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INTRODUCTION

Early in 1923 lead tetraethyl began to be used in gasoline in an
endeavor to increase the efficiency of the gasoline as a motor [uel.
The possible danger from such wide distribution of a lead compound
aroused fear on the part of those concerned with the public health,
and these lears were intensified when fatal poisoning occurred In the
manufacture and mixing of the concentrated tetraethyvl lead itself
in Deepwater, N. J., Dayton, Ohio, and Bayway, N. J. As a con-
sequence of such apprehensions, the distribution of tetraethyl lead
was stopped on May 5, 1925, and the sale of gasoline containing
tetraethyl lead was thereby generally discontinued.

On May 20, 1925, a conference called by the Surgeon General of
the Public Health Serviece met to consider the possible health hazards
from the manufacture, distribution, and use of this lead compound
as a substance to be added to gasoline. The proceedings of this
conference have heen published as Public Health Bulletin No. 158,
Those in attendance generally recognized that the production and
handling of the concentrated tetrasthyl! icad nvolved a distinet indus-
trial hazard, and attention was principally focused on the guestion
which remained open, as to the dangers to the public, automobile
drivers, and garage workers, from the gencral use of lead-containing
gasoline. Reports were made to the conference, of studies which
had been conducted at three different places to elucidate this ques-
tion—at the Bureau of Mines lauboratory at Pittsburgh, reported by
Dr. R. R. Sayers; at the department of industrial hygiene of Colum-
bia Cuniversity, New York City, by Dr. 1. B. Flinn; and ut the labora-
tory of the Ethyl Gasoline Corporation, Dayton, Ohio, by Dr. R. A.
Kehoe. The studies at the first two of these institutions were experi-
mental investigations on animals; the series at the Bureau of Mines
showed no effect from the exhaust gases from an engine using gaso-
line containing tetraethyl lead in commercial proportions when the
carbon monoxide was kept below 0.02 per cent, but prolonged ex-
posure to unburned vapor containing 0.3 per cent of ethyl gasoline
caused lead storage. The New York studies indicated storage of lead
from skin application of 1:1,000 tctraethyl lead in gasoline, also
from the inhalation of the fumes from such a dilution; but it was
agreed by both sets of workers thut no definite idea of the reality of
‘the huazard could be obtained without human experience under
practical working conditions. The studies at Dayton included
human observations, but were not sufficient for conclusions to be
drawn therefrom. After considerable discussion of the various
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vI INTRODUCTION

phases of the problem the conference adjourned, having agreed upou
the following resolution:

It is the gense of this conference that the Surgeon General of the United States
Public Health Service appoint a commitiee of seven revognized authorities in
clinical medicine, physiology, and industrial hygicue to present to him, Iff pos-
sible by January 1 next, a statement as to the health hazard involved in the
retail distribution and general use of tetraethyl lead gasoline motor Auid;) and
that thiy conference indorses as wise the decision of the Ithy] Gusoline Corpora-
tion to disvontinue temporarily the sale of ethyl gasoline; that the investigation
shall he paid for exclusively out of public funds; and that the results of this
investigation shall be reported back to a public conference called for the purpose
by the United States Public Health Serviee, at which labor shall be represented.

The Surgeon General appointed, as members of this committee,
the following:

A. J. Chesley, M. D,, 8t. Paul, Minn.
Lxecutive health officer, Minnesota State Board of Health.
David L. Edsall, M. D., Boston, Mass.

Dean of the Medical School and of the School of Public Ilealth, Harvard
University. Formerly professor of clinical medicine at the University
of Pennsylvania and at Harvard University.

William H. Howell, Ph, D., M. D., Baltimore, Md.

Professor of physiology, School of Hyglene and Public Health, Johns
Hopkins University, Tormerly professor of physiotogy ut the University
of Michigan and at Johns Hopkins Medieal School.

Reid Hunt, M. D., Boston, Mass.

Professor of pharmacology, Mcdical School, Harvard University.  Forerly
professor of pharmacology, ygienic Laboratory, United States Public
Health Service.

Walter S. Leathers, M. D., Nashville, Tenn.
Professor of preventive medicine, Vanderbilt University, Formerly execu-
tive health officer, Mississippi Statc Board of Health.
Julius Stieglitz, Ph. D., Chicago. Ill
Professor of chemistry, University of Chicago.
Charles-Edward Amory Winslow, M. 8., New Haven, Conn.

Professor of public health, Medical Schoul, Yale University. Presiilont,

American Public Health Association.

This committee et on June 15 and organized, with Doctor Howell
as chairman. L. R. Thompson, surgeon in charge of the oflice of
industrial hygiene and sanitation of the United States Public Health
Service, acted as the secretary to the committee.  The general seope of
the investigation was agreed upon, und at the second meeting of the
committee, on June 29, 1925, J. P. Leake, surgeon, United States
Public Health Service, was intrusted with dircet charge of the inves-
tigation. On October 16, 1925, Doctor Leake reported to a meeting
of the comnmittee the results of the investigation up to that time,
and on December 22, 1925, the committee met to consider the full
report of the investigation by Doctor Leake. The last meeting of
the committee was on January 17, 1926, when the final report of its
findings were drafted and signed. This report (pp. 103-115 following
the detailed report) summarizes the investigation and draws con-
clusions.

o e ppe—



INTRODUCTION viI

On Jenuery 19, 1926, a second public conference met at the call
of the Surgeon General to hear the report of the committee. The
following were in attendance:

American Federation of Labor:
A, J. Berres.
American Institute of Chetnical Engineers:
H. E. Howe.
American Oil Co.:
dohin M. Kleta.
Anglo American Oil Co.:
H. 8. Tegnor.
Baltimare City Department of Health:
Dr. C. Thaupson Jones, Comniysioner.
F.AL Korff.
Burean of Acronautics, Navy Department:
Comdr. E. B, Wilson.
Bureau of Chemistry, Department of Agrilenture:
Dr. Erich Schwartze.
- Bureau of Mines, United States Department of Connnerce:
Scott Turner, Director.
Pr. I R. Sayvers.
W. P, Yant,
AT Coumbe, jr.
Bureau of Standards, Department of Commerce:
H. K. Canunings.
Caleo Chemical Co.:
A, R Norton.,
Chemicn] Warfare Service, United States War Department:
C‘ R. AHL‘}'.
Columbia University:
Frederick B. Flinn.
Detroit City Department of Health:
Henry F. Vaughu, Commissioner.
E. I. du Pont de Nemours & Co.:
W. F. Harrington.
Charles K. Weston.
Ethy! Gasoline Corporation:
E. W. Webb, Fresident.
A. M. Maxwell.
Dr. Robert A, Kehoe.
Geological Survey, Department of Interior:
George Otis Smith, Director,
Harvard University:
Dr. Alice Hamilton. ~
Institute of Government Research:
J. A. Tobey.
Mcllon Tnstitute:
W. A, Gruse.
National Research Council:
Dr. Victor Vaughan.
Nation’s Health:
Dr. F. L. Rector.
New York State Departinent of Health:
Dr, Augustus Wadsworth,
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New Zealand Department of Health:
Doctor Watt, Deputy Director General.

Chio State Department of Health:

Dr. John E. Monger.
Ohio State University:
Dr. E. R. Hayhurst.

Philadelphia City Department of Health:
Dr. William C. Robinson.

Society. of Automotive Engineers:

Harry Horning, President.
Standard Oil Co. of Indiana:
Dr. Frank R. Morton.
R. J. Fellingham,
Standard 0Oil Co. of New Jersey:
F. A, Howard.

United States Public Health Service, Treasury Department:
Surg. Gen. H. 8. Cumming, chairman of conference.
Assgt. Surg, Gen, A. M. Stimson,

Surg. G. W. McCoy, director, Hyglenic Laboratory.
Surg. J. P. Leake.
Surg. L. R. Thompson.
Workers' Health Bureau:
Mrs. Grace Burnham,

Doctors Howell, Chesley, Hunt, and Leathers of the committee
were also in attendance, The report was read by the chairman of the
committee and adopted unanimously by the conference. A resolution
was also adopted expressing the sense of the conference that the lnves-
tigation of industrial hazards in the United States should be concen-
trated in the United States Public Health Service, and the necessary
funds be given that orgunization with which thoroughly to prosecute
these investigations. A question was elso raised as to whether the
possible effect of tetracthyl lead gasoline on the sterility of the race
was taken into consideration in the investigation. This was answered
by Doctor Leake in a statement that questions in regard to sterility
were asked of each individual in the investigation and there was no
indication of any sterilizing effect caused by the exposure.

In accordance with the recommendations of the committee, sug-
gested vegulations were drawn up by the Public Health Service in
regard to the manufacture, distribution, and use of tetraethyl lead
and mixtures containing tetraethyl lead for adeption and enforce-
ment by the several States. These proposed regulations form the
final section of this bulletin. After having béen submitted in draft
to the departments of health of the several States they were presented
ot the Conference of State and Territorial Health Officers with the
Surgeon General on May 25, 1926. It was there explained that the
last set of regulations, concerning garages and inclosed filling stations,
is directed chiefly toward protection against carbon monoxide poison-
ing. Helpful suggestions regarding this set of proposed regulations
have been received from Prof. A, C. Willard, of the department of
mechanical engineering, University of Illinois, but they are mainly
based on observations made during this investigation,
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SECTION I
SCOPE AND METHOD

This investigation ! was undertaken to determine whut health haz-
ard, if any, is invelved in the retail distribution and general use of
tetraethyl lead gasoline as an automobile fuel. For this purpose
humen subjects were studied who had for a considerable period been
exposed in the actual distribution and use of this gasoline.

Since by the resolution adopted on May 20, 1925, by a conference
called by the Surgeon General of the United States Public Iealth
Service to consider this guestion, a report was desired by January 1,
1926, it was believed that more conclusive data could be obtained
by examining subjects who had already been exposed to such possilide
huzard for a considerable time than by beginning exposure of other
groups who could be observed for only a very few months. Such
subjects were found in southwestern Ohio, where ethyl gasoline (the
conunercial name of gasoline containing tetraethyl lead) wus frst
generally used, and where it is still in use.

Sinee very slight deviations {rom the normal were to be looked
for, the examination of control subjects, similar to the exposed in all
respects except that of exposure to ethyl gasoline, was necessary.
Also, in order to insure the sufliciency of the method, 1t was thought
advisable to examine, in the same way, subjects who were exposed
to a definite lead hazard but who were not incapacitated fron: work
by lead poisoning; if the method was sufficient, lead absorption or
some slight evidence of lead intoxication should be discovered among
such persons.

All the subjects were adult males—252 in number. They were
divided into five groups—A, B, C, D, and E. Group A comprised
36 men who used automobiles propelled by gasoline other than ethyl
gasoline and who were exposed to exhaust fumes to a degree at least
equal to that of the general public. Group B comprised 77 car
users similar to Group A, except that the motor fuel which they used

1 Aside from the helpful direction of the comnmittee, continual assistance during the investigation was
derived from Surgs. 3. W, McCoy and L. k. Thownpson. Suggestions from Dir. Joseph C. Aub, of Har-
vard Moedicul School, were of asustance in outlining the general plan of exuminstion; for the <uap-
titative method of analysis for lead we are particularly indebted to Dr. Luwrence T. Fairhall, of the
Harvard School of Public Heath, Surg. R. R. Sayers, U.'S. Public Health Serviee, W. P. Yant, of
the U. 8. Bureau of Miges, and Dr. Gruham Edgar, of the Ethyl Gasoline Corporation. The precipi-
tating apparatus used for part of the dust studies was made for us by Philip Drinker, of the MHurvard
Behool of Public Health, The stool examinations for intestinal parasites in cases showing unemia are due
to Prof. Ch, Wardell 3tiles and Laboratory Aide Alma J. Speer, of the division of zoology, Hygiende Lab-
oratory, ‘Ihe tabulutivgs and compilations were made by a force of statistical clerks under the saper-
vision of Assovinte Statistician R, H. Britten,

5




6 HAZARD FROM TETRAETHYIL LEAD GASOLINE

was ethyl gasoline. Group C comprised 21 garage workers and gaso-
line handlers (filling-station men, tank-truck drivers, etc.) exposed to
gasoline other than ethyl gasoline. Group D comprised 57 garage
workers and gasoline handlers similar to Group (7, except that the
exposure was to ethyl gasoline. Group E comprised 61 men exposed
to » definite industrial lead hazord.

The subjects of Group A were employees of the wunicipality of
Dayton, Ohio, who used, for a considerable period of each day, cars
belonging to the city which were kept in the municipal garage and

filled there with ordinary gesoline. The subjects of Group B were -

cmployees of a public-service corporation in the same eity. This
corporation supplies electricity to a large area in southwestern Ohio,
and gas and steam heat and power within the city of Dayton. Ethyl
gasoline had been used to the exclusion of all other gasoline in the
cars of this corporation since July 1, 1923, and is still in use. As will
be-shown in tables accompanying section II of this report, many
of these employees drove for the greater part of the day on accouut
of the distances to be covered. The subjects of Group T were
garage employees of the Dayton municipal garage, ubove men-
tioned, employees of a public garage in Cincinnati (herein called the
Cineinnati control garage) where cars were serviced aud repaired
which did not use ethyl gaseline, and filling-station employees and
tank-truck drivers of gasoline companies in Duyton not handling
ethyl gasoline. The subjects of Group D were garage employees of
the Dayton public service corporation, mentioned abave, employees
of o garage in Cincinnati (herein called the Cincinnati test garage)
i which slmost all the cars handled since November, 1923, used
ethyl gasoline, and filling-station men and tank-truck deivers of
two affiliated gasoline companies, one in Dayton, the other in
Cineinnatl, supplying ethyl gasoline, The subjects of Group 15 were
employees in {wo plants, one on the Ohio River wutershed and the
other on the Great Lukes watershed, who were exposed 1n greater or
less measure to the hazard of lead dusts. In each of these plants
nunierous cases of lead poisoning, including some cases of lead
encephalopathy, had occwrred within the past few years,

The men examined {rom the two plants with the high lead hazard
were apparently not a selected group but fairly represented the uver-
age of the departments in length ol employment, exposure, and other
respects except that a few of the foremen and subforemen, appre-
ciating the value of the examination, applied for it. The other sub-
jects of this group were picked at random by the foremen of the
different departments.

At no time has the amount of ethyl gasoline sold in either Dayton
or Cincinuati exceeded 5 per cent of the total gasoline currently
sold there. Only one of the 61 subjects of Group E had ever used
ethyl gasoline; the amount used by this man was neelicible
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The plan of work included a clinical examination with a careful
history of each person, hemoglobin estimation, red-cell count,
count for stippled cells, and examination of a specimen of feces for
lead. No examination of the urine other than for color, specific
gravity, reaction, albumin, and sugar was made, since the slight
degrees of lead intake which were to be looked for would probably
be shown more strikingly in feces than in urine. Aside from possible
effects from lead in the subjects examined, each person was gues-
tioned confidentially as to any rumored injuries from ethyl gasoline
which he might have heard of in the districts where this gasoline
was used, In order te secure an idea of the amount of ventilation
and of contamination of the air by exhaust gascs and evaporation
of gusoline in the garages where exposure took place, a few estima-
tions of carbon monoxide content and of lead content in sweepings
and in the alr were made. The examinations in Dayton were made
from Qectober 6 to 13, inclusive, and October 29 to November 2,
inclusive, Examinations in Cincinnati were made on November
4 and 5. On account of cool weather the ventilation in all the garages
during these periods was on a winter basis. The number of doors
and windows open during the peak periods of air contunination could
hardly have been less even in the severest winter weather.

The schedule which was used for the clinical examination was
mimeographed on cards 814 by 11 inches.  Four cards were used for
each person, one for each of the four examining physicians.

The first. card contained the following items:

Name.

Age.

Residence.

Riglt or left handed (for interpretation of muscle tests).

Marital status.

Ages of childreu.

Place of work.

Present vecupation (exaet deseription and dates of this and previous employment
at the same job).

Hours per day lead or gasoline hazard.

Totu! time with present employer.

Birthplace.

Other places lived in for one mouth or more, with approximate dates.

Previons oceupations, with approximate dates and length of employment,

Previous lead hazards, with dates and duration.

Present lead hazards, with duration.

Use of employer’s ear.

Use of family car, length of time and amount used, and amount of ethyl gusoline
used.

Previous illnesses.

Use of bismuth (which had been found to interfere possibly with the quantitative
examination for lead in feces).

Significant family history in parents, brothers, or sisters.

LExaminer’s initials, and date,
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The second card contained these items:
Case number.
Examiner’s initials and date.
Sleep:
Hours in bed.
Restful or disturbed.
Noeturia.
How much milk or cream per day.
How much water per dav.
Bowel movements:
How frequent.
At what hour,
Use of laxative.
Tendeney to constipation——For how long.
Teeth:
When brushed.
Last trip to dentist.
Usual weight.
Best weight (heaviest).
General health.
Memory.
Drowsiness.
Insomnia.
Twitching.
Rate of tiring as compared with previous.
Museular strength as compared with previous.
Dyspncea.
Palpitation.
Precordial pain.
Headaches.
Eve trouble.
Taste iu mouth: Metallic.
Pains in joints.
In muscles,
In abdomen,
Appetite.
Nausca.
Yomiting.
Eructations,
Loss of consciousness,
Numbness,
Other paracsthesias.
Other complaints, .
Tests for muscle strength:
Extensors of right wrist—£first trial; second trial; third trial.
Tlexors of right wrist—first trial; second trial; third trial,
Extensors of right middle and ring fingers—first trial; second trial: third
trial.
Flexors of right middle and ring fingers—first trial; second trial; third trial.
Flexors of left middle and ring fingers—first trial; sccond trial: third trial.
Extensors of left middle and ring fingers—first trial; second trial; third trial.
Flexors of right wrist—first trial; second trial; third trial.
Extensors of left wrist—~frst trial; second trial; third trial.
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INVESTIGATION —SCOPE AND METHOD

The third card contained the following items:

Case number.

Examiner’s initials.

Date.

Height.

Weight.

Color of skin:

Pallor.
Stight vellowness.
Selera.

General appearance.

Posture.

Musculature.

Nutrition,

Skin.

Superficial glands and nodes.

Romberg sign.

Tremors:

Tongue.
Eyetids.
Fingers.

Eyes:

TUse of glasses— Worn during examination.
Visien—R. 15/ ; L. 15/

Fuuetion of muscles.

Near or far sighted,

Ficid of vision.

Nose.

Ears.

Hair.

Tongue.

Throat.

Teetl, condition:

Gums—
Cleanliness,
Pyorrhea.
Lead tine, exact appearance, location.

Temperature.

Pulse, sitting.

Blood pressure:
Sitting—systolic; diastolic.
Recumbent—systolic; diastolic.

Heart.

Lungs.

Abdomen.

Liver.

Spleen.

Kidneys,

Upper extremities,

Lower cxtremitics.

Reetum.

Genitalia.

1892°—26%
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1y HAZARD FROM TETRAETHYL LEAD GASOLINE

Reflexes:
Patellar,
Achilles.
Biceps.
Olecranon.
Radial.
Abdaminal,
Pupillary.

Pupils:

Size,
Regularity.
Sensation:
Pain,
Toueh.
Heant,
Coldd.

The fourth card contained the following items:
Number,
Physician,
Date.
Urine:
Culor.
Specific gravity.
Reaction.
Albumin.
Sugar.
Blood:
Hemoglohin {Dare instruinent No, —),
Red cells per cubic millimeter—
Pipette number.
Counting-chamber No, “—.
Initials of examiner,
Tour slides for stippling study.
Feces sample:
Jar given (date and hour).
Collected (date and hour).
Tive cubic centimeters formalin added {date and hour),
Shipped to Hygienie Laboratory (dute),

One of the most important phases of the study was that the identity
of the subjects as regards their exposure to ethyl gasoline was not
disclosed to any of the many individuals taking part in the study ex-
cept to the physician who took the industrial history. The plan by
which this “blind "’ examination was secured was as follows:

The numbers from 1 to 1000 had been distributed at rendom and
put down according to this randem distribution on 25 sheets, 40
numbers to a sheet. At the time of the examination the subject first
came to the physician who took the industrial history. This physi-
cian was also in charge of the investigation. He entered the name of
the subject on his own schedule card (the first card of the four de-
seribed above) and then copied the name opposite the first unassigned
number of the series of numbers distributed at random on the 25
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INVESTIGATION-—SCOPE AND METHOD 11

sheets. Thereafter throughout the examination the subject was
known only by this nwmnber assigned to him. The number, but not
the name of the subject, was placed on the schedule cards used by
each of the other three physicians and on the specimens and slides
sent to the laboratory for examination. The ouly key whereby the
industrial and exposure history could be connected with the results of
an examination consisted in the 25 sheets with their series of irregu-
larly distributed numbers. *The same series was long enough to give
distinguishing numbers for the various samples of dust, gasoline, etc.,
examined during the investigation.

The first physician, who was the only person at all cognizant of
this key of numbers corresponding to the names and industrial his-
torics, worked in a room separate from the other physicians for all
examinations except part of the E serics, and in this small part he
was out of hearing distance of the one other physician who worked
in the same room with hin.

In the case of persons belonging to Group E (those with recent
and present exposure to lead dusts) the employees of one of the plants
were examined at the same thme as persons belonging to the other
groups, when the examining physicians, except the first one, were
not aware that persons with the heavy exposure were being intro-
duced for examination. At the examination of employees of the
other plant the lead hazard was obvious to all, bul some of the sub-
jects introduced were from parts of the establishment where 1o lead
was Uscd, in order to serve as controls,

The scheme of “blind” examination was cooperated in by all con-
cerned, and no attempt was made to learn the exposure history of
the subjects by those who were supposed not to have this informa-
tion in making their part of the exumination. The first physician
removed buttons or any removable symibols from the subjects which
would indicate their employment or exposure, and in explaining to
them the purpose, value, and confidential nature of the examination
cautioned them against disclosing their employment as related to
exposure. The same plan ol nondisclosure of identity or exposure
was successfully followed through the examination for stippling in
blood cells and for lead in fecal and other specimens.

It is realized that this method deprived the examination of a cer-
tain comprehensiveness which the usual clinicel examination should
have in that the examining physician ®hould be in possession of all
the facts regarding exposure. Nevertheless, for the purpose of this
investigation, the “blind”” way in which these studies were conducted
was essential, and it is believed that this method, together with the
confidential relation which existed in alinost all cases between the

. subject and each physician examining him, forms & most importent

feature of this report.




— HAZARD FROM TETRAETHYL LEAD GASOLINE
SECTION IT

CLINICAL STUDIES, INCLUDING INDUSTRIAL HISTORIES OF SUB-
JECTS, HEMOGLOBIN ESTIMATIONS, AND RED-CELL COUNTS

It was planned that each clinical examination, as detailed in the
schedules above given in Section I, would consume two hours. This,
with lour physicians examining, would allow one new subject to be
introdnced for examination each half hour.  With increasing practice
in the routine of the schedules on the part ol the examiners and with
the ready response of those examined to questions und divections, 1t
was found that an examination could be completed in a little over an
hour,

It iz believed that the industrial histories could hardly have been
more complete. A triple check was provided to secure the story of
any occupation which might involve a lead bazard. Besides de-
tailed questions as to the present employment, the subject was asked
the different places where he had lived, the time of each residence,
also a complete industrial history as to all jobs held, their nature
and duration, and any exposure to lead which might have been in-
volved. These questions as to occeupation and location served as a
check the one on the other.  Direct questions were asked also as to any
previous lead hazard, with dates and duration. To serve as an aid to
the subject’s memory, the following list was read over to him whils
be watched the list as read: Lead inining or smelting; plumbing;
making or handling lead objects, tin foil, solder, or Babbitt metal;
brass founding; printing; making white or red lead; pottery work;
putting on glazes or enamels; making storage batteries; painting;
making or handling paints; lithograph transferring; polishing cut
glass or brass; putting in window glass; making rubber; vulcanizing;
making shade cloth; lead calking. A nonindustrial exposure to lead,
such us painting, putting in window glass, or soldering at home,
which the ordinary householder does, or the ingestion of food or
drink which has been in contact with lead, was neglected, since this
would be impossible of estimation and might be tuken as roughly
uniform throughout the groups; Groups A, B, C, and D, in which
previous lead exposure might be important were uniform as to
focation and social status. With the method of questioning used it
was surprising how frequently a history of industrial lead exposure
other than to ethyl gasoline was elicited. Only 106 out of the 191
in Groups A, B, C, and D who were not at the time of the examination
exposed to a serious lead hazard failed to give a history of previous
exposure. Hach of these exposures, however, was so slight and of
such short duration or so remote that but little postitive evidence
was gained as a result of this examination. Taking all the factors
into account these exposures were grouped as very slight (present
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INVESTIGATION—CLINICAL STUDIES 13

and past), slight (past), and moderate (past) for Groups A, B, C, and
D. The very slight exposures were nearly negligible. For Group R,
those with recent and present exposure to lead dusts, the subjects were
divided as to degree of exposure into subgroups with slight present
exposure, moderate present exposure, severe present exposure one
month or less in duration, and severe exposure more than one
month in duration. Table 1 shows the industrial exposure to lead
other than to ethyl gasoline or tetracthyl lead for the five different
groups of persons examined—A, B, C, D, and BE. The fourth
column, consisting of the moderate past exposures, contains the only
instances of exposure in the ethyl gasoline groups or their negative
control groups whieh might be of present clinical significance. Not
only as regards time but also as regards intensity, the exposures in
Group E were in most cases of an altogether different order of magni-
tude from those in the other groups. Groups A, B, C, and D do not
differ significantly from each other in exposure to lead other than
tetraethyl lead.

