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March 30, 1559

Surgeon General Leroy g. Burney  
United State« Public Health Service  
Washington, 0. C.

Sir:

The Committee appointed at your request to consider the p ublic  

health haeerd resulting from the proposed ineraese of tetraethyl lead  

from e maximum of three to e maximum of four cc per gall on of a©tor  

fuel set in Washington on January 8 and 9, 1959. Dr. 3. J . Kegnuson,  

Chief, Occupational Health Program, Public Health Ser vice, served as  

chairman. Ur. Henry N. Doyle, Assistant Chief, Occupational Health  

Program, acted as rsporter.

Prior to the nesting, the Committee »embers reviewed P ublic  

Sselth Bulletin 158 "Proceedings of a Conference to D aterrains Whether  

or Not There Is a Public Health Question in the Manufact ure, Distribu­

tion or Use of Tetraethyl Lead Gasoline" (1925), and Bulletin 163  

"The Use of Tetraethyl Lead Gasoline in Its Relation to Publi c Health"  

(1926) and other related scientific publications made av ailable by  

the Occupational Health Program. Additional background information  

was provided by one of the Committee Bashers, Dr. Will iam P. Tant,  

who hod participated in the 1925 ahd 1926 conferences c alled by Che  

Public Health Service to consider the health problem re lated to  

tetraethyl lead. These two previous conferences had al so been  

attended by Dr. Robert A. Kaboe who participated in the first day  

of the present meeting as medical consultant to the Ethyl  Corporation.

On January 8, the Public Health Service representat ives defined  

the scope of the Committee's responsibilities and revie wed the history
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of the tetraethyl l«*d problem «ad the relationship of the  Public  

Health Service to the manufacturers and distributors ©i! tetraethyl  

lead.

Representatives of the Ethyl Corporation and the E. I, duPont  

da NsiEourr & Company presented technical and medical data relating to  

the proposed Increase. The Ethyl Corporation estimate* that s hould  

the recoeasended increase be effected, the concentration of tetraethyl  

lead in gasoline by 1963 «©old be 0.4 cc per'gallon greater than wou ld  

ha the conesntratioR if the 3 cc Hal t  ware continued, with out the  

increase, it was estimated that the tetraethyl l®*d in t he U. S. poeii  

gasoline would rise fro« 2.09 cc to 2.70 cc, and with the increa se, to  

3.07 cc per gallon. Estimates by the duPont Coos»any wer e slightly  

lower then those offered by the Ethyl Corporation.

On January 9, the Ccassittae met in executive session with  

tacknicsil representative* of the Public Health Service. The pr oceedings  

of the meeting «nd a summary of the data presented to the Coscaslfctee  

are contained in the attached report.

Xhe Cotasaittea wishes to point out that a conclusive answer is  

impossible at the present time because of the lack of medical (kata* 

While the data available to the present Coraaittae are far n»re comp lete  

than those on which the 1926 Committee had to make its decision , the  

present group is concerned about the inadequacy of medical data on  

which to boo® ® conclusive answer to the problaa. It is regr ettable  

that the investigations recommended by the Surgeon General's Committee  

in 1926 were not carried out. If data were now «va.il «bio on body lead
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burdena, with 1926 e.a a baseline, a more objective decision would have  

been possible. Such studies should be undertaken without furthe r  

delay to assure the validity of the present decision and to guide  

future committees, particularly since sob» authorities believe that  

we are now close to the tolerable limits of lead absorp tion.

The Committee recognises that the permissive amount of lead in  

drinking water may be lowered in the near future. Such action ca n be  

taken in view of the improvement in treatment methods for th e removal  

of lead from water. The Committee would welcome similar effort s to  

reduce the amounts of lead in the atmosphere and was particularly  

interested in the reported research on the filtration of lea d 

compounds from automobile exhaust in connection with studi es of  

catalytic oxidizers.

The Committee condluded fehat (1) a change In the maximum con*  

centration of tetraethyl lead in motor fuel from 3.0 to 4.00 c c would  

not increase the hazards involved in tha manufacture and dist ribution  

of leaded gaooling and (2) available data do not indicate that su ch  

change would ^significantly increase the hazard to public health fro m 

air pollution.

Should the industry Increase the concentration of TEL in  

gasoline, it is the recommendation of your Committee that:

1. The industry proceed cautiously with the increase

so that the increase in any one year in the tetraethyl  

lead content of U. S. pool gasoline not exceed 0.25 cc,  

and the concentration of tetraethyl lead in U. S. pool
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gasoline not be more then 3.2 cc per gallon at the  

end of five years.

2. The industry supply annually to the Public Bealth  

Service the domestic consumption figures for  

tetraethyl lead.

3. The.Public Health Service, in collaboration with  

the manufacturers of tetraethyl lead, the petroleum  

Industry and other appropriate organisations conduct  

studies to provide more definitive data on levels and  

trends of atmospheric lead contamination in selected  

urban areas and of the body burden of leed of selected  

population groups. If these studies should bring to  

light new data of significance, you may wish to  

reconsider the recommendation of this Committee.

Respectfully,

Leonard Greenburg, M.D.

H. H. Schrenk, Fh.D

T
s>  » H. Sterner, M.D.

w . P. Yant, D.Sc.

s. H. Osborn, M.D,

Henry N. Doyle, Recorder

Harold J. Magnuson, M.D., Chairman

Enclosure
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REPOHT Of SURGEON GENERAL'S AD HOC COMMITTEE

OH
TETRAETHYL LEAD 

JANUARY 8 & 9, 1959

I NTPvODUCnOW

Early In 1923 tetraethyl lead (TEL) began to be used commercial ly  

as a gasoline additive to Increase the efficiency of internal  combustion  

motors. The possible dangers of such wide distribution o f a very toxic  

lead compound aroused fear on the part of public health offi cials which  

was intensified when a number of fatal poisonings occur red in the menu«  

facture and mixing of TEL. At the suggestion of the Surge on General  

the distribution of TEL and the sale of leaded gasoline wa s temporarily  

discontinued on May 5, 1925.

On May 20, 1925, the Surgeon General called a conferenc e of  

public health and interested authorities for "the dete rmination of  

such facts and to the reporting of such investigations and exp eriences  

as may lead to a definite determination as to the hazards, if  any,  

which follow the manufacture, distribution, and use of  TEL and similar  

substances, not only to those who are engaged in th e manufacture and  

distribution of the compound, but more particularly to the publ ic  

at large." (1) From reports given at the conference on re search  

conducted by the U. S. Bureau of Mines, Department of  Interior,  

Department of Industrial Medicine, Columbia Univers ity, and the  

Medical College, University of Cincinnati as well as clinic al observa­

tion it was concluded that TEL was a highly toxic industrial co mpound
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but that little or nothing was known of the public health hazard  

which would result fro« its use as a gasoline additive. In view of  

these findings the Conference adopted the following resoluti on:

"It is the sense of this conference that the Surgeon Ge neral  

of the United States Public Health Service appoint a committee of  

seven recognised authorities in-clinical medicine, physiol ogy, and  

Industrial hygiene, to present to him, if possible, by January next,  

a statement as to the health hasards involved in the retail distr ibu­

tion and general use of TEL gasoline motor fluid; and that this con­

ference indorse as wise the decision of the Ethyl Corporation to  

discontinue temporarily the sale of ethyl gas; that this invest lga-  

tien shall be paid for exclusively out of public funds; and the  

results of this investigation shall be reported back to a public  

conference called for the purpose by the United States Public Health  

Service, at which labor shall be represented." (2)

To carry out the mandate of the conference the Surgeon General  

appointed a working committee consisting of the following persons:

Dr. A. J, Chealey, Health Officer, Minnesota State Board of Health;

Dr. William H. Howell, Professor of Physiology, Johns Hopkins Univer sity;  

Dr. Reid Hunt, Professor of Pharmacology, Harvard University; Dr.  Walter  

S. Leathers, Professor of Preventive Medicine, Vanderbilt University;

Dr. Julius Stieglits, Professor of Chemistry, University of Chicago;  

and Dr. C. E. A. Winslow, Professor of Public Health, Yale University .  

This committee met on June IS and organized, with Dr. Howell as  Chairman.  

Dr. L. P.. Thompson, Chief of the Office of Industrial Hygiene and
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7-

Sanitatlon acted as secretary to the committee. The general sc ope of  

the investigation was agreed upon, and at the second meeting of t he 

committee of June 29, 1925, Dr. J. P. Leake was entrus ted vith direct  

charge of the investigation. On December 22, 1925, the commit tee met  

to consider the full report on the investigation which ha d been con­

ducted by the Office of Industrial Hygiene and Sanitation. (2)

The last meeting of the committee was on January 17, 1926, w hen  

the final report was drafted and signed, and subsequently Issued si s 

Bulletin 163, "The Use of Tetraethyl Lead and Its Relat ion to Public  

Health." This bulletin gives the results of a clinical study of  

persons exposed to TEL, a study of laboratory methods, f indings of  

atmospheric and dust studies, and suggested recoisaandations and  regu­

lations. The clinical study did not give any decisive indicatio n of  

lead poisoning among the chauffeurs or workers in garag es where ethyl  

gasoline was used as a motor fuel.

The proposed regulations included:

I. Proposed regulations for the manufacture of TEL and the  

blending of the latter to make ethyl fluid.

II. Proposed regulations for mixing.

III. Proposed regulations for distribution of ethyl gasoline.

IV. Proposed recommendations for automobile garages, repair  

shops, service stations, and filling stations.

The coaplete regulations are contained in Appendix C of this  

report. These were presented to and approved by the Conferen ce of  

State and Territorial Health Officers on Hay 25, 1926. I t was

K£ 0009351



8-

proposod that the«a regulations be adopted by the several state s in  

order to secure uniformity of control. The restriction on the sa le  

end distribution of ethyl gasoline vas removed shortl y thereafter.

