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CERTIFICATE OF SERVICE

This will verify that a true and correct copy of ExxonMobil Corporation's Supplemental Responses
to Plaintiff’s First Set of Interrogatories, Request for Admissions and Request For Production has been
furnished to counsel for plaintiff, by certified mail, return receipt requested, and to all other known counsel of
record by regular U.S. Mail, on this 22™ day of October, 2001,

.

Mark D. Rzly‘l.)’um

[SS]
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INTERROGATORY NO. 1:

For each person who has supplied any information used in answering these interrogatories, state the
name, address, job title, length of time employed by Defendant, and a year-by-year list of all other positions,
titles, or jobs held when working for Defendant.

ANSWER:

Defendant objects to this interrogatory to the extent it seeks information the subject of which is
protected from disclosure by the attorney work product privilege, the attorney/client privilege,.
the investigative privilege, the party communication privilege, or any other applicable privilege
or immunity from discovery provided by TRCP 192.5,

Without waiving the foregoing objections, Defendant responds as follows: These responses were
prepared based on information gathered by defense counsel along with assistance of in-house

counsel and other legal staff.

REQUEST FOR PRODUCTION NO. 2:

Produce all ordering and sales documents pertaining to the purchase or acquisition of such asbestos-
containing products for use at Defendant's Premises, including but not limited to invoices, price
quotations, purchase orders, requisitions, bills of lading, and other purchasing and/or shipping
documents of the similar nature.

RESPONSE:

Defendant objects to this request as overly broad and burdensome and calls for information and
material which is neither relevant nor reasonably calculated to lead to the discovery of admissible
evidence. This request is overly broad in that it is not limited in time nor scope to time periods
when Plaintiff allegedly was present on Defendant’s premises, nor limited to the premises at
which Plaintiff allegedly was present, nor the area(s) within any of Defendant’s premises where

Plaintiff allegedly was present.

Without waiving the foregoing, Defendant has agreed to produce for inspection any documents
in its possession which are responsive to this request upon three days notice.

Without waiving any objections, please note that except for those records made available to
Plaintiff, Defendant no longer maintains the records which would contain information responsive

to this interrogatory.

INTERROGATORY NO. 3:

Please state whether any asbestos-containing products in place or in use at Defendant's Premises have
been abated at any time.

a. If so, list each person or company that performed such abatement services (including address
and telephone number)

DR 5224727 21484 3



b. State the dates and locations of each abatement procedure;
c. State which asbestos-containing products were abated.

ANSWER:

Defendant objects to this interrogatory as overly broad and burdensome and calls for
information and material which is neither relevant nor reasonably calculated to lead to the
discovery of admissible evidence. Defendant objects to the extent this interrogatory is not limited
to premises on which Plaintiff allegedly worked, nor to the areas within Defendant’s premises
Plaintiff allegedly worked. Further this interrogatory is overly broad in that it seeks information
for time periods other than those upon which Plaintiff’s claims are based.

Without waiving the foregoing, Defendant has agreed to produce for inspection any documents
in its possession which are responsive to this request upon three days notice.

Without waiving the foregoing, please see correspondence from Hans Siegel to R.O. Dockins,
C.H. Friedmann, M.C. Harrison, T.R. Huddle, L.W. Raymond, dated February 23, 1995 and
attachments thereto, i.e., EM001425-EM001572; These documents in globo are sometimes
referred to as “Exxon’s Procedures Concerning Safeguarding Workers from Asbestos Health
Hazards Before OSHA,” a/k/a, Corporate Report. These documents have been provided to
Plaintiff’s counsel in prior litigation.

Without waiving any objections, please note that except for those records made available to
Plaintiff, Defendant no longer maintains the records which would contain information responsive

to this interrogatory.

REQUEST FOR PRODUCTION NO. 3:

Produce all documents that in any way pertain to abatement of asbestos-containing materials on
Defendant's Premises, including but not limited to a removal plan or organized written criteria or
schedule for the removal of asbestos at Defendant's Premises, and in operation and maintenance plan.

RESPONSE:

Defendant objects to this request as overly broad and burdensome and calls for information and
material which is neither relevant nor reasonably calculated to lead to the discovery of admissible
evidence. Defendant objects to the extent this requestis not limited to premises on which Plaintiff
allegedly worked nor to the areas within Defendant’s premises Plaintiff allegedly worked.
Further Defendant objects to the phrase “operation and maintenance plan” as vague, ambiguous
and, as such, renders a response impossible without speculation as to the meaning of this phrase.
Further this interrogatory is overly broad in that it seeks information for time periods other than
those upon which Plaintiff’s claims are based.

Without waiving the foregoing, please see correspondence from Hans Siegel to R.O. Dockins,
C.H. Friedmann, M.C. Harrison, T.R. Huddle, L.W. Raymond, dated February 23, 1995 and
attachments thereto, i.e., EM001425-EM001572; These documents in gloho are sometimes
referred to as “Exxon’s Procedures Concerning Safeguarding Workers from Asbestos Health
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Hazards Before OSHA,” a/k/a, Corporate Report. These documents have been provided to
Plaintiff’s counsel in prior litigation.

INTERROGATORY NO. 4:

Identify the contractors who worked on your premises during the years at issue, and for each, state:

a. The type of work performed by the contractor
. The dates such work was performed,
C. Identify your employee responsible for monitoring, verifying, or instructing concerning these

services to be performed by such contractors.

ANSWER:

Except for those records made available to Plaintiff, Defendant no longer maintains the records
which would contain information responsive to this interrogatory.

INTERROGATORY NO. 7:

Please identify any and all warnings ever given by Defendant, if any, to Plaintiffs regarding the
hazards of asbestos and the dangers inherent in the inhalation of asbestos fibers.

ANSWER;

Defendant objects to this interrogatory as overly broad and burdensome and calls for
information and material which is neither relevant nor reasonably calculated to lead to the
discovery of admissible evidence. This interrogatory is overly broad in that it is not limited to
any area within Defendant’s premises where Plaintiff allegedly worked and, therefore, is not
relevant. Defendant further objects to the terms “hazards” and “dangers of asbestos and the
dangers inherent inhalation” as vague and ambiguous and response impossible without
speculation as to the meaning of this phrase.

Without waiving the foregoing objections, Defendant states that Plaintiff was not an employee
of this Defendant and Plaintiff has not sufficiently established when he was on Defendant’s

premises.

Except for those records made available to Plaintiff, (including the August 17, 1994 letter from
James Hammond to Hans Siegal), Defendant no longer maintains any documents which might
contain information responsive to this interrogatory.

INTERROGATORY NO. 8:

Describe Defendant's safety policy as it relates to the use of asbestos-containing materials at job-sites
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where Defendant's employees were performing services. In your answer, please state:

a. when, if ever, Defendant's employees were first warmed about the hazards of asbestos
exposure; and

b. what instructions, if any, were given to Defendant's employees on the identification of
materials which might or did contain asbestos.

ANSWER:

Defendant objects to this request as overly broad and burdensome and calls for information and
material which is neither relevant nor reasonably calculated to lead to the discovery of admissible
evidence. This request is overly broad in that it is not limited in time nor scope to time periods
when Plaintiff allegedly worked on Defendant’s premises, nor limited to the premises at which
Plaintiff allegedly worked, nor the area(s) within any of Defendant’s premises where Plaintiff
allegedly worked. Defendant further objects to this interrogatory as vague and ambiguous in
that the terms “hazards” and “safety policy” are not defined and so overly broad that Defendant
does not know which “hazards™ or “safety policy”are being referred and renders a response
impossible without speculation as to the meaning of this phrase. In addition, Defendant objects
to this interrogatory as it implies that Plaintiff was an employee of this Defendant and Plaintiff
has not sufficiently established when he was on Defendant’s premises.

Information responsive to this interrogatory is contained in the August 17, 1994 correspondence
from James Hammond to Hans Siegal, and in the survey prepared by Roy S. Bonsib. A copy is
attached.

REQUEST FOR PRODUCTION NO. §:

Produce the contract documents pertaining to the contractors who performed services on Defendant's
Premises during the years at issue, including but not limited to nvitations to bid, requests for
proposals, bids, proposals, scope of work, specifications, blueprints, plans, acceptances, contracts,
amendments, addenda, change orders, and other contract documents of a similar nature.

RESPONSE:
Except for those records made available to Plaintiff, (including the August 17, 1994 letter from

James Hammond to Hans Siegal), Defendant no longer maintains any documents which might
contain information responsive to this interrogatory.

INTERROGATORY NO_9:

Do you contend that Defendant specifically wamed Plaintiff about the hazards of asbestos and
asbestos-containing products? If the answer 1s anvthing other than “no”, identify each and every fact
which supports this contention.

ANSWER:
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Defendant cannot specifically say Edward Lambert was warned about any such hazards.
However, Defendant’s practice was to warn contractors of hazards and they in turn would be
responsible for warning their employees.

INTERROGATORY NO. 11:

Have you ever provided safety equipment to persons working on Defendant's Premises? If so, please
list the safety equipment provided and indicate:

a. when the equipment was first provided

b. to whom the equipment was provided

C. under what circumstances the equipment was provided

d. Further, identify the person with the most knowledge of your "safety equipment" policies.
ANSWER:

Except for those records made available to Plaintiff, (including the August 17, 1994 letter from
James Hammond to Hans Siegal), Defendant no longer maintains any documents which might
contain information responsive to this interrogatory.

INTERROGATORY NO. 12

State in detail what tests have been conducted with regard to the quantity, quality, or threshold limit
values of asbestos dust or particles to which workers were exposed while using, working with or
around, or installing asbestos-containing products in any of your facilities. Please state where and
when these tests were conducted, by whom these tests were conducted, and the results of any such test.

ANSWER:

Information responsive to this interrogatory is contained in the August 17, 1994 correspondence
from James Hammond to Hans Siegal, and in the survey prepared by Roy S. Bonsib. A copy is
attached.

INTERROGATORY NO {3

Do vou contend that Defendant, Defendant's representatives, insurance carriers and/or agents
performed any measurements and/or studies prior to 1964 to determine the quantity of asbestos fibers
in the air at Exxon Corporation’s facility? If the answer is anything other than"no", identify each and
every fact which supports this contention.

ANSWER:
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Except for those records made available to Plaintiff, (including the August 17, 1994 letter from
James Hammond to Hans Siegal), Defendant no longer maintains any documents which might
contain information responsive to this interrogatory.

REQUEST FOR PRODUCTION NO. 13:

Produce all such wamings.

RESPONSE:

Defendant objects to this request as overly broad and burdensome and calls for information and
material which s neither relevant nor reasonably calculated to lead to the discovery of admissible
evidence. This request is overly broad in that it is not limited to any area within Defendant’s
premises where Plaintiff allegedly worked and, therefore, is not relevant.

Without waiving the foregoing objections, Defendant states that Plaintiff was not an employee
of this Defendant and Plaintiff has not sufficiently established when he was on Defendant’s

premises.

INTERROGATORY NO. 15:

Have you ever warned workers on Defendant's Premises of the hazards of asbestos and asbestos-
containing products? If so, describe in detail the methods of such warings, who you warned and
when. Please include in your response a description of any written wamings relating to the hazards of
asbestos in place at Defendant's Premises and state when the written warnings were installed, how
many were installed, and whether they have been removed.

ANSWER:

Information responsive to this interrogatory is contained in the August 17, 1994 correspondence
from James Hammond to Hans Siegal, and in the survey prepared by Roy S. Bonsib. A copy is
attached.

REQUEST FOR PRODUCTION NO. 15:

Produce all such safety policies.

RESPONSE:

Defendant objects to this request as overly broad and burdensome and calls for information and
material which is neither relevant nor reasonably calculated to lead to the discovery of admissible
evidence. This request is overly broad in that it is not limited in time nor scope to time periods
when Plaintiff allegedly worked on Defendant’s premises, nor limited to the premises at which
Plaintiff allegedly worked, nor the area(s) within any of Defendant’s premises where Plaintiff
allegedly worked. Defendant further objects to this request as vague and ambiguous in that the
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term “safety policy” is not defined and so overly broad that Defendant does not know which
“safety policy” is being referred and renders a response impossible without speculation as to the
meaning of this phrase.

Information responsive to this interrogatory is contained in the August 17,1994 correspondence
from James Hammond to Hans Siegal, and in the survey prepared by Roy S. Bonsib. A copy is
attached.

INTERROGATORY NO. 16:

Have you ever had a policy requiring workers on Defendant's premises to use respirators? If so, please:

a. state when this policy was implemented,;

b. describe this policy in detail;

c. state to whom it applied (i.e. Defendant employees and contractor employees);

d. and describe what types and brand names of respirators were required by you.
RESPONSE:

Information responsive to this interrogatory is contained in the August 17,1994 correspondence
from James Hammond to Hans Siegal, and in the survey prepared by Roy S. Bonsib. A copy is
attached. " '

INTERROGATORY NO. 18:

Please state the first year you learned that persons could suffer physical injury through the inhalation
of asbestos fibers and how Defendant became aware of the existence of asbestos hazards.

ANSWER:

Information responsive to this interrogatory is contained in the August 17,1994 correspondence
from James Hammond to Hans Siegal, and in the survey prepared by Roy S. Bonsib. A copy is
attached.

INTERROGATORY NO. 19:

Do you contend that Plaintiff's exposure to asbestos at Defendant's Premises was not a substantial
contributing factor in causing his asbestos-related injury? If the answer is anything other than "no",
identify each and every fact which supports this contention.

ANSWER:
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Yes. Plaintiff does not have mesothelioma.

INTERROGATORY NO. 20:

Does Defendant have in its possession any books, pamphlets, memoranda, or written materials of any
kind or character that would indicate that asbestos fibers, when inhaled, can be hazardous to the health
of human beings? If so, identify the individuals who received, maintained, reviewed, or disseminated
the information contained in such written materials.

ANSWER:

The August 17, 1994, letter from James Hammond to Hans Siegal contains information
responsive to this interrogatory. A copy of same is attached.

REQUEST FOR PRODUCTION NO. 56:

If you deny the foregoing request, in whole or in part, produce all documents supporting your denial.

RESPONSE:

Defendant objects to this request in that the phrases “Plaintiff’s exposure” and “substantial
contributing factor” and “asbestos-related injury” are vague, indefinite and ambiguous.
Defendant further objects to this request as overly broad in that it is not limited in time nor scope
to time periods when Plaintiff allegedly worked on Defendant’s premises, nor limited to the
premises at which Plaintiff allegedly worked, nor the area(s) within any of Defendant’s premises

where Plaintiff allegedly worked.

REQUEST FOR PRODUCTION NO. 64:

Produce any and all documents and other tangible things which refer to the document retention (and/or
destruction) policy of Defendant, including the following:

€. Any document retention and/or destruction policies for Defendant that pertain to documents
and records, including but not limited to supplements, addenda, memoranda, operating
bulletins, revisions, or any other superseding instructions that referred to the stopping,
suspending or resuming of such retention or destruction policies.

b. Any record retention and/or destruction, dumping, or purging policies for Defendant that
pertain to documents and records created, maintained or stored by electronic and/or magnetic
means, including but not limited to records that have been microfilmed, microfiched, imaged,
scanned, or stored on tapes, disks, diskettes, CD-rom, databases, etc. or on or within any
computer hardware, backup system, download system, file dumping or other system of
information management, whether on-site or off-site, including but not limited to supplements,
addenda, memoranda, operating bulletins, revisions, or any other superseding instructions that
referred to the stopping, suspending or resuming of such retention or destruction policies.

RESPONSE:
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Defendant objects to this request as it is overly broad, burdensome, vague and ambiguous. It
is not limited by time or location and constitutes a “fishing expedition”. It calls for information
or material which is neither relevant nor reasonably calculated to lead to the discovery of
admissible evidence.

REQUEST FOR PRODUCTION NO. 85:

Produce all reports, writings (whether published or unpublished) and/or other documentation written,
created and/or edited by any of your experts that in any way pertain to asbestos and the hazards and/or
diseases that may result therefrom.

RESPONSE:

Defendant objects to this request for production as overly broad and burdensome and calls for
information or material which is neither relevant nor reasonably calculated to lead to the
discovery of admissible evidence. Further, Defendant objects to this request to the extent that
many of the terms used therein are vague, ambiguous, and overly broad, which renders
particular questions unintelligible, and renders a response impossible without speculation as to
the meaning of the term. For instance, this objection refers to, but is not limited to Plaintiff's use
of such terms as “hazards” and/or "diseases'’ relating to asbestos. Plaintiff fails to reference any
specific use, exposure condition (i.e. concentration) or type of health injury in their requests

TRCP 192.3(a).

Without waiving these objections, please see Defendants’ Designation of Fact and Expert
Witnesses.
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August 17, 1994

James W. Hammond
1010 Townplace
Houston, Texas 77057

Mr. Hans Siegel
Health Services Department
Industrial Hygiene
Exxon Company, U.S.A.

" Kellogg Tower, Suite 550
Houston, Texas 77002

Dear Mr. Siegel:

In response to your inguiry, | have set out below my background and
experiences before | came to Exxon, the industrial hygiene program | found in place
upon my arrival, the engineering controls and technology we used to safeguard
workers from dust exposures in the field, the medical surveillance we implemented to
double check the effectiveness of our controls, and the interrelation of the medical,
industrial hygiene, and safety aspects of protecting workers' occupational health. |
have also described our relationship with contractors who also worked on our property,
and | explain how the association of mesothelioma with asbestos exposure changed -
our view of asbestos hazards, while the advent of OSHA regulation in the early 1970's
brought few changes to our state-of-the-art program which had been in place for
decades.

My educational background primarily consists of basic and applied science:
after taking bachelor's degrees in chemistry and physics and chemical engineering
from Mississippi State University in 1935, | took a masters of science degree in
biological chemistry and toxicology from Louisiana State University with a scholarship.

f

| worked more than four years for the Chemical Engineering Division of the
University of Tennessee, left that job in 1941, and joined the Industrial Hygiene Division
of the United States Public Health Service (USPHS) with the rank of Captain. Then
through the USPHS, | was assigned to the Massachusetts Division of Occupational
Diseases, which was a part of the Department of Labor in Massachusetts and Boston,
where | was able to augment my industrial hygiene studies at Harvard. | left
Massachusetts in 1942 and was assigned to South Carolina, with the title of Chief
Industrial Hygienist for South Carolina's Department of Health. In 1847, | became a
member of Exxon Medical Division. '
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Now | am retired from the School of Public Health, University of Texas in the
Medical Center here in Houston. | was an Associate Professor of Industrial Hygiene in
that institution for about nine years.

But for most of my career (from 1947 to 1978) | was an industrial hygienist and
sanitary engineer for Exxon (or its predecessor companies, including Humble, Esso,
and Enjay). | hired on as Industrial Hygienist, and was elevated up to Chief Industrial
Hygienist and then became Director of industrial Hygiene for what would later become
Exxon Company, U.S.A. While these promotions effected my salary and title, my
professional duties and the goal of a healthful work environment for workers never
varied during my 31 years with the Company.

In the first third of this century the control measures with regard to hazardous
dusts were that of isolation of the exposure to the material, exhausting the dust away
" from the breathing atmosphere, capturing the dust by filtration or removal, by wetting
the dust-generating material so that the dust wouldn't be generated, housekeeping or
housecleaning by using the vacuum hoses or vacuum cleaners, and educating the
employees in_methods for producing the least amount of dust in their work. | believe
that there are many different procedures, and they were all being used in some degree
by 1940 in Humbie and Esso generally.

In Standard Qil Company of New Jersey (Esso), the Chief of Safety Inspectors,
named Mr. Roy S. Bonsib, had developed a particular interest in dust and dust-
producing operations from his earlier work with mines; even later in his career he was
appaointed to some hazardous dust-related committees of the American Petroleum
Institute. As early as the mid-1930's he was interested enough in the matter of dust *
exposure that he got Esso and Affiliates to approve his making measurements of the
particular dust-producing operations in Esso refineries and chemical plants. He went
into many of the areas where dust could be generated and made observations. Then
he made guantitative measurements of the amount of dust that was being produced,
and under what conditions they were being produced. And after taking these
measurements during 1936, he published his findings and recommendations in July,
1937 as "Dust-Producing Operations in the Production of Petroleum Products and
Associated Activities", a Medico-Safety survey by Roy S. Bonsib, M.A., E.M., Chief
Safety Inspector of Standard Oil Company of New Jersey. His publication was made
available to the petroleum industry world-wide, public libraries, The National Safety
Council, schools and foundations.

The first paragraph of Bonsib's book suggests that it is among the first, if not the
first, such survey of dust hazards in refineries setting: "Because it is the duty of industry
to protect its employees and because no comprehensive survey of the hazards incident
to occupational dust problems had yet been made, it was felt that here was an
opportunity to render a service to the petroleum industry and its employees by making
such a survey." 5
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Bonsib's findings and recommendatzons were made public to the industry and
. anyane who was interested; in fact, | saw this publication in the medical department

library ten years after it was initially published, and when | asked Mr. N. V. Hendricks,
whao was the Chief Industrial Hygienist for the Standard Qil Company at that time, to
send me a copy, he sent me the copy | still have to this day, my original copy with the
buckslip on it. It met fully the "state of the art” for good industrial health practices for
1937 - 1947.

This publication describes safety measures Esso Qil employed at the time, and it
also sets out guidelines and standards for safe handling of asbestos materials, based
on all available technology and information at the time. SoTor instance, he describes
designing the plant for dust control, providing proper building ventilation, storing
_potentially dusty materials in dust-tight bins, enclosing material handling equipment,
isolating the dusty processes. Furthermore, not have men in the area who were not
necessary for that operation, providing wet methods of operation, designing equipment
to control dust, providing exhaust systems, establishing maintenance and good
housekeeping procedures, and, where these measures are inadequate, providing
respirators and other personal protective measures. They included periodic clinical
medical examinations, x-ray of chest annually or more often.

Before my arrival at Humble in 1947, industrial hygiene matters had been dealt
with in the Company under the umbrella of a safety engineer with the title of Industrial
Safety Directoer for the refinery. Also, during that time the Texas Department of Health
made inspections in the Humble piant from time to time at our request.

The best knowledge available at that time concerning unsafe levels of exposure -
to hazardous dusts was published by the United States Public Health Service in
collaboration with the investigating committee for the American Conference of
Government Industrial Hygienists.  The American Conference of Government
Hygienists is a group that is still looked to in setting M.A.C.s or T.L.V.s or T.W.A.s.
With regard to potential exposures to dust containing asbestos fibers, the standard
recommended by these bodies was to keep prolonged occupational exposures to dust
containing asbestos below a concentration of 5 million particles per cubic foot.

This standard and standards for other toxic substances were published mainly, |
think, in the journals of the American Industrial Hygiene Association, engineering
support groups, and medical societies. It was a very practical standard. These
standards were adopted by West Germany, Japan, France and England. They looked
to the A.C.G.1.H. for that guidance. The standards were also reported in publication of
U. S. Department of Labor, USPHS report, state's labor and health standards.

When | joined the Company in 1847, there was a well-established program for
hazardous dust control ongoing for at least 10 years based upon the program outlined
by Bonsib. | did not have to be day-to-day involved with evaluating the problemy
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because of the nature of the program that was already well established and in place in
the safety engineering support team, and medical departments. That was fortunate for
me because in addition to asbestos exposures | had over 300 potentially hazardous
substances to be concemned about in my work throughout the company's operations.

Part of our ongeing industrial hygiene program involved routine air sampling and
dust monitoring and special situation monitoring. If some problem appeared or there
appeared to be a problem, we would investigate it. And if | had a peculiar problem, for
example at the Baytown, Texas Refinery, | could request the assistance of the Texas
Department of Health, if it was an issue that they could serve better than |, and they
would come take a survey at my request. And | had no hesitation about contacting the
State for assistance, because we had no secrets where health hazards were

_concerned.

Shortly after | reported to work | went to my director and asked him about the
question of how much information | would be privileged to present or to give in public
papers and other appearances. And we went to the Board of Directors of Humble Qil
and Refining Company at that time, and they gave us the policy that there are no
secrets in regard to any health or safety matters that | might know or discover that
would not be made available to everyone, including our competition.

In 1947, Humble was already well established with the program and knew,
based on repeated routine sampling, what the potential levels of dust were in the areas
where we could not completely control the dust and all workers would have to use
respirators. So we had the knowledge to require workers to wear respirators when

there was any potential exposures, and the safety inspectors on the job daily, who *

would be observing, would make sure they did.

The routine air sampling during that 10-year period between 1937 (Bonsib's
report) and 1947 (my arrival) was accomplished with a device called a midget impinger,
which had been developed and was being developed and mentioned in the report by
Bonsib, and that became available about 1937 or 1938. It was a hand-operated little
aluminum pump that didn't have any static electricity sparks to it; and it operated at
one-tenth of a cubic foot per minute rather than one cubic foot per minute. And it was
operated like an organ grinder and you wore it around your neck and you turned it and
you collect your sample in that manner by either having the employee wear the filter up
on his lapel or you held it close to his nese, or breathing level.

This monitoring allowed you ta evaluate the workers potential exposure and take
any precautions that would be necessary, whether it be wet methods of operation or
some other procedure, you would also make sure that these people were supervised to
stay in line with what practices you recommended. And our safety inspectors did that.
They patrolled all units and work areas daily. 5

4
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We took the attitude that if there was a substantial chance of a hazardous dust
potential, then we would not wait until they got above 5 million particles per cubic foot
or even 1 million particles before we would require "dust control measures and"
respiratory protection. This was on a case by case basis, based on the judgment of the
industrial hygienist and the safety people. For example, we had not been requiring
men who handled asbestos insulation packages in the warehouse to wear respirators
and respiratory protection unless there were broken sacks because many times those
sacks came in on pallets and we removed them out of the boxears into the room and
they never were disturbed and that required nothing more than just care to make sure
they didn't break them. But if they broke them, they had to wear respirators because
there was no way to take care or clean up that spill without potential dust exposure.