As regards gasoline exposure, Table 2 shows the similurity, for the
purpose of this investigation, of the four groups. Similarly Tuble 3
shows the hours per day of exposure in the ordinary use of automobiles
(Groups A and B). For the other groups, on account of the nature
of their employment the length of exposure for each day was greater.
In Group C, 14 werc exposed to gasoline or its combustion products
for 8 hours, 6 for 9 hours, and 1 for 1513 hours, daily. In Group D,
36 were esposed for 8 hours, 15 for 9 hours, 4 for 10 hours, 1 for 11
hours, and 1 for 12 hours, daily. It may bere be stated that the
exposure to lead dusts in Group E averaged even longer, 5 being
exposed for 8 hours, 33 for 9 hours, 5 for 914 hours, 2 for 10 hours, 4
for 11 hours, and 2 for 12 hours per day. The lengths of exposure to
ethyl gasoline in Groups B and D are shown in Table 4.  The nunber
of months’ exposyre to lead dusts in Group E is shown in Table 5.
Tt i3 obvious that the severity of exposure to ethyl gasoline is not
determined entirely hy the number of months of exposure or by the
number of hours of exposure each duy. IEven in Group B, consisting
of car users supplicd with ethyl gasoline, the exposure (chiefly to
exhaust gas) varied greatly with the type of car and the kind of
driving. Driving o small car across an open country is obviously
a very small exposure, but cases of carbon monoxide poisoning,
even to loss of consciousness, have occurred in the groups of car
users (A and B) without and with cthyl gasoline, from defective ex-
haust connections allowing gases to come up into the driver’s comn-
pertment while out of doors. Taking all the factors of exposure into
consideration, Groups B and D were each separately divided into
quarters asg regards severity of exposure to ethyl gasoline. These
quarters (19 or 20 individuals in each for Group B and 14 or 15 indi-




14 HAZARD FROM TETRARTHYL LEAD GASOLINE

viduals in each for Group D)) are used for purposes of comparison
later sections of the report.

The distribution by age of the persons in the various groups is
shown in Table 6. The relative excess in the higher ages shown in
Groups A and D should not have a serious effect on the results of the
examinations.

The large tables, Nos. 7, 8, 9, 10, and 11, give the detailed findings
for the individua! wembers of Groups A, B, C, D, and B. All the
examinations, exeept thoze for stippling and the fecal examinations,
were made immediately at the place of clinical examination. The
urinary examinations are hot lsted in these tables. They. vielded
Tew or no results of value for the primmary purpose of this iuvestiga-
tion-—to detect evidences of lead injurv—but were of great inportance
to some of the persons examined.  For example, two cases of marked
diabetes were discovered in those who had not been aware of their
condition previeusty. The Benedict qualitative test was used for
sugur and heat and scetic acid for albumen. Twelve persons showed
a slight to a large smount of sugar, 1 in Group A, 4 in Group B, 1 in
Group C; 5 1 Group D, and 2 m Group E.  As regurds albunen,
which might be more indicative of lead injury, 10 showed amounts
from the falntest trace to a heavy cloud; in this last person the
albuminuria (in a youth of 19, otherwise in good health) was appar-
ently conuected with the ingestion of four eggs sotzewhat over an hour
previously.  Four of the persons with albuminuria were in Group A
(Nos. 229, 312, 621, 961), 2 in Group B (Nos. 430, 817), 1 in Group
D (No. 549), and 3 in Group E (Nos. 480, 8§73, 898).

Tables 12, 13, and 14 show the general condition of the persons
exawined, 12 giving the ratic of weight to height in the different
exposure groups; Table 13, nutrition; and Table 14, the subject’s
statement a¢ to the number of pounds lost from his estimated maxi-
mum weight.

Blood-pressure findings are grouped in Tables No. 15, 16, 17, 18,
and 19, Table 15 gives the distribution of persons according to the
systolic blood pressure in the five different exposure Groups A, B, C, D,
and E; Table 16, according to deviations from the normal systolic
blood pressure at each age; Table 17, according to pulse pressure when
sitting; Table 18, according to pulse pressure when recumbent; and
Table 19, according to the difference between the pulse pressure in
these two positions,

Tables 20 and 21 show the findings in the direction of anemia,
Table 20 giving the distribution according to hemmoglobin percentage
by Dare’s instrument in the different exposure groups, and Table 21
the distribution of the erythrocyte count in these five groups. Here
for the first time we see a significant difference in the persons with
marked lead exposure (Group E) as compared with the other groups.
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Vision was tested at a 15-foot distance on account of the size of
the examining rooms. In tabulating the results of the examination
for vision the test by Snellen card was used, and the result with the
better eye was recorded, glasses being used if the subject wore them;
this was done becanse any toxie diminution in acuity would tend to
he bilateral and would not be vorrected by refraction. In some
cases the person examined did not wear glasses while ut work or at
the time of the exnmination, bat did use them at other times; his
recorded visunl acuity was {herefore lower than that of similar
persous with refractive errors who had their glasses with them.
Tuble 22 shows distribution according to vision of the persons exam-
ined i the different exposure groups. The somewhat decreased
visual acuity evident in Groups A and D is correlated with the higher
ages in these two groups as shown in Table 6. Group E, ou the other
hand, shows poorer vision than would be expected from the age
grouping. At least part of this may be due to differences between
this group and the others in literacy and average social status.  The
size of the fleld of vision was tested roughly by movements of the
pencil in the examiner’s hand at the sides of the subject.  In only one
instanee was bilateral diminution of visual field observed—naely,
No. 431 in Group D.  {See Tuble 10.) This parson probably hiad the
heaviest exposure to gasoline of any sort, as well as to ethyl guso-
line, of all those examined. e had been the gusoline fitler on the
night shift at the garage of the public service corporation in Dayton
for 414 months, previous to which time he drove a truck for the
same corporation, using ethyl gasoline for 22 months. Between
1.30 and 4.30 a&. m. each night he filled from 50 to 70 automobile
tanks with ethyl gasoline. Aside from the diffusion to be expeeted
with a 12 or 13 foot ceiling (sce p. 33), there was practically no
ventilation during the filling period at the time of this investigation.
The cars were filled by means of & movable tank which, In turn, was
refilled from time to time {romn a stationary tunk on the main Hoor of
the garage. Spillage repeatedly took place. There was also enough
shifting of the autemobiles under their own power while the filling
was going on to give marked symptoms of carbon monoxide intoxi-
cation to the observer when this night filling operation was observed
(Decemnber 1, 1925), and occasionally to the filler. The delivery
hose was hung on & bracket on the movable tank high above the
filler's head. Twelve days before this subject was examined the
hose was knocked off and splashed two quarts or more of cthyl gaso-
line over his fuce and clothes. Iis eyes burned so thet he could not
see for three-quarters of an hour, but improved continually so that
the vision was 15/30 at the time of the examination (October 13, 1923),
and 20/24 in each eye when last seen, two months after the accident,
At the time of the October examination the visual fields were slightly
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but definitely contracted. There was photophobia and the pupils
were slightly dilated. There was no apparent cornesl inflammation
or opacity. Ophthalmoscopic examination showed no abnormalities.
The subject complained of headache, which, with the exception of
the eye trouble, was the only symptom developing since the accident.
He stated that he had had o slight tendency to constipation for two
years {(he had had the night filling job for four and a half months),
I1is general heulth he stated was good, but he had been drowsy for
four months, with twitching of the arm muscles for about a year
He had o bad taste in his mouth in the morning for about three
months—not metallic.  For three or four months ke had been dizzy
when he stooped over. Ifor about two months at times he had
had semsations of pins and uecdles in his arms and back., He had a
slight pharyngitis, temperature of 37.7, pulse, 104. His blood
pressure was 144 systolie, 78 diastolic in the sitting position, 140
systolic and 80 diastolic when recumbent.  His reflexes were norinal,
also sensation, except shghtly diminished sensation of the srms to
pain and touch. He had external hemorrhoids.  About four weeks
after the accident he returned to work as a driver, und when last
seen, two months after the aceident, he had for more thun & month
been driving a large 5-ton truck bpine and oune-half hours daily, with-
out dificalty, He stated that he felt all right except for slight
blurring of the cyes after reading, This man bad never had a sim-
flar accident with ordinary gasoline, although numerous individuals
in Group D had had similar aceidents both with ethyl gasoline and
with straight gusoline, with no apparent result except a temiporary
buming of the eyes. There is no evidence that the symptoms in
this case were due to the lead content of the gasoline,

Nonquantitative data regarding the physical coundition of the
subjects, obtained by questioning (subjective) vr by exumination
{ohjective), are given in Tables 23, 24, and 25. Tabulation is made
by indicating as positive, deviations from the normal which are sim-
ilar to those found in some cases of lead poisoning. For example,
in Table 23, column 2, two persons (3 per cent) of Group B stated
that they were ailing in some way (lowered general health), which
was not classified under the nore particuler headings. Tu column 1
four persons (11 per cent) of Group A showed pallor on physical exam-
ination. Table 23 gives the general phenomena, Table 24 those of
the digestive system, and Table 25 the nervous phenowena. Per-
haps the most striking fact shown in these tables is the larger propor-
tionete number of digestive and nervous disturbances in Group E,
those exposed to a known definite lead hazard, than in the other
groups.

Even more siriking than these tables is the consideration of the
individuals taken one by one. Aside from case 431 discussed above,
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there are no persons in Groups A, B, C, and D in whom the clinical
findings deseribed in this section of the report are at all suggestive or
significant of lead intoxication. On the other hand, Group E pre-
sents seven definite cases of lead poisoning made out independently of
the industrinl history, by clinical examination alone apart {rom stip-
pling or chemical examination of the fcces. The clinical examing-
tion was, as indicated in Section I of this report, especially directed
to detect lead poisoning. These cases are Nos. 15, 150, 187, 276,
732, 813, and 873. (See the large Table 11.) Seven other cases of
slight lead poisoning were apparent by the same methods—Nos. 221,
307, 324, 360, 370, 656, and 764. One other individual, No. 253,
gave evidence of former lead poisoning, though no such intoxication
could be made out at the time of examination. As may be seen in
the large tables, as well as in Tables 20 and 21, a cettain degree of
anemia was part of the picture in some cases of Group . Exumina-
tion of the feces for intestinal parasites which might be responsible
for the anemia was made in all cases where fecal specumens were
available, and was negative.

Sleeplessness, generally considered one of the most significant in-
dices of poison by lead tetraethyl, was inquired into by double ques-
tioning, as is seen on schedule card 2 in Section I of this report.
Questions es to the character and amount of sleep were asked at the
beginning of the examination and again later when the subject’s
attention was being directed to other nervous and mengal phenomena.
Seven in Group A, 2 in Group B, 1 in Gronp C, and 3 in Group D
deviuted more or less from the general rule of frank statentents that
their sleep was restful and that there was absolutely no insemnia.
The deviations in these groups were only slight and usually some
reason was given, such as “No insomnia except when gas on stom-
ach; sleep good and restful”; “Restlul at present, not during sum-
mer with warm weather; no insomnia’; “Sleep fair; ose stopped
occasionally, rhewmatism in right shoulder, no insomnia®; “Sleep
nol very restful; some insomnia last two years since matriage due to
increased responsibility, he thinks.” The data elicited under these
heads in Group E (scven cases) were more positive as regards in-
somnia or disturbances of sleep and usually were correlated with
the degree of lead hazard. Six out of these seven were among the
14 eases of lead polsoning.

In planning this investigation special emphasis was luid on three
methods of examination which it was thought would possibly yield
more definite quantitative data regarding slight deviations from the
normel and which would be more clearly indicative, and at the same
time freer from subjective errors, than other methods. These were,
first, the determination of the amount of lead in the feces, which
would show lead exposure or absorption; second, quantitative cxam-
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ination of the red-blood cells for stippling, which in the absence of
other causes would show lead abscrption; and third, measurement
of the strength of the extensor muscles in the forearm, which would
be indicative of lead neuritis. It may be stated at once that this last
method yielded practically no information of positive valae for the
present investigation. The method and results, however, wre given
here as negative evidence and in order that comparison may be made
with other more marked instunces of lead poisoning. :

The apparatus for muscle testing consisted of a hinged platform
for the hand with the axis of rotation the same as that of the wrist.
Fixed to each side of this rotating platform was u grooved solid
wooden pulley with a radius of 6 inches but complete for only about
one-fourth of a cirele, from a point flush with the movable platform
toward the finger end to a little past vertical above the hinge. The
center of these pulleys was not at the table level but 1 inch above, at
the axis of rotation of the wrist. Cords were fastened at the upper
end of the pulleys passing over the curved grooves to a yoke by which
they were both attached to a recording dynamowmeter (u spring
bulance with adjustable index registering the greatest maximum
pull).  This dynamometer was supported on rollers, and attached to
the other end was a cord which was pulled either by the examiner’s
hand, or, for the stronger muscles, by .a pedal attachment after
passing over a pulley. The hinged platform was moved by the
subject by means of a broad wooden nest for the whole hand or a
narrow metal one for the middle and ring fingers. These two nests
were detachable and could be adjusted for different lengths of fingers.
Along each horizontal edge of the hinged platform was a brass index
by means of which the angle made by the platform could be read off
on a scale attached diagonally on either side of the base.

In using the instrument the subject placed his hend in the nest
with his wrist joint at the axis of rotation, palm down for measuring
extensors and palm up for measuring flexor strength. He then raised
the platform until it made an angle of 25 degrees with the horizontal,’
at which point the pull was gradually exerted by the examiner while
the subject was told to keep the hand in this position by resisting the
pull.  When the strength of the subject’s muscles was overcome by
the examiner’s pull to such an extent that the index fell below the
22° 30’ mark, the examiner’s pull was released and the reading in
pounds, automatically registered by the sliding index of the dyna-
mometer, was taken. Three consecutive meuasurements were made
of each muscle group. Figures 1, 2, and 3 illustrate the instrument.
Usually 2 wooden bar was adjusted just above the wrist by means of
leather straps to keep the axis of rotation of the wrist joint at the
same level throughout the test. In three of the cases of lead poison-
ing, Nos. 187, 307, and 732, definite neuritic weakness was observed



Fig, 1.—Apparatus for testing sirength of flexer and extensor muscies in the foresrm,
The subject to be tested sits in the cnair, while the physiciar uses the pedal attuchirent
In testing the strong flexor muscies of the wrist, The larger registering dymamometer
tor testing these strong musctes 1§ shown in place ur the rclier carriage; e smalier
dynamometer, for testing tne weaker extersur muscies and the tirger muscles, is
placea below. The nest for the fingers, also notin use, is shown t¢ the left of the
smatier dynamometer. The adjustable wooden bar for keeping the wrist down at the
same jevel during flexion and extension is at the extrame left of the appuratus
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- by the use of this instrument, which could not be detected by or-
- dinary manual estimation of wrist strength. It is evident, however,
- that in only a small proportion of the cases of early lead poisoning is
there a demonstrable weakness of the extensors in the forearm.
' In order to ascertain whether the lesser degrees of lead palsy were
* specifically confined to these extensor groups or were more easily
shown there because of the natural wenkness of these muscles, the
flexors were also tested. In an attempt to secure data on Edinger’s
theory of fatigue paralysis and the preponderance of right-sided
paralysis over left-sided in the lead palsy of right-handed people,
comparison of the two sides were made. For tabulation the median
figures were taken as more indicative than averages when there were
three to six measurements to be grouped. Tables Nos. 26, 27, 28,
29, 30, and 31 show the distribution of various indices of the strength
of these muscles, namely, the wrist and finger-extensor groups.
Table 26 shows the medians of all the ratios in the different groups.
In Tuble 27 the ratio of the median of the six measurements of the
strength of the wrist extensors of each individual (three trials of the
right hand and three of the left) to his weight is given as a distribu-
tion table. It was felt that the mere strength measurements with-
out reference to the size of the individual would give erroneous in-
dices. At the sume {ime in studying the individual cases it was the
actuel value of this median rather than the ratio of the median
strength of pull to the weight which gave indication of significant
wrist weakness in Group E.  As shown in Table 27, negative control
Group A is as weak according to strength-weight ratio as is Group E.
Table 28 shows in the same way the distribution of ratios of the
strength of finger extensors to weight in the different exposure groups.
Table 29 shows the distribution according to ratio of strength of
wrist extensors to that of wrist flexors; Table 30, according to ratio
of the strength of finger extensors to that of finger flexors; Table31,
according to strength of right wrist extensors to that of left wrist
extensors; Table 32, according to ratio of the strength of right-finger
extensors to the strength of left-finger extensors.

SECTION IIT
STIPPLED RED CELLS

Examination for stippling took place at the Ilygienic Laboratory
of the United States Public Health Service at Washington, D, C,
It involved about 600 hours of microscopic work on the part of
highly-trained laboratory workers expert in the use of the mnicro-
scope.  Ifour smears nearly covering the surface of the slides were
made [rom each subject exumined. These were fairly ugiform in
thickness, the red cells being close together but not overlapping in




20 HAZARD FROM TETRAETHYL LEAD GASOLINR

more than half of the cells. A modified Sussmann-Weindel toluidine
blue stain was used as follows:

Toluidine blue .. .. ____._____ ... G —-o-grams_. 5.0
Borax . o e edoo 0.5
Loefller’s methvlene blue_ . .. ____. cubic¢ centimeters. . 50
Distiled water.__ . oan do.. L 1,000
1 per cent agueous sotution Kosin (yvellowish).__.___ do.... 7.5

The specimens were fixed in 96 per cent alcohol and stained 20
minutes in the above solution. The addition of the eosin aided greatly
in retaining the focus aund in distinguishing overlying particles from
true stippling.  Different samples of dry toluidine blue were found
to vary preatly in staining properties. A preliminary comparison
of different stains gave the following result with slides from s case
of lead poisoning with considerable stippling:

Stippled cells

per 100,000
Toluidine blne. . . . 600
Manson's borax methylene blue._. .. .o .. ____._ 750
Wright's svain . o el 800
Unna's methylene blue. - A e e e 1, G20
Toluidine blue with Locfler’s methylene Dlue. . ____ .. 1, 059

It was originully planned to stain hall the films from each cuse
with the modified tolvidine blue, as given above, and hall with
Wright's stain.  Consequently some films from all cases were stained
with toluidine blue, and with remarkably uniform results. In a num-
ber of instances it was necessary to stain g second or even a third 8lm
from the swine case, but on account of unsatisfactory filins rather than
unsatisfactory staining., After all the slides had been examined and
classified us to the degree of stippling present it was thought wise to
try again the Wright stain to determine whether anyvthing of impor-
tance could be gained by staining films from all cases by this method.
It had alveady been shown that with Wright’s stain  busophilic
stippling is best seen in filns which have a distinetly bluish tone.
This was most readily obtained by diluting Wright’s stain on the
slide with 1 per cent sodium bicarbonate solutivn, staining one
minute, and washing with neatral distilled water. Az a preliminary
procedure a number of unstained filins from cases known to show
definite basophilic stippling were stained, one-half of the slide with
Wright and one-half with modified toluidine blue. These filns
were submitied to several members of the staff for examination,
and all agreed on the superiority of the modified toluidine blue for
the demonstration of basophilic stippling. The slides were classified
on the basis of the stippling examination into nine groups:

! Dissolve the borax in the distilled water, with hieat if necessary, theu the toluidine blue, and add the
methylene blue solution. Filter and add the eosin solution just before using.
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1. Those unsatisfactory for examination because of poor filin
or poor stain (a considerable number of slides were at
first placed in this class, but by staining the reserved
slides from these cases all were finally classified more
definitely).

Negative.

3. One to threc cells with very fine stippling per 100,000.
(Usually these cells were basophilic and often the granules
were so fine that some workers could not see them.)

4. Four or more cells with very fine granules per 100,000.
{If any cells with definite granules were found in a slide,
even though cells with very fine granules were preseut,
the slide was not grouped under class 3 or 4 but in a
higher group.) :

Definitely stippled cells, fewer than 3 per 100,000.

Three to 6 definitely stippled cells per 100,000.

Seven to 20 definitely stippled cells per 100,000.

. Twenty-one to 100 definitely stippled cells per 100,000.

9. Over 100 definitely stippled cells per 100,000.

Reserved films from 14 cases which had fallen under Group 8
by the toluidine blue stuin were stained by the alkalinized Wright
method and submitted to six members of the staff for examination,
with the result that 2 were classified under Group 9; 8, under Group
8: 3 under Group 2; and I, under Group 1. Next, separate filis
stained by both methods from several cases classified under Group 8
by the toluidine blue method were submitted to two of the most
expert members of the staff for comparative examination. In all
cases more stippled cells were found in the teluidine blue films in a
given length of time. All members of the stafl who had examined
films by both stains agreed that the toluidine blue stain was the
more satisfactory for the demonstration of the basophilic stippling.
The final results as shown in the tubulation are therefore bused en-
tirely on the toluidine blue stain.

The exainination was chielly on a time basis. By means of vernier
readings on mechanical stages, measurements of fields, counts of
number of cells per field, and counts of number of fields examined
in a given time, the findings were reduced to figures expressing
numbers of stippled cells per 100,000. Tn this estimation it was’
considered that in each field only the central zone, one-third the
width of the entire field, was as a rule thoroughly ex:umnined.