Following the 1926 Conference of State and Territorial Heal th

Officers, the President, Ethyl Corporation agreed volunta rily to

manufacture, blend,end market TEL and leaded gasolin e in accordance

with the intent of the recoes&ended regulations. Apparently, this
«

4
statement of intent removed the pressure for state regulatio ns and  

established standardised nation-wide safety procedures.  Ho state  

adopted these or modified regulations. In fact at the present there  

are no state or federal laws pertaining to the hygienic aspects of  

TEL. However, these recommended regulations were adopte d as under­

standings by »any national governments. Only one coun try, Venasuela,  

has adopted legislation regarding the safe handling of TEL. The recom­

mended regulations have, however, bean the basis for world -wide health  

and safety procedures on the part of TEL manufacturers a nd petroleum  

refiner8.

When the E. I. duPont de Nemours Company began market ing TEL  

in 1946 the company indicated, by letter to the Surgeon General, its  

intention to abide by the intent of the recommended regulations .

Since 1926 it has been necessary to make several minor recom­

mended revisions to the recommended regulations. These have been  

published in Public Health Reports. Vol. 43 CNov. 1929, page  3147 and  

Vol. 61, Cct. 1946, page 1487). More recently a color  system for avia­

tion gasoline of various octane ranges vas recommende d for the U. S.

M r  Force. This system was adopted later as a standard by the

H£ 0009352
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A*#ric«a Petrol«» Institute.

In July end August. 1958, e representative of the Public Hea lth  

Service (K. N. Doyle) visited the Baton Rouge plant o f the 3 thyI  

Corporation, the mixing pleat of the Esso Standard Oil Com pany of  

Louisiana, and the Deepwater, Delaware plant of the DuPc ot Company.

Fro» these visits and interviews with technical and medi cal officials  

of thesa companies it was apparent that very high hygieni c standards  

were being used in the manufacture, transportation, mixing and marketing  

of TSL and leaded gasoline.

In 1954 information furnished by the Bureau of Standards  

indicated that no saesple of ccssaercial gasoline analy sed by the Bureau  

during the 1953 calendar yaar contained TEL in excess of 3 .0 uc per  

gallon.

p u r p o s e  o f  1959 ad  h o c  t o u t t s s

The 1925 coasBittae concluded "that there are at presen t no good  

grounds for prohibiting the use of ethyl gasoline of the composit ion  

specified as a motor fuel provided that its distribution end uses are  

controlled by proper regulations." This conclusion w as qualified by  

stating that although the study was a most careful end c onscientious  

investigation it was subject to criticism because c f the relatively  

small number of individuals exposed to the effects of et hyl giaolj.no  

for a comparatively brief period of time. The committee  also noted  

"It remains possible that, if the use of leaded gasoline  becomes wide*

, spread, conditions ssay arise very different froa those st udied by us  

which would render its use nor« of e hasord then would appe ar to be

K£  0009353



the c ase fro« r.ki  

trftCOSKer.dcd ¡.hat  

us® of teerjvsihyl  

health of m e  c m

3 investigation," ( 2) 'In  view oi this thi? ce-ardtita  

the -stu;iy be continued to  determine «blither oo ¡¡or. tr*  

lead In rontc.f fuel r&<%y const!to.ti 4* «»t-.fcc«* to rhs  

■ seal public sft.er prolonged use or under condt ti cne

■ iOt r.cv;  ioci?«sn, _

The rocesraemUinion of ¿ha cosaoittae that the. aia ovmt of TSL b«.

I iad ted to I part in 1260 parts of  gr, 3oiina (approximately 3 cc per  

gallon of gasoline) «as not baoeii on hygienic consi derations but on ih*

.s is  o i  cci.rcvftrci-tl pv■ act lce  a tt h e  t ir o* o f th e  s t u d y . Tivts co t ice n t r a »

on raa Vtcn  adheredto  by th e in d u s t r y . However , in1934, a f t e r

■ 3. 3'.’.L ¡. c 11 m  w r th  the Surgeon  Ca n e r a l , in * TEX. cots t e n to f 6»s a l in e  u«e4

.yaiely for aviation purposes w s  lucreaosd to 4.5 cc  par gallon,  

On Kvve\abfflr 36, 1958, Hr. 3, S, Turner* Presiden t, Eibyl  

onzoc ration, j.u * conference vi th site Surgeon General, sought tnc

■ soviet! and guidance -¡e Public ileal.l.b  Servian relative to lr.uras.e-

l;-i’  the mxtsum concentration or tetraethyl I&ad in avf.ceoiin-'S g-â ol ?' a a  

i;.•■ •■ » 3.0  to 4.0  cc per gallon. Although the Public Hi&lth Service . 

bus no lagal nuthority to control a be aasount of T EL In gasoline th*  

L'rrgeon General stated that he vo-uld Ivevc an ad hoc eccwaittee.

•».‘.■ ¡pointed  to advise if the proposed increase ax^ht rnn-cnent  a public

hn iilt l i  Uanard.

At the request of the Surgeon General the following  specialists  

< n occupational health and tendcology v?#re appoin ted by the Chi *¡3,  

i v.cupationai Health Program as ’ref>i-«ro of the hv.  Hoc Coismitiee «m  

Te.traafchyl Lead: Leonard Greenburg, K.D. . Gersai sa Loner: £>er.-sr taient

K£ 0009354



-11-

of M r  Pollution Control, City of Hew York; H. H. Schrenk , Fh.D.,

Managing Director, Industrial Hygiene Foundation, Mellon Institute;

J. H. Sterner, M.D., Medical Director, Eastman Kodak Coopany; W. P. Yant,  

D.Sc., Director of Research, Mine Safety Appliances Co.; end Stanley K ,  

Osborn, M.D., Commissioner of Health, Connecticut State Department of  

Health, representing the State and Territorial Health Offic ers* Associa­

tion.

The Committee met on January 8 and 9, 1959, in Washington. The  

seating was chaired by Dr. H. J. Magnuson, Chief of the Occup ational  

Health Program, PH3, and Mr. H. H. Doyle, Assistant Chi ef of the Occupa­

tional Health Program, PRS, acted as reporter. In a li aison or technical  

capacity, the following individuals attended the meeting,  in whole or  

in part: Ethyl Corporation: Dr. George Kirby, Vice President for  

Research; Dr. Robert A. Kahoe, Medical Consultant; and  Mr. Richard  

Scales, Director of Research, Detroit Laboratory. R. I. dupo nt de  

Nemours and Company: Mr, J. R. Sabina, Assistant Planning Manag er,  

Division of Petroleum Chemicals and Dr. John A. Zapp, Director of  

Haskell Laboratory. Public Health Service: D. J. Birmingham, M. D.,  

Chief, Clinical Services, Occupational Health Field Headquarters; H.  E.  

Stokinger, Ph.D., Chief, Toxicologic Services, Occupational H ealth  

Field Headquarters; W. M. Gafafer, D.Sc., Technical Adviser, Occupational  

Health Program; V. G. MacKenzie, Assistant Chief, Division of Sanitary  

Engineering Services; H. E. Heimann, M.D., Assistant Chief, Air Pollu ­

tion Medical Program. Department of Health, Education and Welfare;

S. Edelman, Assistant Chief, Public Health Division, Office of  the  

General Counsel.
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Jsntary 3, -  

cht ?3S ,saa

Jcjssaicts*  us*  ia  «s* sfon f r o » 10:00 a .s«u  t o 4:30 p .a*  on 

lu t in g  which t ie»*  the h ist o r y  o f  t he r a l f it icn ah i? 

th.a smnut 'actuTors o f  TEL was present ed by t he HIS (cea*

tained t ha jf oercduct io n) ;'  dat a on the t ech n ical reasons f o r  the

inert * ®«* , ::h*  results of  ear tain reseerch studies, the constant s i  on of  

Tilt  by year, aad a rw,« /  of tbs wsdieal prob 1 «a wore presented by  

rtaprsffscntAt i ve# cf r.ha  Ethyl Corporation. Representatives of  the  

SviPcrat Ccnaeny »ado no fora«l presentation but did supply the coa-  

raittee vitli production figures .sad  inforaatien co actual and estltneted  

?IX dsfiannd on U, 3. producers and sided  in the elsrification of  

tscbcical point«» •

Tha

tiv««* "f i:  

duros  

Juf it s.ee J i  

?-© ixivis-ftd

Cowed, t  t ee ®et  in  axacut ive sessio n  t il t h  t ech n ical vepvessat a- 

he ITiS from 10:0*5 a.sa* to 12:30 p .a , on January 9, 1953. 'ffett 

o f  the Cosedt t aa were in  accordance w it h  s Department  of: 

rect i* /' *  dated October 19, 1350 of  w hich the p ar t ic ip an t *  « r s  

by t he ch airaan . The nganda c f  the Coasaait tac i s  ¿ppaadix  h.

O ^ S T & m S S  at  T5L

TUe domestic consumption of TSL h*n shown a dresaatic ir.crsitae  

ffiace It vas first introduced in 1923 fro«.700,000 pounds to n high  

of 510,000,000 pound* in 1956 with a slight decrease in 1357 ¿a-J  19>S.  

The eetissated deaestic TSL consumption ie shown iu labia 1. Table 2  

er.cM*  the average XXL content of dees* Stic gasoline by yanr £roa 192.4“  

155d. Table 3 gives the estiatated projected consumption of TRL tlxra ugh 

1363 based on both a 3 and 4 cc limit and Table 4 ‘ptojucte th e 

estimated TEL content of gasoline fer the period 1959-1963 on t he *.**«

K£ 0009350
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b * » is .  The projection* offerad by the DuFont Coaçany arc siightly l e v e r 

th*n thos« eubwit caá by the Ethyl Corporation both in total d«M*md for  

TEL and ita concentration of gasolina. Se« Tabla 5 and  Figure 1,

Based on ¿Ata suppiiad by the DuPont Cosnpariy lead u sed in the production  

of TSL representa 15 pareen? of the over-all U. S. la«d coneuaption.

