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The Use of Fuel Containing X-105A

This report describes the results of an investigati on

undertaken to determine the concentrations of lead i n the air ^
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The observations with Phase I gasoline began at 3:^ 5 p.m. on

April 28 and continued until 12:00 f t  on May 12. Tests with  

Phase II fuel were started immediately thereafter a nd continued  

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

% - L l ,  A u ^ T

xvith Phase III gasoline continued for «r^m.'loch’of  six weeks and

was completed at 9:00 a.m. on July 13, 1959. This repor t, however,
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considers the findings obtained during the period of th e investigat'  

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

so that they can be compared with those obtained du ring periods  

of time approximately equivalent to those used in the  studies with

the other two fuels.

Summary and Conclusions

c.7 ; - U  • =

The . concentration^ of'i  lead in the air of the

■ - *

p p & M r -e-aefo"■■■other  significantly : - Of

During the period

of investigation with Phase III gasoline, the concent ration of lead  

at the fueling island was approximately three times th at present

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

The mean^concentratiorus of lead in the air at the fu eling station

0.
were 1 ^ 3 , and 3 - 3 5  micrograms per cubic foot of air

j V ?
respectively during the tree*-  periods with  Phases I ;-a«d- II ‘

jLndr--daT,liTg,,'Trr^Tif^ 'Th,Me''weeIcs' b?”T!ie  1 th f h a sir  ~i  I:

. These concentrations correspond to-3S|y ^ 3 - 3  and 118 micrograi  

of lead per cubic meter of air. The mean concentrati on of lead in  

the air during the last three weeks of the investigatio n with

X ' É ü u y o ̂
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Phase III fuel was practically identical with that found to be  

present in the air during the first three-week peri od.

No relationship could be demonstrated between the co ncen­

tration of lead and the temperature or the velociti es of 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 app eared to  

vary inversely with the velocity of the movement of a ir and  

to Increase directly with the temperature. These var iations, observed

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

. . . . / ,

alone and need to be verified w 4^h-a^loj 3gd±erm‘'periodSof investigation^  

particularly during periods of exceptionally warm w eather.

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 w eeks of  

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

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

the lead was found to be particulate in nature.

/> r* O A ,2 r
U  Ut/  U o  ».( ¿0



X-105A -  4

The mean concentrations of particulate lead in the ai r  

of the garage, as determined by the analysis of the dus t deposited  

hourly on the tapes of an A.I.S.I. smoke sampler were 5.18, 6 .35 an  

7.0 2 micrograms per cubic meter of air during the respe ctive  

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

These concentrations do not differ significantly fr om the average  

concentration of 6 .75 micrograms per cubic meter of air in the  

outside air at a downtown area in Los Angeles as obser ved during  

August through November in 195^. The patterns of the ave rage  

hourly concentrations, during each period of invest igation, show  

three peak concentrations, two that coincide with the pe riods 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 fuel s. 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 signi ficantly during  

the Investigation with the Phase III fuel. The velo city averaged

^ £ T 0 0 G o l 4 u
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57.6 feet per minute during the first three weeks and 65.8  

feet pe^ininute during the last three weeks of the l atter test  

period.

The mean temperature increased slightly during each

period of investigation. The respective mean tempera tures during

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

first three weeks of the period of investigation with P hase III

fuel were 60. 7 %  62.2° and 64.8° P. During the last three  

. »

weeks of the last test period, the mean temperature increa sed  

to 6 7. 6° F., principally because of two days of unusually warm  

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

The levels of cmeentration of carbon monoxide as observe d,  

except for one value of 200 ppm on July 10, were belo w fee

f 100 ppm. All ©ouaentra^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 t han 40 ppm  

were observed during the last three weeks of the peri od of testing  

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

-■  / ‘ ' f
higher concentrations -&pp«ar£d-~b©r~be  associated with, high temperatur
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Procedures

The concentration of lead in the atmosphere was

• ;

determined with the Ethyl Lead-In-Air Analyzer/in th e blending

/ .............

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

....  ' ■ ■ ■  /  ' .......
f

in San Francisco and/at the fueling islands and othe r locations  

in the garage. Samples were collected in the garage i n 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.

During the period of investigation with Phase I gas oline,  

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

the latter part of the investigation with Phase II gaso line,  

addition help became available, the concentration of  lead in the  

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

Air Analyzer was capable of determining all (or ess entially all)  

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

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

the particulate lead. The particulate lead in the ai r, and the  

approximate portion from that source represented in  the usual
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determination made by the Lead-In-Air Analyzer, was  established  

from time to time, by equipping the analyzer with a sampl ing  

head in which a millipore filter could be placed. T he millipore  

filter removed the particulate matter so that only the o rganic  

lead vapors reached the scrubber of the Analyzer.