When making mortar, it was a general practice to prevent any dust by injecting

- water into the sack and wetting it before you opened it then when you dumped it out

into the pan or whatever mixture pot you were making up the mortar in it was already
wet and generated no dust.

In the early years of my employment with the company, many times we toock men
right out of the labor pool and made insulators out of them by training them, and part of
their training was the safety aspect of it, including the proper use of respirators. In
1347 the respirator program was very organized. It meant that when you were assigned
to a position or a job that you may need a respirator, you were supplied a new one in a
bax; and then, when you used that respirator on the job, - and the safety inspectors
made sure you did use it when you should - then you were to put it in the rack, which
was picked up daily, returned to the respiratory protéction warehouse, and the
respirator then was washed, sterilized, dried, and examined for any misfit or any broken
parts and a change of filters.

We had a respirator warehouse where all the respirators were brought after they
had been used. We issued new ones or reissued only those that had been cleaned.
We only used a type that had been approved by the Bureau of Mines tests. After using
a respirator, the workers turned in the used respirators daily at the end of their shift or
at the end of the work where they had to use them. These respirators were then
cleaned, including washing and sterilizing and then dried; and they were examined for
any breakage or any need of repair. They were repaired by the operator of the
warehouse respiratory section and placed back in the box or placed in the package that
would go back to that particular individual's unit. So, the next shift that you came out,
there would be a clean sterilized respirator as might be needed for you wherever your
work station was.

When we had a potentially continuous exposure, we would swap out employees,
since we could not expect them to wear a respirator for hours on end, and we could not
let them have any unprotected potential exposures. 11
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Before | came, the technical support group for the Baytown Refinery had
purchased sampling equipment such as the midget impinger and [aboratory counting
operations. They made basic tests throughout the Refinery to find out what the levels
were. Moreover, they had gone outside the Refinery fences and studied the air
pollution concentrations outside.

We did monitor the air as often as needed to determine if there was exposure at
a point we had enough confidence in our results from past experience with certain
activities, materials, sites, and work conditions that we were able to anticipate the
potential for exposures. In some cases, it was sufficient to periodically monitor to
review and confirm our prior experience and findings.

To clean up a spill wherein we had a broken sack of asbestos, we put respirators
.on the men. Temporarily in cleaning it up we may have had more than the 5 million
particles per cubic foot. But this was not of concern to us because the men cleaning up
the spill were protected.

In work. practices, we always lowered asbestos expasures to the lowest value
that we could. If it was in a temporary operation, then we would put respirators on the
workers so they would not be exposed to any dust.

The safety inspectors would know when a particular job was going to potentially
expose the men, based on past experience, they had the men wear respirators. The
men were under constant supervision of the safety inspectars who enforced the use of
protective equipment.

in 1930-1940, when we did our dust counts, we were counting the total number
of particles that you could see with the microscope of about 450 magnification.
Generally, most of the particles we counted were non-asbestos particles.

Mr. Bonsib's counts in the 1930's were similar in that they were done for the total
amount of dust particles collected —-he did not differentiate between asbestos and other
particles.

And since the maximum allowable concentration values that the A.C.G.LH.
published in. 1847 spoke to the particies. of 2sbestos per cubic foot of air, at Exxon we
were stricter than that standard. Also, we did not use any of the disposable paper-type

masks: We used a Comfo M.S.A., filter mask approved by U. S. Bureau of Mines
standard.

it is also important to note that we never permitied asbestos dust to create
visible concentration in the air. We put respirators on workers before they entered that
level. Whenever that possibility could occur, we had respirators on the workers \
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| had dealings and conversations with them weekly actually going through the
plants themselves. Sometimes we had occasion to be concerned about some
operation. For example, if they were bringing in new materials that they had not used
before or if they were taking down some particular unit that had not been previously
disassembled, industrial hygiene had input into the materials to be used and health
protection required.

We had the experience of finding that workers will comply fully with our
insistence on using respirators if we first showed them that we did everything
reasonable—such as wet methods—to control the dust befare we required a respirator.
But where they did need respirators, then they were convinced that we had done our
job and they needed to cooperate and they were required to do so. We furnished only
the most comfortable approved type of protection.

Education of employees began with employees being introduced into operations
where asbestos might be. They were educated or were trained in the precautions that
were required to work with these materials. The Safety Department made sure that the
equipment that might be needed in the way of personal protective equipment was in
stock. The operating supervisor understood how to go about controlling the dust from a
practical standpoint on the job. And they would strictly enforce those procedures for all
employees. And the old employees were already indoctrinated, and they felt a sense of
responsibility to the new ones and made sure that they continued to practice all of
those features of the program. And they were supervised by the safety inspectors who
patrolled constantly and observed and enforced these safety regulations. Jobs could
be stopped immediately if not in line with our safety guidelines.

Equally important to our engineering of dust controls was our medical
surveillance  program with regard to asbestos. Medical monitoring through
examinations of employees began before | came to Exxon. New employees as well as
those that may be old employees new to a craft involving asbestos were given a
thorough physical examination, a clinical examination to make sure they were in good -
condition so far as it might relate to any occupational disease brought on by dusty
conditions or by asbestos. even in 1947 the Humble medical program included pre-
employment physicals for the employees; because to apply it to industrial hygiene you
would be concerned that you did not let the susceptible employee go to work at the
wrong locaticn and be exposed to the wrong materiais.

Medical exams included a chest x-ray which was read carefully by a radioiogist;
and this became part of the permanent record of every employee. Annually or more
frequently they were re-examined, including x-rays, to maintain the surveillance of the
employee's good health and lung condition.

| saw it 10 years after Mr. Bonsib had recommended it that the x-rays were still
being taken at least annually for all of the insulators or other emplayees who ha
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potentially dusty exposures and they were being read by a trained radiologist. We had
Dr. David Earle, a radiologist, a specialist who also taught this science at Baylor School
of Medicine. And he was a consultant and a specialist who read for us on a weekly
basis. All x-rays which had been collected at any of the facilities of Humble were read
by him and reported back to us.

it was the way that gave us a double insurance that we did have the program in
hand. So, for example, | had several conferences a week with Dr. R. W. Pipkin, who
was the refinery chief physician at Baytown Refinery during much of my career with the
Company. He informed me of any suspicious findings in the clinical examinations or

x-ray examinations for any of our emplayees that might be associated to occupational
exposures.

In this connection, | recall that Dr. Kenneth Lynch, whom | had known in South
Carolina (1942-1946) before | joined the Company, had autopsied the asbestosis
victims cases that had come from the textile mill there in Charleston. He had spoken
on that matter; and his associate Dr. Henry Zerbst told me that Dr. Lynch said that he
had never seen a case of cancer in these lungs unless the cancer was superimposed
on top of the asbestosis. His message was that if you contro! asbestosis then you will
have controlled the cancer problem. Our x-ray program insured that we would be able
to detect any asbestos-related changes in workers' lungs.

Also, it continued to be the policy through my tenure at Exxon to pursue foliow-
up studies, medical studies, on people who have retired from the refinery. Every retiree
was followed through until a death certificate is accepted and read. This helped us

determine whether we were safeguarding our workers from occupational health :

hazards.

There was a general safety manual approved by the Director of Safety given to
every employee every year or as frequently as it was re-issued. Although | did not take
a direct responsibility for writing the safety manual, it reflected the programs that | had
implemented, and the Safety Director, who was aware of that, had conferences with me
regarding what we were doing.  The safety manual had a section on dust control that
would include the nuisance dusts as well as the toxic dusts, treated under one section,
together with a section-on the use of respiratory protestive equipment. The manuals
were distributed widely and to any who asked for it.

Normally, an employee for a certain unit or craft would be trained specifically for
that operation. All of the potential occupational problems associated with that
operation are explained fully. In this way, workers could focus on the potential health
concerns in the area and materials they were actively working with.

The Company had safety meetings periodically for all its employees at itsH
Refineries, conducted by the Safety Departments, and covering all probiems
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associated with safety and related health issues. These meetings were typically
general in nature, for example, dust disease prevention per se probably would not
have come up as such, unless a question was raised. | myself spoke at some of these
safety meetings on specific occupational health hazards.

We considered the medical program including industrial hygiene as one. But we
have the safety department, and they basically are very strong in the employee
relations training field. It was a joint responsibility between the medical department,
including industrial hygiene, and the safety department, but ultimately safety was
responsible for enforcing safety standards and rules in the plants. The safety
inspectors stayed out in the field, were on the job where every unit was, whether it was
the cracking coils or cat crackers or the light ends. There was a safety inspector
assigned to that area and he patrolled his units throughout the day.

The Company safety manuals were not provided to each of the employees of
contractors who worked in the Baytown refinery, but were provided to the supervisors
of the contract workers. They were available to the individual if he wanted one, but we
seldom required that they study it.

The safety manual was not provided to the contractors just as an attachment to
the contract documents and the specifications. It was a separate action of giving it to
them before they began work for us by the Operating Manager or his representative of
the safety department in the refinery, gas plant or chemical unit.

The Humble company had its own employees  as insulators , and did
turnarounds generally with its own employees. Brown & Root was the largest -
contractor firm we dealt with, and often they would furnish the extra help as we might
need it for a particular type job. But insofar as pipe cleanup and things of that nature,

that was that primarily done by Exxon workers and very seldom did we need any extra
help.

In every case our contractors, Brown & Root and other contractors, were
required to follow the same guidelines as employees, to follow the same rules as our
employees in every regard as far as protection from any exposure to asbestos or other
hazardous materials. Brown & Root, for instance, had a very active safety department
when | came to Exxon, and later they employed a staff of industrial hygienists. But
these specialist seldom visit our operations because they respected our health and
safety programs for being superior.

Before they began to work, we drew it to the attention of the contractors that they
would be required to maintain and to comply with all of our safety and health
regulations in doing the work. And then, we also took on the supervisors as a group - if
there were more than one - and taught him or them the principles that we expected toﬁ
have enforced among employees that he might have under his command.
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For example, we required that they also wear the equivalent type of approved
respirator wherever our people were wearing respirators or needed to wear respirators
or we thought that they might need to wear respirators. They were required to have
those, if they didn't have them, we would in a neighborly way lend them the respirators
to do the job if it was short term. If they were going to be rather permanently contracted
by us in that type operation, we expected them and required them to furnish their own
personal protective equipment.

These same supervisors were watched by our safety inspectors; and if they were
not keeping in line or keeping up with our requirements, they were informed
immediately, even to have them stop work and get adjusted to the right practices or the
right equipment that they would need to do the work. Safety inspectors had the
" authority to close down the job or have the contractors removed from the job.

As a result of all the above, during my 31 years with Exxon the contractors'
supervisors who worked in our facilities were educated by our safety personnel of the
hazards associated with the jobs they were going to be doing, including any potential
exposures to asbestos dust, where that might have occurred. So, for example, to the
extent that the job might involve tearing off asbestos insulation, our safety people
routinely would advise them of the hazards that would be associated with that and what
they needed to do about it.

They would make no exception regardless of what job they were going to do.
They'd tell them about all of the problems that were associated with any job they were
going to do. ’

About 1962 we were aware that down in South Africa they had discovered
mesothelioma among the asbestos workers. Then we had no mesothelioma. We had
never had any cases of mesothelioma. That was because the mesothelioma was being
generated or produced by a the mineral crocidolite. Crocidolite is only produced in
countries like South Africa, and those are the only ones that had any mesothelioma.
We knew that the chrysotile which was 85 percent of the products that the Americans
were using, came out of Canada; and there was no evidence of any mesothelioma
among their employees or workers even after they knew about the South™ Africans.
They reviewed that. They didn't find any. So, we knew we had some time lapse; but
we aiso did not know how we were going to keep this crocidolite out of our products
completely and guarantee it unless we eliminated all of the asbestos.

We decided that if that was a potential mesothelioma problem and mesothelioma
was being brought about by unknown quantities of asbestos, we did not have a
practical goal to shoot for except zero. This concerned me because of my insistence
that | did not want anyone working with any of the products that | would not fee{)
cempletely safe working with over a 40-year career.
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After we were alerted to the theory that mesothelioma may not be associated
with any levels of exposure, such as asbestosis would be, we decided that we would
start research to develop suitable insulating materials that would permit us to use
materials other than asbestos, and we started active research by 1967 with the idea
that we would like to get rid of asbestos where and when we could. It took several
years to develop that because you have very high temperatures in some refineries
where the lines are really red hot; and not many materials will withstand that type of
heat over a long period of time. The asbestos was perfect in that respect, and it was a
binding agent that was used with magnesium oxide, as you know. About 85 percent
was magnesium oxide, which had 15 percent of binder which was asbestos fiber.

| did not believe in 1967 when we began an aggressive search for asbestos-free
“insulation products that we were putting or allowing carcinogenic fibers to be in the air
where the workmen could breathe an abnormal danger to themselves. Nevertheless,
through an abundance of caution we tightened up on our safe respiratory program.

But, based on new information, by 1967 we started buying asbestos-free
insulation as soon as we could find the material that was available to meet our
requirements, and we would substitute it for old product as it was changed out. Our
efforts were put in place at Benicia, particularly, where we constructed a new refinery
that used a substitute for asbestos insulation suitable for piping less than 450 degrees.
| recall that by at least some time in 1968 we had changed our company-wide
specifications in line with the earlier decision to seek substitutes for asbestos.

Before about 1967, we had made no concentrated effort to find asbestos °
substitutes because we thought we could control asbestos exposures, and our
experience was suggesting that we could.

The routine medical physical examinations and x-ray examinations made it pos-
sible for me to feel as confident as possible that we really didn't need to change our
program, that what we were doing was the right thing to do, and we were doing it
adequately. We had no indication of anybody getting exposed to any amount of dust;
and therefore, we knew that the program was being carried out as it should be. And
that was a reassuring fact. -

| directed a survey that began back in 1819 and ran all the way through into the
early 60's, over 40 years, in which we found that when you worked in our refinery you
would have less — 50 percent — of the number of cancer of the lungs than you would
expect from the normal population or from other workers that were not working in the
refinery like salesmen and clerk workers. They had twice as many lung cancers as the
refinery workers.
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All this time we also continuously looked to see if the medical surveillance
program showed evidence of anyone having not been protected or somehow
overlooked for an exposure, knowing that all the way from six months or a year would
be the longest he would be exposed to hazardous dust before we caught it. In this
connection | frequently consulted with our physicians, the internists, that were
examining workers, and also with Dr. Earle, radiologist, periodically about these
findings. They never found any evidence of exposure to asbestos or other dusts, and
never reported to me any findings of pleural plaques or pleural calcification or pleural
thickening which are possibly indication to lung contamination.

| should additionally note that we implemented the program described above in
the Company's maritime operations. | have ridden on our tankers and barges myself,
and in later years my assistants continued to do so, to monitor the potential for
shipboard exposures to asbestos and other hazards. Our maritime workers, like our
refinery and chemical plant workers, were given physicals at least annually, monitored
closely for potential exposures, and regularly trained in safety meetings.

In fact,.! am very pleased to relate to you that as of 1978 when | retired, to my
knowledge, Exxon had not noted any cases of asbestosis in its present work force or in
the people who had retired from the company. We had for long periods 200 or more
Exxon insulators at Baytown.

In 1972 the Humble company published safety regulations entitled “Handling
Asbestas Guidelines." Although | had no part in the actual writing of those guidelines,
they incorporated principles we had practiced. Later that year in September 1 did write
a more lengthy document that went into much more detail about asbestos handling
guidelines. Again in October of 1574 another asbestos control program was issued as
a continuation of our educational program, and it was widely distributed to make sure
everybody in the company was complying with OSHA's regulations.

There were certain requirements concerning the furnishing of workclothes, the
wording of signs and warnings, and so on that we were checking our compliance with.
In that period of 1970-1975, not all of the facilities adopted all the new standards the
same week, but they did over a period of time; while some of the more stringent
requirements of OSHA were less strict than practices we had implemented for decades.

All in all, OSHA had little more than a technical impact and an extra layer of
authority over the programs of control and monitoring that we had been maintaining
and improving upon since the 1830's. You will find, in fact, that Roy S. Bonsib's
program from 1937 is one of the primary resource documents referenced by NIOSH,
precisely because the program he outlined is based cn good industrial hygiene
practices and is still valid today, with allowance for improvements in technology and

some advances in medical knowledge. 4

E'H001471



| hope the above is useful to you in your accumulation of information on our past
practices and programs conceming asbestos. Please let me know if | can provide you
any additional information or elaborate upon anything discussed above.

Yours truly,

%ﬁ—e s e e

mes W. Hammond
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EXCON COMPANY, USA.

POST OFFICE BOX 2180 - HOUSTON, TEXAS 77001

HEALTH SERVICES DEPARTMENT
INOUSTRIAL HYGIENE

HANS M. SIEGEL
MANAGER

June 9, 1994

- RE: Corporate Inquiry
Regarding Past Safety
Programs and Procedures
Concerning Asbestos

Professor James W. Hammond, Sr.
1010 Town Place .
Houston, Texas 77057

Dear Professor Hammond:

! have recently assumed the responsibility for the Industrial Hygiene Department of
Headquarters Health Services, Exxon Company, U.S.A. This is essentially the position
you formerly held for over thirty years. My Company assignment for some years prior to
my current position was outside the United States, and | am interested in ensuring that |
am familiar with the Company's industrial hygiene practices, both currently and i the
past.

| understand that you are currently engaged in some consulting work for the Company,
and | am writing to request your input into a Company investigative effort and writien
report to memorialize the Company's past standard operating procedures and policies
with respect to Exxon's and its predecessor companies’ efforts to protect workers from
potential asbestos health hazards. Our policies and practices regarding asbestos have,
from time to time, been a subject of inquiry. However, as you are no doubt aware, the
passage of time, the administration of our records retention policy, and the retirements of
many leng-time employees have all led to some of the Company's records on this subject
being discarded or lest. ..Your input, drawn from your first-hand knowledge and
experience of over thirty years will be critical to accurately memorializing the policies and
practices of Exxon and its predecessor companies.

You will be contacted shortly concerning the coordination of this eﬁ’ort

Very rulyy urs, /

ege
713 656-3387

A OVISION OF EXXON CORPORATION
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FOREWORD

Because it is the duty of industry to protect its employees
and because no cemprehensive survey of the hazards incidert o oca
cupe=ional dust protlems had yet deex mede, it was felt that here
was an opportuniiy to rexder a serivce to the petrolewm indusiry

ard its employees by makixzg such & survey.

It is hoped that the irformetiorn presented in this bulletin
will assist in finding proper erswers to some of the many guestions
which have recently erisexz concerzing the heelth hazards of employ-
ees whose work involves exposure to dusts of various origin,

An attempt has been made %o consolidete opiniorns from the
most experienced students of occupaticzmal-dust protlems to show the
relative hezardsg of dusts and the duration of exposure which may
prove harmful to the worker.

Furthermore, a study of the prevalence of dust particles oc=-
curring in various operations iz the petroleum industry has been
mede and included inm this report; elsc a description of the pro-
tective devices and equimmert provided for the protection of the
workoen,

This report should serve as a guide to operating executives
and safety engineersir handling persommel and in providing adeguate
protection in dusty occupations, It should also resolve many of
the fears and questions of lndustrial workers in these occupations.

The study confirms en opirmion that dusty occupatiorns, thor-
oughly understoed and intelligently handled should result in no

serious disability,

Willard J. Derzo, M.D.
General Medical Director
Standard 0il Company (N.J.)
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STANDARD OIL COMPANY
{Incorporated in New Jersey )
30 Rockefeller Plaza
New York. N. Y.

MEDICO - SAFETY MEMORANDUM

DUST PRODUCING OPERATIONS IN THE PRODUCTION OF PETROLEUM PRODUCTS
"AND ASSOCIATED ACTIVITIES

i ianabolalat LT L L]

LTEIIUCTICY - longp Jooked upaz as otjectionable, dust today is elso recogmize
ed es femzerous - especielly with recard o cccupstiozal disease (Fmewmoccziosis) exd
dust explosions. 3Sizce the dust encourtered iz the procduction of Petroleum products
ent mssociated operetiors are non-explosive umder ordinery working conditiozs. no
fursher attentioz will te devoted <o this pnase of the dust hazerd,

Studies heve revealed the: the time elemernt (exposure) end the comcexziraztion
exé size of the dust particles are mejor fectors in producing heelth hezerds. Zere~
tofore ¢ifficulty hes been encounmtered in deter—ining actual dust concextratioms and
sizes of the particles, but recently developed instruments such as the Zeiss Xonie-
meter erd the Zausch & Lamb Dust Counter meke it possible to obtain dust courmts and
es=irete size of dust particles which, while not atsolutely mccurate, are indicetive

A b

of the custiress of the aree,

The data presented in this memorendum are based upon material taken from the
aveilatle literature on the subject, upon field investigations and conferences with
techmical specialists and upon 1008 actusl dust counts mede with a Zeiss Eonirmeser,
using & 20 to 30 micron (a microm is about 1/25,000 of an inch) porcelair fil<er,

In the report of the Preventive Engineerirg Cammittee of the Air Eygiene
Founda*ion, Professor Philip Drimker of Harvard, chairman, and other techmical
specialists on the Commitiee write:

"If the breathing of dust causes disability of amy sort - silicosis is
only one menifestation « then it follows that there must bde some degree of eir
cleanliness from which no disability will result to the average man during the
average working period,

"There is no satisfactory medical answer at present to this question, but
the engineer is meking e bad mistake if he lets men breathe heavy dust concen-
trations of any material, If no other reason for dust control cean be found,
then one should read transcripts of some of the recent sults at cammon law in
which fantastic dammges for alleged silicosis were granted to men who breathed
dust containing little or no silica. The Courts and Campensation boards are
not impressed with subtle distinctions between dusts with 10% and 40% quartz,
especially when medical experts are reluctant to make definite statements as
to the comparetive significance of such differences.

"It would be well %o reelize that men working in dusty trades suffer far

nmore fram respiratory troubles of ell kinds then do mexn viho work in cleax air,
The evidence tha*t excessive dustiness of axny kind is harmful is beyond argu-
ment”,
EM001491
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PART I - DUST AS A HEALTH HAZARD

I « WEY IS TEE DUST PROBLEM SO IMPORTANT? - Although the subject of the health
of workers in dusty trades has been receiving considerable attexztion from studenmts of-
industrial hygiene for a number of years, the seriousness of this problem was not
fully realized until it was brought sharply to our atteation by the constantly growe
ing cowmiry-wide wave of lawsuits instituted in behalf of the viciims in our cocmmon
law cour<s, by the magnitude of the generous verdicts awarded by the juries and by a
recen= decision of the Federal Circult Court reversing the substaztial award of a
jury in a New Jersey case (Peamsylvania Pulverizing Company vs, Eldred G. Butler),
Owing “o *hese developments, the problem cezxot be igzored or drushed aside as merely
anozher form of "racketeering" by umscrupulous lawyers axd conspiring doetors, Dodgixz
+-e issue carmot provide the needed solution because evezn tne rost wmscrupulous
lawyers caznotcreatea pathologic lung at will and, furthermore, even the most skepe
+ic of cororers freguently firds himself corrotorating a diag=osis by his postmortem
exzmization, ZIxlichtened industrialists and the medical profession as well as the
beach ané bar, have came to the realization that exposure to certein kinds of dust,
such as those coztaizing considerable amounts of quars: (silica), kas increased +Xke
uzhealtihy bodily condition and deeth rate froz respiratory diseases; wnlile metallic
dusts, such as lead and its carpounds, have beez associated with general systexmic
poisori=g of workers. "Silicosis" is now a defizitely recogmized disease which is
destized <o become one of the foremost axnd most serious of occupational diseases of
the Suvure because the mumber of workers iz dusty trades is larger then almost any
other group exposed to & single krowr industriel hazerd, The McCaffrey Act, which
became effective September 1, 1935, amernding the New York Cozpensation Law, irmcluded
silicosig as an occupationel disease subject to compernsation.

Sixteen staves, &s well as those of the Federal Goverzmemt and of Zaweii,
Puerto Rico, and the Philippine Islands (U,S.Dept.of Lador 3ull, No, 625,3ur, Ladbor Sta-
tistics), have Workmen's Compensation Actswhich irclude compezsation for occupational
diseases, either expressly or by Jjudiclal izterprezation, or specilic occupatiozal

disease acts,

II « WEAT IS MZANT BY "DUSI"? = According to Webster's Unabridged Dictiozary,
"Just"” pay be defined as fine, dry particles of earth or other metier socomminuted
that they zay be raised and wafted by the wizd; that which 1s crumbled to minute
portions; fine powder. As pointed out by Philip Drizker in a paper read before the
Chenical Section of the Natiozal Safety Congress (held in Atlamtic City, October,
19358), dusts include all types of dry earthy particles smll enough %o be blowz about
by ordinary air currerts. Dust suspensions may be generated as the result of grind=
ing blastizng, or cammdinuting process; or they may result {rom the handling of {ine-
ly divided materials as in mixing ,processes, in sweeping, or the blowing about of
wood flour, plant pollens, or cormon road dust, There is no chemical limitation ime
plied by the term "dust" while the range in size of dust particles extends fram the
sub~microscopic to small sand grains. Mr, D. Earrington, Chief Heelth and Safety
Brazch, U, S.3ureau of Mines advises that dus% as applied to health end respiratory
conditions may be wet as well as dry. Under same conditioms, such for example as in
wet drilling in mines, the escaping air from the drill hole may (in fact generally
does) contain a certain amount of entrapped solid material which undoubtedly is wet
rather than dry, yet it remains in the air sufficiently long in some instances at
least to be breathed by the workers to contribute to poscible health trouble.  The
size of dust of importance from & hygienic standpoint are those under texn microns.
Iz fact, the sizes found in indusirial atmospheres are under two microns for the
larger majority of particles, say 90 to 95 per cent., Fhysioclogically, there are ale-
most as ramy different classifications of dust as there are authors on the subject,
Eowever, according to Professor Drinker ("Dust, Fures and Smcke", Intermatiozal Law
bor Office, Occupation axnd Eealth 7ol.1, 930, 2,6C3) all of these classifications

EN00149?
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are without much practical importance, since indaily practice in industry the hermful
effect is exercised more frequently by dusts mostly of mixed origin., Besides, what is
most important is the physical and chemical constitution of the dusts and cornsequent-
1y their action on the system.