K f  0003357
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*

Table 1. -- Estimated domestic TEL consumption (M lb 3 . )

Year Automotive Aviation H 0 rt p

1924 0.7 0.7
1925 0.3 - 0.3

1926 1.0 « 1.0
1927 1.9 - . 1.9
1928 3.1 - . 3.1
1929 8.5 . - 8.5
1930 14.5 » • :

l
14.5

1931 15.8 0.2 16.0
1532 10.2 0.3 10.5
1933 19.1 G.4 19.5
1934 34.0 0.6 34.6
1935 38.2 0.3 39.0

1936 45.2 0.7 45.9
3.937 56.6 1.2 57.8
IS 38 59.4 1.5 60.9
1939 79.8 1.5 31.3
1540 113.6 3.1 116.7

1941 138.0 7.4 145.4
1542 77.3 25.2 102.5
1543 90.5 62.5 153.0
1944 92.7 129.6 222.3
1945 126.6 91.6 . 213.2

1946 134.8 6.4 141.2
1547 154.7 13.9 168.6
1948 191 24 215
1945 210 24 234
1950 285 27 312

1931 261 43 304
1952 305 52 357
1953 365 58 423
1954 388 51 439
1955 432 55 487

1556 451 59 510
1957 440 58 49S
1958 396 59 455

* Data supplied by Ethyl Corpora ¡cion. Figures prior tc 1945 include
both domestic consunsption and export , aviation figures includa all
U. 3. military use regardlecs ot sit e of operation.

K E  o o o s :
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Table 2.--Average TEL content of domestic automotive gasoline
based on 3 cc limits

Year ml/gal.

1924 0.03
1925 . 0.01 .

1926 0.03
1927 0.04
1923 0.06
1929 0.15
1930 0.25

1931 0.26
1932 0.18
1933 0.33
1934 0.55
1935 0.58

1936 0.62
1937 0.72
1938 0.76
1939 0.96
1940 1.30

1941 1.40
1942 0.92
1943 1.25
1944 1.25
1945 1.48

1946 1.25
1947 1.34
1948 1.53
1949 1.59
1950 2.00

1951 1.69
1952 1.39
1953 2.15
1954 2.22
1955 2.2 o

1956 2.32 '
1957 2.22
1958 1.93

Data furnished by the Ethyl Corporation.
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Tabic 2, Pro lacead *v«v*S« 527 . iontant
ças o i i is o  fcaead oa 3 and

doceatatlc  
;c .!.j.i*iî:s

; c\*. A

’bar - 3 »al, 4 ra.l.

V. . 2,09 2.19
J9Ó0 ' ' 2.22 2.40
} r. J» s 2.46 2.62
2942 2.60 2.84
1563 2.70 3.07

O-rCa ihirrdsheó by Sfcbyi Co rp o ra t io n .

- - i l  « t t «3 TEL con *uroo t Í on
liaita

1559-63 in V¡ lbs. for 3

T n s -r

_iV-itogsocive __
3  f a i .  4 mi. Avi ffition

Tot ni
T n d .  4 ~ i T

•; \.y K CÌ 423 443 5 9 482 502
I 9 6 0 477 500 5 9 536 539
3 .i 6 \ 330 563 5 5 582 623
1 3 6 2 3 76 ó?-0 5 6 532 686

0 -J> 613 700 5 4 6 6 9 * v

y* .  ̂ /r.
'* .'-'''Ufi *. urnis'hnd by Ethyl Corporation,

tfE" 0009360
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Table 5.--Tetraethyl lead demand on United States pr oducers

Year

Domestic Motor Gasoline
3 cc Limit 4 ce Limit

TEL Cone,  
cc/gal.  

Pool

TEL 
Demand 
MM ibs.

TEL Cone,  
cc/gal.  
Pool

TEL 
Demand 
MM lbs.

1958 2.00 376 2.00 3S3
1959 2.10 413 2.10 418
i960 2.10 436 2.13 U l
1961 2.20 473 2.23 480
1962 2.20 492 2.26 505
1963 2.25 524 2.30 532
1964 2.25 543 2.39 577
1965 2.25 560 2.42 605
1966 2.25 530 2.52 650
1967 2.25 601 2.55 680

Note: 307.  Premium, 70% Regular ratio aseumed.

1958 Premium TEL Content 2.5 cc/gal.
Regular " l! 1.8  "

3 cc 1967 Premium 2.75 " ' .♦

Limit Regular " " 2.05 "

4 cc 1967 Premium r 3.6 *'
Liait Regular :i " 2.2 "

* Data by S. I» du Pont-de Nemours & Co. (Inc.)

K£  0008361
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DSA3LTB A^T)S iT7IRCi 1MEKTAL DATA.
» « C « M a K M H r t a i *  ■  1« ■ ■ ■ ■ »» .i »^nri  i.n — —

Tha Public Health Service has no knowledge of any  cases of clinical  

I*®» poisoning having occurred in tho manufacture, blanding, ssixing,  or  

use Cif  TEL end leaded gasoline since the adoption o£ the recommended  

regulations of the 1925 Cotaalttea. There have been, however „ oo&e 

dt>&ths and clinical cases reported due to tho cleaning of t ank® which  

contained leaded gasoline. Tank cleaning was outside the scop*  of recces-  

landed regulations but safety procedure® which heve bean taken by the  

s&anufacturars of TSl.  and the petroleum companies should prevent further  

disability.

There have beim no studies on large population group» to follow  

».*?  the 1925 inveatig&tion which would indicate the effect that the addi­

tion of TEL to gasoline has had ca the total body burden of lead.

This ia information which is vitally needed by the present consult tea.

It in knownr however, that in addition to lead discharged by tr o ter  

vahiclss the population is  exposed to other sources of lead in the  

at®t>#pherft and that the body accusajlntc» lead throu gh food, water, and  

tobacco. Research has shown th a t for individuals with no Industrie!  

lead exposure blood lead concentrations range from 0.01  to C.CVS tog.  

per 100 gram* of whole blood f»d urine lead ranges from 0.01 to 0.08  mg.  

per liter. It would be fallacious to compere these values with sim ilar  

values obtained before the widespread use of TEL because of the vastly  

irjproved Tslcroanalytlc&l method8 for determining lead. Keho a reports  

hxviag found toeasurable amounts of lead in clinical spec imen» of a  

rcTeots Central American tribe whose only source of lead was tha t Inherent
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ín tho focd  and va to r «upply and tk nt which « aay kav* be«n pr i san t i n the  

»t ra ospfcera, <3> On tb a oth ar  h snd a c onside radla b ody of i nf oraa tio n 

i s avallab i a en t ue c oncen t ra tio n o£ le ad 1« the atmosphère fi of Met r opolit an 

ars& t -, A 5- yaar s tcjo spker ic poll utio n s t udy ai  Ci nc i nnati . Ohio fo und 

stœcophc r ic leed val uns ran. gí ng f resa 0.1 to 11.5 «s i c r ograeu t pe r cvb ic  

w.efce r of ai r v ith e n avera ge of 1. 2. mic r ogf at as i n rural area, 2.0 i n

rer ide nti aî area, 2.2 i n i ndus t r i al < m  «ad an avera ge of 2,1 ndezo-
' » .

grasas f or ail ¿areas. (4) The laoat cosxprshensive data ca&cè  fresa the

Maticviai Air Ssaçsïing Network of the Public Health Servie«. (5) Froa ■  

’ifeiuis obvreined in 15 IT. fi. citíss fhe s'aac'iphsr ic lead values rangod

s b*.'<h  oi $,? «sicrogr ans in Philadelphia to a low of 0,5 oicxogra ais  

;or r.ublc reetar in  Minneapolis, (Table 5) Thèse do not nsce«3&tily  

T’--a  raf-ent raurensi» concentrations or coraparubie va lues as tha o-ganling  

ri'.e •. ’ Í  ..-c fr-'j?. city ¿o ci*.y  anci vca se.UIca in ta-a ¡¡¡««'ries?.  traific cr  

;s..r J. ?v. '
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Table ô , - ?sr t ic ui at e atmospheric lead concentrations x-.\ ,:d ¡»ct̂ d r.i ties

;dv
Average values, microgrtfirs 

per cubic raster

Over 7 ,000,000  population
1.03  Angeles • 5.2
Detroit 2.9
?h 11 addphia 9,5
Chicago 2.3
New York 2.3

den  500,000 to 2,000,000
Cincinnati 1-6
Kansas City 1.0
drrland i-2
At'enta !..C
var Francisco 2.4
Mi. ar.eapc I is 0. 5

!-ma  than 500.000
Fort Oorta 0,3
.. f.'-r  •_ X- iO-i:l 1,1
d  devil To 0,6

(’¿lues obc-ulncd in nenurtan areas in the vicinity  of certain citins  
vrsrge *!ccn 0,1 - 0,3 nicsrogrwrf per cubic tr>ste.r, A tors recen t  
c eport cO the Public AenltA Service rives TOaximuji. rr.i rixun, ¿vevage  
lend conceotrnticns and menchiy averages ir 10 cit j er pa rc iripr t toa  
in *ns nctic tu i 3. air sampling -.etwork. Average values 'vanned iY ow 
l  - 57 irsicrograras of lead per ruble .aster aid ¡-roi.c ur.ccc seasenei  
variations are apparent, (G)

The generally accepted Maximus: Allowable Concentratio n for industrial  
exposure cased on an C hour workday is 200 raicrogr nas per tunic  
t  »tec.
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- Pa ge s 22 to 47 and Pa ge s 61 to 64 -

The followi ng rep or t s and tech nic al dat a w e r e  suppl ied b y  the Eth yl  

Corp ora tio n to the - A d  H o c  Commi t tee.  Si nce the re are c opie s i n the  

Eth yl C orp ora tio n’s f ile s, the y are m e r e l y  li sted by  n a m e  below and  

not reproduced in full.