A record of the particulate matter present in the atmos phere  

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

sampler continuously during the entire period of time required to  

complete the investigations with the three types of fue l. In this  

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

and the small quantities of dust deposited on the tap e were then  

analyzed to determine the fluctuations in the concent ration of  

particulate lead in the air during each hour of the thre e 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 tem perature and  

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

In addition, the concentrations of carbon monoxide i n the atmo^here  

of the garage were determined with NBS carbon monoxi de indicator tubes

K  f  0 d i f  o  i 4  y
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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 rout inely in  

the Laboratory.

Results

The concentrations of lead in the air at a number o f

locations, while batches of the special blends of fuels use d in  

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

results of determinationyof the concentration of lead  in the air

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  

XKXMK obtained at ground level while trucks were bei ng loaded  

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

dry-bulb temperatures and the velocities of the mov ement of the

air during the periods of sampling are also recorde d in the two  

tables. The mean concentration^, their standard dev iations and

. . . . . .  '

the frequency" of occurrence of certain J eve Is 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 3. Data as to the temperatur e, the velocity
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of «rr movemeAt ’and the concentration of carbon mon oxide within
A

the garage are given in Table 4. The levels of conc entration 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 d uring each  

hour of the three test periods.

the concentrations of particulate lead and of the Co h value, an  

empirically derived index of the soiling property of the dust in  

the air, for each of the three periods of investigati on. All  

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

expressed as micrograms per cubic foot of air. The conc entration  

of lead -as,  micrograms per cubic meter oĵ hir can be calculate d  

by multiplying the micrograms per cubic foot value b y 3 5. 3 , the  

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

Figure 1 portrays the average daily fluctuation in

^  it OuUti
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T Table In the appendix,., summarizes the concentration s

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

¿c£x; • /l ¿¡1*1 ''
.as observed during the last three weeks of the inves tigation  

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

the frequencies of the occurrence of certain concentrat ions of lead  

during the second' part of the investigation with Phas e III fuel, the  

temperatures, the velocities of air movement and the concentrations

of carbon monoxide observed during the three periods of investigation,

L2

Table ,T2 gives the average number of cars serviced with  fuel during

A ‘‘ /  ,

i  - : ■  S- •• / '  • : ’ T

the -h_nterv.aZrs-of - time-as— observed on five differ ent days.

Discussion

The expos m ae-~&f-"-o-pe-r&tara~4;ofleacTcturlng the b lending of
/t

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

h..  4.,  ' -i, Y*f-a. L aAW-.-'  - A— X'. j.M--; . . .  •' " '

■ s i:ne-p-  — aams-f r bleod©h-»s-t ©e k-.-— Many— ob-se-rv  at i on s

>vi. t - , : f  n a --••  '<>. ; '-<■  n > . . ¡ j  g.,:  :a/u. • f 'f ' - ----- /

el^ewherewJiajî ^oa^ t̂ha-fc--'̂ hl’S''~exposure->--' .uhder,.-n.ormal,..oond--ltions

& 0 > p e r atiiq> ile

’"“-— The . c©nc-entratT0’n'“0T- •lead'',lh'  'the  air,' while batches- of -

fy^A-werWHrjSe^alT^^  to be used in „¿he"-  Phas e II^and-:-Phase -III

prQSSSjtQS-'-of— the-invest igation' 7"'were-'at-'  levels - generally■ - considered

J

The highest concentrations of lead were p̂ e-eertt in the air

G w  U O t D c
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at the thiefing station of the storage tank while sam ples were  

being drawn. The concentration of lead in the air du ring the  

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

cannot be considered "a-̂ representative of severa l b lending operation  

since the preparation of these blends required practices  and equ.ipme  

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 tr uck, was  

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

of lead per cubic foot of air.

- t •

Yellow Cab Garage

The concentration of lead in the air at the fueling isl ands  

in the garage during periods of peak activity avera ged "i~706-,  1.2 3  

and 3.35 micrograms per cubic foot of air respectively duri ng the  

periods of invffitigation with Phase I, Phase II an d Phase III fuels.  

These mean concentrations, when expressed as millig rams of lead  

per cubic meter of air, were~ 3 ,̂ 43.5 and 118 micrograms of  

lead during the periods of maximum activity at a locati on where  

the greatest exposure to lead would occur. When the  findings
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areas 4̂ - the garage were considered, the mean concentr ations

tf

were O .98 microgram/ft3 ( 35.5 micrograms/cubic meter) and 2 .7'7 

f98 micrograms/M3̂  respectively, during the period^of testing with  

Phase II and Phase III fuels.