The staff which examined and checked the slides had no infor-
mation concerning the identity of the persons or groups from which
the films were ohtained. No slide was pronounced negative until
after 90 minutes of exemination, care being taken by use of the
mechanical stage to prevent the examination of the same field more

b

o -1,
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than once. Less than 00 minutes’ examination was made only
when six or more stippled cells were found in less than that time.
Every slide found negative was resxamined for an average period
of 10 minutes by 1 medical officer recognized as an expert in labora-
tory procedures involving the use of a microscope. When a positive
cell was found during this period an additional 10 to 30 minutes were

spent in exainining the slide.  Slides found positive on the original

examination were confirmed at the titme by one of the above medical
oflicers, practically every stippled cell being carefully cheeked.
Lfficieney of the exawminers was shown by the fact that this reexanc-
ination and checking changed the clussification of very few slides,
and in such instances, almost without exception, by only une cluss.
The finul classification by cases is as follows:

1. Unsatisfactory, none

2. Negutive, 133.

3. One to 3 cells with very fine granules per 100,000, 15.

4. Four or mnore cells with very fine granules per 100,000, 3

5. Definite stippling but fewer than 2 stippled cells per
100,000, 35.

6. Three to 6 stippled cells per 100,000, 16.

7. Seven to 20 stippled cells per 100,000, 14.

8. Twenty-one to 100 stippled cells per 100,000, 17.

9. More than 100 stippled cells per 100,600, 19.

For practical purposes classes 2, 3, and 4 might be taken as nega-
tive, although the granulation recorded under Groups 3 and 4 i3
evidently i the direction of true stippling. The examination was
sufliciently prolonged, however, to carry over into Greups 5 to 9,
slides which showed any stippling except an amount which might
be called normal. Table 33 gives the amount of stippling in each
exposure group, namely:

A. Users of automobiles without ethyl gasoline.

B. Users of automobiles with ethyl gasoline

C. Garage workers and gasoline handlers not i contact with
ethyl gasoline or its combustion produets.

D. Garage workers and gasoline handlers in contact with
ethyl gasoline and its combustion products.

E. Persons exposed to definite lead-dust hazard.

The examination, the results of which are recorded in this tuble,
gives by f{ar the clearest differentiation between exposure groups of
any of the examinations thus far covered in this report. It is seen
at once that Group E is entirely different from the other groups.
Table 34 shows the distribution of stippling in Group E according
to the different amounts ol exposure. Stippling to a relatively high
degree (21 to 100 stippled cells per 100,000) was shown in persons
whose exposure to this hazard had been wvery short—as short as
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two and one-hall days. Stippling was also shown by some individuals
whose exposure to the lead dusts seemed to have been extremely
slight. It is noteworthy that even with this obviously delicate
method of detecting lead exposure snd absorption, Group B shows
no greater stippling than Group A. This lack of stippling {rom the
ethyl gasoline hazard in Group B is also shown by Table 35, in
which this group is divided inte four quarters according to the
umount of exposure—the number of howrs of exposure each day, the
nunber of months’ exposure, and the degree of exposure all being
taken into consideration. Subgroup 1 in this table is the quarter
with least exposure, Subgroup 2 the next, Subgroup 3 the next;
Subgroup 4 is the quarter with the highest exposure. Tt iz clear
that there 1s no increase in stippling with increased exposure in this
group. Group C, the garage workers and gasoline handlers exposed
to gasoline and its combustion products but not to ethyl gasoliue,
shows what might possibly be a significant increase in stippling over
Groups A and B. This group is too small for conclusions to be
drawn in that direction. Group D, garage workers and gasoline
handlers exposed to ethyl gasoline and its combustion products, also
shows some Increase in stippling but of a magnifude altogether
different than that shown by Group E. The significance of the
increased stippling shown by Gruup 1) is questionable in view of its
rather uniform distribution when this group is divided into quarters
according to degree of exposuare, us shown in Tuble 36.

Many of the individuals of Group D acknowledged that they had
repeatedly spilled ethyl gusoline over themsclves. Some said that
of necessity all handlers of gasoline (filling-station attendants and
tank-truck drivers) are thus exposed. Nineteen had also spilled
ethyl fuid, the concentrated 60 per cent mixture of lead tetraethyl,
over themselves during the period when the addition of tetracthyl
lead to the gasoline was made at the individual filling stations.
The distribution of the stippling i Group D according to history
of such spillage is shown in Table 37.

SECTION IV

CHEMICAL EXAMINATION OF FECES FOR LEAD, INCLUDING METH-
ODS USED FOR ALL CHEMICAL ANALYSES MADE DURING THE
INVESTIGATION

The cooperation of the subjects examined in giving specimens of
feces was remarkable in that it was purely voluntary. Of the
252 examined, 200 brought back feeal specimens. O the 200
specimens, 2 were lost, but an additional specimen was secured from
a man whe was not one of the 252 men examined but who, subsequent
to the examination, took the place of subject 431 mentioned on page
15 of this report. Thus, the results on 199 specimens are reported.
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Tho analyses were made at the Hygienic Laboratory, Washington,
D. C. It was originally planned that check examinations of part of §
each specimen or of some of the specimens would be made at two |
other laboratories equipped for this fecal lead determination. The
amounts of ash und lead found, however, were so small that such
splitting of the samples would have tended to minimize the accuracy §
of the result on account of the large proportionate possible error
when specimens containing small amounts of lead were tested.
The specimens were collected in preserve jars which were prepared |
at the Hygienic Laboratory. “Atlas E-Z Seal” flint-glass preserve |
jars with glass covers were carefully cleaned, provided with clean rub-
ber gaskets which had been covered with a mixture of parallin and l
petrolatum, and shipped to the places of clinical examination, |
Almost complete digestion of samples of this glassware by hydro-
fluorie acid yielded solutions containing no lead, and it was therefore
concluded that the lead content of the glass was insignificant. To
each sample of feces 5 cubic centimeters of formalin were added before
shipment to the Hygienic Laboratory. This formalin had been :
examined in duplicates of 100 cubic centimeters and yielded no evidence ;
whatever of lead. Five cubic centimeter portions of this same stock !
of formulin were included in every blank enslysis. The jars con- !
taining the samples of feces were shipped in locked boxes and were ;
stored in a locked room until subjected to analysis. ‘
The method of analysis used was a modified Fairhall methed. |
The entire sample of feces was transferred to a tared dish of Coors |
porcelsin, weighed, capped with filter paper, dried in a hot-air oven '
at 120° to 150° C. for 10 to 12 hours and then ashed, after removal of
the caps, at 500°-600° C. TIn the ashing of the first few samples in
the regular electric furnace the temperaturc probably rose slightly !
above the 600° specilfied, since it was discovered by the furnace color
that the sutomatic electric control was not correctly ealibrated. !
The control was then adjusted to maintain what was subsequently !
proved to be a temperature of 550°+20° C. The greater number of §-
ashings were made in a specially constructed electric furnace huilt
with fired, natural ‘*Sil-o-Cel”’ brick and with exposed coils of chromel |
A wire. The construction was such as to place the dishes centrally |
with respeet to radiation. Thermocouples calibrated by the melting
points of Roberts’ salt mixtures were placed near the roof of each |
compartment where they would receive the most central radiation {
and be in the upper stratum of hot air. Cold junctions were placed in
ice. Potentiometric readings were made frequently and the heating ¥
current was controlled by a rheostat so that the maximum central
temperature of the furnace would remain well below the 600° C.
specified. The actual temperatures maintained in this special §
furnace were generally 550°+20° C.
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When cool the ash was moistened with distilled water, treated
with 10 to 20 cubic centimeters of 1:1 hydrochloric acid solution,
and warmed to facilitate solution. The resulting suspension was
filtered through a No. 40 Whatman 11-centimeter paper into a 250-
cubic centimeter Phillips beaker, and the residue was washed, first
with hot 10 per cent hydrochloric acid solution and then with hot
water. The paper and residue were transferred to the original porce-
lain dish, dried, and again ashed as described above, until free from
carbon. The second ash was moistened with 10 cubic centimeters
water, treated with 5 cubic centimeters of 10 per cent tartaric acid in
1:1 hydrochloric acid, warmed, filtered, and wasled as before. At
this point care was taken to avoid gumming or charring the tartarie
acid. The filtrate, obtained as in the first instance, was mixed with
that from the first ash. Whenever there was a residue after the
second ashing, it was discarded.

The combined filtrates were diluted to 500 cubic centieters
with distilled water and neutralized with 25 per cent sodium hy-
drate solution until yellow to methyl orange. The reaction was
then adjusted with 1:2 hydrochloric acid until the color of the
indicator was a faint reddish-orange. The solution was shaken
occasionally for ball an hour, readjusted to a pink, and then sul-
phided. Hydrogen sulphide, from a Kipp generator in the carliest
work and from a tank of liquid hydrogen sulphide in the later work,
was passed through a series of scrubbing towers and wash bottles
and delivered from a manifold, the glass outlets of which were well
below the surfaces of the solutions to be sulphided. These outlets
pierced clean filter papers with which each Erlenmeyer Hask was
capped. Placed well above each cap, to avoid eddy currents which
mieht cause dust deposits but sufficiently close to remove escaping
gas, were 1.5-inch holes in a paraffined wooden beam, and through
these holes a stream of air to the hood flue was maintained. A
moderate stream of hydrogen sulphide was passed through the
solution for one hour; the solution was thoroughly shaken and
gassed again for about 10 minutes. The flask was then capped and
allowed to stand overnight.

The precipitate was recovered by filtration through a No. 40
Whatman 1l-centimeter paper and was washed with freshly pre-
pared hydrogen sulphide water containing 0.1 per cent hvdrochloric
acid. This precipitate was transferred to the original sulphiding
flask by washing it from the paper with hot water, followed by 15
cubic centimeters of 1:1 hydrochloric acid solution. If this failed
to clean the paper it was treated with 10 drops of 1:1 nitric acid,
followed by hot water. In cases where this was not necessary the
nitric acid was always added directly to the flask, Hot water was
used for a final thorough washing.

1802°—26{——3
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The suspension was then boiled to dissolve sulphides and evapo-
rated by boiling to a volume of about 3 cubic centimeters. This

was diluted to 400 cubic centimeters with distilled water, neutralized §

with 25 per cent sodium hydrate solution till yellow to methyl red

and the reaction rendjusted with hydrochloric acid till fuintly pink. |
Oue cubic centimeter of 1:2 Liydrochloric acid was then added as an ¢

excess. The sulphiding was then repeated as in the first instance.
The sulphide was collected on a No. 40 Whatman 1l-centimeter
paper and washed with freshly prepared hydrogen sulphide water
containing 0.1 per cent hydrochloric acid. It was then transferred
to a 250-cubic centimeter Phillips beaker by & stream of hot water,
followed by 10 to 15 cubic centimeters of 1:1 hydrochloric acid solu-
tion. The suspension and paper were treated as before, and the

solution when diluted to 200 cubic contimeters was neutralized with |

25 per cent sodium hydrate solution until yellow to-thymol blue.

With 1:2 hydrochloric acid the color was brought back to a faint §

pink and then the solution was sulphided as before.

The precipitate was collected .on a No. 40 Whatinan 9-centimeter |

paper and washed very thoroughly with freshly prepared bydrogen
sulphide water containing 0.1 per cent hydrochloric acid. The
precipitate was then dissolved with 10 cubic centineters hot 1:1
nitric acid, the solution runuing through the paper into a precipitating
flask. A hole was punched in the paper and the residue of sulphur
washed into the flask. The solution was then evaporated to a
volune of 2 to 3 cubic centimeters to coagulate sulphur. This was
filtered off into a 125-cubie centimeter Phillips besker and the
puper and flask were earefully washed. The volume of solution
was now about 50 cubic centimeters. This was neutralized with
25 per cent sodium hydrate solution (free from aluminium and
iron) until thymol blue, added as sn aqueous solution, turned blue.
This color was discharged with 2 5 per cent solution of acetic acid
and then an excess of 3 cubic centimeters of this acid was added.
The solution was heated to boiling and an excess, about 1 cubie
centimeter, of a 1 per cent solution of potassium chromate was added.
The Phillips beaker, covered with a watchglass, was warmed on a
hot plate (not boiled), put in a warm place, and allowed to stand
overnight.

The lead chromate was then collected on a No. 40 Whatman
7-centimeter paper, and the beaker and paper were washed very
thoroughly with hot water to remove all possible traces of soluble
chromate. The precipitate was dissolved and washed through the
paper into the beaker in which the chromate precipitation was made
with 10 cubic centimeters cold 1:2 hydrochloric acid solution, fol-
lowed immediately with cold water to the extent of about 50 cubic
centimeters. Care was taken that all the residue, including possible
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lead chloride, was removed. The sides of the beaker containing the
chromate were washed with 10 cubic centimeters of 1:2 hydcochloric
acid solution.

There were then added a potassium iodide solution and 1 cubice
centimeter of 0.5 per cent starch solution. The potassium iodide
added was 1 cubic centimeter of a 1 per cent solution iu most cases,
2 or 3 cubic centimeters in exceptional cases, and an excess in all
cases. The liberated iodine was titrated immediately with a 0.005
normal solution of sodium thiosulphate freshly preparced from a
standardized 0.1 normal sclution. The thiosulphate was delivered
from a burette etched at intervals of 0.05 cubic centimeters and
capable of being read to 0.01 cubic centimeter. The factor 0.3452
was used to convert cubic centimeters of 0.005 normal thiosulphate
to milligrams of lead.

Analyses of sweepings—The sample was digested with aqua regia.
The supernatant solution was diluted with hot distilled water and
decanted. The digestion and decantation were then repeated.
Finally the washed residue was dried, ashed, and digested in a plati-
nwn dish with s solution of hydrofluoric acid which was allowed to
evaporate slowly. The dry residue was treated with a concentrated
solution of hydrochloric acid, evaporated to dryness, and extracted
with 1:1 hydrochloric acid solution. This extract was combined
with the original. The combined filtrates were diluted to 500 cubic
centimeters, neutralized, subjceted to three sulphidings, ete., as for
feces. (The results are noted in Section V, pp. 31-37 and 97-100.)

Determination of lead in air-dust samples collected by the impinger
method (collection described in Section V.)—Fifty cubic centimeters
of 1:1 nitric acid solution were added to the sample and the mixture
was evaporated to dryness on a hot plate.  The residue was digested
with & eubie centimeters of 1:1 hydrochlorie acid solution and again
evaporated to dryness.  This was repented.  Then there were added
5 cubic centimeters of a 1:1 hydrocldoric acid solution. The mixture
was evaporated to a volume of about 2 cubie centimeters and diluted
to 100 cubic centimmeters with distilled water. In cases where the
original residue was small the dilution at this point was halved. The
solution was neutralized with 25 per cent sodiuin hydrate solution
until yellow to thymol blue and the reaction then was readjusted to
a {aint pink by means of hydrochloric acid solution. The solution
was then sulphided. In cases where no appreciable precipitate was
obtained there were added two drops of 2 per cent copper acetate
solution and the sulphiding was continued one hour. The sulphided
solution was allowed to stand overnight and then filtered. The
precipitate was washed, dissolved with 1:1 nitric acid solution, and
treated from then on according to the procedure given above for
fecal analysis,
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Determination of lead in precipttation tubes. (See Section V.)—
The tubes were washed twice with 5 cubic centitieter portions of §
“C. P’ acetone, twice with 10 cubic ecentimeter portions of 1:2
nitric acid solution, and finally with 10 cubic centineters distilled
water. The combined liquids were evaporated to dryness, treated
with concentrated nitric acid, and 0.5 grams potassium chlorate, and
then heated gently. The mixture was again evuporated to dryness.
The residue was digested with 25 cubie centimeters distilled water
and & cubic centimeters of 1:1 hydrochloric acid solution. This solu-
tion was treated as deseribed abuve for inpinger samples,

Determination of lead tn charcoel. (See Section V.)—The charconl
samples were treated with cold nitric acid for 24 hours. This nitrie
acid cxtract was evapor ed to dryness and analyzed according to
the mmethod previouslyﬁﬂéﬁa varibed.  The residue from the charcoal,
after extraction, was ashed and treated in the same manner as the
samples of feces. These two analyses were joined at the end. In all
but the two samples showing the highest lead content all the lead was
taken out by the first extraction with nitrie acid.

Determination of lead in gasoline. (See Section V.)—The sample
was well shaken and 25 cubic centimeters, as measured from a water-
calibrated pipette, were withdrawn aud placed in a Xjeldahl diges~
tion flask to which 25 cubic centimeters absolute ethanol had been
added. Small portions of bromine were then added while the fask
was vigorously shaken, until a red color persisted. The mixture was
then sllowed to stand overnight.

It was next evaporated over a water bath to 10 to 15 cubic centi-
meters. Twenty-five cubic centimeters of concentrated unitrie acid
were added and the mixture evaporated to dryness on a water hath.
An additional 25 cubic centimeters concentrated nitric acid and 2
grams potassium chlorate were added and the mixture heated gently
over a free flame. In some instances this did not comnplete the vxi-
dation of organic material and in such o case the digestion with nitric
acid and chlorate was repeated.

When the organic matter was completely oxidized the solution was
evaporated to dryness. The residue was then treated with 50 cubie
centimeters distilled water and 5 cubic centimeters of 1:1 hydrochloric
acid and warmed on a water bath until solution was complete. The
solution was then transferred from the Kjeldahl flask to a 500 cubic
centimeter Krlenmeyer flask, made up to a volume of 200 cubic
centimeters with distilled water, neutralized with 25 per cent sodium
hydrate solution (frce from aluminiun and iron) until yellow to
thymol blue, and then made faintly pink with 1:1 hydrochloric acid
solution. The procedure from this point followed the method used
for feces as described above.

For some of the later samples the first part of this method was
varied as follows: 50 cubic centimeters of the original sample was
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treated in a clear, dry 500 cubic centimeter Erlenmeyer flask with
10 cubic centimeters of a 30 per cent (by volume} solution of bromine
in carbon tetrachloride, the flask being kept in ice water to prevent
heating. The separated solid was filtered through a dry prepared
Gooch crucible, and the crucible and flask were washed several times
with anhydrous petroleum ether. The crucible was then set in a 250
cubic centimeter beaker, 10 cubie eentimeters ol concentrated nitric
acid were added, and heat was applied till bromine fumes no longer
came off.  After the contents of the crucible were earefully emptied
into the beaker with the aid of & stirring rod, the crucible was washed
well with distilled water. The liquid was brought to a boil and fil-
tered on another Gooch crucible, the asbestos being washed well
with hot water. From this point the Fairhall mmethod, as given above
for fecal exuminations, was employed.

Method of water analysts.—Four liters were evaporated till nearly
dry in platinum dishes on a hot plate, shielded by a glass enge to pro-
tect from dust. Evaporation to dryness was completed over a water
bath. The residue was treated for lead as in the case of analysis of
the solution from the ashed feces.

The filtrate {from the first sulphiding was boiled till {ree from
hydrogen sulphide. Nitric acid was then added and after boiling
the aluminium and iron were precipitated with ammonia, From
then on the procedures of “Standard Methods of Water Analysis”
were followed for the determination of calcium and maguesium.

General —For the analytical work, cleaned rooms and hoods painted
with lead-free oil paint or with asphalt were used. Putty and similar
materials near operations were coated with asphalt. All operations
of other investigations, especially precipitations in which lead
acelate 1s used, were kept away from the space occupied by the ang-
lysts. Also the washing of glassware was supervised, not alone to
insure clean apparatus but to prevent its being mixed with that used
in other laboratories. All solutions, when not under operation,
were covered with bell jars.  Tested reagents were isoluted. All
glassware introduced to the lead analyses was new Pyrex ware.
Particular care was maintained in the labeling of the successive
stages ol a given analysis.

Reagents were found or were prepared which were so far [ree from
appreciable traces of lead that throughout the analytical work here
reported blank controls, made separately or with each group of
ansalyses, yielded almost uniformly zero lead content.

When this was accomplished, the analysts familiarized themselves
with the application of the method to “normal’” feces collected from
persons about the laboratory. The results are shown in Table 38.

To determine the degree of correspondence between the results of
different analysts, six samples of feces were divided at the point of
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analysis where the ash is put into solution, and the aliquot portions
analyzed by two or three of the chemists separately. The actual
resulis obtained in the analyvses of samples of feces divided between
the analysts are as follows. Iu one instance (No. 223) analysts A, B,
and C found 0.16, 0.24, and 0.21 milligrams of lead, respectively, in
the three portions, In No. 810 analysts A and B found 0.31 and
0.32, respectively. In No. 99 analysts A, B, and C fuund 0.11, 0.14,
aud 0.13, respectively. In No. 671 analysts A, B, and C found
0.27, 0.24, and 0.18, respectively. In No. 523 analysts A and B
found 0.41 and 0.39, respectively. ITn No. 676 analysts A and B
found 0.18 and 0.13, respectively. The variations from the mean
result in each case were from —0.05 to +0.04 millicram with s nie-
ding (disregarding signs) of 0.01 milligram.

More analyses by this procedure were not made becanse the analy-
sis of divided samples showing such small amounts would give a
greater proportionate degree of error than treatment of each sample
as 2 whole; because of the limited tinie remaining between making
ready to handle large numbers of analyses and the time set for their
cownpletion; aud because 1t had become clear in the earlier control
work with slightly contaminated reagents and with the Fuirhall
method in its unmodified form that the analysts were obtaining
reasonably good checks both in controls with known amounts of lead
and with aplit samples of unkuowns so long as the lead vontent re-
mained above 0.2 milligram, though serious errors appeared with
contents of lead below this value. While these difficulties with
samples of low lead content were largely eliminated when pure re-
ageuts were finally obtained (as they were before the saruples [rom the
subjects examined were collected), it appeared that the final results
would be more reliable, for statistical trestment at least, if each
entire sample wes analyzed as one.

For comparing different groups as to feces analyses, an average
error of about £0.05 milligram may be expected in the amounts
of lead {ound, and no important conclusions should be drawn from
an individual case unless an error of 0.1 milligram be considered
as possible.

The results in each case are recorded at the bottom of the large
Tables Nos. 7, 8, 9, 10, and 11 in terms of total milligrams of lead
found in the sample, of milligrams of lead per gram of sample, and
of milligrams of lead per gram of ash. The results are distributed
according to exposure groups and subgroups in Tables 39, 40, and 41,
Table No. 39 shows the milligrams of lead per gram of ash in the
different exposure groups and subgroups. Table No. 40 shows the
total milligrams of lead per sample in these groups, and Table No. 41
shows the milligrams of lead per gram of sample before drying of ash
in the same groups. It is believed that the amount of lead per
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gram of ash is probably a morc equable index for comparison between
different cases than the other methods of stating results. This ratio
is shown in Table 39. Table 42 is inserted to show what effect or
fack of effect on distribution among the exposure groups would be
caused by considering in every case the mentioned error of 0.05
millieram in total lead found in sample, as a negative crror.

The same definite difference between Group E and the other groups
1s shown in these tables as in the stipplin(r Table No. 33, pages 8t and
22, of thisreport.  There is also some increase but of an eutuely differ-
entorder of magnitude i Group D and possibly in Group Cover the
amounts found in Groups A and B.

SECTION V
ATMOSPHERIC AND DUST STUDIES

In view of the practically negative results from the clinical exami-
nation of men exposed to ethyl gasoline, and the surprising uni-
formity with which lead was detected in the feces of presumably
normual persons, it becomes of interest to ascertain the degree of con-
tamingation in the surroundings of both these sets of men.  Therefore
& few estimations of carbon monoxide or lead content were made of
varivus materials which were collected at their work places.