(1) "Technical Aspects of Increasing the Limit  on  

Tetraethyl L e a d  Concentration", presented by  

Dr. George  F. Kirby, Vice President, Resea rch

and Development, Ethyl Corporation, January 8, 1959.

(2) Ethyl Corporation R e s ea rch  Laboratories m e m o r a n d u m ,  

January 14, 1959, Subject: " L e a d  Concentration in  

Undiluted Exhaust Gas", by D. A. Hirschlcr.

(3) Ethyl Corporation Research  Laboratories m e m o r a n d u m ,  

January 14, 1959, Subject: " L e a d  Retained by  Automobiles",  

by D. A. Hirschler.

(4) Ethyl Corporation Research  Laboratories m e m o r a n d u m ,  

January 14, 1959, Subject: " Th e  Influence of Compre s s i o n  

Ratio and Fuel  Tetraethyllead Content on Oxides of  

Nitrogen Concentration in Automotive Exhaust", by

H. E. Hesselberg.

(5) Ethyl Corporation Research  Laboratories m e m o r a n d u m ,  

January 14, 1959, Subject: " T h e  Influence of Tetraethyllea d  

Concentration on Catalytic Converters", by  H. E. Hess elberg.

(6)  Abstracts of Special Reports Furn ished by Ethyl Cor poration

(a) "Oxides of Nitrogen In Engine Exhaust Gas", by  

Gilbert, Hirschler and Getoor. Presented at  

132nd meeting, A. C. S. , September  9, 1957.

(b) "Particulate L e a d  C o m p o u n d s  in Automobi le  

Exhaust Gas", by  Hirschler, Gilbert, L a m b  

and Niebylski. Reprinted f r o m  IJtEC, July 1957.
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(c) "F ilt ra tio n of P ar tic ula te Le ad C ompounds fr om 
Automobile Exh aus t Gas", by G ilbe r t. Pr oject  

No. 8U5-M, Research. M e m o r a n d u m  No. 209.  
January 13, 1959. Restricted Release.

(d) "Catalytic Oxidation of Automobile Exhaust  
Gases--An Evaluation of the Houdry Catalyst",  
by Nebel and Bishop. Preprint of paper for  
presentation at SAE  Annual Meeting, Detroit,  
Michigan, January 12-16, 19 59.
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The H ygie nic A spec t s of a Pr oposed Increase i n the K axlr g. ro Limit of  
Concen t ra tio n of Tet rae th yl Lead i n Moto r Gas oli ne to Fo ur  

Millilite rs per ¿A merican Gallon. A memorandum prepared by  Robert A.  
Kefroft, M.D., Medical Consultant, Ethyl Corporation . (Abstracted by  
H. H. Doyla. Full memorandum issued as a supplement to this report).

Dr. I'shoe's report, an expansion of his remarks to the ccssscsitta*,  

is divided into two sections: —  ( 1) the consideration of health hazards  

involved, under present conditions and under those p rojected on the  

basis of an elevated limit; end ( 2) consideration of the public health  

h&sard involved under present conditions end under th ose projected  

on the basis of an elevated concentration of TEL ge solina.

In Section 1, Dr„ Kehoe treats, in considerable deta il, the  

hazard to workers involved in the manufacture, blen ding, transports«  

tion, storage and use of TEL end leaded gasoline. Ee p oints cut rather  

clearly that increasing the concentration of TEL from  3 to 4 «tillill tors  

per Assert can gallon would not increase the hazard to  the vorkdr under  

any conditions of use or transportation of TEL or l eaded gaeolins.

The hoiszrd due to manufacture and storage may be magn ified clue to the  

larger amounts of TEX involved, but there is no reas on to suspect that  

this could not be adequately controlled.

Since adequate hygienic precautions were instituted in the  

manufacture,' transportation and use of TEL, there h ave bean no  

significant cates of load intoxication in exposed pe rsonnel. The first  

warning of the existence of a special problem in con nection with the  

storage of leaded gnnoline came in 1928 when c smal l group of men  

registered certain unusual complaints of illness in  connacrion with  

the cleaning of tanks that had Lean out of service f or several months  

following a period of extended use for storage of le aded gasoline.
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3y 1940,  

the canti  

ù'peration

Caste had been 80 well docr-man.ted iH»®a of pci seei ng 

nantsi. U, S, in connection with tha tank cleaning and 

o, vifch about 15 fatalities. Zi  w*a appur*nt by  this

repair

tiae

that eresile measures had to be taken to secure comp lete compliance  

with the precautions. Accordingly, the Ethyl Corpora tion (at that  

tisi* the only distributer of TEL) decided to use t he member s of its  

technical s»id sales field staff for the supervisio n of «11 tank  

cleaning operations in the TJ. S. '.Inc«  the institution of these

êr'fcty  precautions (also adopted by the hup out Company) th e incidence  

of poisoning in the U. 5. resulting fro® tank clean ing operations, ha*  

been essentially nonexistent..

Potential pubi :’&iih  problems result from the use of tank

o-itrs in which loaded gssolin-* ha* bs-zn shipped for cargo*a of eb; 1.bit-  

oils and other foodstuffs, the use of leaded gasolin e in gasoline  

lantern», and th® practice, eopaciaily in foreign c ountries, of  

:i 8ing smell leaded gasoline containers for household pu rposes.

Thera has been no evidence at this time to indicate that these  

procedures have represented any hazard to the genera l public. Should  

ihesa in fact be prob!*ma, the increase of 1 cc per gal lon of T2L  

would !iardly intensify the public health problem du e to th« mi ruse  

of leaded gasoline or the trensp or tat ion of food stuffs in tank care  

which have contained leaded gasoline. This latter pr actice is dis­

couraged but cannot be entirely prevented-, especially in emergency

periods vhea there is a shortage of tank earn,

Section 2 of Dr. Xohca's repot't d«als vith tea  

he sard -o the general public .rase l ring fro»u t h® u »p of

no t un ti a l  

' 1-i.iid in

0 0 0 9 3 6 ? )
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i nte rnal c ombustio n en gi nes and  h as a c ompre hensive di acnes io r. of the  

metaboli sm of lead by the h uman b ody.

(1) lead i n the , a tmosphere of Ame r ic an c itie s w ith spec i al  

reference go th at de r ived f r om the exh aus t of moto r ve hicle s.— TEL 

i s dec omposed to i nor ganic le ad c ompounds i n the comb ustio n c hambera 

of i nte rnal c ombustio n en gi nes. Under presen t co nditio ns, & lar ge 

pr opor tio n of the exh aus ted le ad ia  the do uble sal t L skad c hlo r-brcm ide.  

it i s p oss ible th at mi nute q uantit y of TEL e scapes c ombustio n, bu t  

under ord i nary c i rcums t ances, l ittle oppo r t unit y i s aff orded f or TEL

to e scape fr om the exh aus t sys tem. The met aboli sm of lo ad i n an  

i nte rnal c ombustio n en gi ne h as been tho r oughl y s t udied. It h as been  

dete rmi ned th at a lar ge pe rcen t age of the le ad accumula te s i n the  

moto r and ex haus t sys tem. U nder c onditio ns of high speed dr ivi ng and  

•'m id rccel»ra tio n, the i nte rnal c ombustio n en gi ne d i sc har ges ®rs  

3 sad i nto the  a io nosphere th at» it  accus t ula te s. T he le ad d i sc har ged  

under the se c onditio ns i s i n the fo rm of scale .and  s hreds, . al tho ugh 

■seme of it i s v olit sl i sed. Under usual c onditio ns of cit y dr ivi ng,  

th a d i sc har ge of le ad i nto the ai r i s l tw bec ause of the ra i ativ aly  

lew c onsumptio n of f uel, and the co ndens i ng effect of the exh aus t  

syet arn. T he same i s t rue to a grea te r or lesser de gree w hen dr ivi ng 

i n c ongested areas of a c it y. Because  of the p r omi nence of small s ize  

\-jitd  p ar ticle s i n the exh aus t d ur i ng sl ow speed dr ivi ng, the le ad s o 

di sc har ged i s read il y d i ss ip ated b y a i r curren t s. In w hateve r d il u-  

tic n it occ urs i n the b rea thi ng, a one of  s i an, the le&d i s resp i red  

•und  abs orbed read il y.

(2) T he source  of le ad i n urban c. trac s pheres.--I t appasrs to

KE 0009370
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have been assumed by -may  pers ons -fed even hy  acme i nves tig ato rs i!? s»t 

the I sad f ound i n th a a tmosphere of citie s and i n the ope n c ount ry« id e  

is  de r ived f r om the comb ustio n of le aded gasoli ne. T here were few rec orded  

det arra i natio n a of atmospher ic le ad c oncen t ra tio ns pr io r to 1924 w hen 

'CEL was i nt r oduced as a g asoli ne add itive. A few e arly - observers, .  

however, f ound lead and many othe r elemen t s In the atmosphere bu t  

the se - ifiiM fo und i n t races by the ava il able me thod s. T hese values  

ware or sc ie ntific i nte res t , bu t of little h ygie nic impo r t ance, acc ord­

i ng to th a usual v iew. The se s t udie s are c omplic ated  by the f ur the r  

f a c t th at p rec i se measuremen t s of le ad i n the atmosphere have been .

poss ible o nly by the t achnicologic al devel opment s of f ai rly  

ccsan t 7ears and only s i nce TEL came i nto  use «s a m oto r fuel. T here  

are ssany s ources of atmospher ic le ad c ont ami natio n i n add itio n to TEL.  

