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There 13 considerable interest in studying the

concentrations of 'alikyl lead cempounds 1in gasollne vapors
under exposure conditiocns typical of service. Current interest
in THMi,, which %5 mor=2 velatlle than TEL, stems from 1ts

peri kK verlormance In eertain applicatlons. Since

ha ) wntoxic under the condifions of

osure 2 T .g gasoline, 2z dirgct compariscn
of the © lead o under a variescvy of conditicns
is pertinent in assessing any increased health hazard.

The analyses were perfermed vty the method in general
use for the fie2ld analysis of lead in air.* In principle the
znalysis consists of drawing an alr sample which contains lead
codapounds Through an lodine solution, thus converting the lead
alkyls guantitatively to lead iodlde. The lead lodlde i3 then
complexed and =xtracted *n*o chioroform with dithizone reagent.
The resulting coleored scluticn ls compared w bh standards in a
color comparator and the lcdu conecentration of the zir sample
i3 read directly. It was (ound necesgary to heat the ioding
sclutions after collacting the alr samples to assure complete
conversicn of the 4rapped alkyl lesad cuuyounds to lead iodide.
it waa also necessary

to filter the solutions to remove so0lld
colored material which presumably resulted from reaction of

the iodlne with hydrocarbon components of the sample. These
so0lidg were soluble in chloroform and interfered with the coclor
compariscns. With these modifications, highly reproducible
results were obtained under a variety of conditions. We
bellieve this methoed 1s suiltable for making comparisons between
TEL and TML under the condjifions cof a field survey.

Discussion

The mclar ratic of TML to TEL above gasolline under

equllibrium conditions, calculated from vapor pressure data,
- - N
is @7:1 at 70°F {s=e Table L). On the other hand, whenever

?er, @W. R. Barnes, and J. V. Tokos, Anal. Chem. 20,
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e 18 gulilloey oy ovoured Irowm ocne vuhquAjr o anether,
in part of tne wiole gascline, including the ilead

d, evaporetas., 1nis gituation is entirely different
squilibrium evxpcration. Tc the extent that whcle

2 o@vaporates, v o lead alkyls of diirferent vapor

e will bpe vapor:zed in egual amounts. An erfflect

2dilate between tr.ose two Qituationu is to be expected

r z draft of ci: removes gascline vanoﬂs at such a rate

uilibrium evaporation cannot be estavlished. In such
55 the rapid loss of gasoclilne by evaooraw¢u“ causes
ment of heavier gascline components, including tne lead

The higher bolling components show up in the vapcer in

soncenctration Lhian would be prepicrec from squilibrium
vaticns. We have termed this phencmenon the Tspewing

The act ol Temparaturs
Vapor Pressure

j _ Vapor Fressure O i
. Temperaturc {mm Hg) ! j40le Ratio |

o THL T ThL TML/TEL ¢
; 50 130 00,10 118
§ £0 A ST RO R 1G0
é 70 b1 0.e8 &6
? 4 22 0.3 74
| 50 43 10,67 64
! 100 581 1.0 =8 ,
I R ' ;

Zxperlimental

In experiments aesigned to check the equilibrium
calculations, solutions of lead alkyls in hydrocarbons were
shaken in a separatory furnnel with alr until equillbrium was
established. These vapors were then displaced by gascline and
passed througnh a scrubber containing the iodine solution which
was then analyzed for lead. The results are shown in Table II.
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Lead-in-4Air HMeasurements S
Faulliprium Studies

] Lead Ceoncentration
| (Micrograms/Cu Ft) ' HMole Ratdo
ML T TRL TML/TEL
!
Isooctane, Calc* 4200 1 48 87
Found =800 ! 50 100
t
luene, ~zlc 2300 ; =3 ! §7
Tound [ Ak00 ;. 50 1 88
l. 1 Py ~ - — - ' § i
| Gasoline, Jalc I 3500 ; 40 87
Jound i 3200 ;o 1D0xx 31
A
- ; ; t
{ Estimavted ;
! Experimental Erpor ; 200 P =0

*Gasolines contained .1 grams iezad per zalion,

in aglivents such as isooctane and toluene, the lead
ticzns predicted for squilibrivm ceonditions were
cprcacned fer both THML and TEL.