III - WEAT ARE TE: PEYSIOLOGICAL EFFECTS PRCDUCED BY TEE INEALATION OF DUST? - To
be harmful from & respiratory viewpoint, dust must be of sufficient finess to pess
through the nasal filters and be retained in the alveoli (minute air sacs) of the
lunzs. Particles found in autopsied lungs are of the order of ome micron (e micron
is 1/1000 of a millimeter or about 1/25,000 of an inch) or less in size = about the
size of the cormoz bacteria. Some dust particles found in lungs are as large as
five or six microems although these sizes are rather exceptiorsl,

Thereare five distinct “ypes of reactiorn produced in man as the result of irhel-
inz dust, These reactions may be troacdly classified, based on the primary cause, as
followss

(a) Those which result in lupg fibrosis, commonly referred to as pneu=
mocoriosis, These dusts contain free silica, asbestos, etc, Howe
ever, it is not necesgsary for fibrous tissue to be formed in order
for the disease to be classed as "Pneumoconiosis”.

(b) Those which are oxic end are absorbed inmto the blood stream suck
as lead, cacdmium, etc,

(¢) Those which result in what is commonly referred to as metal fume
fever; such as zinc oxide, etc.

(d) Those which are sllergic in character, such orgaric dusts as pollen,
pulverized wood and flour, etc, The breathing of pulverized wood
and flour 1s frequently associated with tuberculosis,

(e) Tnose commonly referred to &s "nuisence dusts". These nay cause ir-
ritation of the respiratory tract or passages and may cause cone
siderable discamfort, also headaches of the dry "nasal" passage or
sinus type and exposure to them may be associated with e high ine
cidence of respiratory illness.

The rate and extent of these reactions are dependent upon the resistance of the indi-
vidual, the exposure period (concentration of particles and length of exposure) tem-~
perature and humidity of the air, rate of work, and the percentage of ingredients
which are harmful,

Owing <o the length of time required to obtain a reaction by inhalation meth-
ods, the United States Bureau of Mines and the Public Eealth Service adopted about
twelve years ago, & method of injecting small quantities of the dusts tobe studied
into the peritoneal cavity of guinea pigs, ("Response of Peritoneal Tissue of Dusts
Introduced as Foreign Bodies™ by Dr. John W. Miller, Dr, R.R.Sayers and Wm, P, Yant,
Jour, Amer, Med, Assoc, Sept. 22,1934 - Vol.103,pps, 907=911)., It was found that iden=
tical reactions occur in each animsl injected with the same dust under the same con-
ditions and exsmined in the same time intervml after injection, These reactions were
essentially the same microscopically as that produced in the lungs and the gross ap=-
pearance of the dust nodules was sufficiently differentiated to afford a means of
classifying the physiological response tothe dusts, There are three types of reaction:

An absorption or dissolution of the dus<,
A proliferative reactiom.
An inert reactiorn, '
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In the inert reaction, the dust neither caused an increase in the size of the nodules
nor dissppesred from the tissues; instead there was more or less a change in its dis-
tritution. Soepstone, carborundum (Silicon Carbide), jeweler's rouge (Ferric Oxide),
anthracite coel, bitumxd=moms coel and certein filter clays have inert reactions, Cale
cite, limestone, precipitated caloium carbonate, gypsum, and Portlend Cement exhibitm
ed an abgorption reection. Quartz, chat, certaln filter clays and flint produced a
proliferative reaction.

.The physiological responSe to the injected dusts were found sufficiently well
marked in 90 days to determine the type of reaction, particularly where the reaction
was one of mbsorption or proliferation. Since the reactlon elicited by dust was
oconstant and uniform in all of the animals injected with the dust, it is believed
that this response of peritoneal tissue to various dusts can be used as a test to de-

ternime the possidle tmrmfulness of industrial dusts,

The fitrosis-producing properties of & Georgia filter clay (30-60 mesh grade)
a sample of Americen contact cley eand a Germen contact clay were tested by the Intra-
peritoneal Method, under the direction of Dr. R. R. Sayers, Medical Officer in
Charge, U.S. Public Health Service, The Georgia filter clay showed an inert reaction
with a slight tendency towards a proliferation in the 90-day test. The Americancon=
tact clay showed an inert reaction with evidence of same slight absorption or dis-
appearance of scme part of dust in the 180=day tests. The German contact clay caused
the formeticn of light yellowish-brown nodules ancd as the interval between the in-
Jection end the examinmation increased the nodules became somewhat flattened, but the
emount of dust and the approximate size of the nodule remasined the same throughout
the entire period (90-days) of the test. This can be considered an inert reection;
but as the dust does not disappear from the peritoneum it should be considered as po-
tentially hermful though not as dangerous as pure silica,

In cammenting on the results of the tests with the Georgia filter clay and the
American contact clay, Doctor Sayers advised that the results of the test indicated
that the filter clay 1s more harmful than the American contact clay because the dust
remains inert in the tissues as this was the largest portion of the dust and the ip=-
ert appeararce of the lesions was the most prominent, The modification of the resc=
tion in the filter clay cen be attributed to the presence of 5~10 per cent. gquart:z
(Petrograpnic), Gypsum in the American contact clay may account for the slight ab-
sorptive reaction. Doctor Sayers advises that an inert dust, if breathed in suffi-
cient concentration, may be harmful, These tests were made in esccordance with the
procedure described in Reprint #1608, Public Health Reports, Vol, 49, No, 3, January
19, 1934, pps. 80-89,

The inhalation of dust gives rise to "Pneumoconiosis” a term derived fram the
Greek vneunon, lungs and konis, dust, and used to designate a pathologicel conditicn
of the lungs ceused by the inhalation of any dust, It includes SILICOSIS, a chronio
disease of the lungs caused by the inhaletion of minute particles of free siliea
(Si02) dust which produces a permanent incapacitating amlteration of the lung tissue;
ANTHRACOSIS, the black lung of the miner due to coal dust; ANTHERACO-SILICOSIS, the
newest of our mineral dust affections and introduced by the United States Public
Health Service as a result of their studies in the Anthracite District of Pennsyl-
vanis. This affection is the result of breathing enthracite coal dust that contains
s§ilica. The common neme for the affection is "Miners! Asthma™; CHALICOSIS, the
gray=black lung of the stone-cutter due to stone dust; ASBESTOSIS, in asbestos
workers due to asbestos dust; SIDEROSIS, due to breathing dusts of iron ore (The
lungs are yellow or red from metallic oxides generally of irom, ); BYSSINOSIS, due to
cotton particles and vegetable fibre dust, amd PNEUMONOULTRAMICROSCOFICSILICOVOL-
CANOKOKIOSIS, a special form of silicosis caused by ultra-microscopic particles of
slliceous volcenic dus+t. Silicosis, Asbestosis, and Sillco-Anthracosis are the oznly
three forms of preumoconiosis which require practical attention.
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WYhile the type of pulmonary lesion depends on the particular dust inhaled, the
underlying pathologicael principle is the same in ell forms of the disease, namely, en
uwltimate fidbrosis end replacement of the elastic lung tissue by a hard umyielding fi-
brous tissue. All occupations that expose men to large amowmts of dust may rive rise
to pneumoconiosis but not necessarily to silicosis. It is now generelly agreed that
in order to produce the latter, (silicosis) inhaled silica dust must reach the lungs
in a chemically uncombined condition, in very fine particles not more than ten mi-
crons (10/25,000 inch) in diemeter and in sufficient amount and over a sufficiently
long period of time., In relatively recent literature it appears that the proponents
of the idea that only "free silica" is harmful are beginning to have some doubts and
to have the thought that possibly some silicates may under some conditions be herm-
ful. Generally speaking, the necessary length of exposure to produce silicosis is in
direct proportion to the size of the dust particles and inverse proportion to the
dust concentration and the amount of free silice in the dust., Silicosis is char-
scterized anatomically by a generalized fibrosis of the lumes and clinically by shori-
ness of breath, decreased chest expension and e progressively lessened capacity for
work which is out of proportion to the cbjective physical findings. The effect of ex~
posure to dust such as silica is cumulative, the rapidity of development of the dis-
ease depending upon the time and eamouznt of inhelation. Silicosis mey develop to the
peint of causing symptoms only after several years exposure to silicious dust, but it
may be progressive in some cases even after exposure has ceased and may cause symp-
toms or become disabling long after the workmen has left the environment that caused
the condition, Some may improve or at least remein stationary in the absence of in-
fection. Weatkins-Pitchford (J,Ind,Hyg.2,109 - 1927) tells of Welsh miners who passed
the physical examination for enlistment in the British Army, fought through the World
Wer, then came back to Englend, and died of silicosis. Unfortunately, it is not
stated whether these persons died from silicosis complicated with tuberculosis, Brit-
ton and Eead (J.Am, Med.Assoc,96, 1928 - 1931) give more detailed descriptions of
sizilar latent ceses in the United States,

Silicesis in Generel - It is generally agreed that silicosis may be defined

&s

"A onhronic disease due to the breathing of air contairning silica
(5i02), charecterized anatamically by generalized fibrotie changes
and miliary nodules in both lungs, and clinically by shortmess of
breath, decreased chest expansion, lessened capacity for work, ab-
sence of fever, increased susceptibility to tuberculosis (some of
all of which may be present), and by characteristic roentgenolo-
gical findings,"

In other words, slilicosis is a disease of the lungs in which the normal lumg
tissue is replaced by scar tissue due to breathing air containing silica dust, Un-
fortuna<tely there is no known cure for silicosis « but SILICOSIS and nearly all
other forms of dust diseases CAN BE PREVENTED,

Recognizing the wide interest and even hysteris among apprehensive employers
agaeinst whom claims had been filed by alarmed workers, and the necessity of thought-
ful consideration of the silicosis problem, the Secretary of Lebor on April 14, 1936
called the First National Silicosis Conference attended by more than 300 persons
representing workcrs, employers, State and Federal Agencies, Insurance companies, and
other interested groups. Four Committees were organized to study specific phases of
the silicosis protlem; and assemble the essential facts gbout silicosis in a series
of reports; also to present specific suggestions for silicosis prevention and
straighten out other difficulties that silicosis has created, Reports made by these
Committees were formally acdopted at a second conference held February 2nd end 3rd
1937 iz Washington, from which we gqucte:
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"While a few persons may still be of the opinion that such workers" -
(Workers having silicosis) "ere 'through' and docred to an early death, every
study conducted thus far confirms the fact that the great majority of these
men will not necessarily progress fram bad to worse, Perheps it may be wise
to trensfer some workers to octher employment, but many may be continued at
their regular occupations if lknown methods ere applied to control the dust
azd if special care is employed to prevent the development of tuberculoesis,
prneumonia and other lumg complications". ’

"Contrary to popular belief, silicosis is slow to develop, Usually it tekes
seven years or more of exposure to silice dust for a worker to cortract the
disease, It is said that a few cases have been known to develop in as short
a period as 1-1/% years, but these were under extreme and wnusuel canditions,
On the other hand, many workers hsve latored under ordinary exposures to
silice for more then 30 years without demonstrating any trouvble whatever that

could be diagnosed as silicosis”,

For *he convenient diagnosis of silicosis or of silicosis complicated by tu-
terculosis, the pulmcnmery chenges are classified in three stages by Drinker & Eatch
("Industriel Dust" - 1826), In the first stage, the disease produces no diability,
The vicktim carn work just as well as ever, In the second stage, his respiration is
affected; he is bothered by dyspnea or lebored breathing., In the thiré stage dys-
pnea becomes severe ané he is likely to contract pulmonery tuberculosis, generslly
with fetal results. Whether he contracts tuberculosis or not, the mdvenced sili-
cotic is far below normal snd is very susceptible to all respiratory diseases.

These three stages of silicosis cazn be distinguished by X-ray. Acomperiscn
of the X-ray plates of & silicotic with theose of a normal person of like age end
physique shows, in the first stage, distinctive shadows, evenly distributed in both
lungs. These rmay be missed or misinterpreted by any but an expert; but the changes
ip the second and third stages are obvious even to a layman., It is, of course, es-
sentiel that the X-rey plates be properly mede. Dr., Pancost and Dr. Pendergrass of
the University of Pexnsylvania have given extensive study to the influence of X-ray
technigue on the disgnosis of silicosis. Pendergrass is of the opizion that shadows
and eppearances of fitrosis can be actually produced by the techmnigue employed,
Under other conditions, existing fidrosis can be entirely missed by use of improper
technigue,

Silice+tes as a cless are by no means hermless. It was polnted out by Dr. R.
F. Sayers (U.S., Putlic Health Bulletin 221) that Miners' Consurption was rather com-
mor ir the Broken Eill district of Australis where the rock contazins considerabls
sillipanite {Als SiOg), fidbrous silicate, e2nd a rather low percentage of quart:z
(12,23%), The studies of Badhar (Rept.Dir.Gen.Pub, Health, New South Weles) give con-
siderable support to W. R. Jones! (J.Hyg.15,307-l§§§) contention that silicates,
particularly the fibrous varieties, may well be the cause of pulmonary disability,
Badham in 1927 coined the word SILICATOSIS to cover disatility from the inhalatien
of silicates, Other silicates such as Tale (Hp Mg (Si03))a; Shale; Kaolin (Hg Alr

Si2 0g); Feldspar; Cryolite. (Ne3z AlFg ); and pure Mice give much less specific changes

than quartz, A moderate fibrosis may appear after exposure to numerous materials
but this fibrosis is usually not disabling, According to Dr., lLanza, "Silicatosis"
is not a recognized term in this country and disability from the inhalation of sili-

cates has not been proven.

Dr. Cary P. McCord (Ind,Med,July 1933, pps.4-12) states that all silicates
taken into the lungs, of particle size capable of passing the cellular membranes, are
likely to induce some fibrosis in excess of normal but the progress of such silica-
tosis is not nearly so rapid as for silicosis, Tuberculosis rates are high in sili-
cate usizg industries, Antecedent tuberculosis, quﬁescent, may flare up as & result
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of exposure to silicate dust,

Asbestosis - According to authorities cited by Drinker & Hatecl in their book
"Industrial Dusts", the pathology produced by asbestos is not like that of silicosis.
Dr, L. U, Gardner of Saranac Leke is of the opinion that the asbestos fiters group
about the neck of an alveolus and shut it off, causing what is known as "Atelectasis",
There is no defirite migration or transportatiorn of the dust particles to the lymph
nodes and no fibrous nodules, As the atelectatic arees increase the reduction in
lung area causes serious dyspnea or laborered breatring, Dr. A J. larza (U.S.Health
Repts., 5Q0; 1 ~ 1935) suggests that the enlarged heerts noted frequently ir his
cases of second stege Asbestosis may be due to the increased losd on the heart, It
takes more work to pump blood through the fibrosed than through the normal lung. Re-
cent pathological studies from human lungs from cases of asbestosis have indicated a
diffuse type of inmterstitial fibrosis with & certain amount ol emphyceme,

IV - w227 IS THE MAZIMIM PZRMISSABLL DUST CCUCINTRATICI? - There appears to be a
wide variation in the maximum corncertrstion of dust which might be inhaled without
subsequent izjury to workmen, Some dusts (as lead) are determined by chermical
methods and the concentretions in eir sre recorded gravimeiricelly as milligrems per
cubic meter., However, the available informetion on the amount of lesd dust that is
herr™d end the methods of determircing leed are better and more accurate then those
for silica dust, It is rether well agreed that ar intaske of ebovt 1,5 milligrams of
lead e day, whether this is acquired by breathing dust or by drinking weter that cone
tains lead, is the maximum allowable quertity., Others (as silica, where size is =
factor in determining dangerous particles), are usuelly civen by count, Nelther
method tells the whole story, but in both cases it may be possitle to secure the ine
formation necessary for the purpose,

The maximum silice dust concentretion considered permissible in the sir breath-
ed by & worknan at eny point in the normal breathing zone has not beer definitely es-
. tatlished. There is consideratle difference of opinion regarding the renge of par=-

ticles thet are counted when using the Public Health Service technique and light
field illuzination, Bloomfield of the United States Public Health Service ané Brown
of the United S<ates Bureau of liines contend that they count particles from one mi=-
cron end upward, or even O,7 micron and upward, The Industrial Cammission of Wis-
consin and its Advisory Committee, composed of both employers and scientists, how=
ever, agreed in 1932 on a tentative figure of 15 million countatle particles under
10 microns in longest dimension with free silica content of 35 per cent in a cubie
foot of air ss determined by United States Public Health Service technique, Varige
tions in free silica content will make proportional inverse changes in this standard,
In the case of practically pure silice, the permissible dust coumt should probably
never exceed 5,000,000 countable particles, By countable particles is mearnt those
particles between 0.5 to 10 microns in the longest dimension. Particles of this
size are the ones that are believed to cause the greatest damage and form no visible
cloud. Dust particles smaller than 0,5 microns in the longest dimension are not
ordinarily countable, Dust particles larger than 10 microns in longest dimension do
not ordinerily reach parts of the lung where they can produce injury of & respira-
tory nature. Most industrial dusts have but few particles above two or three mi-
crons in size, They are usually esbout 90 to 95 per cent. below two or three microns
and 50 per cent, below about 0.5 to 0.7 microns. An exception to this would be a
dust sample taken close to the point of generation of dust and before the larger
particles had time to settle out of the air.

In South Africa the figure is 1 milligram per cubic meter (or 300 particles
per cuble centimeter. or approximately 8,5 million per cubdic foot,) Dr, Lenze found
in 1617 in the Joplin, Missouri district that with good engineering practice, @
figure of 1 milligram per 100 liters of air could be attained, This value attridute
ed Yo Lanza appears too high in comparison with the South African standards. As there
{
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are 1,000 liters in a cubic meter, it would indicate that Larza's estimetion repre-
sents something of the order of 80 million particles per cubic foot. With good en-
gineering practice, lower concentrations than this can be obtained. In fact the ex=
perience in South Africe ard also the present experience in this country indicates
thet it cen readily be kept below one-tenth of this value by using ordinary good
practices., The United States Public Heal*h Service in its recent study in the an-
thracite region of Fennsylvania, found thet 50 million particles per cubic foot with
5 per cent. guartz in the coarse dust and 10 million particles per cubic foot with

35 per cent, quartz were apparently satisfactory and often were attained, The figure
of 10-20 millicn particles per cubic foot for grenite dust with 35 per cent. quartz
content is often gquoted fram the Vermont granite studies of the United States Public
Health Service. From & considerstion of gezeral experience, Cummizgs suggests § mil-
lion particles per cubic foot as a threshold for dusts high in gquartz. This figure
is tased upor a combinetion of South Africa, Australian and Americen experience but
lacks entirely ary publisned acata in its support.

Accoréing to studies quoted by Philip Drircker and Theodore Hatch in their book
"Industriel Dusts™ 10 *o 20 millior perticles per cubic foot by the impinger sampling
me<hod, light field counting is a reasonetle figure for cement and limestone, Recent
work bty Dreessen confirms the universally accepted opinion that dusts high in calcite
ané low in guartz do not produce disabling fibrosis. The threshold figure of 0,15
milligzrem per cubic meter is giver for lead dust, presumebly litharge and white lead,
or othe: solutle lead salts,

It should be noted that mary of the data were not determined as the ledical
reguirement, but as beirg attaineble in good practice and apparently satisfactory
from a safety standpoint. It shovldé be further noted that the accepted figures ‘are
only reletive due to the indefinite powers of resistance of an individual which are
en unknown quantity. One individual might resist a proportion of 200 particles per
cutic centimeter, while ancther would react unfavorably to 50 particles. The work-
er's physical condition prior to the exposure is of great importance, since a young,
healthy individuel usually cen stend & higher concentration or longer exposure before
the first stage of silicosis is developed. However, far greater influence than
paysical condition might be the ability of the nose and respiratory passages to ar-
rest dust.

Iz their report to the National Silicosis Conference the Corrmittee on Pre-
vention of Silicosis thrcugh lledicel Control pointed out that since standards of safe
atrcspheric dust concentratioz, based on medical findings have been estatlished for
o2ly a few industirial dusts, and in view of the fact that considerable study and ine
vestigation will be reguired to establish standards for other industriel dusts, some
tentative standard would be useful. It was also stated that this arbitrery standard
should be based upen what is believed to be within the limits of good engineering
practice provided, it will largely control the silicosis hazard for most industrial
exposures., They, therefore, suggest that

"The mayimum permissible concentration of silica in the air breathed might be
expressed ty the following formulsa. (Determination of dust concentration
according to technique described by United States Public Health service in
Reprint Yo, 1520 from Putlic Health Reports. March 18, 1932):

Multiply the percentage of free silica by the total particle dust
count, I the result is under 5 million, the condition may be con-
sidered permissible, I7 the result is over 5 million, the comdition
may be considered too high, For example,

10% free silica with an average total dust concentration of
30 million particles per cutic foot would give .10 times
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30 zillicn, which equals 3 million (good practice)s 30%, with
average total dust comoentration of 50 million, would equal
+3 times 50, or 15 million 9 (wmsatisfactory).

This formula is not applicable to any dust containing less than 5%
free silica,”

Theodore Hateh in his article "Some Fundamental Data or Mechanical Dust Traps” (Tech,
Pud, No, 637=4, 60, Amer. Inst. Min. & Met, Engrs.,, Aug.,, 1935) gives these

Safe Dust Concentretions, Impinger Samples;

(Light Field, Low Power Counts. )

Eind of Diist Maximum Permissitle Concentration
Contedring mo Silica. « . . ¢« v v ¢ ¢ o o o & 50 millions per cubic foot
Coztalring any small amount of silica,

free combined . . . . . 4 4 e b e . 30 " b " "
Containing 20 to 40 per cent.

Free Silic& o . v o o o ¢ o ¢ ¢ v 4 o 10 n " " "
Greater than 40 per cent.

Tree S11icB . v v 4 4 4 4 e e e e e . e 5 " n " "

(Preferadbly as much less as possitle)

Dr. R. R. Sayers, Medical Officer in Charge, Industrial Hygiene and Sanitetion, T.S.
Public Health Service in answer to a question as to permlissidle dustiness writes:

"During recenmt years, it has been custamary to recommend threshold
or permissidble dust limits ranging from five to ten million particles per
cubic foot as determined by Public EHealth Service technique, especially
with dust in which the percentage of free silica is above five per cemt,
There is no basis for the application of this criterion to all dusts, but
it is geperally considered a safe practice end one which can be attalned
in most industries by exhaust ventilation, wetting, or other methods of
dust contral,"

As pointed out by Drinker and Hatch ("Industrial Dust" - 1936) 4t is wmfortu=-
netely imrpossible to evaluate dust exposures with the arithmeticel nicety that we
should have liked yet it is commonly olaimed -~ by laymen - that prolonged exposure to
low concentrations is Just as serious as short exposures to heavy concentrations,
This claim is oontrary to a fundamental law of physiology. In discussing the sub-
ject Clark and Drinker ("Industrial Medicime" - 1935) remark that ".....a sub~thres=
hold stimulus (dust inhalation) for a long time produces no reaction whereas a rela-
tively brief super~threshold stimulus may cause a reaction", If workers are exposed
to sudden heavy concentrations, the threshold values suggested previously would be
correspondingly lowered, Eowever, most threshold values are weighed -- an average
of the ranges,

V - EOW MAY THE CONCENTRATION AND CHARACTER OF INDUSTRIAL DUSTS BE DETERNMINED?
The properties of a dust which determine its harmfulness have been shown to be 1ts
camposition, concentration (the quantity suspended in the industriel etmosphere), and
its particle size, The methods used for the determination of the concentration and
oharecter of industriel dusts vary from a routine dust count for the purpose of
eveluating the efficiency of dust control methods to a detailed study of both the
concentration and the character of the dust in conmection with medical and engineer-
ing surveys,
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The Impinger Apparatus developed at the TUnited States Bureau of Mines,
Pittsburgh Experiment Station by George Smith and Leonard Greenburg, (Described in
Reprint No,1528 fram the Public Health Reports Vol.47, No.1l2, March 18, 1932 pp,
654-675) has been employed for more than 13 years es a standard instrument for dust
studies. Ir this apparatus samples of air are drawn into an impinger tube and flask
where the dust particles are thrown or impinged on & prepared wetted glass collect-
ing plate. The rate of air flow is fixed at one cuble foot per minute while the
duration of the sampling period is dependent upon the dust concentration. The air
passes through an orifice in the bottom of the impinger tube and strikes glass col-
lecting plate which is submerged in 3 cm, depth of distilled water ar some other
fluid with satisfactory wetting properties, (If water is used as the fluid in the
impinger, silica particles are dissolved-~hence not available for counmting -- umless
the laboratorr (coumtirg) work is done within a few hours of teking the sample. )
This affords the means for accurately determining the quantity and size of the par-
ticles, The liguid is thez thoroughly shaken to obtain a uniform distributioz of
the particles; filtered to remove those over 40 microns in size and again agitated,
Samples of epproximately 1 cc. are taken by means of a pipette and placed in Sedg-
wickeRafter counting cells, The use of a suitable microscope equipped vith a Whipple
micrometer disc to aid in counting. will permit the determination of the number of
particles in one quarter of the microscopic field, From this figure, the number of
particles of dust in 1 cw ft. can be calculated. One special advarntage of this ap-
paratus 1s the fact that analysis of the sample can be determined by counting, by
weighing or by chemical analysis. The impinger method is neither simple nor extreme-
ly complex; however, reliable results can be obtained only by well trained, compe=
tert end experienced investigators. However, owing to the wide use of the impinger
in previous investigations that have been correleated with the pathological findirgs,
an impinger should be used for any investigation which is to include pathological
findings or where the results are to be introduced as evidence in court. Some state
codes on dust control recognize the impinger method, The United States Bureau of
Mines has practically completed the development of a "Midget" impinger which has most
of the good characteristics of the impinger but lacks most of its drewbacks. This
midzet impinger will soon be available and will greatly simplify both sampling and
counting,

Other devices are also available for sampling of dust over a continuous period,
namely, the electric precipitator, the paper thimble, the electrostatic precipitator,
and the hot wire thermel precipitator. The English are working on a dust sampling
instrument which precipitates the dust from the air by thermal means ("Physical
Methods for the Estimation of the Dust Eazards in Industry", by BE. L, Green and
B, H Watson, Privy Coumcil, Medical Research Council, Special Series No. 199, His
Majesty's Stationery Office, London, (1935)). The U.S. Bureau of Mines has been use
ing en electric precipitator similar to those described by Drinker ("Alternating
Currect Precipitator for Sanitary Air Analysis; I - An Inexpensive Precipitator Unit"
ty P. Drinker, Jour. Ind. Hyg., Vol. 14, 1932, p,364) for collecting samples of the
test suspensions used in testing mechanical filter respirators for permissibility.