Tha*-* Include the comb ust io n of wood and othe r ve get atio n, the fi nely  

divided noil i n the atmosphere as well as dus t and fua®« fr om a 

t nul tipiioit y of sources, i nclud i ng the st acks of i ndus t ry.

The axte nt of the co nt r ib utio n t rade to the le ad c onte nt of the  

».t re osphere by the comb ustio n of TEL i n au tomotive f uels has been  

diffic ul t to dete rmi ne or even to appr oxim ate. Ke asu te nant of the  

le ad i n the ai r al ong the co urse of ce r t ai n s t ree t s and  highw ays  

has s hown s ig nific ant q uantit ative v ar i atio n i n c orrela tio n w ith wide  

var i atio ns i n the de nsit y of moto r t raff ic , bu t the act ual pr opor tio n 

or quan titie s der ived f r om th a oxh suRt of the moto rs cann ot be  

estim ated f r om the d at a se gathe red. T hese s t atement s are made n ot  

to mi nimi se the impo r t ance  of the p r oblem b ut o nly to emph asi se it s 

compi ax it y and to di rec t the di scuss io n to it s essen ti al p oi nt , namely,

KH*



th at ;*?o  are concerned n w  and In tha future vith the total quantity of  

lead in the atmosphere . and not solely with the ataw spheric leed  

derivad from sutoecobile oxhauec .

(3) ? he ^ uenti ¡/l ag of le ad i n the urban a tgogphegg 3.,--- 7' ha mo sc  

coup re hen s ix* a i nf ormatio n on the q uantit y of le ad i n urban «. too  spheres  

has been obt ai ned i n C i nci nnati and it s env i r on«» Da t a obt ai ned i n L os 

Angele s end Pasadena i n 1954 && wall as da t a gathe red if rot a othe r c itie s,  

are espec i ally «s«£u2 i n reveal i ng max imum and ai» ai nrjm  values. In  

Ci nc i nnati , the co ncen t ra tio n of le ad i n the atmosphere var ie s w idel y 

acc ord i ng to the sampl i ng spot f r om somewhat le as th an o ne to ©o re  

th an :* i3i mic r ogra i as per cub ic ».‘te r  of ai r. T hese values i ncrease  

>\a  onu ?, oeg f r om rural zones  out side the cit y to suburban, bus i ness  

/me.  i ndus t r i al areas. T here were als o v ar i atio ns acc ord i ng to the  

■ iwuie»v3 ? the love r values be i ng obt ai ned i n war» ;«u* th* r, and the  

highe r «/ gl ues i n c old. Th u avera ge co ncen t ra tio n i n C i nci nnati w an 

sovewhat l ass th an 2 t sder ogra t as per cub ic mete r.

Surveys n ode i n othe r Eas te rn and K iddle Western cities are -in  

harrsony with observations -cns.de  in Cincinnat i. Rel ativel y low b ut  

not remarkably d ive r gent resul t s have been obt ai ned i n M i nneap oli s and  

Loui sv ille while highe r bu t agai n not grossly divergent values have  

been observed in such areas as Los Angelas and Philadelphia .

Cons ide r i ng the v ar i ab ilit y of le ad i n the atmo sp here of our  

cities, as well as other variable circumstances, it is impossible to  

arrive  at any precise» estimate of the quantity of  lead which is inhaled  

by the "average" person in the course of an "«vexege" day . I t is even  

more d iffic ul t to e s tim ate th a la rgest quantity ro which any person
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si ay be exp osed i n thi s i smr.nar  ove r a per iod of mo nth s w itho ut sus t ai n­

i ng a s ig nific ant i ncrease i n the le ad c onte nt of the body. Op. the  

basi s of ce r t ai n assump tio ns, it is  poss ible th at the avera ge nan  

may abs orb & quantity  t>£ le nid i n the o rder of 0.033  millig rams per day.  

Inasmuc h ¡' s the assumptio ns made i n thi s calcula tio n are bel ieved to  

err on the high side , thi s f ig ure-s hould n ot be t aken too lite rally.  

The q uantit y any be nearer to h alf thi s value and  othe r observa tio ns  

to bo di scusa&d la te r i ndic ated th at it may n ot be f ar fr om 0.02 

millig ram* per day on the avera ge ove r a per iod of years.

(d)  l ha general s ources of h uman exp osure to le ad and the

M O. ?1Vf

•at a c ont r ib utio n made by eac h source to the tot al oaposure. *•*':  

aya adul t Ko r th Ame r ic an t akes i n appr oxim atel y 0.33  a il 11 grams

of lead per day in f ood and bevera ges. X ha quan titie s of le ad i n 

the dail y food i nt ake vary fr om semwhat le ss ‘chon 0,1 .¿lll ig rams to 

4.0 m illig rams, bu t the me an da il y i nt ake i s qu ite st able -me t th a 

p A t te rn repea ted it self re gularly ove r a c onside rable per iod of  

time. Of thi s quan tit y, 0.01 to 0.03  millig rams per day are der ived  

f r om wate r used f or c ocki ng and as a bevera ge. The  rem i nder i s 

di st r ib uted i n fa i rly small quan titie s ove r a w ide v ar iet y of food s 

.-«>d  bevera ges w hich co nt ai n lead fr om both  na t ural and ar tifici al  

sour o.e s.  T ha quan titie s of le ad evacua ted i n the f aces of th a 

avera ge tfo r th Ame r ic an adul t are appr oxim atel y equ iv alen t to the se 

i ngested with hi s f ood and bevera ge. Thi s i nf ormatio n, gai ned i n a  

var iet y of expe r ime nt al appr oaches to the q ues tio n, i ndic ate s th at  

uot newaat le ss th an 10% of the le ad i ngested i n the se small quan titie s 

(.3 i sbsorbac. T hat com a al ime nt ary abs orp tio n of le ad occ urs can be

0009373
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demonst ra ted i so?« r««d il y s od »or«  cer t ai nly th r ough obe arva tio ns ssade  

sn fcba «excre tio n of le ad,  i n th« ur i ne fr o® d ay to d ay.  I t i s ev ide nt  

Urafc the d ail y ur i nary outp ut of le ad var ie s w ith th©  al i aanfcary In t ake  

of.  land end th us it aay be ascer t ai ned th at Iced i s abs orbed re gularly  

fr om the  allnpan t ary t rac t; S uch abs orp tio n under norssal  c onditio ns  

i s near  or to 5% of th« d ail y allsaen to ry  i nt ake th an it i s to 13%.,  b ut  

the?« are var i atio ns i n thi s respec t which wo uld be &x t r«»#ly d iffic ul t  

to de scr ibe o r expla i n i n de t ail«

The exc re tio n of l and i n the  ur i ne of the avera ge tsormtl  iiorth  

Anttrlcm adult amounts to about 0.03  ndlligzma  p«r d«y w hen the' ur inary  

output averages about 1 liter par day.  T he le ad c onte nt of blood of  

no reel  heal th y Afr ic an adul t s i s t rac h It s a var i able the n th at of the  

nr i aa, ran gi ng f rosa 0.02 ja il lig r sms to 0.C6 ra il li grans per ICO grass  

os * hole blood «rtd «avera gi ng scwswhafc less than 0,03  ailiigrnas .

The m a n  lead c onte nt of othe r b ody ti ssues var ie s w idel y fr om 0,01 

«aillig rane par 100 grans of f res h sous els ti ssua to 1,50  a illig raaaa  

pnr  100 grasas  of r ib and l ong bona.  T he v ar i atio n £r oa i ndivid ual  

to i ndivid ual is  apprec i able bu t i s n ot remrfeabla i n v iew of the  

var i atio ns i n height .and we ight , occ upatio n«, len gth of life and i a 

diet ary habit s. In balanced « to  ©r i ¡ sent  a i a w hich norraal heal th y 

North An arlcaa subjec t s were f ollowed fo r 13 and 13 m onth s raepec tivel y 

dur i ng which the d ail y i nt ake of le ad i n f ood and b ove ra gea was  

det aresdned by  th* analysis  of d upl ic ate samples of eve ry thi ng e ate n 

m d  drunk .end  the doll o utp ut I n the fee as and ur i ne, it w as  

.!s te. rmi n«d th...  . p ut of le ad was f ound to exceed th® i nt ake  

sya te s&tic ally by ab out 8 la i'lli.  g rea t s par year  o r by calcula tio n, ab out
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0.02 ra il 11,3read par day. T hi s ca tabolic discrepancy whereby the output  

of lead «xceedsd tha intake can only be an expressi on of & source of  

lead absorption which was not accounted for in the design of the  

ba.lc.nca exper ime nt s, 3uc h a s ource ex i sted without doubt in the ai r  

i nhaled by the expe r ime nt al subjec t.

The capa cit y of the tissues for accumul ating lead 13 considerable,  

and if progressiva accumulation does not occur under norma l conditions,  

it must be because the human body once in equillibrima with its environ*  

•sent  at & low level of lead intake and absorption is sola to ma intain  

itself in an essentially steady state with reference to its  lead content  

through cxcrationary loss . T he ex cre ti onary processes tra highly  

responsive to  variations in the absorption of lead and they appear to  

h& entirely capable of eliminating the .  r^nular e t ree« of abs orbed lead  

" y to c ay s o lo ng as thi s str eam var ie s reas onably within normal

Hid .  tJi ,

(3) The met a b o l i sm o f le ad under abnormal co n d i t io ns .- -Xn v e s t lg a * 

t ie r ,s  o f o ccu p a t io n a l co n d i t io n s  end pe rs o nn e l as  w a ll  as  e xpe rim e ntal 

s u b je c ts  have pro vide d e v id e n ce -a s  to  the  l im i t s  o f s a fe  le v e ls  o f 

•xxposure on the  b a s is  o f p h y s io lo g ic  c r i t e r i a . Th® ge n e ra l ra te  o f 

u r in a ry  e xcre t io n  o f le ad  by workmen w itho ut re n a l impairment who have 

been exposed to  le ad  under re as o n ab ly  un ifo rm  o ccu pa t io n a l co n d i t io n s 

fo r  lo ng pe rio ds  o f t l a *  g iv e s  a  v a l id  c lu e  to  the  s e v e r i t y  and 

c-vgie n ic s i gn i ir ican ce  o f the  e xpo su re . .

