﬁe proportienal representetien
of lead 1n the molecule, whereby, at the max1mum, 2 03 ml.‘of TﬁL are eQulvalent
tto 3 OO ml, ‘of TEL),'was that of the apprec;ably greater volatlllty of tetramethyl?
‘ lead J‘The practlcal‘questlon revolved around the extent to whlch this hlgher
*volatillty"might opeeate'wlth sigﬁificanf affect to contaminate the air With
» tefiemethyl lead or whether th1s factor would be offset sufficlently by the hlgh

I
‘ dilut1on of the: tetramethyllead in 1he gasollne, and, addltionally and more

)

pointedly, by the movement of currents of air in diluting any such volatlllzed lead -
' to 1n51gn1flcant levels of concentratlon in the air breathed by those who would

handle the gasoline under the ordinary, as well as the poselbly extraordlnary

§

_!
: (from time to tlme), condltions of the commercial handllng of the gasollne.
g

i

H

!a'speeific set of eonﬁitionS;(regarded as uncommonly severe) of.usexwere concerned, ‘-
‘vlhadbeen answered in~thevnegative (See Report of The Kettering Laboratory of November . .

Thiquuestion5 in so far as a comparatively short'period of time and

10 1959) It was bel:eved however, that the matter was of suff1c1ent 1mportance
D ,
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The essential*principle'of the experimental approach was that of

YT

‘ ' ‘ Juhpo
feeding ai suspension of the plastic materlal in a soup to a human vei&a%eer

L

A,

who ‘had been under continuous observation for some months for the purpose of.
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‘i/uaﬁa-/' /Q.:‘...

determining the‘pattern‘ef his metabolism of lead, in preparation for a more‘i
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elaborate experiment This subJect carried on
.ﬁ: &“ﬁf.gf’, ‘1[‘ 7’ é?a,l.,\‘(.-é_';‘,‘,x; J’:({; g_.g,{__}!' ‘ﬁ)

A wesaeiod - ;

<TFnE, and was not exposed to any. unusual source of lead in his home or working

Fl

| ‘f;;

environment.

- L . b “ ' v ‘ ‘ . ,.*f_,)(, - ’)
LVV a The schedule’ of this experlment included nine days of‘ég& ’ ég'uf
observatiens,'durihgvthe first five days of which he‘adapted his dietary routine

to the extent of including the specific kind and quantity of -soup in which the

\v1¥p1astie:ﬁete}i51ﬁwee”tepﬁefsuspehded. After the preliminary periodfef nine:days/
: ausecohdﬂ(CéntrOi)vberiqdiof_Iive days'followed, durihg_ﬁhich time his diet

included the samefsonprOnteiningAO.25‘gram§ of a lead-free glazed paper which

——-

. wé&’d}“‘ v::‘?'
simulated in” appearance and texture the esaigagsmater1a11i An initial dose of 0.25

‘gﬂgxamS*Qf”thefcoatingﬂmeterialwwas‘ingested_with‘the spupxthe fifteenth day of the:

. lfe‘x'per:lmen't:‘,\af‘t‘er'Whi'ch from the sixteenth to the twenty-eighth day, the control -
cdiet (eontainingxthetsoup and the lead-free glazed péper) was resumed. During this
, ehtire.peried, thetoutpdtfbf,lead in the urine and feces were being observed, as

indeed,tthey had been in the entire preceding_ﬁeriod during which the subject .-
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*:i;g}ingeStedlﬁo milligramegoilieed;in the plastic. The output of lead in the feces,

: o . v v | B efﬂ D £ - .‘ . .-
*on:theﬁsixteenth,_seventeenth,1andeeighteenth‘days, eé%gﬁgﬁed—aéiexeess-eﬁ‘ o

 had been,under investigation.,

: o mﬂ!&r L ‘é ; ,
From the twenty-nlnth gb-the thirty-third day, the,g;astic coating o; he‘Qaﬁfé

e S TR SR ' ol bk
© was ingested by the subject in the amount of 0.25 gram per day, az R

et
foaes A,

the. subgect returned to the control diet from the thlrty-fourth ia,the thlrty—
eighth day. The determinations of the lead in the urine and feces were continued.

