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This report describes the results of an investigation

undertaken to determine the concentrations of lead in the air ^
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commercial gasoline containing 1.7 ml. of tetraethyl lead, caaggr.'

.....    ....... ..... —-«.......... - 1-f * '■ '****-'
-ug^d for comparison with those d«t«^3^ed==4a^ subsequent'olisjajwe-biTJrC^'

•—~ ' f>, ~f. ,*7‘ /(r-Q

/'in association with the use of a blend of gasoline containing

As*-*}..; /

3 ml. of tetraethyl lead per gallon^,
4a

-irfj^ah- still another teterstt

-'.i///

and, sub^equ-entiyT^/
'*••••'■ ■ ' f ^

'■ S. i\* iu-; ,*•

con taxing in such
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of the fuel used ia^tP3~~iTT7'ST3't±gatd-orr''
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The observations with Phase I gasoline began at 3:^5 p.m. on

/,rujtfvC?
April 28 and continued until 12:00 ft on May 12. Tests with 

Phase II fuel were started immediately thereafter and continued 

through 4:00 p.m. on June 3, 1959- The final period of investigation

ynj^T~

xvith Phase III gasoline continued for ^a=9«p#«flh"8f six weeks and 

was completed at 9:00 a.m. on July 13, 1939. This report, however.
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considers the findings obtained during the period of the investigation 

with Phase III fuel in two periods each of three weeks duration, 

so that they can be compared with those obtained during periods 

of time approximately equivalent to those used in the studies with

the other two fuels.

Summary and Conclusions

The . concentrations oflead In the air of the

e-aefo- -other1 significantly

'IN
v.t. -h. -K. " ,• . -

y' " During the period

of investigation with Phase III gasoline, the concentration of lead 

at the fueling island was approximately three times that present

in the air during the periods when the other two fuels were used.

The mean^concentratiorns of lead in the air at the fueling station

0.
were 1^?5, and 5.55 micrograms per cubic foot of air

respectively during the tgpfr periods with Phases I j&«d- II

,andr--durin^ ‘ three" weeks of'”TBe 1 if ha sir ~T II

. These concentrations correspond to-38|y ^5-5 and 118 micrograms

of lead per cubic meter of air. The mean concentration of lead in
?

the air during the last three weeks of the investigation with

Hie U u U i) i <| t,|
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Phase III fuel was practically identical with that found to be 

present in the air during the first three-week period.

No relationship could be demonstrated between the concen-
i'U-y

tration of lead and the temperature or the velocities of-air movement'' 

which were observed during the investigations with Phase I and 

Phase II fuels or during the first three weeks of the investigation 

with Phase III gasoline. During the last three weeks of tests 

with the latter fuel, the concentration of lead appeared to 

vary inversely with the velocity of the movement of air and 

to increase directly with the temperature. These variations, observec

during one period of three weeks, possibly could be due to chance

. , , . / , .p

alone and need to be verified v4^h-a^lan©d±e3cm‘'periodSof investigation^ 

particularly during periods of exceptionally warm weather.

Approximately 25$ of the lead in the ai$ during the 

periods of investigation with Phase I and Phase II fuels, was found 

to be particulate in nature. During the first three weeks of 

the investigation with Phase III fuel, 21$ of the lead was in the 

particulate form. During the last three weeks (Phase III), 14$ of 

the lead was found to be particulate in nature.

j-( £ 00Go 140
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The mean concentrations of particulate lead in the air 

of the garage, as determined by the analysis of the dust deposited 

hourly on the tapes of an A.I.S.I. smoke sampler were 5.18, 6.35 an 

7.02 micrograms per cubic meter of air during the respective 

periods of investigation with Phase I, Phase II and Phase III fuels 

These concentrations do not differ significantly from the average 

concentration of 6.75 micrograms per cubic meter of air in the 

outside air at a downtown area in Los Angeles as observed during 

August through November in 195^. The patterns of the average 

hourly concentrations, during each period of investigation, show 

three peak concentrations, two that coincide with the periods of 

maximum fueling activity, from 10:00 p.m. to 2:00 a.m. and from 

2:30 p.m. to 6:00 p.m., and still a greater peak between 8:00 and 

9:00 a.m.

The ventilation in the garage was good during the 

periods of investigation with Phase I and Phase II fuels. The 

velocity of the movement of air throughout the lower garage area 

during these two periods averaged approximately 90 feet per minute. 

The velocity of the movement of air decreased significantly during 

the Investigation with the Phase III fuel. The velocity averaged

jiB' 0 0 0 014 0
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57.6 feet per minute during the first three weeks and 65.8 

feet pe^fninute during the last three weeks of the latter test 

period.