'.¿ hen the me an • 1 evel of -c oncen t ra tio n of.  lead i n t ha urine does  

nor: exceed 0 .1 millig rams per l ite r, the cor.d i  tie ne of expo sure are  

•mt s or have been v/ i thi n the 1 icoit a of safe exp osure during th a pe riod .  

preceding the tine cf s ampl i ng, U her i thi s value exceeds 0.13 m i 11 ¿ grams
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t a« v.r ouf, às c ite exc re tio n excueds 0,15 œ illigvix as per ¡Ltnt,  ca&es  

of poi soni ng « ssong the g r oup i ncrease both in number m i  ««■ verity.

The blood © ay als o be used as an i ndex  of expo sure, bu t the

blood level leg s s omewhat behi nd the «æ re tlo nery level.' Exper ime nt s

bave s hewn th at when blood levels do not exceed 0.07 sdll ig raas per

100 grasas of bloo d, the occ upa tio nal c onditio ns are safe or h ave b«®n(

withi n the li mits of safe t y preced i ng the time of sampling. Blood

le ad c oncen t ra tio ns i n «xca os of 0.0 8 m illig rams per 100  g race X JX? £. £ <2 $

that the individual lies sustained a dangerous level of lead ¿ Absorption

and retention and nay develop symptoms of lead intoxication . ?hs  

ur te ut that the level exceeds 0.08 m illig rams per 100 grass or blood

••svid*r»ccs an incr aas i n i nc ide nce end sever it y of lead intox icatio n.

Ite  rate of urinary excretion of lead increases tnpwlse over

r. per iod of several m onth s un til it reac hes a p osit which the n 

st abili ses a t a level c harac te r i stic of the level of le ad exp osure  

¡¡ i scoci stod with the occ upatio n. Af te r thi s s t abili satio n, any  

? i nil le ant t rend e ithe r upward or d ownward may be re garded s o sxi  

exp ress io n of the dete r io ra tio n or  imp r ovement i n the occ upatio nal  

conditio ns. L oad levels i n the  ran ge 0.0 1 to 0.06 millig rams per 100  

gra t a* of blood .i re i ndic ative of safe  occ upatio nal exp osures. Levele  

betwee n 0.06 and 0.08 per 100 grams are abn ormal and i ndic ate defi nite  

l« uad abs orp tio n bu t withi n safe l imit s > Values Ab ove 0.03 millig rams  

per. 100 grams. p oi nt to the « necess it y of te rmi nati ng the occ upatio nal  

exp osure to le ad e ithe r tempo rar il y or permanen tl y as the ci rcums t ances

'cay  d ict ate.
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. ■ • -oss ible  t > 'ft¿.a* ton  ii s’s. .

oii'c uo. -f tcio r.-. i ;:o lead  «B ŝ ouGei s la Car«* oi auv.. r30Bseu i. ai.

«e* sure»« i»t s> w ith ̂ ycn i ng lik a the p rec i sio n represen ted T ry the  

phys iologic .To sasû fes t snt s ^^¿«rred to above,

The d ail y add itio n of  a s ol uble sal t of le ad i n a /A-an tit y 

i n '¿ he o rder  of 0.03 mi.:''  • r.s { th usrebv d oubtIhg the d ail y a ii soaf tt ar?

In t ake of le ad) ove r a ‘ ’ ■ £ a y*.*v ! -d i n a sl ight b ut

■sig nifice at and pr ogres sive. incre ase i n c hu re te ntio n of lo ad In th a 

•• ody, .% ->;rr ty sl ight p r ograss iv« i ncrease  i n the ur i nary outp ut ot le ad 

i-<5-r v< i we afcura& ie i ncrease i n the co ncen t ra tio n of  l oad i n bl ood, Ha*  

ijô itio n oi  .lar ger quan titie s of sol uble lead  i n th a d iet s of th rcs«  oth a 

r-xpav iS seat;*l subjec t s in  order to p r ovide * tot al seen i nt ake of lo ad 

la tho oed ar cf 1,3, 3.3 cad 3.3 « illig raa t» p ar day rasul ted i n a  

prc;sp.-: ;snd pr ogresn iv» i ncrease i n tb s outp ut of ur i nary lead, sfc ick  

vhr i rd d i rec tl y w ith the t aagniCwde of th a i ncreased lsad Inpu t. H as  

ra to a of ftcc uaaul& tio n of le ad i n th a b odie s of the  subjec t s as wall as  

th a ra t« of i ncrease i n th a c oncen t ra tio n of le ad la thei r ur i ne aad ,  

bl ood did not di ai ni sh p. a tic*» p assed, "f he i ncreare pers i sted  

appnren tl y a t an undl t ai ni shea annual ra te fo r as l ong as two  years  

i n one eswe o. ssn t and f our years i n an othe r. Ew iovo r, n ona of the

t asaan subjec t s sus t ai ned any  i njur io us affec t s o r any dnv i atlo n fr om 

good he al th o r well be i ng d ur i ng any par t of th a <nq t>e r ii aaa£al ra gl aMa.

I t vo uld / ippe ax th at the abs orp tio n of lo ad frees th*  al i st ant ary  

t rac t i s w ithi n the ll ra it s of safe t y -w hen th a avera ge - aa ouat ava il able

Tor abs orp tio n i s en th a order of 0.$ «illig r̂ aM i p ar day. I t sewas  

l ikei y t uet an al i nont ary i nt*ko of about fc sri. 0* thi s s osxmt , w hile
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dev oid of d angar ove r a per iod of 4 o r 3 years, w ould n ot b a tole ra ted  

/ witfco ut sig nific ant p r obabilit y of an i njur io us efface  o w r  * per iod

of 10 or m ore years. I t appears th at about 60 »ic r ogr&es of le ad e«a  

be abs orbed da il y fr om the al ioe nt ary  t rac t with safe t y w hile the  

abs orp tio n of 120 edc r ograms per day. i s p ote nti ally dan ger ous. If  

thi s fee a reas onably val id co nclus io n, it follow s th at an i ncrf i saent al  

i ncrease i n any t ype  of h uman exp osure to le ad th at wo uld resul t i n 

the  add itio nal abs orp tio n of  ab out 30 saic rograass of le ad per day w ould  

bo -withi n the li sdt s of safe t y, w hile an i ncrease i n abs orp tio n op the  

order of 90 or c»r* » ic r ograas per day t say be  h ar&fu i ,

To dete rmi ne the resp onse of h uman eapar ime nt al subjec t s to  

the i nhala tio n of  abn ormal quan titie s of le ad, a ser ie s of b alance  

v: ipe r i - i aent 8 h ave been under way. Heal th y human subjec t s have bacn  

f olio*«» befo re, dur i ng and af te r pr olo nged pe r iod s (2 years or s ore)  

nr.  exp osure i n a c hafer f or 7.5 hours per day, 5 days par week, to  

¿si r c ont ai ni ng di spersed lead sesqu ioxide i n c oncen t ra tio ns equ iv alen t  

to 0.07 5 ed-U ig raas ( one exper ime nt) and 0.15 m illig rams {5 crper imant s)  

of le ad per cub ic mete r, Kean d i aæfito rs of tho p ar ticle sice we re  

0,0.3, 0.75 and 1.2  ra ie r ons. VTnen the c o n c cn t r a t io n of.  land seccn iioxide  

in  the ch aste r wa g eq uiv alen t to C.C7 5 rn iliig rsm of le ad per cub ic  

aat ar of ai r, the blood st abili sed  i n ab out six mo nthe at 0.04  

t alll ig r&üs per 100 gt ssrn of whole blood. At the expo sure level,  

Equiv alen t of 0. 15 m illig reas of le ad per cub ic m ate r, the st abili sed  

level of -0.045 ed ilig rras per 100 { gssms of whole bicod.w as reac hed  

af t ar ab out eight »o ath s, * he menai  ur i nary excre tio n level paralleled  

th at i n the blood levelli ng off at about 0 ,06 m illig rams per l ite r i n
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the fi rs t expe r i&e nt  and a t ebcvt 0.0 8 a i'illg rsns per l ite r i n the '  

sec ond ssper i& ant. Th us, it t s e- ide at th at '„ ■  l*. 5 ho urs per day of  

f read oa ¿torn  «r tp ar i seat al es sura v-. .: ■ ** 5 day»: c m  week togethe r

with the cc> apl« te l ack ©€ s "r iie ant&i on 2  d ays was suf­

f icie nt af te r «case lead  h ad accumula ted i a the bod y to co unte rbalances  

t an effec t s of the expe r i aant al 'exp osure• 'An esppr oxiwete eq uillib r i u» 

>;«.s  es t abl i shed i n the bod y be twee n the weekl y abs orp tio n and weekly  

nxcre tic n of le ad. T he b rea thi ng of ai r c ont ai ni ng le ad i n the  

concen t ra tio n of 0 ,15 all iig rma par cub ic te ste r w ith  a aaaaa par ticle  