The carbon-monoxide content of theair at the placesof exposure was
estiniated by the Sayers-Yant pyrogallic-tannie acid method.  Sam-
ples of the gasolines used were taken and the lead content determined.
Similar estimation was made of u small saunple of kerosene which had
been used for cleaning ecarburetors by the spray method in the
Cincinnati test garage. Test sweepings {rom the various places ol
work were analyzed for lead. The amount of lead as particulate
matter in the air of the garages studied was estimated by the Green-
burg-Smith impinger' and by the Drinker portable precipitator.?
An apparatus was also devised which was intended to give some idea
of the amount of lead as vapor in the atmosphere. This apparatus
consisted of a Hancock ejector, a flow meter, and a glass sampling
tube containing activated charcoal. The ejector when used with the
compressed air available in the garages created sufficient suction to
pull the air from the room through a eylindrical glass tube about
214 inches in diameter and 8 inches long, tapering to the bottom to
one-half inch in diameter, and filled with activated coconut-shell
charcoal. 'This charcoal was supported in the tube by a finely
meshed copper screen. The air passed from the charcoal through the
flow meter ut the rate of 15 meters per minute. It was felt that any
evaporated lead tctmethyl would be absorbed by the charcoal.

iPubhc Bealth Bulletio No. 144, January, 1925, p. 6.
3 Jour, Industria} Wygiene, V1I, No. 6, June, 1925, p. 268,
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Alter sufficient air had been aspirated through the charcoal the con-
tents of the tube were transferred to & quart preserve jar, such as was
used for the collection of the specimens of feces, and the tube refilled
for the next test with previously dried activated charcoal. At each
of the places studied a sample of tap water such as is used for drinking
was also taken for analysis for lead, calciuin, and magnesium content.
The chemical ansalyses, except the ecarbon-monoxide determinations,
were all done at the Hyglenic Laboratory, and a description of the
methods used is contained in the preceding scetion of this report.
The building housing the municipal garage, containing the cars
nsed by most of the subjects in Group A, is o two-story concrete
structure, with the garage located on the ground floor. The second
floor is used as a carpenter shop and storeroom. Adjoining this
building are the repair shop and offices, which ave housed in an old-
fashioned brick structure. The gatage proper is rather dimly flumni-
nated. However, it is kept very elean, swept daily, and s seldom
crowded, no more than 30 cars being stored at any one time. Table
43 shows the number und make of cars entering und leaving the garage
during the day. This room has 32 rather small windows, the window
space totaling only 184 square feet, giving a window to {loor space
ratio of ouly 0.02. The ceiling height is 13 feet 6 inches, and the
volume of the garage 102,870 cubic feet. There are three outside
doors to this garage, but only one of these is ever used. This door
and a pipe of 30 inches diameter connected to the ventilator on the
roof, are the only means of ventilation. The windows were observed
to be closed at all times. The ventilator pipe seemed to give a much
more satisTactory condition of air than was observed in the test garage
in this city. At no time during the day or night are conditions in
this garage congested. Not more than six cars were observed to
enter at any oune time, and that number only rarcly. Cars werc
brought in and taken out between 6.30 and 8 a. m. and from 3.30
to 6 p. mt.  As each car enters it is filled with gusoline and oil, if it
requires any, and such cars as are not filled at this time at the station-
ary tank are filled later by the watchman using o gasoline can.  Filling
is usually completed by 6 p. m. No work of any kind is done after
that hour. No repair or testing of cars is ever done in the garage,
such work being conducted in the repair shop in the adjoining building
during the day. Table 44 gives the results of 14 determinations of
carbon monoxide in the air at the Dayton municipal garage. At no
time did the carbon-monoxide content of this room reach 0.04 per
cent. A sample of the gasoline used i this garage gave negative
results for lead. Dust sweepings taken in the evening from the floor
and a table, nine hours since the room had been swept, gave 1.65
milligrams of lead per gram of sample. On another occasion sweep-
ings from around the pillars of the garage gave 2,08 milligrams of
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. lead per gram of sample. On a third oceasion sweepings from the

floor and benches gave 0.82 milligram of lead per gram of sample.
Dust collected from 150 cubic feet of air from this garage by the
impinger method at 3.36 p. m. gave 0.16 milligram of lead, or 0.38
milligram per 10 cubic meters; from 300 cubic feet, during four peak
pericds, gave 0.14 milligram of lead, or 0.16 milligram per 10 cubic
meters; from 420 cubic feet, 8 a. m. to 3 p. m., 0.07 milligram of lead,
or 0.06 per 10 cubic meters; 240 cubic feet from the repair shop, 11
a. m. te 3 p. m., gave 0.05 milligram of lead, or 0.07 per 10 cubie
meters. The Drinker precipitator tube, through which 150 liters
of air at this garage had been passed, guve a total result of 0.01
milligram, or 0.7 milligram per 10 cubic meters. The same amount
of aiv at 7.30 to 8 a. tn. gave negutive results. This apparatus had
been previously tested in o chamber containing a suspension of lead
bromide fumes from tetraethyl lead combustion and had given 60
milligrams of lead per 10 cubic meters, when the tmpinger, with the
same air, had given 56 milligrams of lead per 10 cubic weters.  Air
absorbed by the charcoal method from this garage, in 900-liter
amount, was negative for lead. The findings in this garage are
summarized in Table 51. Controls on the methods used for lead
analysis of air are given in Table 56.

The building of the public service corporation in Dayton, containing
the garage in which most of the subjects of Group B were exposed, is
constructed of modern brick and is four stories in height. The floors
are all made of concrete. There are 14 large windows in the garage
proper located on the ground floor, but these were practically never
opened during the period covered by this examination. The net
Hloor space is 11,772 square feet and the total window space 840 square
feet, giving a window to floor ratio of 0.07. The natural illuminu-
tion is inadequate, end the garage would be durk were it not for
the good lighting system in use. The height of the ceiling is 13 leet,
and the total cubic content of the garage is 153,000 cubic feet. The
repair shop is located on the floor above the garage. The net floor
space of this room is 4,781 square feet, with a ceiling height of 12 feet
and a totsl volume of 57,700 cubic feet. The total window space is
480 square feet, giving & ratio of window to floor space of 0.08. Only
two men are at work in this repair shop during the day, and at night
this space Is ulilized for housing sabout 35 cars. The labor turnover
at this plant is a little less than 10 per cent a year. As is seen in
Table 4, page 43 of this report, most of the men in Group B have
been exposed to ethyl gasoline exhaust gases for more than two years.
However, the nature of the work of these men is such that the only
time they are exposed to exhaust gases is when riding in the auto-
mobiles, taking them to and from their work, as well as the short time
they must spend in the garage loading their curs with instruments and
the few minutes in the evening prior to punching the time clock.
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Table 45 shows the number of cars coming in and out of the building
during the 24-hour period. These cars are usually taken out at
about 6.30 a. m. and returned to the garage about 4.30 p. m. It is
open throughout the day and night. The day shift is {from 7 a. m. to
5 p. . On this shift there are six wen employed—one watchman,
two repuir men, ohe apprentice, one foremai, and ovne clerk. The
next «hift is from 4.30 p. m. to 1.30 a. m., at which time three repair
men are on duty. On the last shift, from 10.30 p. m. to 7 a. m., only
one car polisher and one tire-repair man are at work. The company
has two 6,000-gallon storage tanks. The ordinury gasoline is treated
with ethyl fluid (the commercial name of the different concentrated
mixtures of lead tetraethyl with halogen compounds and kerosene,
contatning from 35 per cent to 60 per cent lead tetracthyl) at the
railroad tracks scross the street from the building by means of a
measuring punp for delivering ethyl fluid. During the peried of
cxposure to sthyl gasoline in this garage, up to the time of the investi-
gation, therc had been used herc 174,032 gallons of gasoline and
598,000 cubic centuneters of the most concentrated form of ethyl
fluid (55 per cent to 60 per cent of lead tetraethyl), or about 3.4 cubic
centimeters per gallon. This corresponds to a Pb(C,;H,), content of
1:1,870 by volume. Table 57 gives the results of analyses of various
samples of gasoline obtained during this investigation in Dayton and
Chctunati. Tt isevident that there is a great variation in the amount
of lead in commercial ethyl gasoline and that the present tendency is
for the gasoline to contain amounts considerably below the maximum,
though in one instance, in Dayton, the amount of lead was in excess of
that stated to be the maximum (1 part tetraethyl lead to 1,260 parts
gasoline by volume). It is understood that frequently less tetraethyl
lead 1s added to gusoline in winter than in summer, depending on the
grade of gasoline in current use, mixtures as low as [:2,160 being
scheduled

The ethyl gasoline in the Dayton test garage is pumped from a
stationary pump located necar the front door of the garage, to a
movable lilling tank of 55 gallon capacity. This ovable tank
15 wheeled around to different parts of the ‘garage and is used for
filling the cars, Practically all cars arc filled during the last night
shift, between 10.30 p. m. and 7 a. m. Between the hours of 7.30 a. m.
and 4.30 p. . there iz very little work being done in the garage, most
of the cars being m use.  Between 6.30 . m. and 7.30 a. m. cars are
being brought down from overnight storage in the repair shop one by
one by means of the elevator, and cars are slso leaving the building
from the garage through the only means of exit commonly used—the

Phiy seasonal change to the Jower concentration of lead tetrasthyl In the Davton and Ciacinnatl ter-
ritory was maede in 1925 on Nov, !, sinece which time the ethyl fluid has been wixed with u Ligh-test
gusoline ip this territory
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frout door. Tt is at this period that the exhaust gases reach a high
concentration, Between the hours of 4.30 p. m. and 5 p. m. all the
cars are returned te the building, producing another period when
the exhaust guses are at their highest. During this evening period
the car users are exposed for a halfl hour or more to the polluted
air of the garage, due to the fuet that they are all gathered into the
rear end of the building waiting for the hour to check out. It was
observed that the renr door of the garage und all the windows were
closed when the cars were entering and leaving the building. During
the six-day observation period the rear door was open for a total of
only about one hour. This lack of ventilation 1s favorable for the
accurnulation of exhaust gases. These gnses were at times concen-
trated enough to give the observer a headache and to cause lachry-
mation. The garage floor is swept every morning after nost of the
cars have been removed. It was noted that considerable gasoline
evaporated during the day. Table 46 gives the carbon monoxide
determinations made at this garage. It is to be noted that the only
time this gas is present to any apprecitable extent is during a peak
period when many cars are entering or leaving the building. On
only one occasion did the carbon monoxide content in the room rise
above 0.04 per cent. On this vccasion two observations showed an
average carbon monoxide content of 0.06 per cent. This amount of
carbon monoxide was due to a congestion in the garage of about five
minutes’ duration caused by one of the cars becoming stalled.  Sweep-
ings from this garage were analyzed on several different occasions.
The first sample from the floors, tables, and tops of radiators of
garage and repair shop yielded 3.41 milligrams of lead per gram of
sample. Another sample from parts of the beuches of the repair
shop where the dust had been undisturbed for a year yielded 5.82
milligrams of lead per gram of sample.  Another samiple of dust from
the radiators and benches gave 22.3 milligrams of lead per gram of
sample. A fourth sample of dust from the garage floor yielded 4.54
milligrams of lead per gram of sample. Three hundred cubie feet of
air in the repair shop, 9 a. m. to 2 p. m., gave 0.12 milligram of lead,
or 0.14 milligram per 10 cubic meters; 60 cubic feet, 4.20 to 5.20 p. m,,
a peak period for exhaust gases, guve 0.11 milligram of lead, or 0.65
milligram per 10 cubic meters; 900 cubie feet during two night periods,
7.30 p. m. to 2 a. m. and 5 p. m. to 1.35 a. m., gave 0.47 milligram of
lead, cr 0.18 milligram per 10 cubic meters. Five hundred cubic feet,
from 7.35 a. m. to 3.55 &. m., gave 0.26 milligram of lead, or 0.18
milligram per 10 cubic meters; 210 cubic feet taken during four peak
periods gave 0.19 milligcram of lead, or 0.32 milligram per 10 cubic
meters,  Three Drinker precipitator aiv samples of 125, 150, and 150
liters each were negative for lead. Also three charcoal air samples
of 1,800, 1,800, and 675 liters were negative. (See Table 52.)
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The Cincinnati control garage, where no ethyl gusoline is used, 1s
housed in a one-story building of the old-fashioned brick type. 1t
has 5,000 square feet floor uren and a ceiling hieight of 15 feet, with |
75,000 cubte {eet of air space. It is thus somewhat spacious for a |
repuir garage but poorly illuminated and ventilated, having only
eight windows on one side of the room and a single door. Tt is suid,
however, that cars are never tested in this garage, this work being
done in the wide driveway in front of the building. In this driveway
there are two pumps, handling ordinary gasoline and benzol gasoline,
the latter being a mixture of 40 per cent benzol and 60 per cent
gasoline.  Four carbeu monoxide determinations in this garage gave
eutirely negative results, confirming the impression that air condi-
tions were good. However, the sample of dust sweepings from the
benches and fixed tools in the garage vielded 2.4 milligramns of lead
per gram, and sweepings from the floor proper where the cars were
repaired, gave 6.19 milligrams of lead per gram. Samples of the
‘two kinds of gasoline sold here (none of the employecs examined
had seen ethyl gasvline in any of the cars repaired in this garave)
were negative for lead. A 20 cubic foot sample of air, 2.30 to 3.50
p. 1., tested by the impinger method, gave 0.09 milligram of lead, or
1.6 milligrains per 10 cubic meters. One hundred and fifty liters by
electrical precipitation were negative for lead on quantitative test.
Nine hundred liters tested by the charcoal method gave 1.93 milli-
grams of lead, or 21.4 milligrams per 10 cubic meters.  The digestion
of the charcoal in the estimation of lead content involved consider-
able teehnical difficulty, so that the mean error with this method is
probably larger than in other lead estimations. The amount of
lend found in the nitric acid extract was proportionate, however, to
the amount remaining in the moist charcoal, and the result indicates
a high lead content ip the air around the charcoal apparatus while
this sumple was being taken. The findings in this garage are sum-
marized i Table 53.

At the Cineinnati test garage at least 80 per cent of the automobiles
which were repaired nsed ethyl gusoline. This repair shop is a very
pootly ventilated and lighted room; the only sources of ventilation
are the four windows at one side of the room and a door at the end
of an incline at the extreme end of the building. This door Is at
least 8 feet below the level of the garage. During the time when
these observations were made the windows were closed and the door
opened only when a car was braught in or taken out of the room.
When eight or nine cars are undergoing repairs the room is quite
crowded, and whenever a carburetor is being adjusted the room is
quickly filled with exhaust gas and smoke, causing at times severe
headaches. Table 47 shows the results of the determinations made
at this place for carbon monoxide content. One sample reached a
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concentration of 0.09 per cent, this high amount heing caused by
testing a recently overhauled car. At the tume this determination
wus made the car was using ethy! gasoline. It would scem thut with
the poor ventilation provided in this repair shop, cars should not be
tested al any time. Carburetors in the Cincinnati test garage are
cleaned by a kerosene spray, the drippings being allowed to run into
o shallow pan. The operator handles the carburetor with his bare

hands, so that much of the washed-ofl dirt and kerosene comes

directly into contact with his skin. A sample of kerosene and dirt
was taken from the collecting pan just after a carburetor, from a car
using ethyl gasoline, had been cleaned. This sample of kerosene
gave 0.14 milligram of lead per cubic centimeter. Two samples of
sweepings, from the work benches and from the floor, yielded, re-
spectively, 17.54 and 5.18 milligrams of lead per gram of sample.
Two hundred and forty cubic feet of air tested by the impinger
method guve 0.18 milligram of lead, or 0.26 milligram per 10 cubic
meters. Two tests by the Drinker precipitator and one by the
charcoal apparatus were negative for lead. These results are sum-
marized in Table 54. This repair shop had 2,405 square feet of
floor space, 13 feet ceiling height, and 31,265 cabie feet of air space.

A few samples of dust, both atmospheric and {rom the foor, were
taken from one of the plants where there was known heavy exposure
to lead, comprising the hazard for a portion of Group E. The
sweepings from one room, the workers in which were listed as having
moderate exposure, gave over 200 milligrams of lead per gram of
dust. It is probable that almost all of this was metallic lead. From
another room where some of the heaviest exposure took pluce the
sweepings contained mueh over 300 milligrams per gram of dust, too
heavy u lead content to analyze by the method vsed. The impinger
air samples in these two rooms gave 0.43 milligram of lead in 60
cubic feet and 17.95 milligrams in 125 cubic fect, respectively, or
2.5 and 51 willigrams per 10 cubic meters. A sample from what was
probably the most dangerous roon gave 26.23 wmilligrams of lead in
60 cubic feet, or 155 milligrams per 10 cubic meters, all lead oxides.
Another room, also dangerous, in a 60 cubic foot sample showed 2.37
milligrams of lead, or 14 milligrams per 10 cubic meters. One
poorly ventilated room where lead is melted showed 4.85 niilligrams
in 70 cubic feet, or 24.4 milligrams per 10 cubic meters. Out of 14
carbon monoxide determinations in various parts of the plant, only
3—and these were 3 out of the 4 made in this last room——gave positive
results, These three all showed 2 parts per 10,000, One other
roont where lead was melted yielded 1.19 milligrams of lead by the
impinger method in G0 cubie feet, or 7 milligrams per 10 cubic meters,
A room which was thought to be removed {rom econtact with lead
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gave 0.45 milligram in 60 cubie feet, or 2.6 milligrams in 10 cubic
meters.  Table 55 summarizes the findings.

The lead content of the feces of apparently normal persons, which
1s shown to be rather uniformly present in Section IV of this report,
may in part be explained by lead in the air as in the Cincinnati control
garage. Lead in drinking water is also a possible source, and sumples
were analyzed from Dayton, {rom Clncinnati, and from one of the
plants furnishing subjects of Group E. Table 48 shows the results
of these analyses.

It was thought that differences in plumbing practice as regards the
use of lead pipes in different sections of the country might have some
influence on the question. Telegrams directed to various health
authorities brought the following responses:

From Dayton, Ohio: ““ All water service pipes up to and including
114-inch are lead from the main to the curb. In very few residences
lead pipes are used within buildings.”

From Cincinnati: “Lead lines have nearly disappeared nside of
houses, not over 10 per cent remaining. Water service {rom main
in street to meter is lead in 95 per cent of cases. Chief Plunibing
Tuspector Dowd says less lead in use in Cincinnati than most cities.”

From Cleveland: 1909 water regulutions require service pipes
hetween stopeock at main and stopeock at eurb to be lead in pipes
having 1-ineh waterway or less. If pipe is over 1 inch and not
exceeding 234 inches waterway it shall be of lead or lead lined.
Further, all pipes between stopeock at curb and buildings shell be
of lead or lead lined up to and including 214 inches waterway.  Prob-
ably 75 per cent of domestic consumers receive their water supply
through lead pipe, aceordingly. Tests made in our laboratory fail
to show solubility of lead with city water in its present degree of
hardpess and hydrogen content,”

From Chicago: ““Service pipes from street main to property line 1
inch to 2 inches are lead. No lead used inside of property line for
20 years. Sizes exceeding 2 inches, cast iron.”

From Baltimore: “No lead pipe now used. Have written detuiled
statement.”  Later advices show the use of lead-lined pipe.

From Philadelphia: “Regurding lead pipe, bureau of water states
sll water service up to 114 inches ave of this material.”

From Boston: “Boston possibly has about 60 miles of lead pipe,
all less than 2 inches in diameter.”

From Brookline, Mass.: “Brookline uses 1 foot of lead pipe to con-
neet with private supply pipes. Lead pipes used extensively in older
houses.”

Two vears’ consccutive mineral analyses of tap water by city
Iaboratories in Dayton and Cincinnati are shown in Tables 49 and 50.
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SECTION VI
REPORTED INJURIES FROM ETHYL GASOLINE

Perhaps the most important evidence as regards the possible
harmful effeets of ethyl gusoline wus obtained by inquiry in the
regions where it had been longest used. This, however, Is largely
subjective, and therefore diflicult or impossible to evaluate. City
and State health authorities and labor leaders, who are in a position
to know if the use of tetraethyl lead, which is now universally appre-
ciated to be very dangercus in its undiluted forn, had eaused any
known serious results when diluted in gusoline in their respeciive
jurisdictions, gave absolutely negative cvidence as to any such
harmfulness.

It might easily happen that on account of lubor turnover and the
disinelination of susceptible persons to remain at work where they
were subject to a possible hazard of this sort, those who had been
injured would not be found by an examination such as that detailed
in the preceding sections of this report. Each employee examined
was therefore questioned confidentially as to any rumeors which he
may have beard, or any kpowledge or suspicion which he might
have, regarding injuries or accidents from the use of ethyl gasoline.
It was fortunate that the workers exumined appreciated the impur-
tial nature of this inquiry and the confidential terms of the exuinina-
tion. Many stories were elicited of the very serious poisonings
which oceurred at the blending plant where lead tetracthyl was
mixed with halogens to form concentrated ethyl fHuid. This plant
was located near Dayton, Ohio.  This, of course, was not the infor-
mation being sought, and the subject’s attention was directed Lo the
use of ethyl gasoline itself. From the persons examined or in some
other way occusionally a story was brought out in which some one
was said to have thought it possible that ethyl gasoline was the
cause of an injury. These stories, when obtained at the time of ex-
amination, were put down on separate slips of paper and not In
connection with the subject’s name or identification in any way.
It wus made clear to the subject that he could not be brought into
any connection with the information given.

As o econtrol over this method of eliciting information, similar
questions were asked of the subjects in Group E, those exposed to
a definite lead hazard. The respouse in this case was overwhehuning,
All who had been in the plants any length of time knew ol repeated
cases of lead poisoning which had occurred, and in some departients
these were said to be very frequent—several in & week or in u single
day.
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The information obtained as a result of inquiries in the other groups
was as follows:

One filling station attendant in another city was said to have died,
and his death was connected by soime people with the use of ethyl
gasoline. This city was visited. A physician present at the opera-
tion stated that the death was clearly from purulent appendieitis.

One woman was supposed to have been made sick by the use of
ethyl vasoline in the golf-stick {actory where she worked. She was
seen, and it was found that no ethyl gasoline was used in this fuctory
and that her illness, from which she had recovered, was duodenitis
with jaundice. '

One filling station attendant was said to have suffered from the
handling of ethyl gasoline. He was visited, and said that he had
had o badly enlarged heart for many years and that he had stopped
work becnuse he became short of breath. The sleeplessness from
which he suffered from time to time was caused by this shortness of
breath. He had to remain upright to breathe with any comlort,

One man was said to have had a nervous breakdown {rom the use
of cthyl gasoline in an aviation field. He was visited, his own phy-
siclan interviewed, and a detailed bistory of the case was taken.
The correct diagnosis appeared very clearly to be epidemic encepha-
litis, as was agreed without guestion by all the physicians and cou-
sulting neurologists who had to do with his case. No ethyl gasoline
was used at that aviation field.

A newspaper aceount of a fatality from inhaling fuines from the
tank of an autemobile in a city near Dayton was investigated. The
best information obtainable was that no ethyl gasoline was sold in
this eity. A visit to the father of the boy who died revealed, how-
ever, that the father had used ethyl gasoline in his ewn car, but it
was found that the gasoline with which the boy was cleaning his
brother's car when he died was not ethyl gasoline at all but gasoline
containing another added product. This product was present in
such a small quantity that it would seem likely that the boy’s death
was due not to that product but to the fumes of gasoline itself.

In no case was any evidence obtained as to harmful effects from
ethyl gasoline,
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TaBLE l—~~Industrivl exposure to lead other than to ethyl gasoline
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TasLy 2.— Length of exposure to any gaxeline
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Tasur 3.—Hours per day for which automobiles were used

Percentage Number of persons
- Persons | Persons
Honrs : " Persons e e Tersons
U8 B | using ethy) usine E,“:i"' \ uslog ethiyl
It gasoline gusoling
from lead (Group B) frofa lead {tiroup B)
(Group A) 1 (Group A) ‘
____________ { )
14 . 9
22 1
11 8
2 ! 19
8 ! 8
14 : 13
3 3
6 3
............ ‘}{
____________ |
3 | 10y l 3 7
I !
Tasre 4—Length of exposure to ethyl gasoline
PERCENTAQGYE
Qurage
[T workers
it | 4ud puso-
iy ine tran-
Months lulUcLsh‘:;th dlers ex- | Total
yasoline "sz" l“’
: ethy
(Group BY b oline
* (Group D}
5 21 5 14
-] & 7
k) 1! 7
____________ 1 ’ g
5 ] 5
1 2 1
4 4 ‘ 1
R 1 2 1
! 13 4 i
i 36 { 44 40
AU+ - oo e e ] mo{ 100 | 300
B A ) . \ ! i
NUMHBER OF PERSONS
_ ] :
G e e e e amaae e mamamnaraenn 16 3 19
3-b. i 6 3 4
H-H_. 4 [ 10
911, s l 8 %
12-14 41 3 7
1617 i 1 2
18-20. 3| 2 5
21-23_ 1 1 2
24-26_ . _. 14 § 14
2T AN OVer s o e i 28 25 53
____________________________________________________ 77 | 57 134




44 ITAZARD FROM TETRAETHYL LEAD (ASOLINE

Tasve 5.—Length of ezposure in group exposed to lead dusts (Group E)
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INnpivipuaL Finpings
(Large Tables Nos. 7, 8, 9, 10, 11)
NOTES

3 Other lead.~—1In the case of Groups A, B, C, and D, the numbers 0-3 indieate
the relative exposureto lead other than tetracthyl, 0 menning none; 1, very slight,
present or past; 2, stight, past; 3, moderate, past.

In the case of Group B the symbols M, S|, 8, and 8S are used, M indicating
slight, present; Sl, maoderate, present; S, severe, present, one month or less
duration; S8, severe, present, more than one month. See explanation in See-
tion II of this report (pp. 12-13).

tEthyl lead—Nos. 1-4 indicate the subgroups into which persons of the
test groups (B and D) were classified as to exposure to ethyl gasoline, 4 being
the most exposed subgroup. The classifieation was made separately for Groups
B and D, the workers in each group belug divided into four approximately equal
classes.  Therefore, the cxposure oceurring in any subgroup in the B group
does not correspond exactly to the exposure in the subgroup of the same number
in the ID group.  (See pp. 13-14.)

8 Lines 7 14, Meusurcments of strength in muscles of forearm——The values
given are the medians, in pounds, of the six different measurcments taken, in
lines 7-10, and of the three different measurements taken for each item, in
lines 11-14.  Unk. means unknown, test not performed.