A pumber of instruments are available for makirg dust determinations for con-
trol purposes. Among these is the Konimeter which calls for but little skill in
sampling, It is light, simple and quick to handle, needs no power for operation and
requires only a microscope for counting the particles, The Zeiss Konimeter consists
of a microscope which gives a magnification of 200X, an air pump, a dust filter to
remove very coarse dust particles, & sample disec and a micrameter ruled in sguare
millimeters. The air pump drives a measured quantity of air ageinst the sample disc
which is covered with a sticky substance (glycerine jelly), This sample forms a dust
spot which can be examined under the microscope for a general idea of the nature of
the dust and the relative quantities present, or for an actual measure, a "dust count",
which shows how many dust particles are present in one cubic centimeter or in one
litre of the air samples examined, The Konimeter has'been used very widely in
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South Africa (Final Report of the Miners' Phthisis Prevention Cormittee, Johannes-
burg, 1019, p.lO) end also in Canade, The U,S.Bureau of Mines hes also used i+t in
some of its dust studies. In discussing the value of the Konimeter in their recent
book "Industrial Dust" (McGraw-Hill Book Co., New York end London - 193€) Philip
Drinker and Theodore Hatch of the Harvard School of Public Health write:

"It is the most compact and simple sempling device, Space is
provided for thirty samples on & single disc ané no auxiliary
source of power is required for its operation., Grab samples
cen be collected with speed end the fluctuations in dustiness
and the development of dust floods cen be revealed in e way
that is impossitle with more cumbersome apparatus. South
Lfrican experience involving the collection of thousends of
samples has shown thet the figure of merit given ty the Koni-
meter is directly related to the emount of phthisis - produc-
ing dust in the air., It is g valuable routine sampling in-
strument but beceuse of its low and selective efficiency, the
counts reported are probatly considere®ly below the true level
exd they are not easily compered with data cbtained in
Englend, for example, with the Owens epparatus, or irc the
United States with the impinger,”

Experience has shown that contrary to Drinker's stetement, the Konimeter if
properly used, will give results that agree very well with those obtained by the use
of +nhe Impinger, The U.S. Bureau of Mines Experiment Station at Pittsburgh in making
sone comparative studies with the Konimeter and the Impinger found that an average of
five Fonimeter determinations was within about two per cent. of one impinger determi-
ze<icn, The reesson for taking en average of individual results obtained by the Koni-
meter, for comparison with those of the Impinger, is due to the fact that the Koni-
meter *akes an instentaneous grab sample of small volumes and owing to the hetrogene-
ous mature of dust in air greb samples do not represent the average conditions. The
Impinger takes & continuous semple of rather large volumes and is thereby representa-
tive of the average, For these reasons, if it is desired to compare Eonimeter re-
sults with Impinger results it is necessary to take several Kcnimeter samples during
the course of the Impinger sample, in order to obtain average conditions, We have no
correla%ing izformation of the Konlmeter with the 20 to 30 micron porcelain filter
sgeinst the standard impinger method.

A Zeiss Fonimeter, using & 20 to 30 micron porcelain filter was used in making
actual dust counts in our various dust producing operations, The particle size and
size classification was estimated rather than accurately measured and computed. Only
particles ten microns or less in size were counted since it is generally agreed that
dust particles larger than ten microns in size are not particularly pathogenic.

Other methods in common use are the Owens jet dust sampler ("Jet Dust Counting
Apparatus" by J.S.Owens, Jour,Ind,Hyg,,Vol,14,1932,P,522), which has recently been
maenufactured in this country and the photographic dust counter, developed by Ficklen
and Ott, The Owens jet dust counter is used in this country to collect samples for
particle size distribution determinations, It is used principally in Australia for
determination of number concentration of atmospheric dust of industrial hygienic ime-

portance.

The latest device for determining dust concentrations is the Bausch & Lomb
Dust Counter which was placed on the market a few months agoe. This instrument con-
sists of a dark-field microscope megnifying 200X, and en impinging apparatus mounted
or & common base, The base is & hollow chamber with the bottom hinged to provide
eesy access to the dark field condenser and a circular glass specimen slide. 3Bymreans
of & rend punp, which is part of the impinging dgvice, & sample of air is érawn
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through a moistening chember which has at its lower end a narrow slit. The dust is
deposited through this slit on to the circular specimen slide in the form of a ribbon,
The slide can be rotated until the sample comes into proper position for viewing with
the microscope, or a maximum of twelve samples can be collected on the slide and then
viewed, The slides are quickly removable and replacesble., This dust counter is not
designed for eccurate dust determination but rather as an inexpensive device for
roughly checking dust conditions. It has not been available long enough for athorough
test in actusl practice,

The principal objection to instruments like the Bausch & Lamb Dust Counter and
the Owens jet dust sampler for determining number concentration is that their dust
collecting efficlency decreases with an increase in the atmospheric dust concentra-
tion and the fact that they take grab samples,

Since the major portion of dust present in industrial atmospheres is small
enough to gain emtrance to the lungs, very little attention need be given to determins-
tions of the exact sizes of particles.

Ev001502

mnnnnnnnnnnnnnnnnnnnnnnnn'nnn_n,n_n"



- W G Wy W v W e

-13-
PART 1II - DUST PRODUCING OPERATIONS STUDIED

WEAT ARC TEC TRINCIPAL DUST PRCDUCING OPZRATIONS? - In order to determine to
what extent if eny, workers in the production of petroleum products end associated
activities are exposed to the hazard of breathing dust, & survey of all dust produc
ing operatioms was made mt the various plants concerned. These operatioms, listed
in order of their apparent degree of dustiness, are:

1. SAND - BLASTING

Due to the lerge mmowunt of finely divided silice dust produced by the impact
of the zreins of sand on the surface of the object teing cleaned, sand-blasting is
the most dencerous silicosis hezard encountered in our survey. Send-blasting is
used raiher extensively Bt o0il re¥imneries for clesning inside soeking drums, bubtle
towers, tar separaitors, run-down pens and storsge tanks for metal imspection end to
permit the application of gunite liring as a means of preventing corrosion. Heeder
toxes or other similer perts, tubes in cracking coil fire boxes end returzn bends
are sanc-tlasted to permit a detmiled and thorough examinetion for crecks and de-
fects, Sand-tlasting is also employed in the removal of corrosion ‘roz under float-
ing roof tenks; for removing roughness or rust from steel shapes or rods; for clean-
irz bell caps, bubtle plates, trays, and pipe prior to puitting them back in service;
alsc on *he enis of tutes preparestory to placing them for rolling; and for cleaning
cestings wiich are too large or fragile to withstand being tumbled. It hes been
used, to z limited extent for cleaning buildizngs and rendering window glass opague.

The crecking coil tubes, pipe, bell caps, trays, heacer-boxes and similar ob-
jects ere usually sardblasted oute-doors in the open air or in & more or less open
shed, both locations being es far removed as feasible from any shops, process units
or other working plaeces., Coarse river sand is discharged through a one-half tothree-
guerter inch nozzle with compressed air under & pressure of 30 to 90 pounds per
square inch, The men at the noz2zles stand to the windward side of their work end
wear a "Healthguard" (Chicago Eye Shield Company) mask, & Sly Sand Blast Helmet or a
Fresh Air EHose Mask covered with a canvas hood. The men et the Sand Blast Machines
wear "Dust Sefe" goggles and a M.S,A,"Comfo" Respirator. The Mine Safety Appliences
Company now has & sand=blest hood that is meeting with considerable approval by in-
dustry and ealso by the United States Nevy Department. A blower is aveilable for
supplyizg eir to these hoods that cleans the air, This same tlower cen be used in
connection with air-line respirators.

Wher sand-blasting is done inside of drums having more than one opening, such
as soaking crums, en air siphon is placed in the lower manhole which draws out the
dust and allows a continuous circulation of fresh air through the drum. In drums
where the siphon cannot be used, the air circulation is poor and the men work in
shifts ranging from 30 minutes to an hour, depending on the size of the drum end the
amownt of air circulation inside, They alsoc wear an approved sand=-blasi helmet.

These sand-blasting jobs are not continuous routine operations but are per-
formed when necessary by men selected from the Common Labor gangs or the Mason's De=
partment, The work is rotated so that in most cases it occupies less than twenty
per cent. of the worker's time and there is an interval of 15 to 20 days between
sand-blasting jobs. Conseguently, on the average, no one man is exposed ta more than
& combined “otal of 400 hours during the course of a year, In discussing rotation
of men on sand-blesting jobs. Dr. Gehrmanz, liedical Director of the du Pent Company
wrote;

"I+ rmust be borne in mind that silicosis is a cumuletive disesse and,
trerelore, the rotetion of men in this type of‘work carmot be considered
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as entirely preventive, Assumirg that a mar works in an atmosphere of sil-
ice dust for ceveral months, during whichtime he is bound to absorb a cer-
tein amount of the dust which produces permanent damage in his lungs; he

is then removed and the possibilities are that the damage which is already
done will bte sufficient to econtinue on andprogress to the point where in
later years he will develop symptoms.

"Therefore, if we take to rotating men in this type of work we ere
facing the possibility of, in later years, developing & large number of
cases of a moderate silicosis with some permanent disability., The only
safe expedient which can be used is complete prevention and this cen only
be done by eliminating the dust.”

During our survey we found that mern ezgaged in sand-blasting, that is handlirg
+he nozzle or attending the sand-blast machkine, were more or less properly protected
while actuelly doing the work but ofter times they removed their protective equip-
ment before getting completely away from the working ares,

A lerge smount of very small particles is produced by sand-kblesting, In an
anelvsis of dust samples collected both outdoors and indoors during sand-blasting,
the following distribution (Public Eealth Bulletin No, 217 = p,52) on & size fre-
quency basis wes found:

Size Grouv in Micromns Per Cent of Total
0,00 = 0e49.uscveesccocsonssnssseonnss 1,4
2,50 @ 0.9% .ieiecacrnenan cieaevesenas 12.7
1.00 = 1.048...iceereenscrecasnascnnnne 34.7
1,50 = 1098, .ieiverevcnraronnecanrinns 20.3
2.00 = 2.4% .c.iiieitrirenenenicovonenas 12,6
2,50 « 2.99.....00000.00 seesessesavenve 5.2
3,00 = 3,40 ..., siersenes 2.8
3,80 @« 3¢9%..icievnninnn tritccessiesas .6
4,00 = 4.4%......... ceieserseriecscnae 1.1
4,50 - 4.95......... seecseenaranss veee 0.2
5,00 = 5,49 ........ setesesescescsannt 0.2
80 = 5u00i.ieierinosoccarransnocenre 0.2

Wnile it has been estimated that free silica dust particles, 1 micron in diameter, re-
guire 8 hours to fall 6 ft. in still air; particles 5 microns in diameter reguire

less than } hour to fall the same distance. Concidering this fact, it is apparent
that the dust hazard from a particular operation may, even though carried out for
short periods, be acute throughout the working day. 1In view of the fact that the con-
dition of still air is rarely, if ever achieved, and that dangerous particles exist

in sizes below one micron, it is evident that & hazard exists.

Fortunately most of the outside sand-blasting is done in more or less isolated
locations which makes it rather improbable thet there will be any unsafe silica dust
exposure to other workmen, However, should it become necessary for any work to be
done in the vicinity of sand-blesting operations either on process units or the sand-
tlast sheds or yerds, it should be remembered that there may be silica dust in the
eir even though it can not be seen, Dust counts as high as 5,344,160 particles ten
nicrons or less per cutic foot were found in samples taken about 50 feet "downwind"
(wind blowing about 15 to 20 miles per hour) while sand-blasting cracking coil tubes;
about 957 of these dust particles appemared angular crystalline under the Konimeter
microscope and were about five microns or less in size, Samples taken about 100 feet
"downwind" fro=m sand-tlasting operation had counts as high as 1,812,480 particles per

cutic foot. ,
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Dust cowmnts as ligh as 13,933,440 and as low as 452,120 particles per cutic
foot were found in semples taken during the filling of the Send Blast Machine feed
hoppers. The high counts were found when sand was shovelled imto a small circuler
screen and shaken by hend, the lower counts, when the sand was simply shovelled in-
to the hoprer. The everaze dust produced by filling or charging the Send-Blasting
lachines was 4,950,316 perticles, ten micrcns or less, per cutic foot.

Dust counts as high as 4,984,320 particles, ten micromns or less, were foimd in
sanples taken inside a Sand-Blasting Room while cleaning castings. The average dust
in this room during sand-tlasting wes 3,873,625 particles per cublc foot. About 80%
of these particles were angular crystalline three microns or less in size and about
207 eppearec rounded, quartz-like crystels abovt ten microns in size. There were a
few rust-like sceles over ten nicrons in size and a very large number of minute derk
retallic particles too small to te counted esccurately, The dustiness ol <his opert=
tien could be greeily reduced by the use of steel abresives exciusively,

411 of the samples for dust counts referred to sbove were taken at face level
in the vicinityr of workmer.

6,000,0C0 dust particles per cubic foot is the tentative meximum allowatle
lizit of dus* perticles conteining free silice of a size less than 10 microns recon-
mended for sand-tlasting,

II - FILTERING OPERATIONS

The process of filtering is extensively used in the refining of petroclewm
products to improve the coclor stability and to remove impurities fram motor lubri-
cants andé pereffire waxes, The three materiels most commonly used for this purpose
are rilter Clay or Fullers Zarth, Cortact Clay and Bone Black. Corsiderable dust is
produced by the handling, charging and reconditioning of these materials.

4 = FILTEZR CLAY CR FULLERS EARTE:

Whet is Filter Clav or Fullers Earth? Filter clay cannct be identified fram
chemical compocition but consists of silica, alumine, iron and sllmline earths in
varying percentages, The distinguishing properties are lack of plasticity and the
power to remove color fror oils, There are numerous deposits of this cley and other
filtering eerths in the United States; the oldest and among the most extensive are
those found clccse to the Florida-Georgia line. One of these, at Attapulgus, Georgisa,
supplies & major portion of the clay used by the affiliated Starndard Cil Cazpany
(Hew Jersey) organizations, At the mine this material contains on an average epproxi-
mately 32% silice and 45% moisture, The average composition after being processed
and prepared for shipment 1s approximately:

8i00ccecucnsesersarsaarassesss 67,46 per cent
L 1

Al2C3..... tvessessessscesseree 10,08
Fezos..ll....'."..‘..‘.'..... 2.49 “ "
MEOe s e eeenennnannns ceeveieees 4,09 M M
Combined Moistureieeecceaoceeee 5,61 " "
n i

Free Molsture...oiveveeecenens 6.28

The comparetively low dust counts found even in pleces where there was cleaning and
sweeping is no doubt due to the fact that this filter clay is of a rather coerse na=-
ture and without appreciatle amount of fines,

There appears to be a wide variatior in the composition and free silica con-
tent of lilter clays used in European refireries, "Terrana" a German Filter clay
used in Polend shows:

'
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Loss in caleinetioniu.eievessseaese 6,05 per cent
Free Silica (Si02)evv.vvseessoess 83,27 " T
A1203 and Fe203c.eccavrnencnnsoes 8,27 " '

The filter clay used in Roumesria is reported a2s having €0.4 per cent. free
silica or 75.3% total silicates. "Grancsil” clay used in Belgium contains & total
percentage of 72-1/2 per cent. of silicates expressed as Si02, The percentage of free

silica was not determined,

How is Filter Clay Mined and Prepered? - The deposit varies from 2 to 12 feet
in thickress, protably averaging about 7 feet, There is an overburden of about 25
feet which is removed by an electrically operated drag line or a steam shovel, The
clay is loaded into small cars, transported to the wet clay shed where it is diwmred
on to the drying floor end dried for three days. It is then picked up by orange peel
buckets, loaded into portatle distributors end delivered to belt conveyors whichdis-
charge the earth into roller crushers where it is reduced to sizes up to a maximm of
two inches, From these crushers the clay goes to secondary crushers where it is re-
duced to a maxinum of one inch, Since the clay is more or less damp very little
dust is produced. The clay is then trermsferred to tandem oilafired rotary dryers,
50 to 60 feet long end six to seven feet in diemeter. In the 20 minutes reguired
for the clay to pass through the dryers the volatile and moisture content is reduced
40 to 50 per cent., to & maximum of 15 per cent. The average dust ten microns or
less in size in sanples taken at various points around the dryers and conveyors was
1,564,569 particles per cutic foot. This rather low dust count is the result of the
iznstallatioz of hoods with ducts to exhaust fars placed over the discharge points to
the conveyors or elevators, Abcut 85% of these dust particles were anguler crystal-
line in appesrance under the Kornimeter microscope and about five microns or less in
size; adout 15% were over ten microns in size., The larger particles had rough edges
and appeared to contain several small air bubdbles, The clay is removed from the
dryers to hot rock cqoling tenks, then to a vibrating screen. The oversize is next
pulverized in & roller mill and the product conveyed to a sifter. An exhaust system
for <he mills and elevators has beer installed, This process may be repeated until
the desired size materiml has been obtained and graded to stendard mesh sizes, the
better known of which are 15-30, 30=60, 60~-9Q0, and the 200 mesh. The 60-9C grade is
protably the most cormonly used in the pezroleun industry vwhen decoloring by percola-
tion, and the 200 when contacting., However, the 30-60 is preferred by most of our
refining units in the Tnited States. The size selected is spparently determined
largely by the type of reburning equipment,

Screen tests are made hourly to insure that the sizes are within the specifi-
cations. Here'are two typical screen analyses:

30 = 60 GRADE FILTER CLAY

Mesh Per Cent.

O7er 30 toiviervecrarosesnsasosenenn 9,7
30 - 40.- ...... sS4 0000000000000 47.5
40 = B0iiisiiiensvsnearsarsacssanse 40, 3
60 = B2i.iieervrcacnsrcrcscansoena 1,5
Thru B2 tiueesieersssoscosrssncascns 1.0

Total 10C. 0
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FIMES (100 - up) GRADE FILTER CLAY

liesh Per Cent.
Over 87 ...t ennnn ceevan 0.6
97 = 15Tieessescneccscaanes e 22,7
137- 200-...-...-co--c.o--n..'c-.c 8:0
Thru 200..... hereceasasssanna cesene 68,7
Total 100, 0

There is very little dust produced by the sifting operetion. All of the con-
nections are designed to be dust tight but there is some leakmge, Samples of air
taken at verious points around the sifters while in operation held en average of
Z,20R,960 dust perticles less than ten microns per cutic foot, About 85% of these
dust particles were slightly anguler crystalline in appearance and five microns or
les: iz size; abouvt 15/ were slightly rownded semi-opaque tenmicrons or over in size,
The lerger perticles had small cracks or fissures and severel small eir bubtles,

lien speré ebout two hours a day cleaning, repeiring or replacing silk screens
in the sifters. Samples taken dwring this operation conteined an average of
2,035,040 dust particles less thar ten microns per cubic foot. About 97% of these
dus* perticles were arngular crystelline in appearance and five microms or less in
size; about 37 were opacue over five microns in size,

L{ter being sifted and graded the clay is ready for shipment, The 30-60 mesh
grade is vlaced in burlap bags holding 128 pounds and losded into railroad box cars;
about 400 bags to a car on en average. Dust cownts of semples taken during the fill-
ing of the bags with the 30-80 mesh grade show that there are from 7,589,760 to
9,968,640 dust perticles less than ten microns per cubic foot which indicates that
all men enzaged in bagging and hendling bags in this aree should wear approved respi-
rators such as the "M S.A.Comfo". About BO% of the dust particles in samples tasken
during the filling arnc hexndling of the bags appear slightly anpuler cerystelline under
the microscope and are five microns or less in size; 20% are rownded crystelline, ten
microns or over in sie,

Bulk Losding of railroad box cars with the 30-60 mesh grade produces clouds of
dust, but a mejor portion of this dust is apparently larger than 30 microms in size
as samples taken during this bulk loading had an average of only 6,883,440 particles,
ten miercns or less in size per cublc foot,

The Fines (100-up) grade is put into 128-pound cottor bags, Dust cowmts in
serples taken dwing this operation showed that there were from 4,644,480 tol4,216,640
dust particles less than ten micromns per cubic foot in the air being breathed by the
fillers, weighers, sewers and truckers, About 80% of these particles were rounded,
semi-opaque crystalline in appearance under the Konimeter microscope and five microns
or less in size; 20% were semi-opague crystalline f{rom about seven to fifteen microns
in size. There were elso a large number of very small particles about ane micron or
less in size,

How is Filter Clay Used? - Upon arrival at the refinery, the bags of clay are
removed from the box cars by & crew of men usually from the General Labor Department;
the job being rotated so that the same mer do not do this particular operation more
than perhaps twelve hours twice a year on an average, Goggles and "M.S, 4 Comfo"
respirators are generally provided, The clay is either trucked or dragged to an
elevator or conveyor hopper and dumped and the bags ere piled for storage. At poirnts
where the clay is received in bdulk, it is unloaded by & large wooder scoop pulled by
& motor driven <rac-line, Unloading, handling, and dumping the clay is one of the

1
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dustiest parts of the filtering operation. The amount of dust produced 1s of course
dependert on how the work is done, the ventilation provided, and the care used by the
men doing the job, Here are some average dust counts of particles less than ten miw
croos in samples taken during the unloading of bags of 30-60 mesh Attapulgus clay

Particles Per
Cubic Foot

Unloeding and dumping bags (128 1bs, ) into Hopper at a
Southern Refinery....ceeoveceresneccersse 5,403,456

Durping clay fram Bags into Elevetor Hopper at a

Northern Refinery....vceevencecenarcens . 2,237,280
Eenidling bags from Storage and Dumping into Zlevator Hopper

at enother Noartherr Hefinery,.oe...... .o 765,180
Inside Box Car Durlng Unloading.................................... 1,110,144
Outside " " et ieeatarstanaestasistrsrentassinea 372,824

In Filter House Passageway being used to Truck Clay to

Elevator hopper......ceveveeceacessnnsava 339,840
Average Dust Produced while sweeping up inside car after

WloBding. e ieienisoosanronccsorasvane 651,360

Apparently unloading clay in the dbulk is less dusty than handling and dumping
of the clay in bags, Semples taken during the unloading of bulk clay gave these
average counts of dust under ten microms in size:

Irside car durlng unload1ng..........,........... 962,880 particles percublc foot
n n 623,040 "

Outside eteiestserstieenenanas
There is of course more dust produced in the vicinity of bulk unlcading then is pro-
duced wnen handling and dumping clay in bags.