The analytiealbresults'bn.the food, feces and urine, covering the entire pericd

v»’repreSentedeéeeve,‘and eontiﬁuing'through forty-one days, have been assembled in

Experlmental Results

‘ ‘ ) o, T m-.»»r.u»-e' of imr Ob"-w'-’ 2 v ~f~*- : :
The results referred to abovefﬁ?e set forth in Table 1. It may be

v’T,fseee_#het(theeguéhtitieélof'1eedlin-the food,_feées»and‘urine,'during the first

veninedays:efethisyperieijwefe essentially the same as those in the subsequent
:,;fiﬁewdéys,”uThewinitialAberiod of:fourteen‘days may, therefore, be taken together

,:to be the control .period. The relationships of the findings, in terms of the

MﬁegreeﬁOfgﬁ iahee;betweenﬁtheuintake,and output'ofvlead during this control period,

are shown in Table 2. -
\\\\ Wlth the flrst feedlng .of plastlc on the fifteenth day, the wedumtrrre—

°

. ?f29-82”milligréms.ﬂhﬂnﬁ,thatfWhieh would have been expected had the 30 milligraméﬁim-éié
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*lead not been ingested; ‘The.average quantity of lead excreted in the'urine;

iduring'thé same:three-day_perioj,was 0.019 milligrams, which was essentially the

same as, abtually 31ight1y lower than, the average quantity excreted daily during

' »thelcontrol’périod;

Dﬁringvthe‘secohd-period in-which,the plastic coating was being fed,

the weluamieexr ingested 30 milligrams of lead per day in that manner (in addition
s . |
ach of five days. The feces evacuated

uié that containe§‘in'the;fooﬁ‘itself)
’dl:‘lring‘ tﬁe :thirty—,fir;t_ -thrrq'a-ugh’tlvle’thirty—fki%;contained ‘155.34 milligfas
  of lead: 1n é#c‘gss of ;hatwhich would havéibéén expected had the 1éoymii'1s.igra;ns
6fﬁ;%éd;%# tﬁe}plastic‘npt?een ihgested.v (The diécrep;ngy here,’that ig)the
k#péé%eﬁt é;§é§$f;f¥;ﬁééﬁtiQﬁer‘iﬁtéke,vmay be’ascfibéd téfsmaii sampling‘errors
(;laég%glo;?;;égiér-gpﬁg)j%ﬁiéhgare almoéf ipevitéﬁle‘in an;e#p;rimént‘offélativé}y
i;h;rfﬁéﬁfafi;hqanﬁe pégéf of impqriance is thatwéppa¥ently all of the 1eé& | |
ingested in thié‘fofm!isfaééounted fo? in the fecél eZ&acuafion%&(The conclusion
“éig#f be’df#wﬁ that‘n9;1eéd:waSiab$orbed from fhg‘plastic d;f;hg‘??is pefiod;—’Thié
is ﬁdt necessarlly ‘tlx"le’.é,.bg‘t‘:‘-&c:'ert‘a.vir;ly the quan‘ti‘t‘_y abséijbéd was small ' s |

LD

The datalabtained‘by:the analYSiS’of the urine represent the mxim crucial

evidence,»with3réference,to'thé_absorption of lead. It may be noted thaf the

urinary outpﬁt_bfileadfduriég*#he;pertinent period of seven days (thirtieth through

KE 0003

7thirty-Sixth)fappeared”to be slightly and persistently elevated. The a&erage for



" this fesadlaks period is, in fact, significantly higher than that of the control

period (t ='4.5, d.f. = 18, p_f§0.01). The increase was indeed slight, and put

;{
/ © for its cdnsistent,trendkit,would have little, if any significance, It is a
‘ matter.of'1mportanée‘that“it:increased progressively from the thirtieth to the
th1rty—th1rd(hy, when the peak ‘value of 0.033 milligrams was reached, after which
it feli off and could not be differentiated from the earlier results after the
fdrtieth‘day.' 7 ;
. . ' L ol /
The data as to the concentration of lead in the blood of the vtiunteer
beforé;ﬁdurihg’and’after\the experiméntalfregimeéjé}e given in Table 3. The
 conbehtratiQn infthé*bibod wés ﬁnaffected’by thehféEding_of the plastic. -
o et f Large quantlty of lead in the alimentary tract sseis
s < /‘y_) . ¢ ? /¢} Al .(.).,, PN _.,.{ A% \ '(.»-f—-j( 0'.l A‘ij :,.‘.j;.,‘* f':: _'p ;.7‘- ’{\\ -
T (’ff' o S
p hls %ﬁﬁﬁégxy vas so mlnute, however, that it could be considered to be
significant ¢ S mtatd ati
g : 1cagt iny 1pbs#atlst1cal termg.k The lead excreted in the urine during
the relevant period neve eded Sam ST c |
o : 8 ?V#ntFPeTiQQ_neV§r exceeded ®&® quantities that are often found in the
Tou S T ' | ‘
¢y Sk of Ordlgérx/nérmal PerS0p$,vand the slight elevation above the previous
pos o , : : ) 3 ;
(:l&