4 Vision.—Acuity is tabulated for the better eye only; if glasses were worn,
corrected  vision was used.  The readings were made at 15 Tect.  Only the
denviinutor of the [raction s used in the table, the nwmerator abways being 15,

§ Lines 19-89.~—Deviations from normal similar to those found in come cases
of lead puisoning are indicated by a plus sign, ahsence of such deviation by 0.
In the case of color, P oweans pale, Y yellowish, Py pale and yellowish, and C
colored (natural dark skin).

8 Nutrition.—QG means good, I fair, and I poor.

" Red cells are given in millions per cubic millimeter,

8 Stippling —Nuwmbers 2-9 indicate grouping based on stippled cells per
100,000 red cells; 2 means no stippling; 3 and 4, guestionable, 3 meaning 1-3
very finely stippled cells and 4 meaning over 3 very finely stippled cells; 5-9,
definite, 5 rneaning 1-2 definitely stippled cells; 6, 3-6 cells; 7, 7-20 cells;
8, 21-100 celis; and 9, over 100 cells, per 100,000 red cells,
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Tanre 7—~Individual findings in Group A: Users of automobiles with no ethyl

gasoline
1o Case number. ..o 37 I 43 131 142 168 220 { 237 267
2, Dther Jead!. ... [ 0 0 0 0 0 0 ¢ { 0
3, Ethyl jead? . 0 0 Q 0 0 [l [} 0
4, Age. 30 35 30 38 60 1] X 31
A, nght. in inche: 73 0 G4 69 66 7l 6614 691s
6. Weizht, in pounds 199 191 1n? 147 124 174 136 181
7. Wrist extensors?d 2 21 15 1934 19 16 23%4 2245
8. Finger extensors?. 1514 13 8 18 13 gL 15 1334
9. Wrist flexors?.__ 10L4 34 2014 30 38 35 39 3415
10. Finger flexorsd. - 31 ¢ u26ls 174 3 28 23 2915 24
1, Right-wrist extensol 20 22 17 2 22 20 5 29
12, Laeft-wrist extensors 20 20 1215 17 14 10 2 26
15, Right-finger estensor . 7 10 Bld 19 i 9 14 14
14. Left-tinger extonsors®__ 3 15 1% 3 15 12 104 16 12
15, Systolic pressure (sitting). 140 13¢ 142 12 144 150 186 138 102
18, Pulse pressure ($itting) .. 84 42 42 36 5 13} i 5 T4
17, Pulse pressure (recur-
76 43 43 56 64 68 92 56 78
18 15 20 20 15 15 15 40 15 15
20, Genvra health® 1] 0 0 [ ] 0 Q 0 0
20. Color®._....... 0 0 0 0 0 0 0 0 [
21. Rate of tiring?. .. 0 a 0 0 0 [d [} 0 0
22, Muscle strength? 1] (] Q 0 4] [} 1] & [4
23, Pudn in joluts3_ . 0 0 0 + + 0 0 0 ¢
23, Constipation? _ . 0 1 0 0 + 0 + & +
25, Appetited . . ] 4] 0 0 4] 0 0 (1] 4
26, Nausca Q 0 0 i} 0 0 L] 0 +
27, Abdominul painss. 1} 0 + 0 0 0 0 0 ¢
28, Tastes . ___ .. -+ Q 0 0 ] 0 4] a 0
26, Tongue conted 5. . 0 )} 0 + 0 -+ 0 0 o=
30. onrrhc‘ﬂ ,,,,,,, - 0 0 ¢ 4] ¢ 0 [ T [
31, Lead lipe® - (1] 0 0 ¢ 0 [1} 0 ¢ 0
32, Huadwm L 0 0 0 + + 1] 0! [t [l
3: 0 0 0 0 0 0 0 { 0
1] (] 0 ] 0 0 ] 0 0
0 a 0 ) 0 0 0 0 0 0
] 0 i} o 0! 1} ] (] 0
0 0 o 0 + i [ 0 0
l’mellarreﬂex L. ] 0 0. [VIN [ 0 -+ 1] 0
3y, Acbillesreflex £ 9 9 0 0| 0 0 “+ ¢ o
40. Nutrition®. ._....... . &} a (&) F F F t ¢ [0
41, H(:mnp,labx*] percentauge < 9 95 85 { Unk, 100 41 o 40
42, Red velis? . 4,69 1. 8% L7 4.7 4.83 &00 E R hou7 4.4
43, *upp]mg“,;.,",, 2 2 2 2 2 4 2 2 b
44, Milligram lead in fec Go8Y femaes Poun [UR¢E1] 0.02 0. 33 G291 0.50 0,01
45. Milligraty lead puer gr.uu i i F ] '
feces. . ... ... - iy A RN Q02 T 0000 1. s BRI L ........ {0007
46, Mmu.,mml 4 per gr! " ( | :
ash oo Lol o220 i ________ l Q275 ! &, 000 } oMol w2l LI ! el o

See notes on p. 48,
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TapLe 7.—Individual findings in Group A: Users of automobiles with no ethyl
gasaline—Continued

i i
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Itews numbured as on P, 46,
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Taste 7—Individual findings in Group A: Users of automobiles with no ethyl
gasoline—Continued
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Items numbersd as on p, 48,
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Tasre 8. —Individual findings in Group B: Users of automobiles with  cthyl

gasvling
i I ; |
1. U T S 60 73 )
. L [ e -
BN |
2. ] 1 1 2 9 2
N 4 3 2 2 3 2
4, ! 23 38 19 18
i 63 66V GY4 7 3}
6. Welht, i pounds Mz i 188 P
7. Wrist exteusor, 2084 24, 218! 1414 3
8. Finger ext K 12 124 1384
4. Wl‘isl. flexo | 46 38! pA 35
10, Fiager 47 4L 7 2Ly
11, Rightewe . } 1 21 & 13 21‘
12, Leftewrist extensorsd | 16 1y 19 1h) 12
13. Highl-tinger extersorss, o 84 Tig 13 Thy 19
. Left- rngu exien i Hg 'R U Y, 11
Y8 ! 136 1261 1o 104 130
! 45 32| 34 3 30
] 52 (8 16 52 38
: . 8 i i 17} 15
. Geperal headith $ B [(} i % i} Y|
20, Colops. .- | o Py () 0 G
2., Rate ut U o 0 1 a 15 o
1 o It 0O ) o ¢f
. Poins i + Ui [ U 6
1. L‘uuslqu“nuﬂ . 0 =+ 9 -+ +
25, Appesites . 0 [y 0 u u
Nauso.b + o] v 0] o
[, Abdorinal i =+ [sH 5} V) 1 E
B, Pastes [} + I{] [0 0] {
. Tongoe v = 4 U 0 [0} i
Pyorrhwad. W} 0 0l 0 U
31, Lead liwes 1 u ol 0) 0
. Hendaelw 0i 0] v + [0
33, Numbuy, G 0; 0 0 Y,
34, Other ¢ 0 U u o U
itc 0 0 u; 0: +
u 0 U i 0
0 ¢ € u 0
. Patellar petdos s, 0 0 0 o 0
. Achilles reflegd, 0 0 1 &
L Nutrivlon . Q G\ G , F 4
Hemwoptuhin pm (i B Gy Bl K3 83 100
. Readt volls s Sow 504 S A07 nd
. Stippling 2 ) 2 2 2! 3] 2
. Milligram [Igv] 0.1y G475 4% 20)’ Q.34 0. 4}
. Muligran Kk \ l \
fo U ouR 00011 L0044l 0.0088]  0.0027] U, 003
Millig 1 b per ' !
asbi_o..o__. I 1)71% DA R (u%aj (URE UV KF SRR E I
| | ! . : . .

See noles on p. 45,
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TasLe S.—~—Individual findings in group B:

-

ITAZARD FROM TETRAETHYL LEAD GASOLINE

Users of automobiles with ethyl

gaseline—~Continued
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Items numbered as on p. 49,
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INVESTIGATION—TABLES -8l

TapLe 8.—Ilndividual findings tn Group B: Users of awtomobiles with cthyl
gasoline—Continued
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Tanre 8.—-Individual findings in Group B: Users of automobiles with ethiyl

gaseline—Continued
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TasLe 8.—Individual findings in Group B: Users of awuiomobiles with ethyl
gasoline—Continned
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Tasrr 8.—Individual findings in Group B: Users of aulomobiles with ethyl
gasoline—Continued
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%)

TavLe 9—TIndividual findings in Group C: Garage workers end gasoline hundlers

not exposed to ethyl gusoline

1. Cusenumber._____.__.____ \ 20 ’ 7 19 154 201 284 ! 377
— . } i
2, Otherdeadt o | 0 o 3 0 0 3]
3 Ethyl leugd 2 " 0 o U 4]
4. Age. 30, 28 40 %‘J 5 29
5, T L i inche Allz_ uu‘ 67) [ 6844
0. 1, in pounds B 165, 149! 130 1| 133
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TasLy 9. —{ndividual findings in Group C: Garage workers and grsoline handlers
nut exposed to clhyl gusolene—Continged
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INVESTIGATION-—TABLES

dlers crposed to cthiyl gasoline

57

Audividual findings in Group D: Garuge workers and gusoline har-

1. Case number 22 30
2. Other lead ®_, g 0]
3. Ethyl lead? 2 2
4, Age.o ... 23 2
5. Height, in jinches._ [3%4 67
6. Weight, in poumd. 150 132
7. Wrist extensors @ gl 14
8. Pinger extensors ¥ 1555 14
9. Wrist Lexors® 30by 33
0. Finger tlexurs 16 24
11, Right w 24 )
12, Left wrist extensors & 20) 19
13, Right ftnger exte i 14
. Left tinger extensor: 1h 12
15, Systolie pressure (sivt mi,) 12y 1%
16, Pulse pressure, (sitting)._. 54 84
17. Pulse  pressure  (recun-
bent) - [} 2|
1%, Vision 15 15
14, Uun-r Al Mendth 3 0. [l
0 Colur? . 4] P
21, Hate of m“ng 3 o V!
Muscle strength 0! 0
Puins it joitts 3. 0] 0
. Constipation®_ 0 7
5. Appetite ., '} U
L O Nuwsen b 0, B
. Abhdumingl paine [\ L}
Tuste b .. [} U
9, Tonyte cuated 5. 0 0
. Pyurrhe 0 0
. Lead dine li] i}
. Heuduche 8 0! 0
. Numbness 0; v
34. Other para:sti OJ 0
35 Twitchinugs 5. [} O
6. linpaired sen: 0 0,
37. Trewmorsd _____ 0. [
38. Patellar reflex ol 0]
39 Achilles refles ? 0 0
40. Nutrition6__ G ¥
41, Ilnmoglahm w"cenm.y_ . 5 W
42. Red cells?. bosasl 4w
43, thplmg" . A 2
44, Milligram lead in 0. 2% 0. 32
45, Milligram lead per gmm
0.0023, 0. 006T;
46. Milligram lead per gram | |
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58 HAZARD FROM TETRAETHYI. LEAD CASOLINE

TavLe 10, —Iudividual findings in Group D: Garage workers and gasoline han-
dlers exposed to ethyl gusoline—Continued
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INVESTIGATION—TABLES 59
TarLe 10.—Individual findings in Group D: Garage workers and gasoline handlers
exposed to ethyl gasoline— Continued .
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60 HAZARD FROM TETRAETHYL LEAD GASOLINE

TapLe 10— ndividual findings in Group 1): Garage workers and gasoline handlers

exposed (o ethyl gasoline—Continued
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INVESTIGATION—TABLES 61

Tapre 10.—Individual findingsin Group D: Garage workers und gasoline handlers
exposed to ethyl gasoline—Continued
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62 WAZARD TROM TETRAETHYL LEAD GASOLINE

Tasre 1l.—Individual findings in Group E: Persons exposed lo lead dusts

1, Case number ... _..._.__._ ( 2 | 8 ' 16 31 50 I 64 ’ 76 2 108
O ) ‘ ! e e —
2, OtherJead S ... . .. JS[ .‘Ml 88 sl Sli S8 S 51 st
4. Ethyl lead ? Ug U 0] 0 [ 0 0
4, Age. .o .. 30; k3 54 26, 27‘ 28 42 25, 31
5. Reigly, in inehe: 0 4 15 68 70 6714 G4 (814 Gy 65
5, Weight in pounds {44 154 1501 136 1231 124 149, 132 139
7. Wrist extersors?, 20 1214 1744 17 18 16 214 1314
H. Finger extensors? - ]4' 8341 12| 121 llﬁvél 10 13 34
9, Wrist flexors 3. l 40) a7 41 29 40 o a4l ol
10. Finger tlexors . 30 1) aglg] 2adg 25 1 w4 16
11, Right-wrist ext 3 20 4 20, 17| 18 1¥] 24 16
12, Lebl-wrist extensors? 20 11 15 17 1% 1 18 13
135, Right-finger oxtensors 14 10 1 14 11 11 14 11
1. Left-fityger extensors®_ (. . ST 12 1 13 10 12 6
15, Systolic pressure (sitting) . 134 12| 120 122 108 124 120 128) 116
16. Pulse pressure (sitling) .. 64’ 36 40 60, GJ] 50 iz} 88, 56
17. Pulse pressure  (recust- [ ®
bent). .. . o4 46 43 73 61l 57| [ o] a4
18, Vision ! 30! 200 1w 15 10! 15 13 13 15
19, General o] 0 0 0 0 uj 0 0 0
20, Colorb. . . .. }'l B 0 i {3 0; P o 4}
20, Rute of Lirings_ Q o -+ 0 0 0 0 (I} 0
2. Musele strength? 1] ¢ + 1) 0, 0 L] 0 0
. Puins in joints? + Y + 0| [ ] 1 0 ]
Constipation .. N + 0 0l U 0 0 + ¢! 0
Appetitiss, ] - 4 -+ ol (] + + [t} 0
Nuuseat_ A 0 ul -+ 0 0 0 0 0 0
27, Abdowinal po - ol 0 +- [ O 0 0 [ 0
28, MPasted L. I -+ Hi -+ —+ -+ 0 -+ -+ 1}
29. Touvgue couted 3. : -+ (); 0 + 0 0 =+ 4 -+
300 Pyorrhew®, +i ¢! + 0| 0 0 i} O 0
31, Lead lines. | 0 o + -+ i + ¢ 0 0
42, Hendached, 4l 0 0 0 + -+ + Q 0
33, Nurabnesss_ - 4| 01 -+ 0 0| O 0 0 0
54, OUther purwsthesi - 0[ O 0 9 0 0! 4] 0 0
45, ‘P'witehingss. . + 0l + 0 0 o 4] 0 0
36, Inipuired sens . OJ ¢ o " 1} g 0 [ 0} 0
37. Tremorsd_ ... . ¢l +, -+ + + 0 0 0 0
35, Patellar reflex s, 3} o Q i) 0 O Ul 0 I}
49, Achiilles reflexd. ol 0 0 ) 0 0 0. 0 0
40, Nutritien 5. F G Q F| F o] ¥l ¥ a
41, Hemoglobin peree Unk. 40, 66 95! 94 80 85 83| Unk,
42, Ked eells 7. ... Unk, 4,71 3.90 5.0t 4,83 4.86 4. 80| 4.64] 473
13, Stippling ¥ . ¢ 7 9 2 7 9 8 9 9
44, Milligrams lead in feces 153 0. 49 2,61 [ N0 ) FORR SO AU, 0.24. 504
45. Milligram lead per gram ! ; ! ! i
foeS. .. ... ... . D0 0.0047 0 0318 (N1} 42 e RN P Q. 0100 0, 0560
4y, Milligrams lead per gram | ! '
ash ... .. . 7,450, 0156 1. 977l Q. 478} ........................ 0.343] 2,290
J : i ;

“Uses glasses for reading, Visual acuity without glasses is tabulated.
See notes on p, 45,
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63

TabLe 11.—[ndividual findings in Group E: Persons exposed to lead dusts—Con.
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Tasur 1l—~Tndividual findings in Group F: Persons exposed to lead dust—Con.
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TasLe 11.—Individual findings in Group E: Persons exposed to lead dust—Con.
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66 HAZARD FROM TETRAETIHYL LEAD GASOLINE
Tanty 1l —Iadividual findings in Group E: Persons erpused to leud dust—Con,
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INVESTIGATION~—~TABLES

67

Tasiy 12— Distribution of persuns uccordeng to raiio of weght tn pounds to height

tn tnches

PERCENTAGE

Ratie

i Users of auto-

utobiles
With | With
no sthyl | ethyl
gaseline | gusoline
(4) (B)

Gursge warkers amd
wisoline hapdlers

Not
exposed f:gg;;‘l‘
to ethyl gasuline
gasoliny

©y W)

s
to reju- .
Lively v
#oluble ! Total
lead dust ]

|
a |
|

HU0-3.24 .
3.26-3.49
100
1
?
72
(2}
16
3
1
i
3
252
TaBLE 13.—Distribution of persons according to nutrition
PERCENTAGYE
Users of aute-  |Uarage workers and ‘
mobiics gasoline handlers | piy<ons
- . — | exposed
to reba-
Nutritional state With With |, w‘;’fe o | Exposed \Efl“lhl)}ﬁ Total
no ethyl | ethel 10| B0 eRvl
gusuline - gasoline gasolite gasoline
i i
(4} (B) {C) @) (E)
— _ | —_——
81 &2 71 0] 5L 1Y
36 47 P 25 49 34
3 | S SR, |2 (A - 2
' 100 100 100 140 i 100 100
| !
NUMBER OF PERSONS IN EACH NUTRITION GROUP
Ra—
22 40 15 40 l kI 148
i3 36 8 14 30 4y
1 [ R 31 __________ l 5
4 7 2 7




68 HAZARD FROM TETRAETHYL LEAD GASQLINE
TapLe 14.—Distribution of persons according fo loss from highest weight {own
estimate)

IPERCENTAGE

Users of suto- Gurage workers amd[

' wobiles gasaline handlevs | pursons
— i e exposed
tu reku
Weight loss in pounds With With Ex‘;‘é’;e 4 | Expased ,\_ﬂ,‘fﬁc Total
o ethyl ] etbyl ¢ leepyl | o eV 1y dust
gasoline | gasvline gisoline gasvline ”
I (A) B) (] [eR)) | (E)

t Exclusive of 1 unknown,




it
i
i
INVESTIGATION—TABLES 69 ‘;;i
TasLe 16.—Distribution of persons according to systolic blood pressure, sitting o
PERCENTAGE é
S l f
1 Users of alito- Clarage workers and i
wobiles gasoline handlers | Persons
[EE——— i — | exposed N
. to rela- I
Systolic pressure ln millimeters of mer- o ) Not o Lively " i
i | i i | B i |t |
MONE sacaling | L0 ety , P ead dus
gasoline | gasoline gusotine gasoline
8 ) ) ) (k) i
2
11
31
23
20
3
3
2
100 ‘ 100 | 1w
Y ; l
7 ! 7 28
16 21 H
g1 18 58
14 11 50 f
7 ¢ 21 i
- B PO 7 !
b2 VO, 5
57 | 61 252
|
MEDIAN AGE OF PERSONS
37 81 26 39 28 32




70 HAZARD YROM TETRAETHYL LEAD GAROLINY

Taurw 10.~—Distribuwiion of persons according lo ayslolzc blood pressure, sitting, by
deviations from narmal at ecach age

FPERCENTAQGE
e T S Rat
sers of uuto- WQarage workoers s
I U f ’ k 11 i
) mobiles gasoline handlers | persons i
i [N exposcd
T Mot to rellu- 1
Negative or positive deviation in milli- t - * # 4 tively Ny
mezers ol mereury n:\viltl?yl )‘Ultﬂ oxpo; ed 1“,\{’3,;\11* sofuble 5 Votal
gasoline l gasoline :,Ul ;Jh’gg pasoline | dnati
l ) i) ’ w» * Ey
t
e § S
Muwre than =25, _ 31
* % |
19
N (£
St 34
. - 1l
BT TS B 1Y SRS | L.}
L. ( 100 f

UMBER OF PERSONS

;
Momlhun o . 1 l ______ # sl H
i 3 R —— 7] A 2
: 7 1o| & 12 16 35
B 5 25 ! 12 ' 21 73
3 13 12 I 4] 9 20 50
.. 1 4 81 by &) ] ’ 27
25 and wore. L1 TN 3 2| 1] 4 1 1
Totale o o] 36 5 77 1 7 ‘ 5 ol 72

5 s \

Nare.~Thenormal blood pressuges used jn caleulating these figures are derived frum the examination af
over 1,000 persons in industry aud ure published in Public Henlth Bulletin No. 162 (1926).  Mupy of the
blood-pressire neadings on which thisse normal values are bused were taken by the sume physiviau who
tovk the blood pressures throughout this investigation,
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TabLr 17.—Distribution of persons avcording to puise pressure, stlting

PERCENTAGE
Uscrs of auto- Gurage workers and
mobiles pusoline handlers | persons
exposed
to relas
TPulse pressure in millimeters of mercury With With “2\)[;’\_3.‘ 1 | Baposed sf)‘l\uell»%e Total
oo ethyl | ethyl LQchil\'! Lo etheyl 4 dust
gasoline | gasoline gasuliﬁu gasoline
(A) (H) (! ) (1)
2 12 10
25 8 27
33 34 28
16 2 17
14 16 12
5 b < 4+
85 and av H] ] 2
R i 100 100 100 100 100 100
1 7 5
14 Rl 6y
19 21 71
Y 12 42
] 10 31
3 & 0
3 1 i
37 61 W2
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HAZARD FROM TETRAETIHYI., LEAD GASOLINE

TasLr 18.—Distribution of persons according to pulse pressure, recumbent

PERCENTAGE
Users of auto- Qarage workers and
mobiles gasoline handlers | persons
exposed
| . to reln-
Pulse pressure in millitueters of tuercury | With With exb;&-ted F.xpused :(:fu‘]ﬁe “'otal
no ethyl | ethy} ! mlem | toethyl | B
gasaline | gasoline . gua‘ﬂlilie gasoling
(4) B) ({9 (D) (K)
[ P 3
4 12 13
23 15 22
26 25 29
16 23 15
12 13 )i}
a 11 5
5 2 2
10y . 100 100
T :
5. 7 kL]
13 9 56
16 15 T2
g 14 34
7 .3 26
3 7 12
3 1 [
T U R 3 ‘ 7 ‘ 21 57 I ol 252
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TabrLe 10— Dstribaction of persuns uccording lo cocess of pulse pressure when sid-
fing vver pulse pressure when recumbend
PERCENTAGE

] Uxers of nutas i Garage workers and

wnbiles vusoline hundlers | Parsony
! [P expusit
Nogative or positive excess, in willimeters 7 - Nut, N g | tively oy
g R \\Ixm \\\np exposed } Exposed | 0 Potd
no ethyl vihiyl toethyl © to ethyl Jeand dust
gasolitte | gasoline gsotiig gusvline
* ) (B) ‘ [ w (L)
— 85 MDY IO e o e caee e m i e e e ammm e e e s el {1)

e | 1wy 0
1 |
NUMBER OF YERSONS

—35and more ... b R ‘ i
—34 to —24 4 2 4
—Mto =15 11§ 18 59
=14 to —6. 2] x 43 103
—4 04
S5told . b
1510 24
25 to 34..
351044,

1 Less than 0.5 per cent.
1892° —26{———8
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TavLe 20.—-Listritrulion of persons accocding to hemoglobin ratings (Dare scale)

PERCENTAGE

i
Users of auto- I(hmu workers and

!
) |
! mobiles gusoline handlers i Persons
¢ l S, (VU } espoged
R | No i W wllv\-
Henoglobin perventage, Dure scale | With With  FExposed lively z Total
Vnoethyly  ethyl fjj""f‘e! x umw i@‘:&“&’&‘;t
‘ gusolive | gasoline gasoline i gasolin
| ¢ f m | ! W

Under 68. ... ____L.lllIITTT
Toted oL e !