Lfter dumping, the new clay is tekex by elevators and conveyors to cstorage
bins which heold ebout 20 tons each. This is also a dusty operation due to the failure
to cover the storage bins or to place hoods over the junction points of elevators and
belt coaveyors, Semples taken during the filling of storage blns with new clay hed
these average dust counts of particles less than 10 microns in size:

t over Bins around elevators and conveyors during
£illing at a Northern Refinmery.......... 1,910,432

" " " & Corveyors while filling at another

Northern Refinery...cceieiiiivioearoneensncaescanssne 4,275,842
" " " & Convevors while filling at a

Southern Refineryiceiecesesnscrsencenae tevecesseosss 4,531,200
" Trace Level on Walkway over Storage Bins Northern

Refinery while Filling Bin........ teesvesensessasess 2,307,776

Dust Counts as high as 8,609,280 particles per cubic foot were found in samples taken
near the discharge of one belt conveyor into the top of & storage bin, About 90% of
these dust particles appeared angular crystalline under the Konimeter microscope and
were five microns or less in size; abovt 10% were black, opaque, many scale-like in
appearcnce and ten micrors or over in size,

"BURNING" CLAY - From the storage bins the clay is conducted by chutes and/or
conveyors and elevators to gas or oil fired Wedge Burners or Rotary Burnmers or XKilns
in which it is "burned" or roasted, and then discharged into rotary coolers where it
is cooled. Where all openings. chutes end elevator outlets as well as the ends of
rotary coolers are properly enclosed and an exhaust duct is placed over the burner,
very litile dust (an average of only 604,150 partlclés, ten microns or less in size
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per cuble foot) is produced and no respiratory protection is necessary. Three types
of burners or kilns are used to recondition filter clay., Average cust counts of
samples taken during the operation of these burmers give a comparison of the amount
of dust (particles ten microns or less per cubic foot) produced by each:

Total Generel
Type_of Furmace Feedirg About Furmace Coclers Averare

Eerman-Frasch 0il or

Gas Fired........ 2,624,320.... 3,700,480,... 2,732,880..... 2,990,542
Wedge Gas Fired,......... 5,399,680.... 1,522,45¢,... 2,108,52C..... 2,395,971
Rotary ” e . 2,067,360.... 1,070,046,,.. 3,115,200,.... 1,818,206

The present practice of using & campressed air hose to clean up the clay on
the various floors of the Furnace House at cne of the Refineries is particulerly ob-
jectionatle due to the excessive dust (12,687,360 particles ten microns or less per
cubic foot) which is stirred up,

About 90% of +the dust particles in samples teken during the burning of filter
clay were angular transvarent crystalline irn appearance and five micrens or less in
size; 5% were rouné opague, ten microms or over and 5% were rounded semi-opague, ten
microns or over iz size,

Ixposure to dust produced by burning or reconditioning clay is rather limited.
Usuelly +here is core firemazn for each shift of eight hours, three srifts per 24 hours
and a porter for the day shift only, Since one of the porter's mein jobs is to
"eleen-up" he is exposed more continuously to dust than are the firemem

CEARGING FILTERS - The cooled, burmed clay (30-60 grade) is conveyed to the
filters by means of elevetors and belt conveyors and charged trrough chutes from the
conveyor belt tripper at a rate of from one and a guerter to eight toms per hour,
These vessels hold from seven to fifty tons each., The amount of dus% produced during
the charging operation depends upon <he grade of clay beirg handled, the ‘rate of
charging. the positiorn of the cley on the conveyor belt, the condition of the convey-
or belt, tripper and charging chute; also whether the top manhole of the filter is
left open during the filling., A general average of 54 dust counts made of samples
teker during the charging of filters at all of our plents using 30-60 mesh Attapulgus
Filter Clay was 3,717,884 particles ten microms or less in size per cubic fooct, The
azownt of dust produced by the charging operation varies consideratly at the various
plants as is shown by these averages:

Refirnery Charpings Rate Particles per cubic foot
Baton Rouge B tons per hour 4,271,413
Bayway -1/4 " v 2,435,520
Bayonne 3-1/2 " " " 2,242,944
Fagle Works 6 noon " 1,042,976

It is the general bellief that the more times a clay has been used and reconditioned,
the less dust is produced dwring its handling, Our study does not confirm this bde-
lief as applicable to dust produced while charging filters, Averages of dust counts
in samples teken during this operation were:

# 1 Clayesusoesneaseoanees 2,242,944 particles per cubic foot

F O3 " i iiiiieiieeeiies 4,604,832 " n 1 "
# lo n e e eseans fer e .o 5,896,832 " 1 " 1"
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According to an analysis of particle size made-by the Bayonne Laboratory of a
sanple of Raw (30-60 grade Attapulgus Clay) No.1l, No.3, and No,8 Wedge clays, the
following is the size classification or distribution:

Raw Clay # cley #3 Clay #2 Cley
Coarser than

100 mesh 88 5% e eennann . 89, 4%. . ... vese 980T, 98, 3%
Diameter of Particles Raw Clay #3 Clay #8 Clay
11llimeters Microns Per Cent Per Cent Per Cent
.149 to .074 149 to 74 0, 14385 1. 00750 0. 5415¢
074 " ,044 74 " 44 0.550¢5 0, 17186 0. 08449
044 " ,035 44 "3 0. 29760 0, 05369 0. 04585
.025 " Q028 25 "o25 0. 21555 0. 03887 0. 01603
.025 " ,015 25 " 15 0. 17550 0.01729 0. 00847
L0158 " .008 158 " 5 0. 11640 0. 01027 0., 00338
.005 " ,001 5 " 1 0. 00045 : 0. 00052 0. 00021

Atout £5% of the dust particles in saxples taken during the charging of #3
clay were slightly angular in appearance and five microns or less in size; 15% were
rounded semi-opaque, tex microns or over in size, About 75% of +he perticles in
sazples teken during the cherging of #10 clay were slightly anguler crystalline, five
ricrons or less in size; about 20% were over ten microns in size and were semi-oracue
about 5% were round semi-opeaque between five and %en microns in size, All of the
larger particles appear to contaiz small buttles, There are numerous small black
specks about omne-guarter micron in size,

Chargineg of filters is usually done by one man per shift for each filier
house. There are three shifts a day, These mer have an average service of abovt 20
yeers end work eight hours a shift, nine shif<ts out of fourteemn.

Verntilation is provided in the newer filter houses by eighteen-inch roof ven-
tilaters extending about twelve inches above the roof and alsc by windews which oc-
cupy about 807 of the wall space in front of the top of the filters,

DUIFING FILTERS = After the filters are charged with clay they are plated up
and the o0il 1s allowed to percolete through the cley for several hours, the length of
time depending upon the nature of the oil run and the "yield" of the clay, The oil
is all drained off and the clay is then washed with naphtha or "Varsol” and steamed
to remove all trace of the naphtha, After this the filter is dumped on to a canvas
belt conveyor and the clay returned to the kiln for burning or reconditioning, Filter .
clay is used as many as fourteen times before it is finally discarded. In order to
determine wnet eflect the reconditioning of filter clay had on its free silica con-
tent samples were analyzed by the New York State Department of Labor, Division of In-
dustriel Hygiene with this result:

Times Burned % Free Silica
Raw Clay......ov.n. ees. 6.30
107 T3 .. B8.50
Three, .. ivieivrnnnnnnn 9, 20
Elght. P et e e v et o s as e . ga 30

Corsiderstzle steem is usually given off during the dumping which probably
'
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explains the smaller dust count (a general average of only 2,518,781 particles ten '
microns or less in sire per cubic foot) than would be expected. The dustiest part of
the filter dumping operation is sweeping up the floor under the filters after dump-
ing is completed, Samples taken during this sweeping or cleaning up had as high as
16,538,880 particles per cubic foot, although the general average of samples taken
during dumping at the various refineries was 2,514,816 particles per cubic foot. About
95% of these dust particles are slightly angular crystalline in appearance under the
Konimeter microscope and are above five microns or less in size; about 5% are rounded
semi-opaque over five microms in size, Occasionally the clay doesn't 'flow" when the
filter is opened and must be started "flowing” by means of an iron ber. This action
causes some dust (2,888,640 particles per cubic foot) but not as much as pounding the
bottom end lower sides with a sledge (4,248,000 particles per cubic foot) as is some-
times done. After the ¢lay has run out, the inside of the filter is swept out with a

roan which produces a little dust (an average of 792,960 particles per cubic foot),
The filter is then pleted up and is ready for recharging.

The work of dumping filters is dome by ane man per shift, for eacnh filter
house. These men have an average service of about ten years snd work eight hours a
shift, nine shifts out of fourteen. They are exposed to dust less then 60 per cent,
of their working time,

Spent clay is used to a limited extent for packing around valves and fire hy-
drants to prevent freezing; also for certain other small absorbing job such as on the
warehouse floors of scme of the larger bulk sales plents where lubriceting oils are
transferred from barrels or drums to smaller containers, or loaded into five gallon
cans from bulk, Most of the spent clay is disposed of, however, by dumping it on
nearby Compeny property and, to a lesser extent on railroad property near river banks.

Composition of Filter Eouse Air Borne Dust; Samples of dust from Attapulgus
Clay, which had settled on the tops of elevator housings and on girders over the
storage bins in filter houses, were submitted to the United States Bureau of Mines Ex-
perirment Stetion for petrographic examination. Ordinerily positive results are not
ottained in petrograp:ic tests for the identification of minmerals in atmospheric dust.
Bowever, the samples submitted were coarse enough to give results in most cases., In
studying the results of the petrographic examinations it should be borme in mind that
the samples submitted were settled dust, and that they are not representative of the
composition of the dust that would be breathed generally owing to the differential
settling rates and the ease with which the various minersl constituents can be crushe-
ed to a powder,

"Montmorillonite" ((Mg, Ca) 0.Alz 03, 5Si O2. nH20 = n=5to8) isthe miner=
al that is cherscteristic of manmy types of fullers earth, Not all of the less im-
portant minerals found were fully identified. ' '

Clay dust from top shell of elevator - Top #2, Herman-Frasch Furnace,

Quartz - 10% Montmorillonite - 80:]
Calcite, Microcline and Unidentified - 10%

Dust from sccumulation on girder over clav storage bins - #4 Filter House.

Quartz - 10% Montmorillonite - 70%
Possibly other clay minersls present, opagque - 20%

Dust from eccumulation on girder over clay storage bins - #1 Filter House,

Quartz - Over 1% Montmorillonite = 557
Opaque = 40% Unidentified - 57

t
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Control of Filter Clay Dust: Dust in e filter plants results principally from
the operation of the clay handling machirery, The condition is aggravated by the
present practice at some refineries by using an air hose to blow accumulated dust and
spilled clay ‘rom equipment, walls and floors, Handling a fine light dust producing
material, such as filter clay, in a system which includes open belt conveyors is in-
herently a dusty operation, (12,687,360 particles, ten microns or less in size, per
cubic foot)., It is difficult to prevent some dust Iram being generated at wxloading
points where the clay falls into chutes or bins, but it can and should be controlled
by means of hoods, enclosures, and adequate exhaust systems with effective dust collec-

tors.,

There will alvays be an irreducible minimum of spillege and dust settlement
wherever Zusty material is handled in systems such as exist in most refinery filter
houses., This is an economic waste and increases the difficulty of the dust control
protlez. Unless the present practice of cleaning dust spillage by tlowing with come
presseé eir is changed, the necessary periodic cleaning will continue to be a very
dusty ané uzheelthful operation even though all precautions have been taken to pre-
vent +he escape of dust fraom clay handlirng equipment. A modern indusirial vacuum
cleaning system would do the jobt efficiently, without creating amy dust.

Tre principal source of dust in filter buildizgs is the belt conveyor which is
usuelly located at the top of the building, Gusts of winé from the moaitor blow the
clay and dust from the belt. A certairn amount of dust is also generated by clay fall-
ing irto the tripper chute (6,060,480 particles per cubdic foot) and discharging from
the “ripper chute into the chute leading to the various filters (7,306,560 particles
per cutic foot), This could be considerably reduced by inserting canvas or sheet irom
connections between the ends of the tripper chutes and the chutes to the filters,
ard by using a properly designed belt tripper on the conveyer belt.

Bins lor the storage of filter clay should be closed with steel decks having
the smellest possible openings in the form of chutes to receive clay from the convey-
ers. I care were taken not to overflow the bins, the dust and spillage could be
greazly reduced.

For complete control of dust, an exhaust system equipped with dust collector,
fan, ducts and hoods should be installed to remove dust from the points of origin,
such as, &ll urloading points (except movable trippers) of each belt conveyer in the
tuilding, new clay tins and burned c¢lay bins., COne estimate which has been prepared
for suck en imstallation calls for an exhaust system with & cepacity of approximetely
15,000 cutbic feet of dust lader air per minute, and is based on maintaining an inward
flow of air at openings into hoods and bins at a recommended velocity of 200 feet or
more per rminute, In considering dust collectors, it should be borme in mind that the
eyclone type will not remove the fine dust particles (ten microas or less in size)
which are most injurious to health, and that the cloth bag type filter has been proven
to be more successful in removing these fine particles,

Under existing conditlions at most plants it is almost impossible to keep the
plants clean, regardless of how carefully the equipment is operated. However, the in-
stallation of a vacuum system and adequate dust collectors should encourage operators
to exercise more care in the operation of equipment and thus cut down the amount of
dust and spillage.

B - CONTACT CLAY:
Most contact clays, particularly in the United States, are acid treated "Ben-

tonite". Bentonite is a nom-refractory clay, a double silicate of iron and eluminum,
derived from the shale of the Fort Benton formation in the upper Missouri valley,
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There appears to be a wide variation in the camposition and free silica con=-
tent of American and European contact or ectivated clays. "Filtrol" an extensively
used American contact clay is reported to contain about 57% free silica (silica which
15 insoluble in concentrated hydrochloric acid)., "Milwhite", ancther extensively
used American contact clay, contains 65% free silica, The contact clays listed are
those most extensively used in Europe:

Insolutle in Insoluble in Concentrated
Concentrated HCL HCL and 5% NAp COz,
"Iyry" Clay (French)........ T 00T s eenvsensana 64,6%
"Terrane Extra" (Germen).... 64045 v e cheee 27.2%
"Clerit® {(Italian).i.e...... . 49, 5% cuiurnes ciea 50. 6%

"Tonsil AC", another French contact clay, has 61, 75% free silica,
The rain constituernts of "Fetrisil"™, a German contact clay, are:

Total S3ilicB....eeveceseeree 51.57%
Lime (CaClevevurenn weriveees 0.63%
Aluminum end Iron Oxides.... 18.83%
Loss on ignition (Weter).... 23.62%

The balance probably consists of
potassium and sodium oxides,

The following is the result of & petrographic exexinetion
of "Petrisil" which was made et the United States Bureau
of liines experiment station:

QUATEZ. i evvvvernvcnsnonneses BD
Morntmorillonite...eevevve.o. 90%
Unidentified MineralS...c... 5%

The use of contact clay for improving the color of lubricating oils is a re-
cent development,

At present the price of contact clay is so low that i1t is used only once and
then discarded, -

ALlthough there are many contact cleys on the market, & large percentage of that
used by the Standard group is known as "Filtrol", consequently this was included in
our dust studies,

What is "Filtrol" and How is it Produced? "Filtrol" is a pulverized acid treat-
ed Bentonite, used as a decolorizer, absorbent and deodorizer in the refining and
preparation of both organic and inorganic oils. It comes from "open cut” mines in
Mississippl and Californias, and occurs in beds sbout two and one~half feet thick
under an over-burden of some eighteen to twenty-five feet. There has been some doubt
as to its origin, but it is now believed to have been voleanic dust transported by
the air and deposited under the waters of either & lake or a sea. Raw Bentonite is
mined and loaded onto trucks with steam shovels, and then taken to the preparation
plant., A tractor scoop lifts the raw material from the storsge shed floor and places
it in a hopper out of which it 1s fed into an elevator by means of & steel pan feed-
er. The elevator discharges into a crusher which breaks the material down sufficient-
ly to ezable it to pass through a screen (three meshes to an inch) onto & belt con-
veyer which takes it to a pre-mixer where it is mixed with water to form & "slurry".
This slurry is passed into lerge wooden tanks and treated with dilute sulphuric acid
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agiteted with air and steam,
ed to an Oliver filter.
-and imp mill, and classifier,

It is then dumped into thickeners, washed, and deliver-
From there it goes in turn to a pug mill, drying tower, cage
The finished product is placed in a bin where it isg
put into fifty pound Bates Valve paper bags by means of a Bates Bag Packer. It is

shipped in railroad box cars, each having a capacity of from 1600 to 2000 bags. The
three grades of "Filtrol" in greatest demand are:
GRADE Per cent. of Coarser Finer
(Per cent. thru Total Than 200 ~ 325 Thaen
200 mesh) Production 200 Mesh Mesh 325 Mesh
85 - 88 80 14,09 16, 0% 70. 0%
75 - 88 15 22, 0% 24, 0% 53, 0~
90 = 93 5 8, 0% 23.0% 69. 0%

The only real dust producing operations in the production of Filtrol are the
fillicg, stecking end hendling of the fifty pownc bags. Samples of dust taken during
these operations.revealed the following:

Operation Particles per cu fit.
Average dust filling bags with B5-88 grade 10,416,086
" " packing room while filling bags 8,572,180
" " produced im handling of filled dbags 5,845,248

An exhaust system has been instelled to reduce and control the dust produced
during the peckizg of Filtrol. This consists of a metal hood above the filling tubes
in frozt of the machine, with a bacin below. A seven~inch duct leads from the basin
and & six-inch duct to & canopy in back of the packer, both comnnecting with a ten-
inch mairn duct whioh runs to a Sturtevant Far (1750 R P.M. ) designed to handle 1,620
cubic feet of air per minute against four-inch water static pressure, A cyclone dust
collector removes the larger perticles from the air before delivering it to a tubuler
ecloth dust collector.

About sixty per cent. of the dust particles of samples taken during the fil-
ling operatiozn are slightly engular crystalline in appearance under the Konimeter mi-
croscope, end are about two microns or less in size; approximately twenty per cent,
appear to be rounded crystalline, glass-like, btut with rather smooth edges, and over
ten microns in size, There are a large number of very small gray particles (about
twenty per ceznt. ) too minute and too numerous to count accurately.

What is the Chemical Composition of "Filtrol"? Below is the result of an an-
alysis by a commercial cliemical laboratory in Los Angeles, California, of a sample
of Filtrol from the Jackson (Mississippi) plants

Per Cent,
Silica (S102)ieeoeccecorosncnencnsnanes 56080
Aluming (Al203)eeeececcoscosscccancasnee 13e97

Ferric 0x1de (Fe203)eerececeraocescnsrse ladd
Titanium O0xide (T302)eecvieracenacsnoere 0. 10
Calcium Oxide (CRO)ieeveersannoveonssns 2, 82
Magnesium Oxide (MZ0)eeeveroescarsnsesss 3.55
Manganese Dioxide (MRO2)ieesevescvcenone -

Carbon Dioxide (CO2)e.vvvrivanvrsovoenan -

Potassium Oxide (K20).evevvvensveceansge 0,03
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Per Cent.
Sodium Oxide (N&a20).....viveueennns 0. 04
Chlorine (Cl)ieseneenerrsen e eivseensas -
Phosphoric Anhydride (P205)c.seecocasens -
Sulphuric Anhydride (SOZ)ec.ecacesacesns 0. 63
Total ignition loSSeu.venev.n. Ceeraiann . 20, 00
Free Moisture.......... Ceeeciiees e 12,23

"It is customar: to separately report materials such as Silica (Si02)
end Alunine (£1503) in ultimete anslysis although the elements are
known tobe in comtinetion wi*h one another, It is difficult to get
ar enalysis of free Silica. and since the guentity contained ir Fil-
trol would be very smell, we have not attempted to have this per-
ticular enelysis made,"

The following is the result of an enslysi. of "Super-Filtrol" which wes mede
c

Per Cent.

loisture at 120 degrees C ....c.vvervres 16.5
Loss oz ignition............. e ves 33,5

Insoluble in concentrated Zll ... .. vvvee 55,0
(Totel Silice and unatiecked crjstals)

Insoluble in HCL end in a 57 Ne2C0z solution. 18.0
(Siler, quartz and wmettackec crystals)

A microscopic examinstion shows & few particles with
"acute angles”.

Ar, eyaminetion made bty the United States Buresu of Mlnes Ixperiment Station in
Pittsburzh, Pennsylvania showed that Filtrcl contains more than 1% gquartz, 95%
Montmorillonite ((Mg, Ca) 0,A41203-5510;-nHpC==n=5 to 8) and 5% unidentified minerels,
A similar evaminatior of Attapulgus Fines (200 mesh) showed 5% gquartz ané 95% Mont-
morillonite,

How is Contact Clay Used? The clay is mixed with oil, agitated and heated, and
either allowed to settle or run through a filter press., It is then discarded, The
clay is either dumped cdirectly into the oil or pleced in a hopper from which it flows
irto irdactors or mixing chambers where it is mixed with the oil and then pumped to &
filter tank, The only dusty operations are the unloading of the materiasl and dumping
t into the hoppers or mixing chembers. The higher dust counts with the contact clay
es compared to filter clay is probably due to the fact that it is a finer materisal,
or at least disintegrates more eesily than the filter clays studied.

Seamples taken during the dumping of Filtrol and Attapulgus Fines into & reao-
tion chamber gave the following dust counts,

Cperation Pa~ticles per cw ft,.
Avernge dus* produced while dumping 50 pound 6,768,480

begs of "FilErol . ieeeieceesiacsesarnrianns

Average cdust produced while dumping 100 pound
tags of "Attapulgus Fizes"....veieeenoseees 9,260,640
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Under the Konimeter lideroscope the particles were rounded in appearance, The "Attaw
pulgus Fires" appeared more crystalline and angular, and had a greater proportion of
particles five microns or less in size than did the "Filtrol". The cownts indicete

that more dus+t results from dumping Attepulgus Fines than from dumping Filtrol actie
vated clay.

Dumping fifty pound bags of "{ilwhite" (90% through 200 mesh), a Texes cortact
clay, irto the Teed hoppers to the inductors or mixing charbers is en exceedingly
dusty operetior. Semples taken during this operation had es high as 14,046,720 per=
ticles ten microns or less in size per cubic foot, Samples teken in the rmiddle of
the roam just after thirty bags had been dumped into the hopper hed 55,847,040 par-
ticles per cubic foot. Under the Konimeter Microscope, about 90% of these particles
mppenred slichtly crystalline, and were five microns or less in size; 10% were round,
semi-opeoue,  ten to twenty microns in size. There were also a lew scele like par-
ticles,

Tourteen men with an average service credit of six years are involved in this
opereticn, Three men are exposed to the dust during six hours of each eight hour
shif+ for rine of the fourteen shifts during the 85% of the time the Tilterirg plent
is in operstior. They wear l4 8,4, "Comfo" respirators,

After externsive study and investigation the local marnagement hes made arrange-
mezts to receive <he clay in <tank cers similer to these manufactured bty the Ceneral
Azerican Tark Car Company. These cars are self-urnloading and will discharze into an
erclosed nopper, The clay will then be transported to storage bins ty means of a
serew conveyor completely enclosed in ten-inch tudbing. It will be withdrawn from the
bottom of *the bims, passing through weighing scales, into the incductors where it will
be mized with the oil, . This will provide = mompletely closed system and should
elizinate all air cor*mrination.

C - BCXZ SLACX CR CRAFRZD RBOIE:

Refired wax is filtered throuvgh bone black or charred bone to improve its
color, This material is ottained from various meat packing firms in finely woven cof=
fee bags that hold about 150 pounds each. An open belt conveyer and elevator carry
the tone directly from the reactivating furnace to the covered filter charging hopper.
Metal chutes lead directly from this hopper into filters which hold about 3,000
pounds of bene black. Upcen completion of filtratioan the bone is washed with "Varsol",
steamed for stout 24 hours, washed with hot water, steamed for two hours more, ard
then dumped upon belt conveyers which carry it to the reactivating furrace whick is
gas fired. The bone goes through the furnace at a tempcrature of abouvt 1100 degrees
Fahrenheit and at the rate of about 250 pounds per hour. Bore black can be used over
and over again. Three men oue on each shift, with an averege service credit of
fifteen years, are engaged in this operation, Their period of exposure to dust is
about one hour per shift., The greatest amount of dust produced results from the open
conveyers, particularly in dumping the material fram the furnece onto the conveyer
belt, Semples taken during this operation had as high as 11,044,80C particles of ten
microns or less in size per cubic foot., Consideratle dust (14,273,280 particles per
cubic foot) also arises from the open hatch of the filter charging hopper during
filling. An eight-inch motor driven exhaust fan has been installed to suck back the
dust from where the elevator buckets dump the reactivated bone into the chute to the
charging hopper. The dust loss from this filtering operation is estimated to be about
1500 pounds per morth.

Under the Forimeter Microccope about 65% of the dust particles of samples teken
during the reactivation of bone tlack appear to be tlack, opaque, scot-like, and are
five microns or less ir size; 5% are rounded, semi-opague, ten microns,or more in size.
The angular crystalline and 1ight grey particleswhick eonstitute about 30% are probatly
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bone ash,

III - INSULATING OPERATIONS

Insuletion plays an important part in the processing of petroleum products,
The two types of insulating material most frequently used are "Sponge Felt" (asbes=-
tes with ground sponge to give dead sir space and thus increase the effectiveness
of the insulation) and a mixture of 85% magnesia and 15% asbestos. Rock wool is
used to a considerably lesser degree, In the ordinary camrercial form, Rock Wool,
as used at our refineries, does not present a dust hazard. It is also used for
house insulation, and is available in small nodule form which can be blown into
place, "85% magnesia” is a mixture of magnesie end granulated astestos and pressed
into blocks of various sizes and shapes (usually 16" x 18" x 1-1/2"), The most dust
comes from dismentling old insulation and grinding screp material for use &s & plas=-
ter or "ganister", The average service of men engaged ir insuleting operations is
sbouvt fifteen years, Most of these men have been transferred from the Cammon Labor
Department, Theyv work nine out of fourteen eight-hour shifts, in gangs of frem two
to six men, ard are actuslly exposed to dust for less than sixty per cent, of their
working time, Goggles are sometimes provided, and occasiopally MSL "Comfo" Respire~
tors, but this equipment is not used as much as it should be. Generally speaking,
atout 85% of their work is with sponge felt and 15% with B5% magnesia insulation,
At one of the larger southern refineries about 300,000 square fee} of sponge felt and
50,000 square feet of 857 magnesia are handled a year,

A - Yhat Physiological Reactions are Provoked by Insuleting Materials? According
to Dr. Leroy U, Gardner (Jourm. Indust,Hyg.Mar,1937,Vol.19, No,3, P.121) asbestos dust
with its fidrous particles does not seem to be readily handled by the protective
wecranism of the lungs, Quoting froer his article:

"They are not removed to the lymphoid tissue but remain in contact
with the delicate walls of the air spaces., They become surrounded by
an iron=cortaining coating that fractures and gives rise to the pecu-
liar structures known as 'asbestosis bodies', The fibers are irria-
tating, perhaps because of their forz, and they excite a fibrosis
which begins about the terminal bronchloles and spreads to form dif-
fuse petches in the parenchyma. Often the distribution is sub-pleural,
In the presence of infection, the reaction to asbestos dust is much
more severe then that caused by the dust alone.,"

There 4s nothing in the pertinent literature, nor does the Bureau of Mines
know of any evidence, which would demonstrate magnesite (s naturel magnesium carbone
ate) to be harmful. It would fall in the class of "nuisance dusts" such as gypsum,
While many of the sowcalled "nuisance dusts" have never been found to be harmful, it
is the opinion of most investipgators in the field of industrial hygieme that no worke
er should be exposed to any dust in a concentration exceeding 75 or 100 millions
of particles per cubic foot of air,

B - What are the Principel Insulating Qperations and How Much Dust is Produced
During Such Operations? There is, of course, a wide variation in the amowmnt of insu-
lation work and the amount of dust produced. A few examples, however, will give a
good general i1deas

INSULATING 12" STEAM LINES: 6" x 18" x 1-1/2" blocks of 85% mage
nesie are tied on the steam line with l4-gauge galvarized wire and
covered with roofing paper to make it waterproof, Often times this
work 1s performed on scaffolds twelve to fifteen feet above the ground,
with men lying on their backs under the line part of the time,

'

Er001517



-28- Y

Considerable dust (as high as 18,124,800 particles of less than ten
microns per cubic foot) results from taprping the blocks into place,
Samples teken during the entire operation had an average concentra-
tion of 6,881,760 particles per cubic foot, About 90% of these dust
particles were slightly angular, crystalline in appearance and above
five microns or less in size (as seen wmder the Konimeter Microscope);
57 were rounded opaque, ten microns or more in size; and 5% were
opague scale=like, five microns or more in size. Samples taken while
applying asbestos sponge felt to a 12" steam line had & dust concen-

traetion as high as 23,788,800 particles of ten microns or less in -

size per cubic foot. The average was 12,574,080 particles per cubic
foot. These dust concentrations are considered too high for worke
ing without adequate protection.