The mean temperature increased slightly during each 

period of investigation. The respective mean temperatures during 

the periods of testing with Phase I, Phase II and during the 

first three weeks of the period of investigation with Phase III 

fuel were 60.7° > 62.2° and 64.8° P. During the last three 

weeks of the last test period, the mean temperature increased 

to 67.6° F., principally because of two days of unusually warm 

weather when a maximum of 84° F. was recorded.

The levels of concentration of carbon monoxide as observed, 

except for one value of 200 ppm on July 10, were below tjse

100 ppm. All ©onaentra^ions-were less than 

40 ppm during the period of the investigation with Phase I and 

Phase II fuels and during the first three weeks while Phase III 

fuel was being used. However, eight values greater than 40 ppm 

were observed during the last three weeks of the period of testing 

with Phase III fuel (Table 11, appendix). During this period,the

. C— s':.
higher concentrations feer-be associated with;high'temperatur
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Procedures

The concentration of lead in the atmosphere was

area and at the loading racks in Richmond and in the sales yard

/ .............t
in San Francisco and/at the fueling islands and other locations 

in the garage. Samples were collected in the garage in general 

only during the periods of maximum activity, which were said to 

occur between 5:00 p.m. and 5:00 p.m. and between 11:00 p.m. 

and 2,:00 a.m.

samples were collected only at the fueling island, but when, during 

the latter part of the investigation with Phase II gasoline, 

addition help became available, the concentration of lead in the 

air in other areas of the garage was also determined. The Lead-In -

Air Analyzer was capable of determining all (or essentially all) 

of the organic lead/ and, in addition, a considerable, but unpredictable, 

proportion (dependent largely upon the size of the particles), of 

the particulate lead. The particulate lead in the air, and the 

approximate portion from that source represented in the usual

During the period of investigation with Phase I gasoline
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determination made by the Lead-In-Air Analyzer, was established 

from time to time, by equipping the analyzer with a sampling 

head in which a millipore filter could be placed. The millipore 

filter removed the particulate matter so that only the organic 

lead vapors reached the scrubber of the Analyzer.

A record of the particulate matter present in the atmosphere 

of the garage was obtained by operating an A.I.S.I. smoke 

sampler continuously during the entire period of time required to 

complete the investigations with the three types of fuel. In this 

equipment, air at a known rate was filtered through a paper tape 

and the small quantities of dust deposited on the tape were then 

analyzed to determine the fluctuations in the concentration of 

particulate lead in the air during each hour of the three periods 

of investigation.

On each day that the air was monitored at any of the 

four locations, a record was kept of the dry bulb temperature and 

of the velocity of the movement of air at each of the sampling sites. 

In addition, the concentrations of carbon monoxide in the atmo^here 

of the garage were determined with NBS carbon monoxide indicator tubes

K ET 0du
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The millipore filters and the paper tapes of the A.I.S.I. smoke 

sampler were mailed to the Kettering Laboratory for analysis. 

Lead was determined by a dithizone method used routinely in 

the Laboratory.

Results

The concentrations of lead in the air at a number of

locations, while batches of the special blends of fuels used in 

these tests were being blended, are summarized in Table 1. The 

results of determinationyof the concentration of lead in the air ai 

the breathing zone of the loader of tank trucks during the time he 

was stationed at the dome of the tank truck, as well as that 

34KXMK obtained at ground level while trucks were being loaded 

with the three types of gasoline, are summarized in Table 2. The 

dry-bulb temperatures and the velocities of the movement of the

air during the periods of sampling are also recorded in the two 

tables. The mean concentration^, their standard deviations and

yy J sc's ■ .i-1-1 f
the frequency" of occurrence of certain deveLs of concentration^ of 

lead, as determined with the Lead-In-Air Analyzer in the Yellow 

Cab Garage during the periods of maximum activity, are given in

summarized form in Table Data as to the temperature, the velocity
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of «rrr movement and the concentration of carbon monoxide' within
/•

the garage are given in Table 4. The levels of concentration of 

organic and: .particulate lead in the air, as determined by the 

analysis of material separated by the train sampler so as to show 

the partition between organic and particulate lead, are recorded 

in Table 5, Table 6 gives the mean concentrations, their standard 

deviations and the frequencies of the occurrences of certain 

ranges of concentration of particulate lead in the samples of dust 

collected on the tapes of the A.I.S.I. smoke sampler during each 

hour of the three test periods.

the concentrations of particulate lead and of the Coh value, an 

empirically derived index of the soiling property of the dust in 

the air, for each of the three periods of investigation. All 

concentrations of lead, except those in Table 5 and Figure 1, are 

expressed as micrograms per cubic foot of air. The concentration 

of lead -as, micrograms per cubic meter o^ir can be calculated 

by multiplying the micrograms per cubic foot value by 35.3* the 

number of cubic feet in a viLume of#one cubic meter.