•Mxt -es te r of 0.0 5 oic r oas d id not i nduce a dan ger ous level of le ad 

abs orp tio n i n the bod y of the  asper i amt al subjec t  af te r s ore th an "

fvf o yerxs cf  

f ound i a the  

„•he ex aer i®e n

exposure. In v im  c£  the tte an c ooce ntz atio n of le ad 

ur i ne and bl ood of the subjec t at the te ra i natic n of  

t , the aar gi a of safe t y of the exp ar i saen t al c onditio» ve s

lar ge. The  da tem in ac io n of the exte nt of the  alve ol ar re te ntio n of  

1 aad u-uav the exp ar i ste nt ai co nditio ns d^aecns t ra tod th at thi s wee i n 

. • - - i 35 - o 5<"$. T hese levels w ould n ot ssiml ate the clo sure

of w n ur oaa p opula tio n to lo ad der ived f r oo the exh aus t of  sa to*  

»obilo s or e the r s ources of atmospher ic poll utio n. The resul t s,  

the ref ore, d o not defi ne the m ar gi n of safe t y of the ge neral p opula­

tio n i a t arns of any presen tl y kn own o r cel enlab io st aximi a all owable  

concen t ra tio n of le ad i n the ge neral urban a tmosphere. T here cam be

l ittle q ues tio n, ss ore ovar., as to the adequacy of ¡ a „ -esen tl y 

•accep ted st andard of safe t y f or resp i ra to ry occ upatio nal exp osure  

in  w hich the le ad c ompounds ere d i spersed  i n & e osep arable s t ate of

subd ivi sio n i n the at asosphure.
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\ 6) T he sig nific ance of l& ad i n the ..ti roapfaf t ya at citi ng &i  - ha 

presen t tiæ a and th a outlook fo r th a fu t ur« fr om fcb a csnec t of an 

i ncrease  i n r he di sc har ge of lo ad cc opotmdB f rogs, the oxh auat of ;ooto r  

vehicle s.--T he evide nce cass ons t races c onclus ivel y th at th a c ont r ib utio n 

i s&ds by the TSL co nt sss&n&tlo n of th a a tmosphere to th a tot al abs orp tio n 

of le nd by tb s Aser ic sn p opula tio n h as been remarkably small i n e ithe r  

rela tive o r abs ol ute te rms and th at it h as bean m i nute ph ys iologic ally  

-.¿né las ig nifici ss t hvgie nic ally, desp ite the g r oss i ncrease i n the  use  

of *SL f rca a few hundred tho usand p ounds i n 1926 to fo ur  h undred  

millio n p ounds i n 1958. Dur i ng th a pas t eleve n years, dur i ng which  

t' r.f i g rea te st exp ans io n c£ ï£L has occ urred, the re  h as been n o sig n 

t’vi.c the avera ge i ndivid ual i n the 0. S. h as sus t ai ned any measurable  

i ncrease i n the co ncen t ra tio n of le ad i n hi s bl ood o r i n the d ail y 

•outp ut ci  le ad i n him  ur i ne. Xn de t ailed mid p r olo nged st udy  of  

•vq>eii»e af ol subjec t s w ithi n th a Ma tte r i ng l abora to ry, n o ovid st nca  

has be*n seen of e» y quan tit ative al te ra tio n i n th a n ormal sws tMholi s-u  

of .le ad n or has the re bean any su ggestio n of an i ncrease  i n th a level«  

of lo ad c oncen t ra tio n i n th a ur i ne and bl ood of  n ormal i ndivid uals  

frees sssmy walks of life A nd many cress of the co unt ry.

On Che othe r hand, ti n© i s the i apor t ant f acto r i n the d avalcp-  

went of a ph ys iologic resp onse to the abs orp tio n of mi nute q uantitie s 

of le ad. I t cay b* th at th a i nfluence of thi s fac to r i s y« t to b«  

rcc ogniz a«* fully in  rela tio n C o thi s pr oblem. Sho uld thi s ha true,  

further investigations will r«veal Its influence .l ong befo re any  

harmful off set s w ill h ave been i nduced unless C hars i s dele te r io us  

effec t aa ya t  unsuspec ted of p r olo nged expo sure to sl ightl y lar ger
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^van titi*« vi  Je*- i zhssi Ciioaa yzasttwz  i n -„ ha u.A tr. -»v i res ide nt oi  

ttSK». Car conce rn ave r eh» h y g ie n ic  «¿'Siaci c i  «n in cre a s e  in  tè a 

pe ns i 3 al. vr  ossy-mt ©£ le&d l a  g a s o l in e  ha* been re p lace d  by the  aasur.jùce 

eh-nt fc’ia a f fa c i «  ¿.he proposed chisngas co u ld  be  e s ta b l is h e d  in  ,=vdv«oee 

o f ®ny h -r a fu l  consequences by ap p ly in g the  «sche de o f  in v e s t ig a t io n 

th a t  o .".vi  p ro vide d the  p re s e n t background o f in fo rm a t io n .
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(Clinical Assessment of in dustria l lea d poisoning) Had. X lin. 49: 218­
223 (Feb. 5) 1954.
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Jecklia, L. dleistaub in der tuft. (Lead dust in the aascsphere)  
Schwsir. ««d. Koch. 20: 685-686 (Ju ly 3) 1955.

.Battling, J. tux- hygisnisch-toxikologlschsn Bs deutung von B lsistsub  
sxiii dim  Auspuff von ait blsltatrasthyihaltigsa Bsasia bstr isbsaen  
Kotoren. iUygianic an d toxico logics! importance of lea d dust in  
exhausts of rrotors ¿rivets by tetraethy l lea d patro l) Arch. f. Getaerbs-  
path, u, Gacaarbehyg. 13: 624-636, 1955.

Jacklts, L. Uatsrsuchungsn ub«r dsn S leigehalt dear Auspuffgase b*io  
jftaatiaiaotcr. ( love b eigat icraa of the lea d contant of osjaeuat gases
fre® patro l anginas) Arch, f. Ge^rbapath. u. Geuerbsbyg. 14: 626-620,  
1956.

Giacsssrco, R. Importaasa ds ll ’awieen daaento maei le nei reparti  di  
: produsioae ¿e l piojEbotatraetile attrsverso I'espsriansa di citiiju« eitai  
di  cssarvsa lots* clinic*. (Importance of aootfcly shifts in lan d tetra­
ethy l pre diction departments m  seats after five years of c linical  
rsisainacioa) Ha d, d. Lavoro. 47: 539-.547 iOct.) 1956.

Chambers, L. A., 11. Fotef, and J. Cho lak: A ectsparisoa of particulate
loa dings in the atmospheres of certain Asusrican citie s. Sroc. ¿Third fiat.  
Air Po ll. £yaq>., Pasa dena, Ca lif., April 18-20, -1955. :
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3.«gu 3 acinus frcs? Publ 1c 
' He a lt h  B u l le t in  163 (1 9 2 6 ) '

These regalecions have bean. formulate d in accordance with She recom­

mendations ot the Surgeon Genera l 1 a cotamittea, un der whose direction the  

investigation into the hazards from tetraethy l lea d gaso line was con ducted.  

They are proposed for adoption by the sever?I n~.taS in order to sacure  

uniformity of contro l an d were the sub jet.. • ' - ideraticn at the meeting  

of the State and Territoria l health author :j . ’ -ith the Surgeon General  

on Hay 23, l'>26. These regulations are base d upon present conditions and  

knowle dge ¿'v.d it is appreciated that changes may be advisa ble from time  

to tiiaa.

siy the tar» "tetraethyl lea d" is meant the chemica l substance ?b (, 0285)4

of a eraser c? a 1 gra da of purity or higher. Ethy l flui d 1« the concentrated  

censerc lai flr.il containing tetraethyl lan d and other ingredients, which  

is to oa mixed -with gaso line to make ethyl gasoline. The «aauufactur* of  

ethyl flui d -.onsists in adding these ether ingredients to tet raethy l lea d 

and is ca lle d "b len ding." The process of adding the ethy l flui d r.o gaoo-  

line to  fora ethyl gasoline is calle d "mixing." Xn the term "ethy l gaso­

line" *r, herein use d are inc lu ded ai l other motor flui ds containing tetra­

ethy l Ina d.

I. Proposed Regu lations for the Manufacture of Tetraethyl Lea d cad the  
Blao ding of  the Latter to Make Ethy l Flui d

i. f lo person .shall be emplove d TJitheut adequate Instructions «a to the  

a«ture of the hazard- ana the precautions to be tak en.
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2. Sach worker shall h*v« a perio dica l physical examination, which  

shall consist of such physical an d other tests as are indicative of the  

absorption of tetraethy l lea d .and sha ll inclu de, aa a aiateua, th® fo llow^  

ing Itesta:

(a) Ex&aicat ion of bloo d for stipp ling by car a fully traine d workers,

using positive and negative contro ls, without knowle dge of  

the source of the s li d*»; this examination sha ll be once a  

week for the first three weeks an d bimonth ly.thereafter.

(b) Soantasonthly contact with plant physician for informal c tat assent

aa to general health.

(c) Bimonthly weight, strippe d.

(d) Biootith ly systolic an d diasto lic bloo d pressure sstimtion

¿bi le sitting.

(s> cimonthly hemoglobin estimation by Dare's hstmoglc bincoatar.

3. Exact rneor<£e *a£ examinations shall bo kept, a nd persons showing

gradua lly incroasing amounts of stippling, su dden deve lopment of «tippling,  

or other aarks d deviation from norma l shall be promptly exclu ded Jcrca  

tetraethy l lea d work, irrespective of whether or not such finding » ay ba  

indicative of lea d poisoning. A ll parts of the plants there lea d in any  

form is used cha ll b« subject to sanitary measures to prevent colle ction  

and dissemination cf lea d dust.