INSTLATING A 750-POUND CRACKING COIL ACCUMULATOR: 6" x 36" blocks
of Jonns-Menville "Fire Felt" are first applied and plestered with
extra AA Rubberoid Asbesios Cement and weterproofed with Johns-
Maxville "Insulkote". The dustiness of handling these materimls has
been corsideratly reduced since the manufacturers begen shiprinz the
"Fire Felt" in cardboasrd cartons containing thirteen or twenty
blocks, and the plaster in humdred-pound peper bags. Samples taken
during this operation had an average dust concentration of 4,502,880
particles, ten microns or less in size per cubic foot, About 75% of
these dust perticles were slightly angular in appearance, five mi-
crons or less in size; 10% were scale-like; opagque; and 15% were
rod=like and fibrous.

INSULATING TRZATING FLANT ACID SUCTION LINE: Sections of "Sponge
Felt Pipe Cover" are cut to fit pipe lengths with an ordinary carpen-
ter's hard saw. This operation produces on an average 821,280 par-
ticles of dust, ter microns or less in size, per cubic foot., Under
the Korimeter Microscope all of these particles are slightly angular,
crystalline in appearance, and five microns or less in size, The
blocks or sections of the plpe cover are held in place by wrapping
#16 gauge galvanized wire about each ome.

INSULATING CRACKING CCIL HOT OIL LINES: All hot oil lines at crack-
irg coils are insulated with 2" asbestos tubing (85% magnesia and 15%
astestos) held in place by fine copper wire, Sections of the tubing
are cut to fit particuler areas by means of an ordinary carpenter's
hend saw. This produces 7,788,000 particles of dust, ten microns or
less in size, per cubic foot., Under the microscope, 90% of these
dust particles appeared to be rounded crystalline and about three mi-
crons or less in size. FEach section of tubing is pounded into place
with the open hand so that it fits snugly against the pipe, and then
wired into position. The dust produced from both of these operations
averages about 3,379,520 particles per cubic foot. Under the micro=
scope, approximately 80% or 90% of the dust particles appear orystal-
line, more or less angular, and five microns or less in size; the re=-
maining 10% or more are rounded in appearance, and over ten microms
in size,

DISMANTLING OR REMOVING OLL INSULATION: As a general rule, the
dismantling or removal of old insulation is a more dusty operation
than the application of new insulation, The old insulation is chopped
or cut with a hatchet or small hand-axe, and pried loose and pulled
off with the hands, This produces dust concentrations as high &s
5,890,560 particles, ten microns or less in size, per cubic foot. In

1
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dismantling an old cracking coil 4" tar line, the average dust concen-
tration was 2,322,240 particles per cubic foot, In appearance these
particles were clear erystalline, rather rounded, end five microms or
less in size. No fibres were observed in any of the dust samples fram
digmentling operations, After a few weeks or months service, insula-
tion on hot lines dries out end eppears to disintegrate. This is prob-
ably due to the fact that such insulation is usually covered with a
weather-proof material which prevents absorption of moisture from the

air,

CRUSBING SCRAP ASBESTOS: Scrap asbestos insulation, usually the
85% magnesie type, 1s crushed in & belt-driven Williams crusher to pass
through & screen with onew-inch holes or slots, and is then mixed with
new asbestos to make insulsting plaster, This operation, which is a
very dusty one, is performed by two men, with an average service credit
of atout twelve years. Goggles and MSA, "Comfo" or Willson Dust Respi-
rators are worn, Considerable dust is produced in breaking up the
scrap insulation by hand prior to crushing (10,195,200 perticles, ten
microns or less, per cublie foot), and also when feeding the crusher
which is dome by shovelling the broken-up pleces into the hopper and
poking them down with & short wooden stick (14,839,680 particles per
cubic foot)., Dust counts as high as 27,527,040 particles per cubic
foot were found in semples teken from over the hopper. These dust con-
centrations are dengerously high. About 95% of these particles are
sharply eangular, crystalline in eppesrance and five microns or less in
size; 5% ere opaque scele~like, six microns or more in size, Crushing
serap asbestos is not a steady routine operation, the exposure varying
from eight hours a month to about twelve hours a week,

CRUSEING OLD CORK INSULATION: This operatiom 1s performed epproxie
mately twice a year and takes about twenty or thirty minutes. The in-
sulation is crushed on a belt-driven Williams crusher, by the same men
who crush the scrap asbestos. This crushed cork is used for insulating
lines in the cold settling plant. The average amount of dust produced
is 20,016,178 particles, ten microns or less in size per cubtic foot.
About BO% of the particles are slightly anguler, crystalline, in ap-
pearance, and five microms or less in size; 20% are round, semi-opaque,
ten microns or more., There are also a large number of very small black
or dark grey specks,

IV - GUNITING OPERATION

What is Cunite snd How is it Applied? « Gunite is a mixture of approximetely
one part (one 94 poumd bag) of Portland Cement and two parts (twelve scoop shovels)
of clean sharp sand, The sand and cement are mixed dry, shoveled into the hopper

of a Gumite machine, using water under about 40-pounds per square Iinch pressure and
campressed air at thirty to ninety pounds per square inch., It is applied under pres-
sure, as a semi-fluid, against the surface to be protected (usually process equipment,
such as, cracking coil soceking drums end storage tanks), In practically every cace
where guniting is done, it follows immediately, after the sand blasting job used to
clean the surace, In most cases, the work is performed by the same crew, The indi-
vidual holding the gunite nozzle is provided with the same protection as is the
operator of the sand blast nozzle, and the men tending the gunite machines ars pro-
vided with respirators and are required to use them while actually handling the send
and cexent. This involves mixing the materials and charging them into the machlnes
(the two dustiest perts of a guniting job), Samples taken during these operations
ghowed the following dust counts of particles ten microns or less in sizeg
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Operation Perticles per cu ft.
Screening sand priortomixing with cement.., 2,493,160
Mixzing bateh i vsiiviiennennencnns eeeeess. 1,699,20C
Shoveling mix into hopper ............. . 6,485,280

About 40% of the dust particles in samples taken while mixing the batchr and
£illing the hopper were crystalline, quartz-like in eppearance, and about five mi=
erons in size. The remainder were dark grey in color and below one microa in size,
The dust particles in air coming out of the bottom manhole of & soaking drum being
gumited averaged 528,640 particles per cubic foot, and were slightly angular,
crystelline in appearance and four microms or less in size,

A gunite crew consists-uf six men. The average service credit of the men in
the Crews studied was eight years., Two "nozzle-men" who "spell" each other every
two or three hours apply the gunite, There is one man at the gu.ite machine, end
three men screen the sand and mix it with cements Only about 25% of their working
time, or nine hours per week per man, 1s devoted to guniting,

Removel of Gunite Liningr Pneumatic chisels are used to remove gunite lining,
Semples taken from inside & cracking coil tar separator during this operation had as
high as 16,595,520 particles of dust, ten microns or less in size, per cubic foot,
and an average of 10,804,080 particles per cubic foot. About 75% of these particles
were rouwnded, angular, more or less opaque, ir appearance, one micron or less in
size, and 257 were anguler, quartz-like, about ten microns or less in size., A chemi-
cal analysis of the gunite lining showed that it contained 68,2% free silice, Four
men {rom the Plant Labor Department, with an average service of seven years, spend
about twenty hours per week removing gunite linings from process equipment, An air
syphoz provides ventilation, and the men are required to use the goggles and respira-
tors which are furnished them,

V - WELDING AND CUTTING OPERATIONS

Welding has never been considered a dust-producing operation, However, our
studies and those of others indicate that the use of the modern coated electrodes or
rods produces a large amount of dust in addition to the fumes which are evolved, An
electric arc is used for most of the welding around refineries, There are a number
ol welding jobs, however, for which oxy-acetylene is used, Oxy-acetylene is also
used for practically all burning or cutting,

A « WELDING QPERATIONS:

1. ELECTRIC ARC WELDING: Electric arc welding is used on all types of conm
structicn and repair work, The average service of the electric welders is
atout two years and most of them came from the Ladbor Department, having
been developed into welders at the individusl plants, They are exposed to
particulate matter generated by the welding operation on an average of six
hours per shift, nine shifts out of fourteen. This particulate matter is
ordinarily referred to as "fumes or smokes", The particles when found

have & much smaller size range than that of dust, such as silica, With scme
operations there mey also be some dust present, but the product formed from
volatilizing the metal and rod coatings is commonly termed a "fume". All
welders are provided with approved hend shield or helmets equipped with #10
Noviweld lens. Welding in shops is done in canvas or wooden booths, A
steam or air syphon is installed when any arc welding is done inside of closed
vessels such as drums or towers,

What are Coated Flectrodes? Coated electrode§ are metal welding rods covered
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with a composition which prevents oxidation and permits the formation of stronger and
more uniform welds,

Whet Do These Electrodes Contein and What Products Result Fraom Their Use? In
general, tre coatings used in modern coated welding electrodes are patented or trade
secrets, with special virtues attributed to eech. Obviously, it is inadvisable to
put irto these coamtings materials which might produce products harnful to man,
Nevertheless, chemical analyses of both the coatings end their products indicate that
the continual use of scme of these rods might possibly lead to complicatiomes,

Most of the arc welding at our affiliated plants is done with #5 Fleetweld
coeted electrodes which come in two sizes (5/32" and 3/16") and with General Elec-
tric w-20 5/32" coeted rods. Cther rods sametimes used are 3 Stainweld EajS alloy
welding roi, 5/32" S%teinweld A rods for steinless steel, and MNurex 'Wickel Steel coat=
ed rods, Ameng the constituerts of some of these electrodes coatings eare:

FPer Cent,
Coated Electrode Brand Si02 Fluorine Cealcium Fluoride
"Tlee+weld", Lincoln Zlectric Coieevv.n. .. 30,28 - -
"Murex", American Metal & Thermite Co..... 28.06 - -
"USS Cr-1'i 18-8", Amer, Steel & Wire Co....37.20 - 14,50
"Stainweld", Lincoln Electric Coveeov.....12,101 21,20 43,50
"Zezistel K-Ah=28", Crucidle Steel Co......24.03 13, 40 present

411 of the sbove coatings also contain Iron Oxide (Fep0z) Mengenese Oxide,
either lnp03 or MnO or both, and Aluminum Cxide (Al203), in verying per=-
cextacges.

The composition of the fluxes or coatings used in G & E types W-20, W=22 and
w=2Z2 is not available, but it is. known that they contein amounts of free silicates
end free silica. According to determinations made by the General Electric Company,
the maximum concentretion of free silica on any of their electrodes under a particular
set of conditions is 1,575,000 particles per cubic foot of air with W-20, 778,000
with w=22, and 1,093,000 with W~23 under other conditions the concentrations might be
higher or lower than those given. The maximum permissible concentration as listed
by the lletropolitan Life Insurance Company is 7,000,000 particles per cubic foot of
eir.

Coatings also contain cotton fiber, cellulose, or other organic pulp which
creates Tumes, but since we are only concerned with dust in this study all fume pro-

ducing materiazls will receive no further consideration.

Vielding corrosion-resisting steel with coated corrosion-resisting steel elece
trodes forms a slag, among the ma jor constituents of which ares

"Stainweld" TUSS CR=-Ni 18-8 "Rezistal"

Fluol“ine (F)-ono-oonqouoolcqo-oon..... 11.470-0-.00.. 6.6%00....--.-.14.9%
Silica (Si02)...... ceverencesrearecees 25.1% 0 eeeeseB3BeB%ureaneeeeslB 30
Iron, Chromium end llanganese Oxides... 22.3% ..vevee2402% vveaceesoslbe2%
Caleium Cxide (CBO)iusvvvoeveennoencee 5007 ueerees800% covrecenee28.Th

The major constituents of dusts separated fram atmosphere by gravity and col-

lec-ed from the bottoms of welding chembers after welding corrosion-resisting steel
plates with coated corrosion-resisting steel welding rods are:
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"Stainweld"  USS CR=l'd 18«8 "Rezistal"

silica (Sio )l.'.llll. ....... ® 0 e 2000 11.0%..‘....'. 19.6% s e 0 0o v 10.0%
Caleium Fluoride (CaF Jivsuievevveee 240.5% vecnniee 1104% tuiueees 23,4%
Oxides of Iron, Aluminum and Nickel, 30, 2% cevveeee 52415 tevereas 36,6%

The following is an interesting corparison between the campositions of dust
formed when using bare mild steel electrodes and wnen using coated electrodes for
welding galvanized steel:

B ¢ Bare Electrodes Coeted Electrodes

ren % Zn0 | % FepO3z % Zz0 % FepOz
'~ | MFleetweld" 79, ? 20.0 67.5 31. 9
"Wilson" 62,6 60,5 78, 8 2l.5
"Murex" 60.5 40,0 72.C 28,0

Investigations have shown thet there mey be as much as a five per cent., varia-
tion in camposition of dust produced by the seme make and kind of elecirode wher used
under constent conditions but by different operators.

Ferric oxide (Fe203) which emsnates from all welding arcs, regercless of the
type of coeting, is disagreeable but not haermful, Concentrations of iron oxide of about
ten milligrams per cubic meter are said to be entirely non-injurious to the respira-

tory organs,

Ereathing the dense clouds of fumes of zinc oxide, forrmed whern the zinc of the
galvanized coating is boiled off by the heat of the welding asrec, causes what is com-
monly known as "fume fever”. This is evidenced by nasuses followed by chills and un-
pleasant fever, The fume fever does no lasting harm except after prolonged exposure,
and the effects are not cumulative., Ordinary veatilation. which is necessary in any
welding operation, is considered adequate to prevent fume fever,

What Is The Amount 4nd What Are The Charecteristics of Dust Produced By The
Verious Electric Arc Welding Cperetions? There is a wide variation inthe amount end
character of dust produced bty different types of rods on different materials under
different operating conditions

FIME, OR DUST FRODUCED EY ARC WELDING

Material Being | Electrode Size of Particles Characteristics of Dust

Welded Used Electrode {Per cu, ft, Particles, (Sizes and Per-
centages Estimated)
Rivets inside |G=E W=20 5/32" 20,050,560 | About 98% angular crystal-
Cross Coil Coated line, § microns or less in
Drum, size; 2% rounded semi-opague,
10 micrors or more in sizz,
Mild Steel G-E W=20 5/32" 14,839,680 | About 807 rownd black or red-
Blenks Inside Coated dishbrovm specks, 1 microns or
Bopth. less in size; 20% slightly angu=

lar crystalline, 10 microns or
less but mostly about Smicrons
and lerge number reddish brown
specks too small and numerous
te count,
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BY ARC WELDING (Continued)

liateriel Reing | Electrode | Size of Particles Characteristics of Dust
welded Used Tlectrode | Per cu. ft., | Particles. (Sizes and Per-

centages Estimated)

1/4" Roiler +5 Tleeta 5/32" | 11,441,280 About 80%enguler crystalline,

Tlate Inside weld 3 micronsor less in size;

Jocth. Coated 10% round semi-opague, 10
microns or more in size; 10%
opaque scale like, 10 mi-
crons or less in size, Count-
less number of winute per=~
ticles, reddish brown smudge.

1-1/+" 1dle #5 Tleei~, 3/16" |1¢,861,793 | About 957 angular crystal-

Steel Zxpeze weld lipe, 3 micronms or less iz

sion Join% Ir- | Coezed size; 5% rounded semi-opague,

side Sootn. 10 picrons or less., Count~
less number of particles
redédish brown smudge,

1/2" Rollec #5 Tleet- 2/16" 2,263,600 | All perticles 5 microns or

Steel weld less in size; about 10:

(E5,000= per Coated engular semi-opaque,

sq, in. Tensile

strengt:) In-

sice 6+-o0t

Zie. dru-ceer

head of close:l

end.

Welding Tlenge | liurex 3/32" 2,756,480 | All particles 2 microns or

on 4" Steel Coated less in size; slightly

Line Pipe, In- angular, glass-like; dark

side Zooth, grey snudge,

£/8" Zoiler #5 Tleet- 5/32" 490,880 | About 75% round, metallic

~late Inside weld opeque, & microns in size;

Bootl. Coated 25% semi~-opaque, crystal-
line, Countles:s number of
minute particles

Welding Ziv- 45 Tleet- 5/32" 6,456,960 Aot 90% sharply angular

ets in weld crystalline, about 1 micron

Courtney Zdze | Coated or less in size; 10%

Inside Cruck-
ing Coil
Soaking imum,

rounded semi-ocpague, Smi-
crons or more, Countless
mumber of minute particles.
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5 (Corntinued)

Coil Vapor-
lzer (lild

Steel Alumi-
num Coated),

Material Being { Electrode | Size of Particles Charecteristics of Dust
Welded Used Electrode | Per cu ft. Particles. (Sizes and Per=-
centages Estimated)
18-8 Stainless | Stainweld 5/32" 84¢,600 About 60% slightly angular
Steel Band at A semi-opacue, S microns or
Top of Soaking | Conted less in size; 20% rounded,
Druc Manhead over 10 microns; 209%
very gless-like, 10 mi-
crons or less,

"1/2" Boiler G=E W20 3/16™ | 22,222,400 | About 80% semi-opaque, red-
Plate to 6" Coated dish trown rowmded, crys:tel-
Pipe Imside line, S microns or less; 207
Bootr, round glotules of meteal 5

nicrons ormore in size,
Countless number of srell
particles,
1/?" 3oiler Roerling 5/32" 26,522,480 About 90% tlack opague, 1
Plate to €" Iron micronor less in size; 59
Pipe Inside Rod rounded metallic globular,
Booth. 5 microns or less; 5% slight-
ly angular, semi-opaque,
crystalline, 3 microns cr
less, Countless number red-
dish brown particles,’
Back Welding Fleetweld 5/32" 362,496 About 95% black opaque
a Flange on metallic, 2 microns or
E" Standard Coated less; 5% engular’crystalline,
Pipe 1in Out- 5 microns or less. Count-
side Welding less number of reddish
Sr.op. brown particles,
Back Welding Fleetweld 5/32" 1,000,640 About 95% black opaque
a Flange on #7 metallic, 2microns or
6" Standard Coated less; 5% enzuler crysta-
Pipe Imnside lline, Smicrons or less.
Bootkh, Countless number of
black particles.
Welding Rive Fleetweld 5/32" 6,253,056 About 95% angular crystal-
ets Inside #7 lipe, Smicrons or less,
Cracking Coated mostly around 2 microns; 53

semi-opague, round, 5 mi-
crons. Countless number of
black particles.
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FUME OR DUST PRODUCED BY ARC WELDING (Continued)

Material Being |Electrode | Size of Particles Characteristics of Dust
Welded Used Electrode | Per cu. ft,| Particles, (Sizes and Per-

centages Estimated)

Welding 2" Ring| Fleetweld 3/16" | 27,662,976 | All particles less than 2

on 1" Mild #7 microns. 70% round, opague;

+teel Boiler Coated 30% slightly angular, crystal-

Flete line, Cowmtless number of

Inside Sooth. bleck perticles, reddish
brown snudge.

MNilé Steel Steinweld 5/%2" 2,605,440 | All particles black opague,

ScrepFletes A 2 microns or less in size.

Inside Sooth Coated

EepS Steel Stainweld 5/32" | 12,460,800 | About BO% anguler opague, 2

Insice A micrors or less; 20% slight-

Zooth. Coated ly ergzular crystelline, §
microns or less. Cowntless
anurber tlack particles,
brownish grey soudpge,

The U,S.Kavy recently conducted some extensive tests with coated electrodes,
and found that the guantity of cust or fumes developed while welding on gelvenized
steel plate was greater than when bare steel pletes were used and the dust remain-
e¢ iz suspension for far longer periods of time, It was also found that the
averaze size of the dust particles was 0,27 microns and that there were 130,000 par=
ticles under four microns diameter per cubic centimeter, Quoting the Navy report:

"1t is epparent that considerable guantities of dust are found in amy arc
welding operation, The dust formed when operating on plain mild steel
or corrosion resisting steel is largely derived from the flux coating on
the electrodes, as is shown by the composition of these dusts”.

wWhet Physiolozicel Effect on Welders is Produced by The Use of Coated
Electrodes. According <o & study made by Loctors A.T. Doig ‘and A P, Ge thaugrlin
on lungs of Electric Arc Welders (Lancet - V.20; 771 - 775 (April 4, 1936)), defi-
nite pulmonary lesions which gave rise to striking X-ray changes in the appearance
of the lungs were found in welders which had breathed the dust or fume from coated
electrodes. Quoting Doctors Doig and McLaughlin:

"The electrodes or welding rods which contain a core of metal and an
outer covering are consumed gradually by the heat generated (about 1500°C, )
during the welding operation. The metal in the core of the rod becomes
molten and, assisted by the flux contained in the covering, spreads over
the surface of the metal which is being welded, The fume is therefore made
up of the volatilized constituents of the coverings of the rods together
with fine particles of oxidized metal, usually in the form of iron oxides.
In addition the fumes probably contein geses such as nitrogen peroxide ancd
ozone wnich are formed by the action of an electric spark on the air, The
composition of the coverings of the electrodes or welding rods becomes, in
the circums<ances, a matter of some importance, lMamy substances, all of
viiich we do not propose to emumerate, are used, The basis of the mejority
ol the coverings is sodium silicate wrichk acts as & flux. Agein, the

'
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coverings of a certain type of electrode contain asbestos. The rods are
sometimes dipped in & mixture containing powdered asbestos and sodium sili-
cate, or asbestos yarn is wound round the rod apnd fixed by sodium silicate,
In same cases the asbestos completely covers the rods, and in others it is
merely a cord which is wound spirelly about the rod,

"The composition of the fumes arising fram electric welding electrodes
has not yet been fully investigated. Mr. L,C. McNair, Hs1, Engineering In-
spector of Factories, has however had partial snalysis mace of the fumes
evolved from an asbestosecovered electrode and some asbestos fibres were
found, When the particulate matter of the fumes was collected in anOwen's
dust-counter. it was seen that a large proportion comsisted of iron oxide
particles, with an occasional asbestos fibre.

"The X-ray appearances in the well-marked cases differ from the usuel
piciure of asbestosis. In none of the positive cases and in only one of
the susgicious cases was there any dlurring of the diaphragmetic shadow,
and ir no case was the heart outlined blurred, The line of the interlo-
bar septum (& feature present in a numbder of films of cases of asbestosis)
is seen in only one positive case, The opacities in the films are not acw-
cectuated st the bases of the lungs, bdut on the contrary the upper lung
fields appear to be the earliest, and in established cases, most markedly
affected. DBefore asbestosis can be eliminasted from the differential
diagnosis it must be remembtered that the asbestos fibres are being sutjected
to interse heat and are not in the same physical state as the fibres which
are inhaled ty workers in an asbestos factory. It is possible that a
typical picture of asbestosis might be produced by the irhalation of alter-
ed asbestos, Merewether says that - t'the radiographic appearances of the
developed or advanced states of asbestosis are distinctive, although they
are not specific, While, as is the case with silicosis, certair radio=
graphaic appearances may be looked upon as typical of the disease, freguent-
ly modifications of and departure from the typical picture oceur'!'. The
Xeray appearances in our cases most closely resemble those of a fine sili-
cosis, but the clinical features show two important differences, In the
first plece, the electric welders whom we exsmined are all in good health
and are fit to work. The only symptoms observed were slight cough and
morning expectoration, and in the first case a smsll haemoptysis occurred.
This man has not been away from work even for a day since he was first
seen in June, 1933, and his heelth at the present time is good, Nome of
the men suffers from dyspnaea., Secondly none of them has concomitant
pulmonary tuberculosis, )

"Miliary tuberculosis can be ruled out of the differential diagno=
sis for clinical reasons, and to same extent on the radiological appear-
ences. None of the cases shows the dyspnaee, cymnosis, end tachycardia
of ecute or subacute miliary tuberculosis. Chronic or healed miliary
tuberculosis is rare and it is difficult to imagine that a condition of
such rarity would be found in 6 out of one group of 16 men. In the
X-ray fllms of the welders' chests the fine opacities are irreguler in
size and shape, whereas in miliary tuberculosis of the lung the shadows
are more uniform,

"A further possible explanation of the X-ray sppearances in this
series of cases is that the inhalation of small quantities of nifrous
fumes together with the superadded effect of fine iror oxide dust might
set up srall areas of chronic inflamratory change, conrestion, or fi-
trosis in the lungs, Agein. the iron oxide particles might be opagque
to the X-rays and produce the picture without the associated presence
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of fibrosis and congestiom,”

2. OXY-ACETYIENE .ZLDING: OCxy-acetylene welding is more or less confined to
spall repeir jobs or to certain emergency operations where arc welding is not
evailatle or practical. Exposure of men doing welding is more or less irregu-
lar, They usuaelly wear American Optical Cempany or Willsor Welding Goggles
with #4 Noviweld lens. The smount of dust procuced by oxy-ecetylene welding
is considerebly less than that caused by the use of coated elecirodes inm arc

welding, ard varies considerably with the style tip and welding rod being
used as well as the meterial welded, as is shown by the following table:

DUST PRCLUCLD BY CXY=-ACETYLENE WELDING

leteriel Seing | Welding Pod | Tip Used | Particles Per | Charescteristiecs of Dust
weided Cue Fte Particles (Sizes and Per-
centeges Estimmted)
felvanized Torvey Lirco 39€,480 Abovt 705 slightly anguler,
lletal Eocé 5/22" =4 semi-opacve, grevish, 5§ mi-
Weliing Shop. croms or less; 20% rowded
semi-opague, greyish crys=-
talline, 10microns ormcre;
1057 amorphous, scale-=like;
1O ricrons or more in size,
1/4" x 2" Ber | Oxwelc cop~ | Airco 50¢, 760 About 805 black opague, 1
Iroxn, welding | perized +B micronor less in sizejabort
Sreg. steel 3/16" 2C%: rounded, crystalline;
5 microns or less in size,
1/2" Soiler Cxveld cop- | Oxweld 1,019,520 About 80% round, semi-opaque,
Flate, Soft perized #6 S microns or less insize;
Steel, Weld- steel 1/8" 105 angular crystalline.
ingz Shog, Cowmntless mmber of small
black perticles,
1/8" Gelvan- Oxweld cop~ | Oxweld -1,359, 360 About 80% rounded, semi-
ized Sheet perized #6 opaque, dark grey, 1 micron
Iron, Weld- steel, or less insize; 10% slightly
ing Shorg. 1/8" anguler crystalline, 3mi-
crons or less; 10% sharply
engular crystalline, 5 mi«
crons or less; countless
number of small dark grey
particles.