'(control)vleve; would“have.had,np‘significance even stafisticaily Lut-fo} the

P

e CIU——

jfact that it pxe k ‘
g‘ ‘per51stedv§§S? several dayg,and then dlsappeared just when
N ; ) . N k] \,
L ) 3G f‘j;' :.zus.,j«!y W ER uw L“\jlﬂ-u—ot,
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at least, to’ attrzbute
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Table 2

Summary of The Analytical Data Representetive of the

Control
Period ‘
' Lead ingested =  Lead eliminated Balance
:Inzfood,::,f_v \‘ In urine In feces = Total Intake less
(mg) - (mg) (mg)  (mg)  output

Summation of ’ ‘ .
results obtained  3.23 L .25 : 2.65 2.99 +0.33
during 14 days. - ' ' -
Daily:average CELT o ’
of results . .23 ‘ SR ¢ Y] .21 +0.Q %2
obtained’ during - ' <
14 days

s.n. 150 - o038 .20




TABLE 3

5

Concentration of Lead in Blood at Various Times

Day of Experiment. _ ‘ lead in milligrams per 100 grams

1 '  DRI . | 0.024

6 E  » |  0.023
13 s ;_, ,f o - - 0.015
19 | ,  | . 0.024
'24‘ R | .o
B2, o o a e , - 0.020
37 }' ,11"  ;:: PR - 0.021

a3 | | ~ 0.015
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The results obtained in this experlment—cowwesponﬂ—1zr
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The abéirptlon of the 1norganic compounds of leaeqée en at

3

\Lekpeotations‘
best‘ when solhble compounds infaqueous solution ate 1ngested x ocours to
k:onty;afm§Qest;eXteot, in tﬁis instaoce,tit could be‘expected confidently
that the oastctieedvosroooate, mixed in the essentially inert plastic Qaterls}}
Jm:» !..CJ'; '

AT -
Ui st Ll ity &ogis

would not be access1bleﬂto any

in no seosetsufprlsing, therefore, that the alimentary absorption of the
ingested lead was negligible, and thi&t the lead which had been swallowed was

evacuated in the feces Without‘significant diminution in ‘its quantity.

’i}.J 2 hL;é-LR a)‘u‘uu,uj
. anahvery=§Ja§h«-quani1ty of the ingested lead was absorbed durlng v
the period in whlch there was a large quantity of lead in the allmentary tractg#eL»
‘ vees of gy G :.eﬂm\r::[; L Lu»:e;v_- el ?\ L Leeat dedes % xals ’f T f , (\/u
o kan das) gy o T
ThlS{qaaqggxy was 80! mlnute, however, that it could be con51dered to be o
significent'only‘in-statisticél terms. The lead excreted in the urine during
, g@t‘. i} vthe relevant period heﬁer‘exceeded R quantities that are often found in the
‘u’:;‘.v SR g AT T e | RS .
‘ﬁgf?f o urine‘of“ordinatg,normal‘persons, and the slight elevation above the previous
CD'_ o (control) level would have had no significance even statistically but for the
\ P ‘. R e i ) : ‘ . ~ : . . ‘ E 2 )
U Lo ; . a;!(f-iaj1 m JfL’ i/.mg,)/ . ) )
]c: . fact that. it pxe(bersistedgoyeuxseveral days)and then dlsappeared just when :
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o ~plastie . "In any caej)the evidence is adequate to demonstrate the complete

. —
e -

' \"";;_,, ’;Z‘,,{;\:Z‘ i LM w\‘ .J.;,;b }&vﬁvf 24
insigniflcance of the~p¥esenee-of—th1s‘Teaﬂ"CUmpuund"tn—thrs—formuand—qaanjuﬂ$“’

U ‘.1n‘the;alimeniapym£#a6¢$aver”the?peffﬁﬂ"oT soﬁ?“§§V€n*dsys;'from the aspect

of any hazerdousfdegree‘of absorption of lead.

CONCLUSION
»This:eﬁpeiiment'hasfﬂemenstrated conclusiveiy that the accidential or
:',intentibhei'iﬂgeetion of_the lead—containing plastic employed to coat

’ ' L?..cu v ‘
afincadescent 1amps (bulbs) would be unattended byﬂany hazard“bf theé%bsorptlon

of 1ead“ffom-the‘eiimentary’tract. The. coating material is essentially inert

f‘ﬁWifhih{tﬁelalimenfa?y,tfeet, and the lead contained within it is absorbed -

i ‘therefrom only to an entirely negligible extent.

~ . From The Ketterlng Laboratory in. the Department of Preventlve Medlclne and.
'Q‘,Industrlal Health, College of Med1c1ne, University of Cincinnati.

’:«Observatlon/by AL Dav1s, M D
W0 Lawrence Schafér Ch.E.
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