On tne other hand, the amount of TEL in gasoline
vapor is much larger than calcu;atea. We attribute this to
the Tact that =qu illbﬂation of the gasolline samples in the
test apparatus was Incomplete because of the high vapor pressure
of the gasolines. This 1arge, positive deviation is associatad
with the 'spewing effect. The effect is not noted for TML,

probably because of the relatively small effect it would have on
the total compared to the size of the experimental error
associated Jl.h the measurements. From these studles with
gasoline vapors, it 1s concluded that the extreme ratio of 87
moles of TML to 1 mole of TEL wlll not be achieved under
ordinary clrcumstances, but ratlos of less than 50:1 will occur
in situations which approach the equilibrium case.

Measurements of the lead in gasoline vapors inside
automobile tanks and barrels are given in Table III. TML to
TEL ratios cf 25 to 40 were. iound under normal condlitions.
Two extreme exg’”Iés of the "spewing effect were measured.
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Gascline from a barrel which had teen standing ir the 3un was
pumped into an automeotile gas tank which was considerably
colder. The mole ratic of TML to TEL in the vap ors sxpelled
from the gas vank was agcut 11,
Table 111
Lead Concentration ;
{Micrograms/Cu Ft) | Mole Ratio
THML TEL TML/TEL
From fAuto Fil1l Pigpe
Turing riiiing®, CC°F 2000, 50 10
Cy e . ™. 2 N+ Y pn ¥
Suring Filling, &0°F 1400 S0 25
Filling Warm CGoscline into ’
Conl (asoline 350 20 11 1
From Hall-Moll Barrels
= BTy g £ T - i -
At mRguillbrium, S0°F% 1400 4G 35
At "Equilibrium,” 30°F 1600 50 27
Emptiea oI Vapors '
cefore Sampling 200* 7 290 2.2
Estimated Zrrer 1 +200 =20
A ! | !
*Ggsolines contained 3.18 g Pb per gallion
Flstimaved srror o440
In a4 second Pxpcrinent, gasocline vapors sampiled
+ ) - 3 2 Y .
Immediately after removing the existing (equilibrium; vapors
shiowed =z molar ratic of about 2, as might be expected from the
3 13
rapld noneguilibrium evaporation of gasollne.

A marked effect of temperature on vapor pressure of
lead alkyls is shown in Table I. The mole ratio of TML to TEL
at 1QC°F is half that at 50°F. Although this is undoubtedly

an important effect, 1t was not detected in the "field" studies
reported in Table III. The "spewing effect’ and experimental
error combine to wash out any observable temperature effect
over the 20-30°F temperature range of the study.

Lead in the vapors from spllled gasoline and from
zasoline allcwed to evaporate in open vessels probably consti-
tutes the most serlous health hazard associated with the

arketing of alkyl lead compounds. Lead analyses of vapoers
above gasoclines evaporating in open beakers are reported in
Table IV. These 1low ratios of TML to TEL which result {rom the

KE 0002857 -
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“"spewing efrfect’ confirm preliminary data reportved by
another labora tory. It appears that 1in cases representative
or the most f{lagrant types of gasoline misuse, ihe difference
.between THML and TEL is winimized to the extreme.
Taple IV
Leaa~in~-Alr Above Gasoline
in Open Vessels ~

i Sampling Distance Lead Cuncentratlon |

{ Above Gasoline, {Microzrams/Cu Ft) Mole Ratio

5 - Inches = THL ! TEL TML/TEL

i -

1 .

g Z 3¢ 20 3.0

i 5 L3V 15 2.7

i 7 20 10 2.0

i ARY ? } 1.C

13 > 3 1.0
Summary

I cempaerun was made of the amount ¢f lead in vapors
aceve gasolines containing TWL and TEIL.. The calculated ratio
o8 o7 moies of TML te 1 mule of TEL was not achlieved over
gascling but was approached with the less volatile fuels,
iszooctane and toluene.,
Vapors collected from automebille gas tanks and

- - - -~ Yoo : “r
carrels centained 25 te 40 times more lead as TML than as TEL.
Under conditions which anolve a rapid evolution cl gasoline
vapors, such as pouring a warm gascline into cold gasoline, or
drawing alr across b*“oline to cause rapid evaporation, the
T™L tc TEL ratlo 1s markedly &vauned and approaches unity.

The "spewing effect” is here defined
evoiutlion of gascline vapors which takes plzace
vapcrs are nct in equilibrium with the liquid. This effect
accecunts for tne much smaller ratios of TML to TEL found by
experiment than are calculated from vapor pressure considera-
tion In cases of [lagrant misuse of leaded gasolines

spills or rapid evaporation f{rom cpen contalners,
TEL closely approaches the same concentration as TML in the
7apors.
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