Welding Teeth | Sirmons Saw | Aerow 1,472,640 About 98% round black opaque,

on Band Saw. Welding plane about l micron orless in

Rod. 3/64" | #2 size; 2% slightly angular,

crystalline, 3 microns or
less in size, '

- BURINING OR CUTTING QPERATICNS:

1. WITH CCYLACZTYVIIIZ:
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and the demolition of process equipment and works structures. It also plays
an important part in emergency end rescue work. Goggles with shade #5 lovi-
weld lens are provided and +heir use is required. At the larger plants men
with an average service credit of six years spend about three-fourths of
their working time on cutting or burning operstions (about half their time
is given to "burning steel" for new constructior). The amount of dust pro-
duced is usually greater than that caused by oxy=-acetylene welding,

DUST PRCLUCED BY CXY=-ACETYLEI: BURNING

Material Being Particles | Characteris<ics of Dust Particles
Burned Tip Used | per cu ft, | (Sizes and Percentages Estimsted)

Burning 6" Oxweld 1,869,120 | About 75% round black 2 microns

Flues (1-1/2" #2 or less in size; 20% slightly

thick) Out of anguler, crys*alllne 2 microns

Shell Still. or less; 5% opaque, scale-like,

various sizes,

1/2" Boiler Oxweld 2,718,720 | About 90 semi-opague, black, 2

Plate (soft i microns or less 10% round, dark

steel) grey, over 5 microns in size,

2. ITE HATUPAL GAS: A large part of the burning or cutting at one of the

la*rer southern refineries is dome with oxygen and naturnl gas (60 pounds

per square inch pressure), A special torch with e 1/16" x 5/16" +ip made in
the refinery shors is used. Two men with sn everage service of thirteen
years spend a major portion of their workineg time on this natural gas. They
wear gogeles with ;%5 shade Noviweld lexs, Serples teken while burning holes
in 3" stancard pipe in the yard outsicde of welding shop with oxygen and natu-
ral gas had a concentration of 471,811 particles, ten microrns or less in size,
per cubtlc foot. About 75% of these particles were slightly angular crystal-
line ir appearance wnder the Konimeter microscope, and were five rmicrons or
less in size; 25% were rough scale-like, opacue, ten microns or less in size,
There were also meny minute particles,

- EEZALTH EAZARDS PRCDUCED BY WELDING AND BURNING CPERATICNS:Although our
study was confined to the fumes or dust produced ty Welding and Cutting opers-
tion the possibllity of lead poisoning from welding or cutting irom plates
that heve been previously coated with red lead shovrld be pointed out, Lead
poiscrning from this souwrce is rather commorn, especially in cuttinog up old
scrap, bridges, tanks, and other iron strvctures that have through meny years
of use recelved protective coatings of red lead, The action of the flame
voletilizes this lead material and creates a smoke that is poisonous, The
same hazard exists in cutting out rivets in new structures.

It should also be pointed out that some of the weldirg rods contain
mangenese which is very poisonous when taken into the body. There is an ap=
parent hazard from volatilizing this material, or rather changing it to the
oxide of manganese, and breathing the fumes produced., There are further dangers
from carbon monoxide and oxygen deficiency owing to the use of gas-cutting or
welding flames inside small tarks or similar confined spaces,

It is becoming more ard more recognized that persons engaged in cutting
and welding operations, either by msrc or flame, should have respiratory protec-
tion, in all work where there is a possibility of the workmen breathing fumes

ard dus+ts created, .
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VI - GRINDING OPERATIONS

Fower grinders are perhaps the most universally used of the small power-
driven tools. The usual power grinder, commorly known as the emery wheel, consists
of a cast metal stand ard two abrasive wheels mounted orn & through sheft which is
either belt or motor cdriver, There are also several grinding wheels, such as are
founé on machine tool equipment where grinding takes the place of lathe end planer
work. All grinding operations produce dust to & greater or lesser degree, depending
on the composition and construction of the wheel, the material being ground and the
vertilation or exhaust hoods provided,

What is the Corposition of Grinding Wheels? Grinding wheels are made of
either baurite wnich is mined, or silicon cerbide which is made by heating a mixe
ture of gquartz sené, coke and common selt ir an eleciric furmace, The bauxite or
silicoxn certide are crusnhed to the desired grain size, mixed vith an adhesive sub-
stance celled & bornd, and formed into wheels, discs, cones or cylinders, There are
cery wheels ir which the binder is shellec, rubber, bakelite and other organic cam-
pounds, 3Sauxite wheels are knovn in the shop as "Alundum" and "Aloxdite", while
silicon cartide wheels ere known as "Crystolon" and "Carborundum", Alundim wheels
shoulZ be used on material of low tensile strengths such a&s cest iror, btress, aluci-
num, copper and marbdle,

Is trresive Tust Eermful? According to Dr. W. Irving Clerk in a paper read
et a meeting of Govermment Officiels in Industry (Boston - Mey 21, 1931) the artifi-
cal atrasives, aluminur oxide mnd silicon cartide do not corntain free silice and
+reir dust cannot produce silicosis. The dust, like amy other inorganic dust, can,
rowever, if breathed for & long period of time in large quentities, produce an X-ray
picture similar to that of early silicosis, This picture ochanges very slightly as
veers of exposure increase, and at no time are the nodules, characteristic of sili-
cosis, evicdent. TUnlike silicosis, there is no progress in the process after expo-
cure ceeses ani there appears to be no marked physical disatility. Although there
is no silicosis, the X-rays do show signs of pneumoconiosis,

Carborundum dust, chemically, is silicon carbide. According to Miller and
Sayers (U.S.Pub, Eeelth Rep. Vol. 49 #3 of Jan. 19, 1934) carborundum dust when in-
jected into the peritoneal cavity of guinea pigs produced no resction and was termed
"iznert". Dusts such es guaertz and flint - silicosis producing dusts - produced a
proliferative reaction,

Leroy U. Gerdner (U.S.Pub,Health Rep. Vol. 50 #21 of Mey 24, 1935) reports
that cartorundum produces practically no reaction when inhaled by guinea pigs in
high concentrations over a period of time, Quecting from Dr. Gardmer's article, the
rart pertaining to cardorundum dust:

"The dust which does reach the trecheobronchial lymph nodes apparent-
ly lecks the proper physiockemical properties to stimulate any but a very
slight proliferation of connective tissue. In the lungs, there is prac-
ticelly no fibrosis."

The Journal of the American Medical Associatiom (Notes and Queries 103, 1472,
1934) mekes this statement regarding the health hazard of breathing dust from arti-
ficiael sbrasives:

"Cnly silice (SiO2) is capable of inducing silicosis, but any other
2inerel dust under conditions of prolonged end gross exposure may cause
some increese in pulmonary fitrosis. If the relative potential harm of
silica is reted =s 10C, these other non~-toxic minerel dusis mey be rated

'
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only on the order of § or 10."

Despite this camparatively low rating of harmfulness of these dusts it is
generally corsidered advisable to use dust hoods and exhaustis wherever practical as
there is clirnical evidence that workers exposed to heavy concertrations of dust of
sny kird are more liable to develop diseases affecting the nose, throat and chest
during the winter months than those not exposed to dust., Dr. Clerk believes that
an effort should be made to keep the dust count below twenty million particles of
less than ten microns per cubic foot of air,

1, What are the More Freguently Used Types of Grinders, the Quentity and Cherscter
of the Dust They Produce? The grinders most commonly found inthe refineries and as-
sociated activities are:

A = TANDEM FLOCR TCQL GRINDERS: Tandem floor tool grinders, the most fre=-
quexntly used type, are in most cases motor-driven and operate at a speed of from
1450 to 1850 R™. The type of wheel or grinding media selected depends upon the ma-
terial to te ground. Generally speaking, the wheels found in most of the machine
shops end wood working shops around our refineries used:

1-1/2" x 10" Norton Alundum (Grade P, Grit 46) wheels for
sharpening tools and for gerneral service grinding,

1-1/2" to 3" x 14" Carborundum wheels for miscellaneous
grinding.

3" x 16" Carborundum (Grit 30, Grede K) wheels for grind-
ingz lathe and other machine tools,

Scmetinmes two different wheels are used on tandem tool grinders; for exsmple, a 2" x
14" grain 24, grade Q Norton Alundum vitrified wheel on one side and a 2" x 14" grein
44, grade M Alundum wheel on the other side,

The amount of dust produced by the operation of tander tool grinders depends
primarily upor the composition of the wheel and the hardness and character of the
ot ject being ground. Theoretically, the operating speed and the pressure should
also be determining factors, but these were not studied. The following are mverage
dust counts of particles ten microns or less per cubic foot in samples taken in the
breathing zone of the person using the grinder during the grinding of various obe
Jects on various wheels of tandem floor grinders:

Particles per
Operetion cubic foot

Grlnding Cast Iron om 2" x 12" Aloxite (46M Grit) Wheel..,...... 11,648,960
a Steel Sleeve on a 1/?" x 10" Carborundum Wheel....... 8,127,840

" " Hard Steel Chisel on a 5/8" x 8-1/2" Alundum Wheel.. 7,476,480
" " " "omo1/2" x 10" Carborundum Wheel.. 1,670,880
n n n " i) " L 3/4" x 10" n " e 906,240
" " Pneumatic Tool Steel Chisel on & 3-1/2"=x14" Norton

Alumdum (3836 = 0,5B) Wheel...uoovveeasavsraseneeeasss 1,869,120
Chisel Bar on the same wheel (3836 = 0Q,5B Alumdwn)... 4,134,720
Tool Steel Chisel on 8 1" x 10" Carborundum (Grain

46M) Wheel.u.uuurunuuenocanunsseeronsnssssasonsesesss 2,594,112

2 2

" Tool Steel on & 2" x 14" Alundum (24 graln,grade Q) Wheel 396,480
n n " (4_4 n P’) n 1'019. 520
" e Lathe Tool on & 1/2" x 12" " (Grade P) Wheel....... 339,840
n i 1 " " oon n oo R2 LN 1,331,040
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Particles per
Operation (Comtinued) cubic foot

Crinding & Lathe Tocl an & 3" x 16" Carborundum (grit 30,grade K)
Wheel........ 362,496

" Mild Steel on e 1-1/2" x 10" Alundum Wheel..........e... 6,655,200
" Steel Dies on e 3" x 14" Carborundum Wheel....c.oveeviens 56,640
" Squaring Shemr Blades om & 1-1/2" x16" CarborundwumWheel. 2,577,120

Dust Produced By Operation of Tendem Floor Grinders. As would be expected,
there is m wide varietion in <he appearance of the dust particles under the Koni-
meter microscope. These examples however, will give enideéa of the characteristics
of +he dust produced during the operation of Tandem Floor Grinders:

Iaterial Being Size of Characteristics of Dust Particles,
Ground Wheel Type of Wnheel (Sizes and Percentages Estimated)
1"z 3" Mild 1-1/2" x 10" |Alundum About 70% angular crystalline, 5
Steel Eer (Grit 48, microns or less in size; 307 me=-
Grade P) tallic shreds; 10% white opaque,

slightly anguler, over 10 microns;
many smell black specks,

Tocl Steel 2" x 14" AMundum vit- About 90% angular crystalline, 2
rified (Grit microns or less in size; 10%
44,Grade M) opague, 1 micron or less insize,

Tool Steel 2" x 14" AMundun vit- | About 60% round, semi-opague, 10

(Same ma=- rified (Grit microns or less in size; 40%

teriel as 24, Grade Q) angular opaque, § microns or less

atove) in size,

Lathe Tool 3" x 16" Carborundum Avout 75% round, crystalline, 5
(Grit 30 microns in size; 25% slightly
Grade X) angular,

Chisel Bar 2-1/2 14" |AMlundum About 70% slightly anguler, 3
(3838«0, 5B) microns in size; 30% black,

opaque, metallic, '

Preuma<ic 2-1/2" x 14" |Alundum About 98% rownd, black. opague,

Eemd Tool (3836-0, 5B) one micron or less in size,

Steel

Chisel

Lathe Tool 1-1/2" x12" |Alundum About 50% angular crystalline,
(Grade P) 2 microns or less in size; 50%

round, black, metallic, 1 mi-
cron or less in size,

Lathe Tocl 1-1/2" x 12" |Alundum About 75% angular ¢rystalline,
(Same as {Grade R) 2 microns or less in size; 25%
above) round, tlack, metallic, 1 mi-

cron or less in size,
'

EM00153]




=blw

DUST :ROCUCED BY TANDEM FLOCR GRINDERS (Concluded)

terial Being Size of Charecteristics of Dust Particles.

Grownd Wheel Type of Wheel (Sizes and Percentages Estimated)
Cast Iron 2" x 12" | Aloxite About 857 sharply anguler, crys-
(Grit 486, talline, 5 microns or less; 10%

Grade 1) rounded engular crystalline, over

10 microns; 5% opaque scals=like
metallic, 1C mierors or less;
large number of black metallic
specks.

Where "hard" wheels are used for grinding soft cast steel, about 98% of the dust per-
ticles are mezenllic end less then one-half micron in size,

With the exception of a very small number of men who devote about 85% of
their working time to actusl grinding, there is & very wide variatior in the nuzber
of mern exposed and the length of such exposure to dust produced by the operetion of
tandem floor tool grinders. In only oce case was a respirator worn. Goggles have
been provided and their use required in most cases,

B - TANDEM BENCE GRINDZRS: These grinders are small in size and are used for
sharpenirg small tools and light grinding, They are all motor driven and operate at
about 3400 R P.M, Different grade wheels are used, usually 1-1/8" x 8" Carborurdum
(Crain #80) on one side, and on the other & 1" x 8" Carborundum (Grain =90), The
enmount of dust produced by the operation of tarndem bench grinders varies with thema=-
terial being ground and the composition of the wheel. but these average dust counts

are fairly representative:

Operation Particles per cu. 7%,
Grinding Cold Chisel or 1-1/8" Grain #80 Carborundum Wheel.... 5,909,440
" " 1" " 1" x 8" 1 #90 " n ceoe 8,401,600
" 1/2" Boiler Flete on 1" x 8"#90 " " oL... 12,460,800

" Eerd Steel Chisel on 5/8" x8-1/2" Alundum

(Grain 46, Grade P)..

7,476,480

Dust particles in samples taken during the operatior of the tandem bench
grinder have the following characteristies:

Material Being Size of Charecteristics of Dust Particles.
Ground Wheel | Type of Wheel (Sizes and Percentages Estimated)
Medium Steel |1-1/2"x8" | Carborundum About 75% slightly ergular crys=-
Cold Chisel (#80 Grain) talline, 5 microns or less in
size; 20% round opaque, metellic,
one micron or less; 5% semi-
opaque, over 10 microns and look
like chips of glass.
Medium Steel " x 8" Carborundum About 80% round opague, 2 microns
Cold Chisel (#90 Grain) or less in size; 20% slightly angu-
(same tool as lar c¢rystalline, § microns or
Adove) less in size,
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DUST PRODUCED BY TANDEM EZNCE GRINDERS (Concluded)

Material Being | Size of Characteristics of Dust Farticles,

Ground . Wheel Type of Wheel (Sizes and Percentages Estimated)
1/2" soft 1" x g" Carborundum About 90% round, black, metallic,
Steel Boiler (#90 Grein) 2 microns or less in size; 10%
Plate (Teking slightly anguler crystalline, §
off rough microns or less in size,
edges)
Hard Steel 5/8" x Alundum About B5% round, black opegque, 2
Chisel g-1/2" (Grain 46, microns or.less in size; 153

‘ Grade P) rounded crystalline, 10 microns
or over,

C = SINGLE FLOCR TCOL GRINDERS: There are only a few single lloor grinders
in use, Thev range in size from 1" x 10" motor-driven (1750 RRM) to 2-1/2" x 20"
telt-driver. (1250 RPM). The larger size is used for heavy grinding such as blanks
ard large tools; the smaller sizes for sharpering tools and miscellaneous grind-
irg., The wheel on the large grinder is Carborundum (#9C Grain), For the smaller
size class Grain 46, Grede M Carborundun wheels are used on the 1" x 10" anéd Grein
24, Grade 'Q Alundur wheels in the 1-1/2" x 14" size, Semples teken during the opera-
tion of Sirgle Floor Grinders had dust coumts as follows:

Operation Particles per cu, f\%,

Grinding Tool Steel on 1-1/2" x 14" Alundum Wheel
: (Grain 24, Grade Q)ieivveeesccoraans 679,680
" Chisel on 1" x 10" Carborumdux Wheel
(Grain 46, Grede M)i..veeessassasass 2,594,112
" 1/2" x 4" Miléd Steel Bar on 2-1/2 x 20"
Cerborundum Wheel (Grain 90)ees.osee 4,451,904

The hoods which almost completely enclose these wheels act as practical dust collec-
tors.

bust particles produced by the foregoing grinding had these characteristics
wrnen exazined under the Konimeter microscope:

llateriel Being Size of Charscteristics of Dust Particles,
Ground Wheel Type of Wheel (Sizes and Percentages Estimated)
Fard Steel 1-1/2" x Alundum All particles were 2 microns or
Tool Bit ' 14" (Grain 24, less in size, About 60% were an-
Grade Q) gular crystalline; 40% were
rounded opague,
1/4" x 2" Mild |1" x lo" Carborundum | About 98%were black opaque, 2 mi-
Steel Bar (Grein 486, crons or less insize; 27 slightly
Grade M) angular,5microns or less in size,
1/2"x4" 17414 2-1/2"x20" Carborundum | About 85%were slightly angular
Steel Bar (Grain 90) crystalline, 5 microns or less in

sizejabout 15% black semi~opacue,
engular metallic, 2 microns or

less in size,
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D « TMTIRSAL 3JRIIDERS: As the neme would indicate, wuniversal grinders are
used for a wide variety of purposes and therefore are in more continuous opere-

tion than are the other grinders, with the exception of the tandem floor tool grind.

ers. There are two types or mekes, the Srovwn & Sherpe Universal Grinder wnich has
an operating speed of 3750 RPN and the Grand Rapids Universal Grinder which
operates at about 3850 RFL xhe following abrasive wheels are used:

1/°" x 5" Norton Co. 3846 J 5% Alundum wheel for grinding
hardened carbon tool steel,

1/2" x 7" Norton Co, 3846 I 8Z Alundum wheel for grindia
high speed tool steel.

2" x 3-1/2" Cardorundunm Co, grit 401-F=25, type 12
Aloxite wreel for zrinding cese hardened steel,

1/4" x 10" Carsorundwm Co. wheel used for cutting

1" x 10" 111 "t 1" 1 7 Sharpe:i:‘.g
tocls, reamers, dies and drill bits,
’ 1

Samples <aken durinz the operation of the verious Universal grinders hed
dust coumts as followss

Operation Particles per cu 2t

=~

Dressing 1/2" x 7" Alundum (3846 I 83) Wheel with a

"Jigmond roznt“... eiesesssasstssi e treerseesrsesstens 1,397,120
(Evidently the clouds of dust which come off during

dressing have particled larger than 30 microms)

Grinding Zigh Speed Tocl Steel on 1/2" x 7" Alumdum Wheel
(3846 I B2)euuvreveuussecanennnas ceceeeas 1,846,464
" Eardened Carbon Tool Steel on l/?" x 5" Alundum wheel
<(5B46 J 58)erecnnennnnnns e . 6,683,520
" Case Harcened Steel on 2" x 3-1/2" Aloxite
(Grit 401 - P = 25 T3P€ 2)eecvnennn. ciee 84,960

Cutting off Tcol Steel with l/@“ x 10" Caruorund;r Wheel.... 1,416,000

Pus*t particles in semples taken during <he operation of Universal grinders
have these characteristics:

liaterial Zeing | Size of Characteristics of Dust Particles
Ground Wheel Type of Wheel (Sizes and Percenteges Estimated)
Dressing Wheel | 1/2" x 7" | Alundwm About BO0% sligntly engular erys-
With a (3846 I 8B) talline, About 3 microms in size;
"Diemond Point" 20% black opaque, round, about 1
micron or less in size,
High Speed 1/2" x 7" | Alundum About 60% opaque angular, about 2
Tool Steel (a (3846 I 8B) microns or less in size; 40%
Landis Pipe slightly angular, crystalline, §
Chaser) microns or over in size,
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Dust perticles in semples taken during the operation of Universal grinders
heve these characteristics (Continued):

Material Being Size of Characteristics of Dust Particles,
Grownd Wheel Type of Wheel (Sizes and Percentages Estimated)
Hardened Car= |[1/2"x5" | Alundum About 30% angular crystalline,
boreted Steel (3846 J 5B) about 2 microns or less in size;
(Pipe Crip for 70% round black opaque, less than
Pipe Machine) 1 micron in size, Numerous black

specks too small to count. Several
large oblong bleck opague par-

- ticles about 20 microns wide end
35 or 40 microns long.

Cese Eercened |2" x3-1/2"| Aloxite 211 particles black opague, 1 mi-
teel (Flung- (Grit 401-7- cron or less in size,
ers for Fill- 25 ~ype 12)

ing lachine)

-

E = SURTACZ GRIITDERS: Surface grinders are used elmost erxclusively on velves
end cies, They are eguipped with either 1/2" x 8" Norton Alundum (1946Z) wheels or
1/2" x 4" to 6" Carborundum (Aloxite) wheels., No dusi collectors are provided, the

ust being thrown out into the atmosphere. Samples taken during the operation of

surface grinders had the following dust concentretion (10 microns or less):

Cperation Pertjcles per cu, ft,

Griréing Soft Cast Steel Valve on 1/2" x 6" Carborundum

Aloxite Wheel.......... eeseeieana e 56€,400
" Tool Steel Die on 1/2" x 8" Alundum (1946E)
WHREELsuoveeer vonnnnnnns e eeeranaas oo 1,019,520

Dressing Surface of 1/2" x 8" Alundum Wheel with a "Diamond
o - 1,132,800

Lbout 70% of the particles from grinding the steel die were metallic, 3 mi-
crons or less, whereas 98% of the particles from grinding the soft steel valve were
metellic. lMeny of the particles were too small to identify or count accurately,

F - LAKDIS TOOL GRINDERS: Landis tool grinders are usually equipped with two
different types of wheels, one for side grinding and the other the ordinsry type,
1-1/2" x 12" Carborundum Aloxite (Grit 40, Grade H, Bond 33) is used for genersal
purpose grinding such as bull chisels, diamond points, cold chisels, flanges and
screppers, The Side Grinding Type is usually a 2-1/2" x 1-1/2" x 12" Grit 46A-P
P678 Aloxite brand AA wheel used for grinding Landis dies, At ome plent the wheels
of the Landis tool grinder are enclosed by hoods at the rear of each of which is
attached & two=inch pipe connected to & three-inch pipe which discharges into a
sewer, Suction is induced by a stream of coampressed air from a half-inch pipe in-
serted in the two-inch pipe just back of the hand, This arrangement acts as a sy=-
phon and pulls the dust away from the person using the grinder, Samples taken durw
ing the operation of Landis tool grinders had dust concentrations as follows:
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(_)m Particles per cw, ft.

Dressing 1-1/2" x 12" Aloxite Wheel (Grit 40,Grade H,
BomE 33 eueesrncsercnons 226,560
(Evidently particles in the cloud of dust thrown off by
the 2-1/%“ x 8™ Metcalf Emery Wheel Dresser are larger
then 30 microns in size)
Grinding "Dimmond Point"™ Chisel on 1-1/2" x 12" Aloxite Wheel

(Grit 40, Grade H)ieeseeescoootssroseraancasrssessnssannans 2,087,360
Grinding 2-1/2" x 6" Lamdis die on 2-1/?" x 1= l/@" x 12"
Aloxite Wheel (Grit 48A=P PBT8)u..vrrrer.vavseronenneeernes 755,202

Urder the Korimeter microscope dust particles in sam“’es teken while dressing
the 1-1/2" x 12" Aloxite Wnesl appeared sl;gntly angular with a yellowish tingze and
were five microns or less in size, About 75% of the partlcles from grinding the
Landis die were round, opague, and less than 1 micron in size; 25% were slightly
anguler crystalline, less than 2 microns, Particles from grinding the diamond point
chisel were less quartz-like than those from grinding the die, This difference is,
of course, cdue to difference in the composition of the two wheels, On en average,
Landis tool grinders are used about twenty hcours a week, usuelly by different men.