4. Separata venti lation system* shall be provi ded for the manufacturing  

apparatus and for the air of the rooms, the out let* of the latter being  

loeata d near the f loor of each room an d a ll external inlets an d out lets  

boing ©o situate d as to avoid dustiness and appreciab le contamination of  

tha air «¿roun d the p lant.

KE 0009388



5. Daily inspection shall cover efficiency of venti lating system*,  

all joints, valve«, an d gaskets of manufacturing apparatus, end adequacy  

of pressure-hose respirators.

6 . A ll containers of ethyl flui d or tetraethy l lea d sha ll be labele d 

as to exact content end danger and sha ll conform to the regulations of  

the Interstate Comwetce Commission. These container s shall be carefully  

teste d for leaks an d sha ll bear a plainly legible label stating that they  

ora to be close d tight immediate ly «hen emptie d, without c leansing, an d 

sent back to the p lant.

7.  Kerosene or ocher material use d for c leansing the use d containers  

of ethy l flui d or tetraethy l lan d sha ll be place d in the containers by  

means of a c lose d system with air vents to outside air and with adequa te'  

venti lation.

The filling shall be performe d by means of a c lose d system with  

eir from the container to the outside air, *nd with a dsffu&te

vatvc 11 At ion.

'1. A dye sha ll be a dded to ethy l flui d in sufficient amount to give  

staining qua lities to toe ethyl gasoline to deter individua ls from using  

it for cleansing or other similar purposes,

10 . ilsports shall bo :aa de month ly to the appropriate officer of run  

State concerne d covering the fo llowing points:

Number of workers employe d at beginning of month.

Number of workers emp loye d at c lose of month.

cumber of n®v workers.

Number of workers separate d from tetraethy l lea d work on account  

of resu lts of examinations.

Humber of definite cases of poisoning,

Condition of cases of poisoning previous ly reporte d so far as known.
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II. Propose d asgu lssuion® for Mixing

1. The »axinwa- content of tctrnathyl lea d in connscre lal ethyl gasoline  

shall b« in the proportion o£ 1: 1,260 by volots* for cocsMercisi tetraethyl  

lea d, or l:  1,200 for Pb (̂ 2̂ 5)4 C.P.

2. Hixicg ethy l flui d with gaso line except for certain specific re­

quirements such as research, nil. it sr 7 an d. nava l use, an d air-fi«i l service  

shall be done on ly at the main  distribution canters and in not less than  

tsnk-car lots. A dequate provision sha ll be ma de at each such canter for  

thorough antciidnics l distribution of Che ethy l flui d throughout the gaso line,  

.la d the efficiency of such distribution sha ll be controlls d t>y the ana lysis  

of snnpless.

3. The .Locations of these canters an d the n*»as of persons engaged in  

nixing sha ll be reporte d to the State dep*rt»ent of hea lth of the State of  

«¡aplcvcieat.

A:: - few persons at each ce.atitr *» practicable shall be employe d for  

thin ’iork.

5, -!o  person sha ll be engage d for mixing unti l a dequate ly instructe d

m  to  the mechanics of mixing, tha dangers, and tha precau tions to be taken.

6, The distributor of ethy l flui d sha ll provi de a specia l corps of  

adequate ly traine d instructors and service men.

/. A ll mixing shall ba done with t.he cwsx lPKja ventilation practicable  

under 'feather conditions existing at the time.

S. Operation of th« pumps sha ll be instantly proppe d at the appearance  

of a leak or other defect, and no airtaispt sha ll be ma de to repair or dis-  

eonaact the system unti l a qualifie d man takes persona l charge of it.
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5. Floors o.C *11 places vhar» «tiy possibility of sp illing is present  

' fire to be prcvi dod /a ltfa ' drains and proper faci litia* for iB&king possible

& coepleta fluahiug cut t-f  ail spilla d f lui d, cr in thair abaanac« precision  

sha ll b* ma de £«r chenica lly neutralizing any spillage a s  it occurs.

10. No bulk mixing station shell be  dismant le d or discona*ct«d for  

repairs except by a ^w& lifis d oan,

11. i laxoseos or other afficicat roc«ms of prevent in» ak in sbsusrptica of  

tetraethyl lea d and wash log facilities shall always' b« conveniently

available. ,

12 . Xha rule* And inatructioca affecting the ojsaploy«*» shall be pos te d 

io a cjanspienous p lace where the ethyl flui d is being hend la d.

13. The distributor of ethy l flui d sha ll, with ?b.a a dvice of the United  

'¡isag Pub lic Health t-arvic«, select * representative group of  at least ¿>0

expose d to the hazard of mixing, representing the ant ire  area of  

/i«irtbutioa. This group sha ll serve as &n in dict of the hazard of siixiag.  

’¡anth ly for eh* first three taonths an d every four s'oaths thereafter this  

jrcup of sssnp loycee shall have a n  axaminatica, iifcica shall consist ot:

(i)  E.r.K 3siinafcion of bloo d for stipp ling, by carefully traine d 

vor Jus t s , using positive and negative contro ls, without  

knowle dge of the source of tha s li des.

0-0 Examination of faca l namplaa of lea d.

(c) Pveport as to genera l state of health.

( d) 1’uight, stripped. •

(®) / loo d-pressura oatimation, diasto lic an d systo lic, when

sitting.

(f) Hemoglobin estimation by Dare instrument,  

tvwjt recor ds of these exarainations sha ll he kept,

la. The results of the examination shall be reporte d prompt ly to the  

Surgson Conor&l of the Public Health Service.
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III. Propose d Regu lations far Distribution of Ethyl S&seli?.»

1. Sseh filllog station shall have pccsainently disp lay*--.! at the puasp,  

or in other conspicuous place, the following warning or  one of ¡sisa dlsr  

effectivenesst "Kthyl gasoline containing tetraethy l lea d, to be used as  

actor fue l only, 'an d not for c leaning or any other purpose."

2. Suitfeblo leaflets «hall be available, st all fill ing stations vSwr#  

ethyl g&solice i s  sol d, for distribution on request. ■ Those leaflets »hall  

desarib« the possib le dangers and precautions to be taken In the use of  

ethy l gasoline.

3. Containers of ethyl gasoline sol d to the genera l public shall be  

labele d: "Ethy l gasoline containing tetraethyl Ice d. To ba used for sotor  

fue l only, sue rot for classing or any other purpose."

?'V, T';rapn»s3a Hegulafcioa* set Automobile Garages, Repair Shops p Service  
"tafcicns ca d hi lling Stations

1. -iutcotcoUr. garages or repair «hop* hol ding more the® five cars and  

all ir,clo 8rsu public-service stfttio-ns an d inc lose d fi lling rtotions £cr  

sutcccbilos rhoul d be r«gistsced with the local health departseent.

1. In audition to doors myi  to window venti lation in. scansr, Autceeoblls  

gsrages, repair chops, inclose d service stations, and inc lose d fi lling .  

stations shoul d have permanent ly operative ventilation at least equivalent  

to that given by an opening or openings at ceiling level free to the outsi de

«is, but protected fro» down drafts, with cross-section of 0.2 percent of  

the f leer space available for cars, together with an opening or openInge  

for iiilat near floor level or correspo nding affectIvaness, both arranged  

to ¡give .positive dilution of er haust gases aa generate d. This is to be  

taken m  ft ainisMsa, specia l con dition* requiring greater permanent

vftnei lction.
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3. Aut «achila gsr&f,es, rapalr sSaeps, iacioaa d servíc* «Rasicna„ m á 

Inclvmá  fí lliiig st.Atioaa slicul d bs kapt r«&scnab ly cl<Ma firc« fre»  

duat by í®eaas of f luahisg out aa d ®oi#t 8*»ep¿og or vstcu«¡a e ls-soiag.

ó» Autortsobl?.« garages, rap*lr shops, servís® stat ions,, aaá  íilliug  

stati©»* saouXíi ke*p conapicooaaly posta d a copy of Chase vegu letiaas  

vríth tfca íollowiag statswent* ia larga typu:

AtíTOaSSIUS SZMUST GAS 13 DAÍ562ROOS. MOTORS SHOOLD' LiOT ?d?J ItmSk  TSa»  

30 SECG5SDS \m£SS THB Cá& IS 221 1S0T3XSÍ C& TSB EXHAUST 13 OSSCIL? C OffigZCTZD

TO ¿H2S OUTSIEE

SlrOüUí BE m »

tas fuhss  yacas

AIR, LIQÜ22JS SOLO AS MOTOR ?0SL, 5XSEPS OSO USAR Y GASOLXHB 5 

ONLY AS MOTOR FUEL, AND HOT SOR CLEASISO CR OTEES. ?!SLP0S5S.  

TSE SVAPatATTON Of 39BR C&DIKñRY OASOLIK8 ISAY BS Til JSR IDUS.
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Three Reprints Furnishe d by  
Ethy l Corporation ■
IiH^W ■ «mi‘lfc- 1» ■  —  r u lli frn̂tm  lie w m »  <1 •ji*

Gilbert, L. F,t D, A.  Hirsehlssx, an d B. C. Gstocr: Guides oc nitrogen  
ia angina cxhsusr gca. Presented at ths 132nd meeti ng of the American  
Cl\ 5ffiiical Society, 3nptessfc«r 9, 1957. (Sthyl Corpo ration)

Hir&chXar, D. A., L. F. Gilbert, ?. W. Lash,  an d L. ii. Kieby lski:  
r&rt isulate loa d cosapounds in eutcsobiia exhaust gee. Indus t . and 
Engineering Chseaistry (Ju ly) 195?. (Ethyl Corporation)

Harris», F. V., C. golan, an d J. T. Goodwin, Jr.: S m g  chaaber studies .  
o£ isn laa dttd vs. lan ded fue ls. Xn dust. and Ecgiaeer lttg Cfc.so d.stry 50: 673  
(Apri l) 1953, (The American Chara de«! Society)
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