Figure 1 portrays the average daily fluctuation in

jsj ft 0u (/<
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Table .Y, In the appendix,., summarizes the concentrations

i —/~fi, j  _^
~v~

of carbon monoxide and lead, the temperatures and the wind velocities

.j.is. k uuc*-

.as observed during the last three weeks of the investigation 

with Phase III fuel.. Tables 8, 9, 10 and 11 record, respectively, 

the frequencies of the occurrence of certain concentrations of lead 

during the second' part of the investigation with Phase III fuel, the 

temperatures, the velocities of air movement and the concentrations

of carbon monoxide observed during the three periods of investigation

uy
Table ,L2 gives the average number of cars serviced with fuel during

a ‘‘ / : . , ’id a ;. g- -
the -huifervals-of - time-as..observed on five different days.

Discussion

The expo sure ■ ■ •bHf~ope*«arfeo»s--t oleact during the blending of
/\

Chevron gasoline (1.7 ml. TEL per gallon) was not determined- ...

L.« '7, VArj,.. iAW.<X i--', J'iV; '' " • '•

~s ino-e- d»aa^ue-L-^eame^f rete--regul>a-r---b.lejaded,-.s toe k-.-—Many—ob&e-rv at i on s

£. ' /’ Cr,U,.I i ■ *

elsewhere. hay.e^-Slxoafin.^that^’th-is-"--ex,oosure^---.uhder,..nQrnial,..cond--itlor)f

’-“--The..CGnc-entratT0’h'';0T - •Tead'~ih" "the air,’ while batches- of -

fhe-’l-^wefTC^spe'c'I blended" to be used in ...the-'Phase II^an.d.:..Phase -III

pi^2^gias.-of--.,the ---invest igation'';''"''were-' at-' levels generally - considered

1
The highest concentrations of lead were pi^e&en-t in the air 

£ Ow u o k. D (L
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at the thiefing station of the storage tank while samples were 

being drawn. The concentration of lead in the air during the 

blending of the batches of, the special fuels used in this investigat

•f-(h

cannot be considered representative of several blending operation 

since the preparation of these blends required practices and equipme 

not used normally.

Loading Areas

The concentration of lead in the air at the breathing zone 

of the loader, while he worked at the dome of the tank truck, was 

slight (Table 2), the highest mean concentration being 1.5 microgram 

of lead per cubic foot of air.

Yellow Cab C-arage

The concentration of lead in the air at the fueling islands 

in the garage during periods of peak activity averaged -T7U8~, 1.23 

and 3.55 micrograms per cubic foot of air respectively during the 

periods of invffitigatlon with Phase I, Phase II and Phase III fuels. 

These mean concentrations, when expressed as milligrams of lead 

per cubic meter of air, were4p.5 and 118 micrograms of 

lead during the periods of maximum activity at a location where 

the greatest exposure to lead would occur. When the findings
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all areas the garage were considered, the mean concentrations 

were 0.98 microgram/ft.-’ (95-3 micrograms/cubic meter) and 2.77 - 

/98 micrograms/M3^ respectively, during the period^of testing with 

Phase II and Phase III fuels.

The particutee lead in the air averaged 43, 42 and 21 per r 

of the lead paaaMMVb in the air reispetrbiWly during 

jgf£ investigation with the three fuels. These calculations Include

, .... , *• y „ J
A’-v C A -.--; £_■ > VUyi v'<| \

all of the 2rero- Tetsd—irr^err

of parti mil, a te. hes e--p articular - f ind in g s .

The quantities of lead on the miliipore filters in these cases

were generally near the limit detectable by the analytical methcu

and, therefore, their accuracy Is questionable.. When these

questionable were omitted from the calculation,

the particulate matter was found to be 25fa of the lead present in

the air. A comparison of the quantities of lead found in the

samples recorded in Table 5 with the mean concentrations recorded

in Table indicates that the lead-in-air analyzer trapped 90 her

cent,or more, of the lead present in the air. (The efficiencyfof

this instrument will not always be in this range since the size

and the uniformity of the particles dispersed in the atmosphere 

would be the do term' '->1 nr- >
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Particulate lead was present In comparatively low concentr 

tlons in the dust removed from the air of the garage by the tapes 

of the A.I.S.I. smoke sampler, the mean concentrations being 5.18, 

6.35 and 7.02 respectively during the periods of investigation with 

Phase I, Phase II and Phase III fuels. -fche•

mean concentrations were lower andi(?<du^;^ ,

slightly higher than the 6,75.micrograms' pef ’cubic meter found at 

a downtown station in Los Angeles during the period August - Novemb 

of 1954 (Cholak, J.Schafer, L. J., Yeager, D. and Kehoe, K. A.: 

Report on the nature of suspended'matter, Report for Air Pollution 

Foundation, Los Angeles, California, July 1, 1955).