>

TOMBY. L e : : _ ; 3311 336

t One unknown, ? Twao unknown, ? Ten uuknown. 4 Sixteen unknowa.
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TapLe 21, —Distributivn of persons according tv red bluod cell count (En wdlivis)

PERCENTAGE

Miltions red cells per cubic millimeter With With

Users o anto Garage workers and |

mobijes pasoline dandlers
Not
. I pused
no ethyl | ethyl | fg‘é‘t’:ﬁ;} to ethvl
gasoline | gasuline gasoline gasoline
(A (B) () a»

!
)
FPersons 1
eapuosed
tu rela- |
tively
sohible
lead dust

(£)

‘Total

5.
E.
P 5
&, 36 35 3
4, 39 46 g
4. k] 5 14
4. L P 4 3
4, 4 5 2 4
3 1
3. 1
3. v mmmmmena
10 100
NUMBER OF PERSONZ
i R PR P PRSI 1
5,50~5.74.. 4
5.25-6.44. 9
5.00-5.24__ 81
475499, Y2
4.50-4.94__ 33
425449 e inimiiaieianfemmaas 8
4.00-4.24. Y
3.75-3.99 3
3.60-3.7 3
3.50 1
1244

Towl. ool

! Eight unknown.

TEEREETE




76 HAZARD FROM TRTRAETHYL LEAD GASOLINE

TavrLr 22.—Distribution of persons according to vision (Snellen test of betler eye)?

PERCENTAGE

Users of auto- i Garage workers uud I

wmobiles gasolipe handlers | persons

— e ? e} EXpoded

! N to l'el!u-

Visual Acuity With with | N0 pxposeq | WYelY b ggrag
nov ct!}y! er,hyl ;(}{‘{i’:% to etk}yl li‘fg‘é’&‘;l
gasuline | gasoline gusohﬁe gasoline
w o @ | m | w
- I 3

74 83 83
Y 7 8
7 2 2
b4 3 5
2 5 2
10 100 100
15/15 vr better 48 206
R0 L 4 19
15/35_ . 1 4
15/30. ... 2 12
15/40 or worse. . L. 3 [}

Totwd ... 25y

1 Ju case glasses were warn, corrected vision was determined. * Unknows, 3.
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TasLe 23.~—General phenvmena

77

{Pereentuges and numbers indicate deviations from pormal similar to those found {n some cases uf lewd

poisoning] 1
PERCENTAGE

Users of sutes | Liarage workers and ]

wobiles ssofine fandlers | Parsons

[ I S .} expused

1 o r'elus

3 : v ivel H .
With | With | Y P Rypesed | BEEY gy

. XSl suluble

noethyl | ethyl | SXE g6 ctleyy | ¥ :

gasoline | gasoling | ¥ S‘:ﬁgg gasoline | lead dust

e
(A) [63)] (%} 1) {I)
t
Glencral heelth. . 3 14 3
7 20 9
3 3 4
5 11 4
Pains in J0ImES. oL o iamiamcamiiaa e 14 13 5 3 8 10
NUMBER OF CASES
2 4 7
4 12 Z3
. 2 5 11
e). 3 7 1
Paing I joints. .. _ooaoaalo 2 5 20
NUMBER OF PERIONS
: 1 ‘ ]

{ 438 1 il 21§ w7 61 352

1 See Table 14 for loss uf weight (subje

ctive).

! Que unknown

3 One anknown for color.
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TaprLe 24 —Phenomena of digestive system

[Percentages and nuibers indicate duviativns from pormal similar to those found In some cases of lead
poisening]

PERCENTAGE

J

Gurage workers and

l Users of snnto-

muobiles gasuline handlerg | pergons |
eXxposed ,
# 1 Not I luxe}la-
With | With v Exposed | Hrey Total
ao ethyl | vthyl ;\:‘;‘gg"% b ethyl | ;t‘i“&ﬁ:t
gu.sul.ne gasoline l gasoitne | esolive
a) o ( %) i (E)
N | i i I
b | | ! |
Subjeetive: ! 1
Constipation. ... > ! {
Appetite .. |
Nalsea, . . E
Abdominal prains, j 5
Objective: [
3|

Subjectiv-.::

Abdomin pains
Taste ...
Oblective:
Pongue (conted). oo
Pyorrhea. . .. .
Lead line. ...

NUMBER OF PERSONS

1 One unknewn for appetite.
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Tapre 25, —Nervous phenonmena

| Pereontuges and numbers indicate devistions from normal similar to those found in some cases of Jead

poisoning]
PERCENTAGE i
; ! :
Usiers of attto- (lurnge workers and ;
mohiles gasoline bandlers | Persons :
- cxpused ¢
« ! to l‘ufu-
with L owith | U Exposed | BYSY T Tt
uoethyt| etbiyl ::If‘l’f;“)‘} to ethiyl | l;‘i’ffﬁ’&i‘
gasoline | gasoline gasoline | gusolioe |
a) (B) () l (9] [3))

Subjcctivc;: :
Hoeadaehe . . aceacoeciar oo 14 -3 24 Y 16 13 :
Numbness. [ 2 IO & 2 s 5
Other paras 31 5 b 10
Twitchings. 10 14 7 13 0

Objective:

Impuaired sensution (puin, tonel, heat,
eoltd) ..o 1 g
Tremors. .. .. 9 I
Patellar reflex. 2
Achilles reflex....._. ... 3 "
!
Subjective: o
i 6 6 10 32 }
1 1 9 13 4
1 3 6 12
4 4 & 26 ’
3
Tremors. ... 23
Putedlar retlex 5
-]
NUMBER OF PERSONS .
36 77 21 57 161 1202 s
t Unknown for 1 person. * One unknown ench for patellar reflex und Achilles reffex,

e asczis

e
e




80 ITAZARD FROM TETRARTHYL LEAD GASOLINE

TasLe 20— Medians of strength test ratios

Users of aato-

1
Crarage workers and |

mobites gasuline handlers | peysons
_ expoused
N i )
; = 71 ot ex~ relatively
Ratio (as to strength) of Wlth}no Witp posed Lo Expuse_d . foluble
ethyl ethyl sthvl to gtl}}l tead dust
gasoline | gasoline gasoline gasoline
(A} () ) (D) (£)
T T T T |
Wrist extensors to weight o0 , o117 012 0, 131 0,128
Finger uxtensors to weight. . 072 085 L0383 L0838
Wrist exuunsors 1o wrist Dexors - 52 .56 oY .82
Finger extensors £o fiuger Dexors.. ... .. - .45 .40 .43 .48
Right-wrist extensors to lelt-wrist extensors - L1 Ll 1.06 1.17
i ighit-finger extensors to left-finger extensors. ! 1.0 L LR 1.12

TaRLE 27— Distrebution of persons according lo ratio of strenglh of wrist extensors

to weight

PERCENTAGE
|
Users of auto- {}arage workers and
mobiles gasoline bandlers | pepsons
e . exposed
’ ’ N to rclla- :
; 0 2 Not N tively N
Ratio With W 1t}l eXposed E xpm.(,.d solubie Total
no ethiyl utl\]}!l 10 ethyl to cthyl lead dust
gasoline | gasoline asoline gasoline
} {4) (1) } () [€5)) ()
|
0.055-0.064. ..._.. “ 1
U.065-0.074 . . .. 2
U070-0.084_ . 3
(XU AT S 4
(L0930, 14 . 9
01050114 . 11
0. 116-00124_ 7
U.125-0.134. 2
0.185-0.144_ 12
0.145-0.154 . 11
.156-0.164. 5
0.165-0.174__. 2
0.175and over 2
TotaY. e Ul
QOO 64| 1 2
0 UGSV 2 5
D.U7H-0.0M4. 1 7
ERVESIX 2 9
00650, 104 3 22
U100 U 114, 8 27
G.115-0.124 . 4 9 41
0 125-0.134 20 4 1 9 54
35 8 1 12 30
8 3 6 27
4 2 cmamian 5 13
' 1 2 ) N T ]
j 1 1 2 i 5
Total e oo ( wy oo | 21 57 259 su7
|

I Exelusive of 3 unkaown.

2 Ixclusive of 2 unknown,

* Exclastve of 5 unknown,
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‘TapLE 28.— Distribulion of persons according to rafio of strength of finger extensors
to wetght
PERCENTAGE
1
Users of auto- Guarage workersand
mabiles gasoline handiers | Persons
- exposad
[ N ttp re{a-
Ratlo with | witn | D9 Exposed | BV 0 Total
noethyl | ethyl | SBICG | toethyl || Saluble,
gasoline | gasoline gasoline gasoline
a) (B () (D) {E)
0.025-0.034 K S 5 2 2 2
0.0350.044 8 8 F5 1 PSS DU, 4
0.045-0.054 3] 25 14 9 3 12
0.055-0.064 19 18 | eiaanens 14 12 14
] 22 ... 17 21 18
14 10 24 4 22 14
§ 5 19 21 1% 13
g 11 13 ‘ 4 14 12
8 1 b3 7 3 5
.35 FUSU 19 7 2 5
100 100 100 100 100 100
NUMBER OF PERSONS
[ X 5 L SN Li 4
0.035-0.044 il 3 10
0.045~0.004 2 30
00550064 e commme e ccaemcenm e 7 35
00650074 e camcimmicae e 7 4B
0.075-0.084 ] 35
0.0%5-0.0u4__ 2 33
0.095-0.104 3 28
0.105-0-114.. 3 , 12
0.115 and OVer _c_ueceeonaa | 3 | 12
A T A 38 ‘ 73 21 ‘ 5 B s 215
;
1 Exclusive of 4 unktown. ? Exelusive of 3 unknown, ¢ Exclusive of 7 unknown.




82 HAZARD FROM TETRAERTHYL LEAD CGASOLINE ~

TaBLE 29.~—Distribution of persans according lo rativ of strength of wrist extensors
to that of wrist flexors

PERCENTAGE
Users of auto- } Quarage workers und %
mobiles | gasoline bandlers { persons
f expuosed
i o ruliu-
Ratio With i With Ot Exposed | HVEIY b g
no ethyl | ethyl 537':{;‘;} to ethvl I?‘;’é"‘fé‘st
' gaselize | gasoline gesoline gasoline |
! (A) } (B ©) o &)
- —— P -t —
! —
USRS ‘ 1
F : , 3 3
,,,,,, I ; 2t
........ i 5 2 21
........ : ‘ i ‘ 20
67 ! g 8§
D48-0.72. .. &
¢.73 and ove f 2
Y RO i ; 100
i ' : T
* x ! 1 i 2
1 2 3 2 2 13
3 11 2 7 15 } 34
w 13 ‘ 5 ‘ i 12 51
R # 4 19 4 i3 12 a2
L Y 14 2 i2 12 ‘ 49
B RO | 3 6 J 1 7 3 21
55072, R 1 5 4 1 i 14
0.7 80T OVET -, oot e reans ! 1 4 i b R S 3
lotxlg 26 173 1 2 57 2 54 } P

t Exclusive of 4 unknown. t Kaclusive of 2 unksown. # Exclusive of § unknown.
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Tanre 30.—Distribubion of persons according to the rutio of strength of finger ex-

tensors fo that of finger flexors

PERCENTAGE
WUsers of auto- Uarsge workers and
wmwbiles gusoline handlers | persous
_ expused
¢ ta l‘el)a'
i o ' Not g o tively .
Ratio With With XV | Hxposed | N Totul
no ethyl | cthyl ::“"ﬁ‘:dl to #Lhy! ]:;J}iu(?&t
gasoline | gasoline gushlix)u- gusoline
@) By W an (1)
..................... ]
2 2 3
5 3 4
2 3. It
,38-0, 2 9 9 16
0A3-047 ! 8 14 33 19
0.48~-0.5; 32 4 15 13
[ S X R ] it 17 11
0. , 1l 20 10 13
0.83~0.07. 3 9 5 ]
0.68 and N bl 2 2
MOtk e 100 X} 10 U] 100 L)
e e [ TN S N
NUMBER OF PERSONS
____________________ ] )
1 1! 7
3 2. 22
1 2 21
& 5 40
Y 14 47
3 g 32
1 | 10 ] 2%
4 6 31
5 3 12
3 l 1 4
T [
'L‘Utul..,_..4,..‘4“.._,,,.,“.-.._‘_[ 3 ‘ 73 [ 21 57 ‘ ’5‘3[ t 245

1 Exelusive of 4 unknown,

t Exclusive of 3 unknown,

» Exclusive af 7 unknown,
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TasLr 3l.—Distribution of persons according to ratio of stremnglh of right-wrist
extensors to that of left-wrisl extensors 1
PERCENTAGE
Tisers of auty- QGarage workers and {
mubiles gssoline bapdlers | Parsany
S vxposed
N to mia-
Ratlo Wit | with 08 ) Bxposed | YOS 1 gl
no ethyl | ethyl fnﬂﬁf} to ethyl : 1;;11(15)5)%
gusolitie | gasoline g‘:&s{)ﬁﬂe gasoline | 3
w b m @ ] ow ’ ) '
.......... 3 S 2 | 2 * 2
. 3 4 5 5 2 5
. 8 12 10 9 7 <
- 17 12 24 21 14 ‘ 16
25 20 29 18 19 22
. 14 19 14 19 24 19
8 16 4 19 15 15
1t 4 5 4 2 7
I SR ) 3 PP 2 2 1
E 1SS, SR 2 3 2
DO N [N S, 2 0
l ¢ G DN FUSN A, | 1
e T 200 100 wu‘ 1001 100
0. 1 4
0. 1 1
0. 4 23
0. 8 10
1. 11 85
i. T 47
1. 9 38
1. 7 17
1. 1 3
1. 2 1
1. 1 1
17860 OVer - o i i mmmieaamea] 20 L e ce e cea i 3
159 €246

! In the case of left-handed persung the ratio of left-wrist extensor strength to right~wrlst extensor strength

i3 used,

? Exclusive of 4 unknown,
3 Exclusive of 2 unknown,
1+ Exclusive of 6 unknown,
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TasrLe 32— Distribution of persons according to ratio of sirength of right-finger
cxtensors lo strength of lefi-finger extensors !

PERCENTAGE

Users of auto-

|

Garuge workers and

woebiles pasoling handlers | Persons

SN S exposed

| tw n-llu—

. ri - Not tively P
Ratio With | With ) Expused Total
. exposed " sulubie
no ethyl | ethyl 4Pl n ) te ethyl g Paase
gasoline | gasoline gasoline gusoline
(A) By () ®) (E)
8
3
6
9
16
17
14
14
11
2
Q
2
100
NUMBER OF PERSONS

0. 45-0, 1 1Y
0.55~0.61 4 8
0.65-0.71 b 14
0.75~0.84 2 2 23
0.85~0.44 . 4 1 40
0.95~1. [ 4 42
L.05~1.1 7 5 :ib
1.15-1.x 3 ] 35
1,251, 4 1 o
1.35-1.4 JO S 1 5
1.45-1.f - 1 2
1.5 b2 PR 4
174 21 3246

1 In the case of left-handed persons the ratfo of strength of left-finger extensors to that of right-finger ox-

temsurs is used.
* Exclusive of 3 unknown,
s Bxelusive of 6 unkuown,

ey

i
)
'
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TaprLe 33.—Steppling of red blood cells, by exposure groups
PERCENTAQGE

Stippled cells per 100,000 red cells

Very r;ne
grumtiles ; .
Exposuro groups (ugstion- Definite stippliug Toted
able
Noue, )
[ ’Over . - Over
‘ 1-3 ’ 3 1-2 ‘ 36 | -2 {21 100 100
Cur users: ’ l t ‘
Noethyl gasoline (A) Bl 3 [ R U 3 [ B 100
Kithyl gusoline (B)_.. 79 8 1 9 [ 3 l.... ________ 100
Ciarage und gasoline work '
No etby] gusoline (C) 62 10 ] 10 ;3% PP O IO, 00
Fthyl gusoline (D) 51 4 28 9 L2 S SO ‘ i}
5 , 2 100
36
7
21
57
61

TABLE 34.-—Stippling of red bloed cells by subgroups of Group E {persons exposed to
lead dusts)

PERCENTAGE
!
Stippled cells per 100,000 red cells
Very 1tne ‘
granules . .
Eaposure to lead dusts (question- { Definite stippling Total
able) l
Noue
—— ‘
‘ 13 | Ot 19 ’ 3-8 17-20 }21—100}
Slight, present exposurs (Subgroup M)y__...... 28 L. .. ... .. 28 25 _,__,t,.. 100
Muderate, present (Subgroup K1) ¥l - L T 20 28 207 190
Severe, present. 1 month or Jess {(Subgroup 8)..0. ... 13 -7 28 TORRP SO, ’ 44 ' .724 100
Severe, present, more than 1 month (£ uh X
group §3) . ! 4 3, @, 22] L2 10
Total for Group K. . 1 s ' 2 I 10 l 13 [ 1 26 l s W
- :

slight, present.. ... ..o ... 4
Moderale, present ... 25
severe, pregent, Lwonth orless.. .o . . ... Moo 2., 2 Y

severe, present, wore thau 1 month. . o _ 12 AU

3
Total for Grotp Eomoeer oo ee e l 3| Py l 5] 81 8 w' wl 61
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TapLE 35.-—Stippling of red blood cells, by subgroups of Group B (users of auto-
mobiles with ethyl gasoline) divided according to estimated exposure

Stippled vells per 100,000 red cells

!
3
Very fine
granules
{(guestion-
able)

Deflnite stippling Totul

Nons

Subgroup 1. iilamaaann |16
Subgroup 2. R

Suhgroup 3
Subgroujr 4

Tasre 36.—Stippling of red blood cells, by subgreups of Group D {(garuge workers
und gasoline handlers exposed to ethyl gusoline) dwwided according tu estimnuted
€L POSUTE

Stippled cells per 100,000 red cells
Vary fine l ’
(‘fl‘:;‘;&lﬁ_ Deflnite stippling |
able
None| e Totuf
13 [Over] g i 36 | 7-20 im-wu“"’“"
3 i . 10
- ! D
SUBELOUD 1. - - aaaecnae e eaaacccoincanmaeaene 5 4 i 2 ‘ ‘‘‘‘‘‘ R 14
Subgroup 2 8 4 1 | EEREE 15
Subgroup 3.. 3 3 2 ) I S i1
BuhgroD 4. it aaaaas 7 5 1 P 14
Motule il i 29 P . 16 5 & - . a7

Tanie 37 ——Stippling of red blood cells in Group D (garuge workers and gasoline
handlers exposed to elhyl gusoline) in relativn to acknowledged spilluge of ethyl
gusoline or of undiluled ethyl fluid on tieir persons

Stippled cells per 100,000 red cells

Very fine
grunnles
(qu%sltlun-
al
None © Total

Definite stippling

I(}vcr N . ] s } _ )Dver
1-3 3 1-2 | 3-6 | 7-20 |21 100] 100

| J
No acknowledged spillage of ethyl gasoline. ... 7 } 1 } ...... 3 1 ) S SR S 1%
Spillage of ethyl gasoline scknuwledged 1. ... 21 ) IR O 10 4 L 3N DU SO 49
Spillage of npdilnted ethyl Huid {n most cades
overone year 8gob ... L.l 1 l ..... ‘ ...... 7 ; 2 2 DN S, 22

! Including 16 who spilled both ethyl gasoline and undiluted ethyl fuld,
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TanLe 38.—Analyses of 20 samples of feces from 10 presumably normal persons
at Hygierdc Laboretory, Washington, D. C.

‘ Mili- Mill-
grams of s grams of
Sample frami— Ash l’[‘oma) lead lead Snmple from— Ash [Totallend| lead
per gram |l per gram
i of ash of ush
I AMilli- Milli-
Grams ‘ gram prem
2,0 0.228 0.114 4. 725 0. 145
2.5 L181 2 . 801 L 183
4.0 I L4110 48 077
. 3.5 .68 .19 N
Lo .22 Al e
30 L1173 .38 2
mt L13% IR I SO
4.7 221 L]
4.0 z .8 S0
5,5 42 L0
2.5 } 242 N
56 . 268 o
1.4 ‘ 245 2




TaBLE 39.—Lead in feces o

INVESTIGATION—TABLES

of lead per gram of ash of feces

89

persons grouped uccording to exposure: Milligrams

PERCENTAGE
0.030 and|{ 0.031- 0101~ 0.301- 1.001- 3.00L and Total
under 0.100 0300 1.0600 3.000 over

GIOUP A o eeee o icaeas 13 52 PR [ I 100
Group B ..o eaaa 1 55 32 A R (R 100
Subgroep 1. ieieee B ad 38 100
Subgroup 2. 7 60 27 100
Snbgroup 3. 13 50 33 100
Subgroup 4. ... 17 58 25 1
Qroup Cousoenae oo ] 47 41 [ . R 110
Croup Do 7 2| & 13 PR , e
Subgroup 1. ..o 8 15 G -1 ilv
Subgroup 2 ... ¥ 46 K] 8 100
Subgroup 3. 7 7 2] 14 jih
Subgroup 4. 7 21 50 21 100
Group £ 2. 15 | s 100
Subgroup M 75 26 100
Subgronp 8] 10 7 100
Subgroup 5. S R vy
Subgroup 83 7 27 o
(L T I 8 34 3 16 7 1 100
Group A o ciaeiiieee- 31
Group B... 56
Subygroup i. 13
Subgroup 2_ 15
Subigroup 3. 1)
Subgroup 4o eeeo oo 12
Qroup Comrvee e eamane e e 17
Qroup D, . e ciiiaeen I
Subgroup 1. ... ... 13
Subgroup 2. 13
Subgroup 3. 14
Subgroup4._ ... ....... 14
Group Eo. oo 41
Suhgroup M 4
Subgroup 81 21
Subgroup S. 1
Subgroup SS. ... ..o 15

b N1 R, 16 Lirg T4 31 13 2 19y

18925 964— 7
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Tasie 40.—Lead in feces of persons grouped according (v exposure: Total milli-
grams of lead in sample

PERCENTAQGE
! 0.15 and ? . ' ‘
| A2 a1 0.06-0.50 | 0.51-1.50 { 1.51-5.0 50015, Totul
Grotp A... Ay 58
Group Boo. o caeiciiiiaaan PO 28 67 ‘
Subgroup 1 23 62
Subgroup 2. 40 40
Bubgroup 3. [ 68
Subgroup 4o .oeoen 33 L3
Aroupn Co it ceciieacemeaman 12 71
Groun D i i 20 &7
SUBEFOUD Leasncm e cveammemecaneae - 23 L
Subgroup 2 16 By
Subgroup 3 7 o
Subgroup 4 36 36
Grunp B e 2 18 ‘

Subgroup M
Suhgroup Si_,
Sabgroup S_ ..
Nubgreup S8

1
T P et J TR 50 ;
| |

NUMBER OF CASES

{
Group A ... ... e ameeaeacan 0 18 R O, f ......... j 21
Group BB 14 3z ‘ U S f .......... 2 56
Stubgroup 1 3 8 '
Suhgroup 2. [ 8
Subgroup 3.. 1 it
Bubgroup 4 4 7

Qroup O e acmacam s
Group Do e amanan

Subgroup 1
Sabgroup 2
Suhgrouy 3.
Subgroup 4.

Qroup ¥ aaciaamcaanaans

Sebgroup M.
Subgreup Sk
Sabgroup 8.,
Subgroun 83, e
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TasrLe 41.—Leud in feces of persons grouped according to expasuve: Milligrams of
lead per gram of sample

PERCENTAGE
0.0030 0.0034- 0.010- 0.0301- 0.1001~ Total
andunder 00100 | 0.0300 | 04O | 03000 A

GLOUD Aureoomneeeeaee e mmeneee 58 38 L3 SO s 160
Oroup Bo. o as 100
Subgroup 1 100
Subgraup 2. 1Ly
Subgroup 3. s}
Subgroup 4 g
Group Co i ceici e naman 1
Group Do e pLeH]
Subgroup 1. w
Subgroup 2. L0
Subgrenp 3. 10
Subgroup 4. .. 100
Aroup B, e 100
Subgroup M 1o
Subgroup S1_. juy
Subgroup S MM
Subgroup 85 10U

100

15
(€] 05157130 - S, 25
Subgroup 1 5
Subgroup 2._- 7
Subgroup 3.-. 7
Subgroup 4 &
Group Co. e [ 4
Groop Lo e etmaeas 23
[
S
4
7
Groap E. . e me 2 |
Subgroup M. .
Subgroup 81.__
Subgroup §. -
Subgroup S3...
Total, i man e
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TarLe 42.—Lead tn feces of persons grouped according to expvsure: Milligrams
of lead per gram of ash of feces, after 0.05 is subtracted from total milligrams of

lead found
PERCENTAGE
T ;
0.030and! 0031~ | 0101~ | 0301~ | Lo0OI- Over Total
uader ’ 0.500 0.300 1.000 2.800 1.000 °
| R [N R A
GrOUP Ao e 29 } 48 16 [ N . 100
Group Booee oo e ] 20| 4t | '
Subgroup oo ooal. 23 ‘
Subgroup 2., 13
Subygroup 3.. 13
Subgrongi 4. . oooioal. 383 !
Aroup Ul iieiis ceaaen [} l
Group O... 13
Subgroup .. - 1
Subgroup 2.. 15
Subgroup 3. 7
SUBErOP 4. ct e 14
Group B o o . 2
Sabgroup M
Subgroup 81. 3
Subgroup 8o mne cae e el
Subgroup 83, ... mmeccrmamfecemamaana
Total e iiaanae 15
NUMBER OF PERSONS
[&] {758 1 VPN 3
Group B ainiacmenana It
Subgroup 1o iamainnaas 3
Eubgronp 2.. 2
Subgroup 3. 2
Subgroup 4. ool 4
Group O el 1
Croup Do 7
SubgEroud 1o .ccaveiceaana- 2
Subgroup 2. 2
Subgroup 3.. 1
SUbBIoUD 4.cici i icnn e 2
Group E_. .. ..i.o.o e 1
Snvgroup M., [ N
subgroup Sk 1
Subgroud S. o e e e
Subgroup S8..
X0 DU 20
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TasrLe 43.—Care in Dayton municipal garage (a conirol garage)

Make of cars

Number Number

N 0
of cars cylinders

3¥-ton Mack truck

I PR

TasLE 44.—Carbor monozide determinations at Dayton municipal garage (¢ control

garage)

Carbg?