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

of the lead in the air rffispetrtiWly  during 4

investigation with the three fuels. These calculation s indued

.\c. f’-2-■ ; v- j/'
all of the zrexrr lead in'-'ai-r-r̂ *^ ja d ^ a lX-x ^ ^ h e ‘-H5tJTrcrerrtrr art-ions

n~‘ n a r t iaixXa±'ê Ĵ adv,..aŝ ©'g±'-at ed;*'W±tf r ~t hes e«.-p  ar 11 c ul  ar  - find ings .

The quantities of lead on the millipore filters in t hese cases  

were generally near the limit detectable by the analyti cal methoa  

ana, therefore, their accuracy is questionable.. When these  

questionable ct>n©entrfirfe4*&ns  were omitted from the calculation,  

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

C5

Lu

the air. A comparison of the quantities of lead found i n the  

samples recorded in Table 5 with the mean concentrat ions recorded  

in Table indicates that the lead-in-air analyzer tr apped 90 per­

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

this instrument will not always be in this range sin ce the size

and the uniformity of the particles dispersed in th e atmosphere  

would be the aotarphner- '•
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Particulate lead was present In comparatively low con centr  

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

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

6.55 and 7.02 respectively during the periods of inv estigation with  

Phase I, Phase II and Phase III fuels. Bu*ii»g-^tw©™^e^©d^ 7'''t-he-  

mean concentrations were lower and/j 3 ^^g. lJ;faje*. 0 tiier.- 4)exiQd,  

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

a downtown station in Los Angeles during the period A ugust -- Novemb  

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

Report on the nature of suspended'matter, Report for A ir Pollution  

Foundation, Los Angeles, California, Juljr  i, 1955).

The relationship between the concentration;^ of particular:  

lead and the total particulate matter present in the air, g enerally  

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 relat ionship  

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

on the tapes during the period of investigation wit h Phase I fuel



X-105A 14

could, not always be related to a definite period of ti me because

inadequacy
of frequent power failures and some in marking the

tapes daily. Some of the deficiencies in marking wer e corrected  

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

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

The maxima in the concentrations of lead and in the Co h values betw  

10:00 P.M. and 2:00 A.M. and 2:30 P.M, and 6:00  P.M. are associated  

with the hours of maximum activity and are more prono unced in the  

graphs for the period of investigation with Phase II an d Phase III  

fuels than was the case for Phase I. The highest conc entration  

of lead and of Coh value, however, were obtained not d uring the  

hours of maximum fueling activity, but in the morning hours  

between 6:00 and 9:00 A.PI.  This peak was evident in the graphs  

for all three periods and was said to be caused by ge neral housecle  

activities which were carried out principally betwe en these hours  

each day.

The concentrations of carbon monoxide in the garage were  

satisfactory at all times during the periods of investiga tion 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



as high as 40 ppm. These low concentrations, during  the periods  

when Phase I and Phase II fuels were used and durin g the first  

three weeks of the period during the use of Phase I II fuel,

showed no relationship to temperature or velocity o f the.,  movement

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

provided with X-105A was being used, seven values o f 80 ppm and
* ■ ^

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

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

/
weeks were examined along with temperatures and vél ocités of the

. .♦  ‘ '? I
¿¿r'C'L.U r '-U V i / •- U:_.

air at the time of sampling. The h i g h e r , concentrations  were
s\  

c c...

found to be associated with elevated temperatures a nd jthe low

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

■ I_
The dry-bulb temperatures were not significantly di fferent

during the periods of investigation with Phase I and Phase II

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

there vrere several days of unusually warm weather a nd the mean

temperature was significantly higher during this pe riod than was

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

An extremely hot July 10, when Has temperature reac hed 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 latt er three  

weeks, the concentration of lead in the air at the f ueling island  

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

relationship was not observed during the other time s 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 ga rage were  

not different statistically for the periods of inve stigation with  

Phase I and Phase II fuels and averaged 87 and 9 2  feet per minute,

respectively. During the entire six weeks of the tes t with Phase III

- ' ■ ■ ' 4 - i .  .
fuel, there were many occasions where the air moved at velocities ^

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

entire period was significantly lower than was the case during the

:o

periods of investigation with Phase I or Phase II f uel. Except for  

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

there was no relationship between the velocity of the movement of  

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

island. The scatter diagram in Figure 5 of the Appen dix appears

to Indicate that the concentrât-?



X-105A - 17 -/

velocity of the air decreased. This observation may  also be due  

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