The relationship between the concentration;! of particulars 

lead and the total particulate matter present in the air, generally 

as indicated by the empirical "Coh" unit for the three periods of 

investigation, is shown graphically in Figure 1. It may be seen 

that there were similarities in the fluctuations in the average 

hourly concentrations of lead and of the Coh values. The peaks in 

the graph for Phase I did not appear to bear any relationship 

to the times of peak activity within the garage. The dust spots

on the tapes during the period of investigation with Phase I fuel
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could not always be related to a definite period of time because

inadequacy
of frequent power failures and some in marking the

tapes daily. Some of the deficiencies in marking were corrected 

during the periods of investigation with Phase II and Phase III fuel 

but, as can be seen, with little change in the form of the graphs.

The maxima in the concentrations of lead and in the Coh values between 

10:00 P.M. and 2:00 A.M, and 2:^0 P.M, and 6:00 P.M. are associated 

with the hours of maximum activity and are more pronounced in the 

graphs for the period of investigation with Phase II and Phase III 

fuels than was the case for Phase I. The highest concentration 

of lead and of Coh value, however, were obtained not during the 

hours of maximum fueling activity, but in the morning hours 

between 6:00 and 9-*00 A.M. This peak was evident in the graphs 

for all three periods and was said to be caused by general housecleanir: 

activities which were carried out principally between these hours 

each day.

The concentrations of carbon monoxide in the garage were, 

satisfactory at all times during the periods of investigation with 

the Phase I and Phase II fuels and during the initial three weeks 

o: fueling with Phase III gasoline, there being only a few values
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f as high as 40 ppm. These low concentrations, during the periods

when Phase I and Phase II fuels were used and during the first 

three weeks of the period during the use of Phase III fuel.

o
o

Lu

of the air. However, during the last three freekS when, gasoline
'\

provided with X-105A was being used, seven values of 80 ppm and
r
V

one of 200 ppm were recorded. (Table M', appendix). The concentrations

of carbon monoxide in the air during the period of the last three

weeks were examined along with temperatures and velocites of the
.♦  l *

■ '
air at the time of sampling. The higher.JJ^' concentrations were

s\
t c...

found to be associated with elevated temperatures and jthe low 

velocities' of air movement (Figure 4, Appendix).

■ I

The dry-bulb temperatures were not significantly different 

during the periods of investigation with Phase I and Phase II 

gasolines. During the period of investigation with Phase III fuel, 

there were several days of unusually warm weather and the mean 

temperature was significantly higher during this period than was 

the case during the periods of fueling with Phase I and Phase II fuels. 

An extremely hot July 10, when Has temperature reached 84°,  raised 

the mean temperature for the last three weeks above the mean
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temperature observed during the first three weeks of the period 

of investigation with Phase III fuel. During the latter three 

weeks, the concentration of lead in the air at the fueling island 

increased with increase in temperature^ (Figure 2, Appendix). This 

relationship was not observed during the other times and may

be due to chance alone, but should be investigated further to

establish its authenticity.

The velocities of the movement of air within the garage were 

not different statistically for the periods of investigation with 

Phase I and Phase II fuels and averaged 87 and 92 feet per minute.

respectively. During the entire six weeks of the test with Phase III

- '

fuel, there were many occasions where the air moved at velocities u>£<

less than 25 feet per minute, and the mean Yelocity during the
\/e

entire period was significantly lower than was the case during the

,;0
:n

periods of investigation with Phase I or Phase II fuel. Except for 

the last three weeks of the investigation with Phase III gasoline.

o there was no relationship between the velocity of the movement of

V: the air and the concentration of lead in the air of the fueling

island. The scatter diagram in Figure 5 of the Appendix appears

to Indicate that the concerbrati ■ <
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velocity of the air decreased. This observation may also be due 

to chance alone and should be verified with further air studies.

Acknowledgement

The design of the air sampling program, the choice of

sampling equipment and the selection of the analytical method were

' ($J N)

the responsibili^? of the Laboratory/*__The collection of samples j
.... /Cl^£

in the field and* jthe coordination of the project were^ the

.. _ ------------------------------------•— '

responsibility of John Koehnle and Willis Hancock of the Ethyl

Corporation. We are particularly grateful to Willis Hancock

for carrying out the daily sampling routine and

whose"enthusiasm, interest and timely suggestions made possible the

&Av
collection ofbass«B of data which were used to prepare this report

From ^he Kettering Laboratory in the Department of 
Preventive Medicine and Industrial Health, College of 
Medicine, University of Cincinnati, Cincinnati, Ohio

Report by: J. Cholak

Approved:_________
R. A. Kehoe, M.D. 
Director

Date:

KE QQuolou