. ; monoxide

Date Tinie of sampling i parts
per 10,000

LI < T 2
410p. m_. . 3
440 p, m___ ¥
LTI T v
G4ta, m. .. 2
d7a . 2
J e me. Y
13.30a.m. . 2
§30a. w. [
7a,.m.. 3
758, w. 2

Ll B a. 4
ap 3
2

Remerks

3 cars vperating.,
Do,

No cars opernting,
Duo.

2 ears operating,
Do.

1 car vperativg.

2 cars operating.
No cars operating.
4 ¢ars uperating.

2 cay Gperating,
No cars operating.
4 tars operuting.

2 ¢ars operating,
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TanLe 45.—Cars in garage of public service corporation in Dayton (a test garage)

Number N“mb“

Make of cars of cars

cy lmders

— 0

-GS G b 02 I RO U0 e

;
|
!
:|
l
l

S e R T T NS e A

TasLE 46.—Carbon monoride determinations made al garage of pudblic service cur~
poration in Duyton (u test gurage)

Carbon
muonoxide;
Date Time of samuling in parts Remarks
per
10,000
0 | No cars operating.
2| 2 curs vpernting.,
0 | No vars operating.
111 car operuting.
2 10 or x;num cars operating; pesk period.
i 0.
0| No cars aperating.
4] Deo.
0 o.
4 | Peak period.
1} Just at start of peak period.
4 | During peak period.
0 { No ¢ars operatiog.
0 Do.
2 A.c start of peak period Saturday, clos-
at nuon.
4 At close of peak period.

D 20 N ‘ [RECIUE N 1 S t

TasLe 47.—Curbon monozide determinaiions at Cincinnati lest garage

Carbon
mouoxide)
Date Time of sampling in parts Remarks

No cars belng tested.
1 earDmsted for 2 minutes.

No cars being tested.
Overhauled car tested for 20 minutes.

elere

CONRKNSD
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TasLr 48 —~Water analyses made at Hygilenic Laboratory

Residue on Lead
evaperation} found in 4
per liter liters

Lead per

3 Calcium [Magresium
jiter

per liter per fiter

Sample No.

] !
Mitligrams }M’z’!ligramx Milligramns | Milligrems | Milligrams
408, & 022 82,0 34,

0,088 ;
116,86 Jptive .o §0.7 2.7
2733 Los2 ! L 133 36.5 8.5
1451 S Rit | 53, 2 ‘ .5

Tarue 49.—Rowtine analyses of tup water by Dayton ity laboratory

[Parts per million)

1
Totul I Alldin- | Tenipo- ’ verma |y | ol | Tatal
solids (H‘fi{'h) I arr‘&(n)css hurrlalx;;ss hardness mugncstu{ caletum
, | !
1924 .
January .. ... 460 330 271 78 9 82
382 330 1 86 357 41
asg 321 263 89 352 58
390 326 268 85 3583 87.6
420 345 275 o7 37 | "
440 333 273 o8 J6y 91
e 4o 340 o 93 372 91, 68
e i 440 353 200 -5 373 7
Septeutber., . i 416 353 200 -4 376 5. 5
October .. _. 490 341 283 8 360 90,5
Noveurhet 473 341 278 88 366 %1
DPevember. . . i an 428 325 207 a2 35y 85,75
1428
Junuory. oo oL LL : 430 353 290 70 360 40 79
February. . 470 339 2 82 360 32 - 9l
400 32 265 84 349 2.7 uth
470 435 275 87 362 34 3
i 308 253 83 341 33.2 82
480 3356 275 86 360 32 1
103 345 275 73 348 31,5 88
501 400 335 | 35 CEN I TR &6
Septewmber. 116 390 320 92 412 34 1061
October_ . .ol 410 341 280 ‘ 58 368 | 33 3
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TABLE 50.—Routine analyses of tap water by Cincinnals waterworks laboratory
{Expressed as ions, in parts per million}
[
Ca Mg Fe J Cn 8O Ct
t
1923
Japuary..._._...... 317G 4.75 0.04 ‘ 19.8 56, 8 24
February. ... . 28.1 1. 80 .03 18.¢ 513 18
20.2 1.67 .0 18.2 48,2 18
31.0 2. 52 10 21.6 5.6 15
318 5.18 ! 21.0 6.3 18
30,3 2.98 .06 21. 6 50.3 i
37.8 2, 28 .05 25.2 79.6 28
- 33.0 3. 26 .05 2.6 7.5 2
September._ .. 30.6 554 .08 28,8 95,3 31
October. 41.6 9.12 .05 33.0 T4 32
November. _. R R 50.1 8,9 .27 35.4 9.2 45
December.. ... L 41.2 5.82 .20 ! 2.6 74,2 31
Average, 19% . __..___..... e 5.5 | 43 I, [ oos 22
1924
JRNWUTYo. e 28, 10 1.49 .35 19.8 82,1 12.5
Februwey .~ 107 33.3 211 .30 2.8 61,2 19,0
Mureh. .. 311 2,95 .20 21,0 50,2 17.0
April._. 30.5 283 | Lome 15. 8 53.6 15.¢
May. 28.5 3.53 .0 19. 2 5.0 5.0
June’ 41.8 3.50 | Nizg 26.4 51.4 1.0
July. 35.2 4.37 03 26.4 59.5 17.0
Avgast__ LT 35.8 4,81 .15 27 .9 19.0
Septewnber ... _1C an 1 5,71 10 22,8 82,0 28,9
Octlobar__._ _ L 1 ans 2,50 10 2.2 5.6 20.0
November .. ___ 34.7 6.10 .05 30.6 56.9 250
December. .. ..o oo 38.6 3.05 .10 240! 9.1 0.0
Avernge, 1024 ... e 3.1 | 360 14 B4l ®8 1.5
1 1
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Tasrr Sl.—Dust and atmospheric findings in Daylon control garage

Calatluted findings

Load i dust sweepings..

Lead in atoospheric dust
by impinger.

l.ead in wtmospheric par-
ticles by Drinket’s pre-
cipitator.

Lead in dust and vapar
by charcuat nethod,

Carbon monoxide by
pyrogailic tannie acid
method.

2.08 milligraws per gras .
166 milligrams pergram.

0 82 milligram per gruan_ !

0.38 milligram per 10
cubie meters,

016 milligram per 10
cubic meters.

0.07 milligrimm per 10
cubic meters.

0.06  willigram per 10
cibic weters,

0.7 milligram  per U
cuble ueters.

0.0 miligram per 10
cubic meters.

0.0 milligram  per 10
cubiv tnetery,

0.U3 yper cent.

Actunl findings

15,36 midigrams total,
4.27 illigratns  per
LA ash.

49.25 milligraras total,
231 oiligramns per
pram ash.

SAR miligrams  total,
1.30 milligrats  per
grom asli.

016 ruilligrune i 150
cubic fuet.

U4 1nitlige in 30U
cubiv feet. .

906 milligram in 240
enbiy feet,

0.07 willigram in 420
cubic leet,

Q01 willigean o 100
Jiters.
0.0 weilligram in 150
Jers.

000 williprany in w00
titers,

Condition

Frow floor.

From floor atud table.
Frow foor and benches,
Afternoon peak.

4 penk perivds

Repale sbop, midille of

aduy.
7 hours middle of day.

Morning peuk.

1101 hour in morning,

Afternoon peak.

| 4 curs opersling.
Do

3 cars operating,
Do.

2 cars operaling.
Do,

Da.

1 car operating.
No cars operating.,
Do,
Do
Du.
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TasrLe 52.—Dust and atmaspheric findings tn Doyton test garage

Actual findings

Condition

Lead in dust sweepings. ..

Lead In atmospherie dust
by impinger.

Leard in atwospheric dust
by Drinker precipitator

Lead in dustand vapor by
charcoad Juethod.

Crarbon ;uun()xi:.}e by
pyrogallie tunnie acid
method.

; Calenlated findings
!

22.31 milligrams per gram
5.82 milligramss per gram.
4.64 milligramns per gram.

3.41 milligrams per grom

065 milligram per W
citbic megers.

032 milligram per 10
cubie meters,

.18 milligram
cubie meters,

10

per

G144 milligrain per
cuhic tueters.

¢0 per 10 cubice tuelers

0.07 per cend v ecaaas
0.00 per cent.

72.50 milligrums total,
36.25 willigrams per
graan ash.

24,16 milligrams total,
10.74 milligrams per
grum ash.

2451 milligrams total,
6.29 milligramns per
gram ash.

131.1% milligrams total,
5.0 milligramus  per
Fram ash.

9.11 mitlgram  in 60
cubic feet.

0,19 milligratn  in 210
cuble feet.

047 milllgruw in 900

cubie feet.

0.26 midligram in 500
cubig feet.
0.12 milligram  in
cubie feet.

0.00 in 125 liters
Q.00 in 150 lters

From radittors, benches,
and window sills.

From repair shiop.
From garage floar,

From toor, table, and
radintor tops in gurage
and repuir shop.

Afternoon peuk.

4 peak periods.

2 night periods.

¥ hours in widday.

Repair shop.

Afternwon peak.
i
Fulluwing morning peak,
Night, during  filling,
spillage.
Following worning peak,
spiilage.
Alternoon peak.

Peak period.
Do,

Do.
Da.

Do,
Beginning of peak period.
2 ¢ars operating,
Regioning of penk period.
1 car operating,
No cars operating.

Do

Do.
Do,
Do.
Do,
o,
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TanLe 533.—Dust ard utmospheric findings vn Cincinneti contral garage

Leud in QUST sweepings. .

Lead in almospheric dust
by impinger.

Lead in ntmospherie dust
by riuker precipitatar,

Teud in dust and vopor
by charcoal rethod,

Carbon  monoxide Dy
pyrogallic tannic actd
umetliod

Culenlated findings Actunl tindings Conditson
.19 willigraws per grian.| 56,96 millipraags totad, | From ander curs
10606 mitlligrams  per
- grraim asb. N
240 milligrams per groin 2034 milligrmns total, | 7 rowe benches and Hsed
U5 bt nudlligrams per touls.
gram ash.
1.0 dtligrams per 10 F 009 milligrim in 20 | 6 men working.
cubte nieters. cubie feet.
0.0 milligramn per 10§ 0.0 ndlligrane in 150 | One-balf hour in mern-
cubiv meters. “huers, ing.
21,5 nilligramus per 10 L9 tilligrons in 900 1 Hoar at neo,

cubie tneters. liters,

(.00 per ceul . No ¢urs eperated ju g
Jomeartin. .. rage  during o entirs
‘ tlos perimd of tests.
feaawadoo.

Tasre 54 —Dust and atmvspheric findings in Clucinnatl test garuge

1 4
Calealated findings Avtuad fimdings Condition

Lead dust in sweepings...

Lead in cleansjipg kero-
sene,

Lead in attnospheric tust
by impinger methud.

T.ead in atmospherie dust
by Drinker precipitator.

Lead in dust and vapor
by clusreonl method.

Curbon  moneside by
pyrogallie tapnic acid
method.

17.54 milligrawms per From workbenches.

gram,

16050 milligratns total,
7133 milligrams  per
gram ash.

6.18 milligrams per gram.| 51.78 milligrams totul, ! From foor.
: 86.4¢  inilligrams  per
gram asii.
0.34 milligram per cubic | 3.5% milligrares in 25 | Keroseny had been used
centimeter. cubic cenitimeters. us spray (o ciean cat-
3.62 milligrans in 25 bureters,
cubiv centimeters.
0.26 milligram per 10 ¢.1% milligram In 240 | Daring tesling of motor.

cabit neters, cubie fect,

0.00 10 150 dters_ ..

Q.0 per 10 cubic meters. .

PRI { o

Testing fur 1 minte,
Cars being tested,

2 iorning hours.

0.0 Ir 800 Hters oo ...

Cur tested for 20 minuates,

"Car tested Jor 2 rninutes.
Do

No ears runping.

0.
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Tavry 55.—Dust and atmospheric findings in a plant with definite lead huzurd

; Caiculated findings

( —_

Lead in dust sweepings...] Moch over 300 nutligraius
per gra.
Over 200 milligrams Jer
granl.
Lead in atmospherie dust | 164 miligeams per 10 cabie
by impinger wethod. meters.
. 51 milligraros per 10 cuble

! ineters,
I 24 milligrams  per 10
ttbic meters.
14 milligrams per 10 cabic
weters.
l 7 illigramy per 14 cubic
meters,
' 2.5 milligramms per 10 cubic
meters.
} 2.6 milligralus per 10 cubic
megers.
Curhon  mouoxide by | 200 pereent. .. .. __
pyrogatlic tennie wneid é“_.,do,
muthod. l_ d

Avtual findings Cubdition
Very beavy precipitation.] Rootm B.
J U ...! Room ¥,
26,23 pilligraius in 60| Roow A

cabic feet.
1785 wmilligrams jn 125 | Ruom B.
cubic teet.
4.85 willigrams in 70 eubic

Room C.

i
feet. |
2,37 milligrames in 60 cubic | Roow D,
feet. {
1.9 willigrams in 60 cubic | Room B
fvet.
0.43 milligram in 60 cubic | Roam F
et
0.45 milgram in 60 cubic ’ Ruom (h
,  feet.
Boom A,
Do.
Room B.

0,

Room C, 93040, m.
Koom 0, 10 . m.
guum ¢, 10,0 0.
i Room €, 1044 a, 1.
Hoom D,

TavLe 56.—Controls on methods for estimating lead in ¢ir

]

Positive controls

!
\ Negative controls
!

Impinger method .. ‘ Blank gave 0.02 nilligram. ..

|

Drivker precipitator. .| Blank gave 0.00 milligram

........ 26 cubie fevt of fumes W hours alter cow-
bustion of 470 cubic centiineters of 1
per cent tetruethyl lead in gasoline in
1,40 cabic feet cliuzber yielded 8.1y
milligrams, or 56 willigrams per 0
cvuhic meters.,

............ 25 liters of above fuwes yiedded 0.15

illigran, or 6U suiligrams per 10 cubic
neters.

Chareen)o oL i Unexposed chareoal yiekied 0.34 1wl

gram in 400 cubiv centimeteys.  This |

wuennt was subtracted 1o each case
t give the whounts tabulated In
i Tebles 6150,

!

37,5 liters of air, which had svaporated 40
cabie centimetars 0ut of 100 cubiceenti-
weters 1 oper cent tetruethyl lead in
gasoline, saturated the charcoal with
gasoline fumes sod yielded 18.44 milli-
grams lead.




| R

INVESTIGATION—TABLES

TABLE 57.-—Lead found in samples of gasoline

101

| |
! | Calens
fated | Percent-
| ratis, age of
' - lg,f:;m);r telrus | wands
! dource Nlligraas bead found l;ll[)lit ethyl | i
centi- fead to | motnt
proter |, BaSU of dead
SO Hine, by (L1208
1 volutng
—_ A!_.H —_— ‘i
1925
[SIO . v & Dayton cuntrol gurage ... 1 000 i 50 cuble centineler
Nov., 2 ‘ do ‘{(),(m in 25 ciuic ventitnele
ey SRR i 000 o 25 cubie centimeter
. . . (33,2 i G0 cubic centimetey
Oet. 13 | Dayton test gardge. ... 1512 in 50 cabic centimeter
Oet. 29 .. .. Q0o ] 18,70 I 25 culie contltneters.
13783 in 50 cubie centimeters
Dec, I8 .. dueiiianca i e l 38,95 in 50 cubic cetuthwweters,
i $5.20 in 50 cuble ceatimeters.
SO o e fapnciag |JS0.78 i A0 cubic centinielers
Dlﬁ&i&-"\ht gurage Gpeckd Fag Tl i Ry cubie centimaters
vl . l!&(‘x.sﬁ in 00 cubic ventimeters.
Davton eommercial elhyl [
pasoline:
S in .Ahu sl centiweters_ o
E N AT0 V1 S, 4:} o cubie contimeters 1:2611 4
in A0 cubic centinelers, .
9L in W eubic contimeters.
Stationm . e S22 00 S ubie conthmeterd. IRy 112
7,402 i 20 cubie continteter ;
J‘.‘l G# 1 L euhic veitiuel i
Station 3., e 20 8 1 S0 cuhie eenT el 112874 93
. 3 [2’ 37 in S0 ettdie contivelers Lol {
Cipeinnuti control garage:
Foe 1 Tirrars s O it .'Juulu centithete
Nov, 6 Dpedinary gus ] 0.0 i 2 5 ctihiv centinete Sl Sk
sl seasalitie LU in M: cubic ventinzeters
Benzol gasolive. AU b 9n cuble cenbimeters oo oo T TR R
Clocinnati  commercial
ethiyl pusoline: \
8.01 in 25 cubic centiteters \ . v P
Nov. 7 Station 1 8.08 in 26 cubic eentimeters i | 32} Loy 4
oy b smmemamsroeee 7 4G 0 20 cubiv centiltieters 2. | a7
l 7.85 in 25 wibie centimeters 3o { e N
) " 3 23.0 in 50 cubic cenlimelers ... Il e .
Dee. 16 ! Btation boooooooooos {22 R in 50 cubic centitmete . ) <46 1 12266 56
Abti 175 in & eubie centitietey i . .
8 2 Lo8h | Liun? .
Blation 2.eocmeeneee ""5{17 5 ip 50 cubde centimelers Al) <85 | LT 2
i 12,04 in 50 cubte centitiete O Y g1 1edunr 5
R .,{11 T4 in 50 cublc centimeters. . [ -4 i 1:4485 1 2
) I i

1 13y second wethod.

b} By first method,







REPORT OF COMMITTEE OF SEVEN RECOGNIZED
AUTHORITIES APPOINTED BY THE SURGEON GENERAL
OF THE UNITED STATES PUBLIC HEALTH SERVICE TO
PRESENT A STATEMENT AS TO THE HEALTH HAZARD
INYOLVED IN THE RETAIL DISTRIBUTION AND GENERAL
USE OF TETRAETHYL LEAD GASOLINE MOTOR FUEL

By W. II. Howewy, A. J. CussLey, Davin L. Epsace, Remn Hosy, W. S,
Learrers, Junius Sriecritz, C.-E, A, Winstow

Janvary 17, 1926.
Surg. Gen. H. 5. Cumuing, .
United States Public Healtl Service,
Wuashington, D. C.

Dear Siw: The committee appointed by you at the request of theé
conference held in Washington Muay 20, 1925, was directed (o present
to you, “if possible by January 1 next, a statement as to the health
hazards involved in the retail distribation and general use of tetra-
ethyl lead gusoline motor fuel.”  As soon ax practicuble witer its
appolntuient the conumittee met in your oflice {or organization and
for discussion of the procedure to be followed in carrying out its in-
structions.

The members of the committee Tamiliarized thewselves, as far as
possible, by conferences and by reading, with the existing data bear-
ing upon the subject and upon lead poisoning in general. They had
access to the stenographic report (see Public Health Bulletin No. 158)
of the addresses and discussions which took place at the conference of
May 20, and subsequently they made a personal examination of the
plant at Deepwater, N. J., for the manufacture of tetracthyl lead,
and of one of the stations at which the ethyl fluid is mixed with gaso-
line.

Ethyl gasoline was first placed on sale February 1, 1923, and its sale
was voluntarily discontinued May 5, 1925, about 300,000,000 gallons
of ethy! gasoline Leing distributed during this period. Serivus cases
of poisoning occurred among men handling lead tetraethyl und ethyl
fluid in the States of New Jersey and Ohio. As far as the committee
is aware these accidents had all occurred in connection with the manu-
facture and blending of concentrated tetracthyl lead, and threw no
direct light upon the problem specifically laid before us—that of the
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retail distribution and general use of ethyl gaseline. The valuable
experiments reported by the United States Bureau of Mines and by
investigators at Columbia University and others yielded important
results, but we felt that the crucial test of the situation must be
derived from actual experience in the use of ethyl gasoline under
practical conditions of operation.

It was therefore decided that the committee should make u direct
investigation of the question submitted to theny, planning the work
on as extensive a scale as was possible in the tiine allowed. Yortu-
i nately this wode of approach was made [easible by the fuct that
| ethyl gasoline has been In constant use as a motor fuel in eertain parts
of Ohio for several years; and although the production and distribu-
tion of tetraethyl lead and ethyl fluid had been suspended by the
voluntary action of the manufacturers, pending the present investi-
gation, it wus known that in the region indicated a supply of ethyl
ftuid was still in the bands of certain consumers and would be con-
tinued in use.  We were thus preseuted with an opportunity of study-
ing a fairfy Tnrge group of individuals who had been using and han-
dling ethyl gnsoline and of compaving the findings upon them with the
examination of a similar group employing gasoline free from lead.

Tn several conferences the committee, with the assistance of Sur-
geon General Cumming and Surg. 1. R. Thompson, United States
Public Health Service, in charge of the seetion of industrial hygicne
and sanitation, formulated o general plan of mvestigation. The
actual conduct of the work was intrusted to Dr. J. P. Leake, surgeon,
United States Publie Tealth Service, who at once organized a corps
of workers and began ohservations upon certain groups of individuals
in Dayton and Cincinnati. The committee desives to express its
appreciation of the cordial cooperation extended to this group of
observers by both the emplovers and workers in the garages selected
for the investigations. After all the preliminary arrangements had
been completed the work was pushed with great vigor during the
gutumn months, and on December 19 Doctor Leake presented to the
committee a full report of the results of his study. The cominitiee
wishes to express its great satisfaction with the promptness, energy,
and ability with whieh these investigations were carried out. The
general character and scope of the work may be summarized briefly
as follows:

Two hundred and fifty-two individuals were studied. They were
all adult meles and fell inte five groups.

1. Group A, a control group, consisted of 36 men who were cm-
plovees of the city of Dayton. Their duty was to drive cars during
the working-day. In these cars the gasoline used contained no lead.
The cars were housed in the municipal gurage, which in the report is
designated as the Dayton control garage.
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2. Group B, & test group, cousisted of 77 men who were employvees
of a public-service corporation in Dayton and whose duties were
similar to those of Group A. The cars that they drove, however,
used ethyl gasoline, and this fuel had been in constant use in this
service since July, 1923.  The garage in which these cars were housed
i3 designated as the Dayton test garage.

3. Group C, a control group, consisted of 21 men. These were
employed us garage workers in the Dayton control garage or in a
similur eontrol garage in Cincinnati, or as gasoline fillers at service
stations or on trucks delivering gasoline in Dayton and the adjoining
region. In none of these garages, service stations, or tracks was
gasoline containing lead used or handled

4. Group D, a test group, consisted of 57 men. These were em-
ploved as garage workers in the Duayton test garage or in a similar
test garage in Cineinnatl, or as gasoline fillers at service stations,
wholesale gasoline plants, or on tricks delivering gasoline in Dayvion,
Cincinnati, and vicinity. The duties of these men were similar to
thase of Group C except that ethyl gusoline was handled in the
garawes, stations, and trucks.

5. Group E, a control group, consisted of 61 men cinployed in two
industrial plants of entircly different character from the foregoing,
in which there was known to be a serious exposure to lead dust,
Numerous cases of lead poisoning had occurred iu these plunts.  This
group was selected to serve for what might be called a positive con-
trol or check in regard to the validity of the clinical and aualytical
methods used in the study of the individuals of Grouns A, B, C,
and D.

Methods used.~—YXach individual was subjected to a curefud clinical
examination, and in addition smears were made {rom his biood and a
specimen of his feces was colleeted. The blood smears und the
fecul specimens were sent to Washington o be examined by trained
experts for stippling of the red cells and for content in lead. The
examination of the feces for lead was made by chemists who had been
especially trained in the technigue of the method.  The blood exum-
inations were made by a group of skilled observers and were arranged
so that the counts in each case were checked by several workers.

The clinical examination was conducted by four physteians. The
{irst of these took a carceful industrial history of each subject and as-
signed to him a certain number. These numbers were taken at
random. Thereafter this individual was recorded by his number,
and none of those making the subsequent examinations or the lab-
oratory tests know whether or not the individual Lind been exposed to
ethyl gasoline; nor, in {nct, did any examiner, except the one who took
the industrial history, know to which group the individual belonged.

1802° —26§——8
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After taking the industrial history other examiners made a thorough
medical examination, including a medical history, hemoglobin
estimation, red-cell count, blood-pressure records, visual acuity
tests, urine examinations, etc., and finally a determination, by u
special method devised for the occasion, of the muscular strength
of the extensor and flexor muscles of the forearm.

While all of the examinations were made with as much eare us
possible, special attention was given to three nicthods which, it was
hoped, would yield quantitative data of an objective character.
These were, first, the determination of the amount of lead in the feces,
as an index of lead ingestion or absorption; second, the cstimation of
the number of stippled red cells, which, in the absence of other
causes, might also be considered as an index of lesd absorption;
third, measurements of the strength of the extensor muscles of tlhe
forearm, as an index of lead poisoning, The first (wo ethods
yielded results of positive value, but the lust was practically necative
so far as the present investigation is concerned.

When all the data had been collected, they were submitted to
study and statistical analysis by Doctor Leake and his collaborators,
and the results were presented to the committee in the form of o
detailed report containing a description of the methods used, tabular
summuaries of results, and protocols of the findings for each individual
studied. This report will be published in full by the Public Health
Service.! So far as the clinical examinations are concerned, it may
be said that they failed to give any decisive indication of lead posion-
ing among the chauffeurs or workers in garages in which ethyl gasoline
wag used as s motor fuel. (Groups B and D.)*

The median time of potential exposure among these men approxi-
mated two years, and this negative result, therefore, holds good only
for a period of this duration. It should be added that in Group E,
comprising workers in industrial plants in which there was a known
and serious exposure to lead dust, definite clinical symptoms of lead
poisoning were revealed, although these workers had been exposed
for shorter periods of time.

More significant results were obtained from the analysis of the
feces and from the microscopic examination of the blood smears.
These results are presented in condensed form in the accompanying
graphs and tables. (Graphs 1 to 4 and Tables A, B, C, and D,
pp. 112 to 115.) :

Graph 1 and Table A represent the amount of lead found in the
feces of the individuals of Groups A, B, C, D, and E. The figures
elong the abscissa of the graph give the amount of lead in milligrams

1 Pp, 1-101 of this bulietin.

2’Phe only infury observed was acuts irritation of the eyes in 2 few cases, dus to getting gusoline into the
eyes. This occurred both with ordinary gasoline and with ethy! gasoline but was perhsps more severe
in one cuse due to the latter. This case is mentioned specifieally in the tull report (pp. 15-16).
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per gram of ash of the feces, from 0.1 milligram to 3 milligrams.
The ordinates represent percentages of the workers in each group.
It will be seen that in Groups A and B, representing drivers of cars,
one using gasoline without lead and the other the ethyl gasoline, the
amount of lead in the feces was practically identical. The exposure
of these men was mainly to the exhaust gas from the motors, and
it would appear that in Group B, using the ethyl gasoline, there was
ne positive indication of increased absorption of lead. The fact that
in Group A some lead was also found in the feces shows that these
men were exposed to lead from some other undetermined source.
In this connection it is to be noted that 20 examinations were made in
Washington by the same methods of the feces of 10 of the workers in
the Hygienic Laboratory of the United States Public Health Service.
These workers had had no kuown exposures to lead, but their feces
showed at each examination small amounts of lead ranging from
(1.047 to 0.200 milligram per gram of ash of the feces. In what might
be called normal feces, therefore, lead miay be present, from accidental
exposures of one kind or another, in concentrations not differing
tnaterially from those found in Groups A and B.

In Group C, representing the garage workers and gasoline handlers
not exposed to ethyl gasoline, there is an indication of a slightly
greater excretion of lead. In the control garages and repair shops,
as will be shown luter, there was a perceptible amount of lead in the
dust upon the floors and benches.

In Group D, representing the garage workers and gasoline handlers
using ethyl gusoline, there is a still further increase in the amount of
lead excreted, slthough the number who showed excretion of as much
as 0.3 milligram per gram of ash is small (15 per cent). It seems
probable that this increcase was due to the use of ethyl gasoline, since
subdivision of this group into two classes—those with a lesser exposure
to ethyl gasoline as regards time and intensity, D1 and 2, and those
with a greater exposure, D3 and 4—indicates that in the latter there
was greater excretion, as is shown in Graph 2 and Table B.

In Group E, as would be expected, there is evidence of much greater
ingestion or absorption. Over 80 per cent showed more than 0.3
milligram of lead for each gram of ash of the feces, and in some
cases the Jead was present in concentrations ss great as 3 milligrams
per gram of ash.

Graph 3 (see Table C) gives curves indicating the number of stippled
cells found in the blood of the workers in Groups A, B, C, D, and E.
The abscissa in this case represents the number of definitely stippled
cells per 100,000; the curves are plotted for the values 1 to 2 per
100,000, 3 to 6, 7 to 20, 21 to 100.

Here again the results for Groups A and B ure practically identical.
In ench group s small number, 12 per cent, showed definite stippling.
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No examinations of persons who are neither drivers of cars nor garage
workers are available, carried out by the same observers using the
same method. It is not possible to say whether the slight degree of
stippling vbserved with Groups A and B possesses any significance,
but it seems to be clear that the.members of Group B, exposed to
the exhaust gases from engines using ethyl gasoline, showed no notice-
able increase in stippling as compared with Group A.

In Group C there iy a distinet increase in the percentage of workers
showing stippling, and this inerease is more marked in the workers of
Group D). These results, therefore, corroborate the findings from the
analysis of the feces in suggesting a beginning storage of lead in these
two groups.  That the greater indicated storage in Group 1} is con-
nected with the use of ethyl gasoline scems to be borne out by the
curves shown in Graph 4 {Table D), in which the curves are plotted
for the two classes of D referred to above, the workers with the greater
exposure showing a very slight increase in the percentage of those
exhibiting defluite stippling. The eurve for the workers in Group I8
13 of an entirely different character. Over 90 per cent showed
distinct stippling, and in most of these euses the stippling was relu-
tively very abundant.

Ingquiry into veported cases of ingury resulbing from the use of ethyl
gavoline —So fur as the comumittee could ascertain, all the reported
cuses of futalities and serlous injuries in connection with the use of
tetraethyl lead have oceurred either in the process of manufacture of
this substance or in the procedures of blending and ethylizing. It
seemied desirable to institute an inquiry in the region where this,
investigation was made, rud where ethyl gasoline had been employed
ax u motor fuel for the longest time, as to possible cases of injury
resulting from its use. All the workers examined were questioned,
therefore, in regard to their knowledge of cases of possible injury, and
inquiries were made in the Dayton and Cincinnati districts among
local health officers, physicians, public-health workers, and labor
leaders. The few clues obtained from this lnquiry were investigated
in detail, but the results were negative. No positive evidence could
be obtained of harmful effects attributable to the use of ethyl gasoline.

Qbservations wpon the lead in the dust and air of the garages investi-
gated and upon the amount of carbon monoride—In addition to the
examinations made upon the workers themselves, some data were
collected in regard to the amount of lead in the air and dust of the
garages and workrooms, and also in regard to the concentration of
carbon monoxide. These observations were made during October,
1925, and owing to the unusually cool weather prevailing during that
month, the doors and windows were closed during most of the day.
The conditions regarding ventilation were those to be expected for
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winter rather than summer weather. The several methods employed
in this part of the investigation are given in detail in the full report.?
The findings obtuined are summarized in the accompanying tabular
statements* for the several garages investigated as well as for an
industrial plant in which there wus a serious exposure to lead dusts.
This part of the investigation was not so extensive as was desired,
owing to the shortness of the time allowed, but it is evident [rom the
results obtained that some lead was present in the air of the garages
and workrooms whether the gasoliue used contained lead vr not;
and in the sweepings of dust from the floors and benches there was
a distinet amount of lead present, the figures running from 0.82 to
22.31 milligrams per gram of dust, according to the time and place of
the gathering of the sample. Tt would seem probable, therefore, that
in all garages in which automobiles are being handled and repaired the
workers are constantly exposed to certain amounts of lead dust, and
this fact would tend to emphasize the importance of providing such
rooms with adequate ventilation and of keeping both the floors and
the benches as free as possible from the accnmulation of dust.  Owing
to the incompleteness of the data, it is not possible to say delinitely
whether the exposure to lead dust was greater in those garages in
which ethyl gusoline was used. It is very desiruble that these investi-
gations should be continued.

On the basis of this investigation, the commistee feels that the
following general conclusions are justified:

1. Drivers of cars usiug ethyl gasoline as a fuel and in which the
concentration of tetraethyl lead was not greater than 1 part to 1,300
parts by volume of gasoline showed no definite signs of lead absorption
after exposures approximating two years.

2. Employees of garages engaged in the handling and repairing of
automobiles and employees of automobile service stations may show
evidence of lead absorption and storage, as indicated by the lead
content of the feces and the appearance of stippled cells in the blood.
In gnrages and stations in which ethyl gasoline was used the amount
of apparent ubsorption and storage was somewhat inereased, but the
effect was slight iu eomparison with that shown by workers in other
industries where there was a severe lead hazard (Group ) and for
the periods of exposures studied was not sufficient to produce detecta-
ble symptoms of lead poisoning.

3. In the regions in which ethyl gasoline has been used to the great-
est extent as a motor fuel for a period of between two and three years
no definite cases have been discovered of recognizable lead poisoning
or other disease resulting from the use of ethyl gasoline.

3 Pp. 31-38. ' « Talles 51-53, pp. B7-100.
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In view of these conclusions your committee begs to report that in
their opinion there are at present no good grounds for prohibiting
the use of ethyl gasoline of the composition specified as a motor luel,
provided that its distribution and use are controlled by proper regu-
lations. The committee feels that the formulation of specific regu-
lations in regard to the manufacture, distribution, and use of tetra-
ethyl lead, ethyl fluid, and ethyl gasoline for adoption and enforee-
ment by the several States belongs properly to the oflice of the Sur-
geon (leneral of the Public Health Service. In an appendix to this
report attention is called to certain suggestions which have been made
i the course of the discussions of this committee and which it is
belicved should be taken into consideration in making such regu-
lations.

In conclusion we beg to say that we are conscious of the fact that
the conclusions to which we have come in this report, although
based upon most careful and conscientious investigations, are sub-
ject to the criticism that they have been derived from the study of a
relatively small number of individuals who were exposed to the
eflects of ethyl gasoline for a period of time comparatively brief when
we consider the possibilities in connection with lead poisoning.
A more extensive study was not possible on account of the limited
time. It remains possible that, if the use of leaded gasolines becomes
widespread, conditions may arise very different from those studied
by us which would render its use more of a hazard than would appear
to be the case from this investigation. Longer experience may show
that even such slight storage of lead as was observed in these studies
may lead eventually in susceptible individuals to recognizable lead
poisoning or to chronic degenerative diseases of a less obvious char-
acter. In view of such possibilities the committee feels that the
investigation begun under their direction must not be allowed to
lapse. The respective States would be dependent upon the findings
of such investigations for changes in their regulations. With the
experience obtained and the exact methods now available, 1t should
be possible to follow closely the outcome of a more extended use of
this fuel and to determine whether or not 1t may constitute & menace
to the health of the general public after prolonged use or under con-
ditions not now foreseen.

Outside the question of -ethyl gasoline it would seem from this
investigation that wherever automobiles are housed together there
is an accumulation of lead dust which may prove to be a source of
danger to the workers involved, in addition to the hazards arising from
the production of carbon monoxide gas. The vast increase in the
number of automobiles throughout the country meakes the study
of all such questions a matter of real importance from the stand-
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point of public health, and the committee urges strongly that a suit-
able appropriation be requested from Congress for the continuance
of these investigations under the supervision of the Surgeon General
ol the Public Ilealth Service, and for a study of related problems
conneeted with the use of motor fuels.

W. H. Howury, Chairman.

A.J. Cursuey.

Davip L. EpsaLy,

Remn Hunr.

W. S. Learuers.

Jurrus SrIRGLITZ.

C.-E. A. WixsrLow,
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TasLr A-—~Percentage of persons with more than one-tenth milligram of lead per
granme of asic te feces (n the exposure groups A, B, C, D, and £

[Milligrains of lead per gram of ash)

i
0.101~ ‘ 0.301- z 1,001~ fa.om und
‘ 3.000 ’ over

U300 1.000

TabrLe B-—FPercentage of persons with more than owre-tenth melligram of lend per
grum of ash in feces in Group C wnd half Groups DI1-12 and D8-D4

[Milligrams of lead per gram of ashj

: e
' 0.10)- l oaot- | roor- |00t end
0,300 Lo | doo ’ over

Dlapd D2t
D3 and D4

D1 and D2 ure the two quarters of exposure (roup D which had less exposure to ethy! gasoiine anct
vthyl fluid and 123 und D4 are the two quarters which bad the greater exposure.
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Tasry C.—Percentage of persons showing definite stippling of different degrees in
exposure groups A, B, C, D, and B

{Rtippled cells per 100,000 red cells)

N 1-2 36 i 7-20 21-160 | Over 100

TasLe D.—Percentage of persons showing definite stippling of different degrees in
group C and half groups DI-DE and DS~1)4

[Stippled cells per 100,000 red cells)

{ -2 3-8 i 7-20 21-1 | Over 100
L PR ¥ §
Diand D21 .. - 28 8
D3and DL it icciii e aaaan 24 1

1D and D2 are the two guarters of exposttre CGroap D which had Jess exposure to ethyl gasoline and
etbyl fuid and D2 and D4 are the two quarters which had the greater exposure.
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REGULATIONS PROPOSED FOLLOWING THE
TETRAETHYL LEAD INVESTIGATION

These regulations have been formulated in accordance with the
recommendations of the Surgeon (General’s committee, under whose
direction the investigation into the hazards from tetraethyl lead gas-
oline was conducted. They are proposed for adoption by the several
States in order to secure uniformity of control and were the subject of
consideration at the meeting of the State and Territorial health
authorities with the Surgeon General on May 25, 1926. These regu-
lations are based upon present conditions and knowledge and it is
apprecinted that changes may be advisable from time to time.

By the term “tetraethyl lead” is meant the chemiecal substance
Pb(C;H;), of a commereial grade of purity or higher. Ethyl fluid is
the concentrated commercial fluid containing tetraethyl lead and other
ingredients, which is to be mixed with gasoline to make ethyl gaso-
line. The manufacture of ethyl fluid consists in adding these other
ingredients to tetraethyl lead and is called “blending.” The process
of adding the ethyl fluid to gasoline to form ethyl gasoline is ealled
“mixing.”” In the term “ethy! gasoline’” as herein used are included
all other motor fluids containing tetracthyl lead.

I. Proposed regulations for the manufacture of tetraethy! lead and
the blending of the latter to make ethy! fluid.

11. Proposed regulations for mixing.

ITI. Propesed regulations for distribution of ethyl gasoline.

IV. Proposed regulations for automobile garages, repair shops,
service stations, and filling stations.
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Proposed Regulations for the Manufacture of Tetraethyl Lead and the Blending
of the Latter to Make Ethyl Fluid

1. No person shall be employed without adequate instructions as
to the nature of the hazard and the precautions to be taken.

2. Each worker shall have a periodical physical examination, which
shall consist of such physical and other tests as arc indieative of the
abzorption of tetraethyl lead and shall include, as a minimum, the
following items:

(2) Examination of blood for stippling by carefully trained
workers, using positive and negative controls, without
knowledge of the source of the slides; this examination
shall be once a weck for the first three weeks and bi-
monthly thereafter.

(6) Semimonthly contact with plant physician for inforinal
statement as to gencral health.

(¢) Bimonthly weight, stripped.

{d) Bimonthly systolic and diastolic blood pressure estima-
tion while sitting.

(¢) Bimonthly hemoglobin estimation by Duare’s hemoglobi-
nometer.

Exuet records of these examinations shall be kept, und persons
showing gradually ineressing amounts of stippling, sudden develop-
ment of stippling, or other marked deviation {rom normal shall be
promptly exeluded from tetraethyl lead work, irrespective of whether
or not such finding may be indicative of lead poisoning. All parts
of the plauts where lead in any forin is used shall be subject o sani-
tary measures to prevent collection and dissemination of lead dust.

4. Separate ventilation systems shall be provided for the manu-
fucturing apparatus and for the air of the rooms, the outlets of the
latter being located near the floor of each roomm and all external
inlets and outlets being so situated as to avoid dustiness and appre-
ciable contamination of the air around the plant.

5. Daily inspection shall cover efficiency of ventilating systems,
all joints, valves, and gaskets of manufacturing apparatus, and
adequacy of pressure-hose respirators,

6, All containers of ethyl fluid or tetracthyl lead shall be labeled
as to exact content and danger and shall conform to the regulations
of the Interstate Commerce Commission. These containers shall
be carelully tested for leaks and shall bear a plainly legible label
stating that they are to be elosed tight immediately when emptied,
without cleansing, and sent back to the plant.

7. Kerosene or other material used for cleansing the used con-
tainers of ethy! fluid or tetracthy! lead shall be placed in the containers
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by means of a closed system with air vents to outside air and with
adequate ventilation,

8. The filling shall be performed by nieans of a closed system with
air vent from the contalner to the outside air, and with adequate
ventilation. .

9. A dye shall be added to ethyl! fluid in sufficient amount to give
staining qualities to the ethyl gasoline to deter individuals from
using it for cleansing or other shnilar purposes. '

10. Reports shall be made monthly to the appropriate officer of
the State concerned covering the following points:

Number of workers employed at beginning of month.

Number of workers employed at close of month.

Number of new workers.

Number of workers separated {rom tetraethyl lead work on
account of results of examinations,

Number of definite cases of poisoning.

Condition of cases of poisoning previously reported so {ar as
known,
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Proposed Regulations for Mixing

1. The maximurn content of tetracthyl lead in commercial ethyl
gasoline shall be in the proportion of 1:1,260 by voluine {or commer-
cial tetraethyl lead, or 1:1,300 for Pb (C,H;), C. P.

2. Mixing ethyl fluid with gasoline except for certain specific
requirements such as research, military and naval use, and air-nail
service shall be done only at the main distribution centers and in
not less than tank-car lots. Adequate provision shall be made at
each such center for thorough mechanical distribution of the ethyl
fluid throughout the gasoline, and the efficieney of such distribution
shall be controlled by the analysis of samples.

3. The locations of these centers and the names of persons engaged
in mixing shall be reported to the State department of health of the
State of employment.

4. As few persons at cach center as practicable shall be employed
for this work.

5. No person shall be engaged for mixing until adequately in-
structed as to the mechanics of mixing, the dangers, and the pre-
cautions to be taken,

6. The distributor of ethyl fluid shall provide a special corps of
adequately trained instructors and service men.

7. All mixing shall be done with the maximum ventilation practi-
cable under weather conditions existing at the tire.

8. Operation of the punps shall be instantly stopped at the
appearance of a leak or other defect, and no attempt shall be made to
repair or disconnect the system until a qualified man takes personal
charge of it.

9. Floors of all places where any possibility of spilling is present
are to be provided with drains and proper facilities {or making
possible a complete [lushing out of all spilled fluid, or in their absence
provision shall be made for chemically neutralizing any spillage as it
occurs.

10. No bulk mixing station shall be dismantled or disconnected
for repairs except by a qualified man.

11. Kerosenc or other eflicient means of preventing skin absorption
of tetraethyl lead and washing facilities shall always be conveniently
available.

12. The rules and instructions affecting the employees shall be
posted in o conspicuous place where the ethyl fluid is being handled.

13. The distributor of ethyl fluid shall, with the advice of the
United States PPublic Health Service, sclect u represeutative group
of ut least 40 men exposed to the hazard of mixing, representing the
entire wreex of distribution. This group shall serve as an index of
the hazard of mixing. Monthly for the first three months and every
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four months thereafter this group of employees shall have an exami-
nation, which shall consist of:

(@) Examination of blood for stippling, by earefully trained
workers, using positive and negative controls, with-
out knowledge of the source of the slides.

%) Examination of fecal samples of lead.

(¢} Report ss to general state of health.

{d) Weight, stripped.

(¢) Blood-pressure estimation, diastolic and systolic, when
sitting.

{(f) Hemoglobin estimation by Dare instrument,

Exact records of these examinations shall be kept.
14, The results of the examinations shall be reported promptly
to the Surceon General of the Public Health Service.

A [ -
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Proposed Regulations for Distribution of Ethyl Gascline

1. Each filling station shall have prominently displayed at the
puwp, or i other conspicuous place, the following warning or one
of similar effectiveness: “Ethyl gasoline containing tetrsethyl lead,
to be used as motor fuel only, and not for cleaning or any other
purpose.”’

2. Suitable lesflets shall be availuble at all filling stations where
ethyl gasoline is sold, for distribution on request. These leaflets
shall describe the possible dangers and precautions to be taken in
the use of ethyl gasoline.

3. Containers of ethyl gasoline sold to the general public shall be
labeled: “Ethyl gasoline containing tetraethyl lead. To be used for
motor fuel only, and not for cleaning or any other purpose.”
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Proposed Regulations for Automobile Gurages, Repair Shops, Service Stutions
and Filling Stations

1. Automobile garages or repair shops holding more than five
cars and all inclosed public-service stations and inclosed filling sta-
tions for automobiles should be registered with the local health
department.

2. In addition to doors and to window wventilation in summer,
automobile garages, repair shops, inclosed service stations, and
inclosed filling stations should have permanently operative venti-
lation at least equivalent to that given by an opening or openings
at ceiling level free to the outside air, but protected from down
dralts, with cross-section of 0.2 per cent of the floor space available
for cars, together with an opening or openings for inlet near tloor
level of corresponding effectiveness, both arranged to give positive
dilution of exhaust gases as generated.  This is to be taken as a mini-
mun, special conditions requiring greater permanent ventilation.

3. Automobile garages, repair shops, inclosed service stations, und
inclosed filling stations should be kept reasonably clean and free from
dust by meuns of flushing out and moist sweeping or vacuum cleaning.

4. Automobile garages, repair shops, service stations, and filling
stations should keep conspicuously posted a copy of these regulations
with the following statements in large type:

AUTOMOBILE EXHAUST Ga$ 135 DANGEROUS. MoToOrs sHOULD NOT
RUN LONGER THAN 30 SECONDS UNLESS THE CAR IS IN MOTION OR THE
EXHAUST IS DIRRCTLY CONNECTED T0 THE OUTSIDE air. LiQuips
SOLD AS MOTOR FUEL, EXCEPT ORDINARY GASOLINE, SHOULD BE
USED ONLY A% MOTOR FUEL, AND NOT FOR CLEANING OR OTHLR PUR-
POsEs, TIE FUMES FROM THE EVAPORATION OF EVEN ODRDINARY
CASOLINE MAY BE INJUKIOUS.

ADDITIONAL COPLES
OF THIS FUBLICATION MAY HE PHROCUREL FLOM
TRE SUPKRRINTENDENT OF DOCUMIINTS
GOVERNMENT PRINTING OFFICE
WASHINGTUN, . C.
AT
25 CENTs PER COFY
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