G = YAYZEE DRILL GRINDER: Used for grinding all types of drill bits., Eas a
side grindirg +ype 1" x 1=1/2" x 9" Carborundum Aloxite (Grit 30, Grade M, Bond 28)
Wheel, Operatirg speed 1735 RFM, On arn average a Yankee Drill Grinder runs about
three hours e day and is used by four different men with an average service of
twelve yesars,

Sexples +aken during the grinding of a 2-5/16" high speed drill had an ave-
rage of 1,000,829 particles, ten microns or less, per cubic foot, About 70% of these
dust particles are slightly crystalline in appearance, five microns or less'in size;
30 were rounded, semi-opague, over ten microns in size, There were alsc a few
small metallic shreds. No exhaust or dust collector is used in this grinding,

E « AUTOMATIC CIRCULAR SAW SEARFENING MACEINE: There are a number of these
gricders in use in the wood working operations - such as in the production of wooden
tarrels, boxes and crates - closely associated with the refining of petroleum pro-
ducts, Since they are automatic when once put in operation, there is very little
dust harard except where no exhaust or dust cocllectors have been installed and the
dust produced is thrown into the filing room atmosphere. Automatic Circular Saw
Sharpering Machizes are equipped with 1/4" x 8" Norten Alundus Wheels (Grain 60,
Grede ¥), 3/8" x 8" Norton Alundum (1946 M) wheels or 1/2“ 6" Carborundum wheels,
The average dus‘ produced during operation of these machines is:

Wheel Particles per cu., ft.
1/27 x 6" CArborumAW «uvevrenaracerennsennnnnsn cierereeenes 1,923,280
1/4% x 12" " e e et Ctettecarsereeees 3,568,320

3/8" x 8" Alwndum (1946M)e.evivreeeannnneeneecnnnnacananeesss 2,095,680
1/4" x 8" " (Grain 60, Grade N)..vivevevevreiareanaass 1,461,312

About 98% of dust particles in samples taken while sharpening circular saws
on the Carborundum wheels were black metallic in appearance, and one micron or less
in size. About 75% of the particles from the Alundum wheels were rounded crystal-
line, 5 microns or under in size, and 25% round black metallic, about one micron or
less in size, There were & number of small metallic shreds in the samples from the
thicker (3/8" x 8") wheel,

I « AUTOMATIC BAND SAW GRLINDEZR: After the Bangd Saw has been inserted and ths

EM0O01536

pnnonnnonnonnonoononNponNARMOARONAAMAOAOAMMMMRRE-"

»



- .~

-l T

machine edjusted, this grinder works automatically. The wheel 9rdinarily used is &
1/2" x B" Grain 50, Grade K Norton Company Alundum. The wheel is refaced or dressed
with a lietcalf Emery Wheel Dresser about twice e day. The average dust produced by
this dressing operation is 2,284,480 perticles less than ten microns per cubic foot,
About 95% ¢© these cust particles are sharply angular crystalline in appearance
under the Fonimeter microscope, and about five microns or less in size. The dust
produced curing the sharpening or grinding of the band saw blade 1s on an average
orly 877,920 particles per cubic foot., About 50% of these perticles appear angular
crystelline and about 5077 round tlack opaque. All of them are about two microns or
less in size,

J = AUTOMATIC BAND SAW LAP GRINDER: Used to grind emnds of band saw prepera-
torv to welding them together. The grinding wheel usually used is 5/8" x 10" Grain
46, Grede lI, KForton Company Alundum. No dust collector is provided although a dust
count a&s high as 1€,142,400 perticles, ten microms or less, was found in one semple
taken in Zront of the wneel wrile it was in operation. The average dust produced
by this lep zrinder was 4,984,320 particles per cubic foot. About B8O% of these cust
perticles were semi-opague, slightly anguler in eppeerance, and two microns or less
in size; 205 were bleck opaque, ebout orne micron or less in size,

{ = TLANIZG EIITZ ZLEDZ GRIIDER: Uses e 1/2" x 8" Grein 46, Grade I, Norton
Compery Alundim wheel, Operating speed 3000 R, No hood or any other protectior.
iverece cust proluced while sharpening & Flener Knife Blade was 566,400 particles,
tex ricrons or less per cutic foot, .About 60% of these dust particles were slight=
ly enzular crystalline in eppearance end about two microns or less in size; 40% were
oregue of warious sizes from about sevexn microns or less, There were & few smell
netellic shreds,

L - LIIDZRNAD CUTTER GRINDEIR: Sharpens cutters from the Linderman machine
for tongueing and grooving. OGrinder uses a 1/2" x 6" Norton Alundum (Grain 60,Grade
I7) cup wneel. Cpereting speed 3000 RPN, There is a hood guard over the top of the
grirnding wneel, but no exnaust or dust collector, although cust counts as high as
14,385,560 particles, ten microns or less, were found at the front of the grinder in
operetion, and 12,574,080 particles per cubic foot ir the back, The average dust
produced was 9,127,820 perticles per cubic foot. About 70% of these dust perticles
are rouré sezi-cpegue Iin ervpterance under the Konimeter microscope, and three mia
crons or less in size; 20% are round, globtular like perticles, seven microns or less
ir size; end 107 are metallic shreds about two microns wide and 20 to 30 microms long.
There are many minute crystalline particles too small and too numerous to count ac-
curately,

1 « GANG SAW BLADE GRIIIDER: Uses a 5/8" x 10" Grain 50, Grade M, Norton
Company Alundrmum wheel, operating at 1800 RFM, A rather crude dust collector has
teen instelled, but the average dust (8,760,320 particles per cubic foot) produced
by this grinder in operation indicetes that it is inadequate. About 90% of the
cust particles in samples taken during the grinding of a Gang Seaw Blade were semia
opaque in appearance and about two microns or less in size; 10% were black round,
opague, one micron or less in size. There were nurmerous minute black specks too
small to count accurately,

N - EDGER SAW GRINDER: Uses a 3/8" x 8" Grain 60, Grade N, Norton Company
Alundum wheel, operating at 1650 RP, No hood or any other dust collector for this
grinder, The low dust count, an average of only 453,120 particles, ten microns or
less per cubic foot, indicates that there is very little real need for such equip=-
rment. The dust particles produced while grinding an Edger Saw Blade are angular

~ystalline, about two microns or less ir size,

O = CIRCULA®R SLAB CUT-OFF SAW GRINDER: Uses & 3/4" x 10" Grain X, Norton
'
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Company Alundum wheel operating at 1650 RPM, A rather ineffective dust collector has
been installed, but the average high dust concentration (10,931,521 particles per
cubic foot) shows that it is inadequate. Adbout 80% of the cdust particles in samples
taken during the sharpening of a Circular Slab Cut-of{ Saw were opague in appearence,
two microns or less in size; 20% were slightly engular crystalline, five microns or
less in size. There were alsc a large number of minute black opagque perticles,

P - "Z0G ENIFE" GRINDER: Uses a 1—1/2" x 24" Carborundum wheel operating at
300 R®, This grinder is completely enclosed by a metal hood, but the dust is dis-
charged onto the floor through an opening in the lower part of the hood. The average
dust produced by the operation of this grinder 1s 1,869,120 particles per cubile
foot. About 75% of these dust particles were angular crystalline in appearance umder
the Konimeter microscope and four microns or less in size; 25% were round, black
opague, two microns or less in size, T

Q - CUTTER GRINDER:e Uses a 3-1/2" x 2-1/2" x 1/2" Norton Alundum wheel (3846
E B 5). The smount of dust produced depends upon the material being ground as is
showz by the followings .

Grinding a steel counter simk............ 735,520 particles per cu, ft.
" " " rEBmMers..ieerecieescecael, 019,520 " " " "

The dust particles are about 98% opaque metallic in appearance and sbout one micron
or less in size,

What Precautions Should Be Adopted For Safepuerding Those Who Use Grinding
Wheels? Authorities generelly agree (Jour,Indust,Hyg. Vol, VII No,8 August 1525
p. 351) that workers who habituslly use grinding wheels will runm but slight risk of
developing preumoconiosis if they use certified abrasive rather than sandstone wheels
for all grinding operations and if the mechines upon which the artificial abrasive
wheels are mounted are properly hooded and excessive dust removed by suction.

Cortrol of Dust From Grinding, Polishing and Buffing Wheels, Exhaust systems
for grinding, polishing and buffing wheels vary widely in design. In the case of
grinding, the hoods used serve not only to provide means for capturing the dust but
also act to protect the worker in case the wheel bursts, The chief difficulty to be
overcome in grinding wheels, according to U, S, Public Health Bulletin No., 217, "The
Determiration and Control of Industrial Dust" (1935), is the outward sweep of air, &
fan action, due to the revolving wheel., This effect is very marked with high speed
and rough wheels and is so strong that in many instances it is sufficient to counter-
act the normel inward flow of air, The same effect exists with polishing and buffing
wheels but to a less marked degree,

Practically all industrial States have codes regulating the comstruction and
dust connections for grinding, polishing and buffing wheels, They also regulate the
air required for wheels of various sizes in terms of static suction in the connect-
ing ducts. These codes possess no uniformity, However, the requirements designat=
ed by State codes must be followed, In States where no codes have been adopted it
is desirable to provide exhausts on ell grinding wheels with a suction at the con-
nection to the hood sufficient to produce a difference of level of at least two
inches of water between the two sides of a U-shaped tube,

A number of the wheels have been provided with suction exhaust produced by a
motor driven fan or a hood, with a two-inch pipe one end of which is immersed in a
bucket of water. The dust is drawn in by the rapid revolution of the wheels (1750
RPY). This simple arrangement is particularly effective, Three samples taken near
the cdischarge of a motor driven sucticn fan connected'with the hood of 1-1/ " x 10"
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Llundur (CGrit 46. Grade P) wheel while a tool was being sharpened had an average of
2,076,989 particles per cubic foot which would have otherwise been thrown into the

machine shop atmosphere,

As pointed out by Dr. W, Irving Clark in his paper "Dust Eazards and the Pre=
vention of Injury from the Same" read at a meeting of Govermment Officials in Indus=
try et Bostoxn, liass, on May 21, 1931, the most effective method of removing fine
particles of dust is by suctior aprlied as close as possible to the point where they
are genereted and the amount of this suctiorn is great emough to overcome the dise
persing action upon the dust of the work being done, The velocity at the air ducts
of an efficient dust removing tube should be 1500 linear feet per minute. Quoting

Tr. Clark:

"I'o metter how well e workmer is protected he zhould be kept under
medicel supervision end have a periodic exemination of his heart
and lungs, In additioz, the X-ray should be employed freely in
oréder to detect early signs of fibrosis in the lwmgs and to show
ery signs of eerly pulmonery tuberculosis. In my experience with
viorkers exposed to inorgenic dust, non-silicous in cheracter, a
vearly physical exeminetioz with an X-ray every second yeer after
ten years exposure is sufficiernt but it must be remembered that
this is the result of work in & factory where the character of

the dust is relatively harmless anc where excellent dust renov-
ing devices are installecd on every machine where it is possible,
\Where free silica is present ir large quantities the examinetions
should begin after two or three years exposure and an X-ray should
be teken every year,

Dr. Clark also states thaet mer who are asthmatic, who suffer from chronic
tronchitis, or who have hed pulmonary tuberculosis should net work at a dusty job.

VII - HANDLING POWDERED OR PULVERIZED MATERIAL

A large amount of powdered or pulverized materials are used in the treatment
of petroleum products end boiler water and in the menufacture of greases end insec-
ticides, In most cases epproved respiratory protection is provided and its use re-
guired when hendling the materials, Exposure to dust is usuelly intermittent and of
short duration. Among the powdered or pulverized materials used in the refining of
petroleun products and associated ectivities are:

A - LIME: Lime is extensively used in the hydrated form and to a much lesser de=
gree as lump quicklime,

1. Eydreted Lime: Used in the preparation of lime soap grease and the manue
facture of pressure gun and cup grease; also in the treatment of boiler feed-
water to "soften it", It comes in fifty pound paper bags by railroad, usuale
ly about 1,000 bags to a car, According to a chemical analysis of & typical
sample, hydrated lime contains:

F8203A1203....-. sevee 0.30 per cent,
CoCiunvoreennoneseras 364 " "
MEgCevievonsneroeensas 0,83 M "
Insoluble Silica

Residue,,.., 1,01 " "

(emainder mostly Moisture and Volatile Matter)

From 150 to 350 pounds of lime are used per batch'in the menufacture of greases,
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The secks of lime are usually opened and dumped into the mixing kettle, Con-
siderable dust (as high as 34,890,240 particles less than ten microns per cu-~
bic foot in one sample) 4s produced by this operation. The average dust pro-
duced is 4,733,305 particles per cubic foot and the average exposure per batch
is about five minutes, The nmumber of batches made per week varies from one to
twenty-five. No respirators are worn by men dunping hydrated lime at any of
the points where it is used with the exception of Baton Rouge where the wear-
ing of the MSA "Comfo” vespirator is required. About 85% of the dust particles
in sarples taken while dumping lime in mixing kettles are slightly angular,
slightly opague, crystalline, in appearance under the Konimeter microscope,and
five microns or less in size; 15% are rounded, semi-opague, with & metellic
greyish color, ten microms or over., There are also a countless number of very
small particles,

Orly « small quantity of Hydrated Lime is used in the treatment of boiler
feedwater, About 70 pounds of lime is mixed per betch and about six batches
are pade every day {24 hours). The mixing is done by one man on each shift,
Although the exposure is very short, the men at Ingleside Refinery wear Willson
"Dust-tite" respirators while dumping lime, The average cust produced during
this operation is only 657,024 particles, ten microns or less, per cubic foot.
This low dust concentration is the result of a spray of water from a two inch
pipe across the hateh of +the mixing tank just below the opening while sacks are
being dumped, Comsequently, the material is wet almost as soon as the lime is
introduced, Abowt 95% of *the dust particles in samples taken while the lime
was being dumped into the mixing tank were semi-angular crystalline in appeer-
ance, and from five microns or less in size, and 5% were round opague, two mi-
crons or less in size, -

2. Lop Quicklime: Deed to "soften" boiler feedwater, The lime used for this
purpose is Oyster Shell Lump Quicklime (97% CaQ), It cames in fifty poumd
paper=lined burlap bags, and eight begs are usually used per batch. One batch
is made per shift. The dumping end mixing requires about ten minutes per batch,
and the man doing this work is protected by rubter type goggles, but no respi-
rator, The average dust produced by handling the bags of lump Cyster Shell
Quiocklime is 2,605,440 particles per cubic foot. The average dust produced
while dumping the bags of lump Oyster Shell Quicklime into the mixing tank is
294,528 particles, less then ten microns, per cudic foot., The handling snd
dumping of this Cyster Shell Quicklime produces less dust than is produced by
the hydrated lime usually used, About 95% of the dust particles in samples
taken during the dumping of Oyster Shell Quicklime into the mixing kettle ap-
pear slightly angular, crystalline under the Konimeter microscope, end are five
microns or less in size; 2% are round, semi-opaque, over ten microns in size;
and 3% are black opaque scale-like, five microns or less in size,

What Physilogieal Effect is Produced by Lime Dust? According to the Inter-
rational Labor Office (Occupation and Health, Vol, II, 1934) particles of lime mix
with the sweat of workmen handling it and irritate the uncovered pores of the
skin; lesions of the mucous membranes are also set up, We are told that:

"The action of guicklime is due partly to its avidity for water
(dehydration), to the heat given off in its reaction with water,
and partly to the peculiar causticity of the alkaline oxides or
alkaline eerths, Quicklime exerts essentially & local action
(on the skin end mucous membranes) irritating and caustic, which
is neturally less marked in the case of sleked lime, Milk of
lime is a feeble caustic acting only or the mucous membranes.
The dilute lyes are only caustic to the skin after prolonged ac-

tion and especimlly when they are warr,
1
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"In prectice it is the dust of gquicklime and slaked lime, given
off in the course of menufacture and manipuletion, which gives
rise to the well known lesions, This very fine dust is deposit-
ed reedily on the mucous membranes and skin., When inhaled it
may penetrate as far as the respiratory tract.”

Although lime has & tendency to irritate the mucous membranes of the respira-
tory tract, it is not considered paerticularly hezardous when breathed in small
quantities at intermittent intervals, However, complications mey result when &
large amount of the dust is breathed more or less regularly. Therefore, it is
desiretle to wear an approved respirator such as the MSA "Cemfo" or the Willsonm

"Dust=-tite",

B - METEILIC ZIKC ZUST: lMe<allic zinc dust (90% through 300 mesh) is an importent
comstituezt in Pipe Thread Coating CompounZ, About 1500 pounds of this material is
veed per batch, and about fifty batches ere made per month. The zinc dust comes in
400 pound wooden kegs or 500 pound steel drums. According Yo a chemical analvsis,
this zinc dust is OC, 205 metellic zine and O, 80X zinc oxide (ZnC). The particle size
dis=ritution of & typicel sample as determined by a standard screen anelysis is:

All through 120 mesh screen

2, 76% retsained oz 200 mesh
2. 04% " 1 2 5 O n
22.24% " " oz25 "

Tre zinc cust is dumped from the keg or drum onto & metel sheet in front of the ket-
+le encé thoveled into the kettle by two or three men (with an average service of
ebout three months) from the General Lebor Department. This is & very dusty opera-
tion. Cne sample taken during the shoveling of zinc dust had as high as 68,760,960
perticles per cubic foot of air the amverage concentration being 28,331,328 par-
ticles, less then ten microns, per cubic foot, The workmen are exposed to this dust
about thirty minutes per batch or approximately 2-1/2 hours per month. They wear
dus% respirators. About 957 of these dust particles are dark grey, opague, angcular
in appearance under the Korimeter microscope, and about five microns or less in
size; 5% appear slightly angular, crystalline, ten microns or less in size, The
crystslline materiasl is probatly zinc oxide,

Whet Physiologicael Effect is Produced by Zinc Dust? Although zinc oxide (Zn0)
produces delinite physiological effects. metallic zinc dust does not seem to affect
the person breathing it other than that caused by the inhalstion of any inert dust,
Nevertlieless some investigators are of the opinion that zinc is not entirely inert
and herrless. Certeinly it is not as harmful as lead or arseniec, but the United

tetes Public Heelth Service has certain limitations on the amount of zine that is
pernitted in drinking water. According to Nuck, E, Remy, and F. Foltzmann (Jour.

Indust, Eyg., Vol.,12, 1930, page 171 Ab.) Zinc dust can cause lung trouble after
being inhaled in large quantities., 2inc cdust is elso very definitely explosive,

£ =~ ASDESTOS "FLOAT":s Float esbestos is used in the mamufacture of tractor lubri-

cents, It comes in 150 pound cloth bags by railroad, about 2000 bags to & car.
From 200 to 3000 pounds are used per batch and from two to fifteen batches are made
per month. The bags of asbestos floet are dumped into the mixing kettle by three
men with an average service of twelve years. These leborers are exposed to dust
about forty minutes per batch. Dust concentretion es high as 8,269,440 particles,
tern ricerons or less in sire, per cubic foot are produced during the dumping of ese
bestos floast, the averare being I,058,560 perticles per cubic foot, About 98% of
trece perticles are slightly anguler, round, trensperent in eppearance under the
ronimeter zicroscope. ané two microns or less in site; 2,7 ere round, seni-opaque,
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plate like, five microns or over in size,

Recent imvestigations have indicated that the inhalation of asbestos particles
ten microns or less in size is even more hazardous than was originally believed, and
that in order to prevent harmful effects concentrations should be kept delow five
millioz perticles (10 microns or less) per cubic foot. The physiological effects
have already been discussed under "ASBESTOSIS" so need no be given any further con-
sideration. Men handling asbestos float should be required to wear aporoved respi-
rators,

D - GROUND MICA: Ground mica (80 mesh) is used in the manufacture of axle grease.

It comes in 100 pound burlap bags. About fifty pounds of grourd mica is used per
batck and an sverage of five batches are made per month. The period of expesur:
will not exceed ter minutes e dbatch, Hendling growund mica produces ar averege of
2,577,120 particles ten microns or less in size, per cubic fooit, About 60% of these
particles are transparent irregulerly shaped scale like in appeararce under +he
Konimeer microscope, and five microns or less in size; sbout 407 are over ten ni-
crons in size, The trensparent plates have small lines or fissures end appear to

contain szall air bubtles,

Although ground mica has never been considered a hazardous dust, scme recent
studies made among the workers in North Carolina indicate that continued exposure to
large gquentities of ground mica over a period of years will preoduce & fitrosis, Eow-
ever, there is very little probatility of any trouble where concentrations are kept
below 10,000,000 particles per cubic foot of air and where the exposure to mica dust
is such a small percentage of the employee'!s working time,

E ~ SULPEGR: Sulphur flour is used for sulphurizing cutting oils and in the

preparation of special lubricants for hypoid gears. Crude sulphur is used in the
manufacture of sulphuric acid and in the treatment of gesocline and naphtha for re-
movel of impurities such as the mercaptans.

Sulphur Flour: Sulphur flour comes in paper-lired wooden barrels, 100-poumd
cloth bags, or 150~-pound burlap bags, About 2500 pounds of this sulphur is
dumped into the melting kettle by two men with an average service of twelve
years, once a day., ITheir exposure to the dust which results from handling
and dwzping the bags, an average of 1,540,608 particles, ten microns or
less, per cubic foot, is about fifteen minutes per man per shift onan aves
rage. No goggles or respirators are wormn. About 90% of the dust particles
in samples taker during the dumping of the sulphur flour were slightly angu-
lar crystalline in appearance under the Konimeter microscope, and five mi-
crons or less in size; 10% were sermi-opague, rounded, and over five microns
in size, The larger particles appear to contain small air bubbles. There
were also a number of very small specks,

About 370 pounds of flour sulphur is used per batch in the preparation
of hypoid gear lubricant. Two batches are made per week on an average,
The exposure to tle sulphur dust is only about two hours per week on an
average, Since the sulphur is dumped inte drums of oil being agitated by
& rapidly revolving propeller type mixer more dust is produced than where
the bags ere simply dumped into a kettle,” Samples taken during this opera=-
tion had as high as 6,910,080 particles, ten microns or less in size, per
cubic foot. The average was 3,783,562 particles per cubic foot. The dust
particles had the same characteristics as those given in the preceding
paragraph,

Crude Suiphur: Crude sulphur comes in box cars holding about 90,000 pounds,
usually froc freepor:t, Texas. Towers are filled with this sulphwr by four

EM001542 .



l-u-u-u-n-o-c-muwuuwuuuuﬂﬂﬂ--ﬂ_ﬂ.‘"ﬂﬂtﬂﬂﬂ

«53= J

men with an average service of eight years. It requires about two hours to
£411 a tower with ebout 10,000 pounds of crude sulphur. Two towers are charg-
ed every week. Consequently, the men are exposed about four hours a week to
the sulphur dust caused by breaking up the lumps (4,304,640 particles, ten mi-
crons or less, per cubic foot) and shoveling the crude sulphur into the tower
elevator (an average of 3,357,640 particles per cubic foot), The emount of
dust produced by this operation is somewhat reduced by the steam turned on inp-
side the elevator shaft to prevent dust explosions. About 60% of the dust
particles in samples taken while the tower was being filled were slightly angu-
lar crystalline in appearence under the Kozimeter microscope and five microns
or less in size; 35% were rounded semi-opague, ten microns or over in size; mnd
.6% were opaque scale like, between five and twelve micrams in size,

Sulphur dust particles are explesive but otherwise ere not considered hazard-
ous any more than any of the other "puisance" dusts, although they will irritate the
mucous membranes end the eyes after slight exposure, Consequently, it is advis-
atle to weer rubber type goggles and approved respirators, such as the MSA Camfo

type.

In an article by Aldo Cestari (Arch. Intern. Fharmecodynamie, 1933, vol, 46,
PP 300-314) it is stated:

"Intratracheal injection of sulfur suspensions brings about ex=
cretion of hydrogen sulfide in a period of 50 hours. There are
slight exudative and infiltrative reactions in the lumgs. It
is supposed that a substance similar to glutathione reduces the
sulfur to hydrogen sulfide,"

F = LITEARGE: Litharge is added to the Plumbite or "Doctor" Solution to assist in
the removal of mercaptans, other sulphur compounds end unsaturated hydrocarbons fram
gasoline and naphtha, Froamw ome to five §00«pound drums of litharge are used in a
batch, depending upon the stook to be treated and the conditiom of the "Doctor So-
lution". The litharge is removed fram the drum a shovel at a time, end about fifteen
zinutes are required to dump onme batch., A batch is made once a week on an everage,
The average service of the men involved in this operation i1s seven years., They wear
MSA Camfo respirators with an approved lead filter and rubber type goggles. All of
the work of adding litherge is done in the opem eir on a platform at the tops of the
soclution terks,

The average dust produced during the dumping or shoveling of litharge into
the solution tank is 3,077,480 particles, ten microns or less in size, per cubice
foot, although there were as high as 9,288,960 particles per cublc foot during the
operation. A rough estimation of this litharge concentration indicates the presence
of from five to fifteen milligrams of lead per ten cubic meters = the emount that a&n
average persorn doing moderate work would breathe in one day. This is in excess of
1.5 milligrems in ten cubic meters which is the meaximum allowable limit set by the
United States Public Health Service., About 80% of these dust particles were.roﬁnded,
transparent, orystalline in appearance under the Konimeter microscope, and five mi-
crons or less in sirze; about 15% were over ten microns and appeared to contain small
eir bubbles; 5% were dark opague scale-like, from five to ten microms in size,

Necessary Precautionary Meesures When Handling Litharge, Litharge is a came
pound of lead, and ocornsequently there is the possibility of lead poisoning unless &
few simple precautions are observed to prevent the entrance of lead into the body
by swallowing minute particles of the litharge dust, by inhaling the dust, or by
absorption from the skin when handling the litharge. An effort should be made to
cause as little dust as possible, Instructions issued by the Medical Department re-
quire that;
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"1. No employee shall handle litharge until he has been examined
and certified as physicelly qualified by the Company Doctor.

"2, Bmployees must be sent to the Ccmpany Doctor for physicel exe
amination at least every six months or at the first sign of
i1l health.

"3. Respiretors - An approved type of lead dust respirator, proper-
ly adjusted, shall be worn when handling litharge, All respi-
rators shall be thoroughly cleaned with socap and warm water,

"4, Clothirg - Unionalls, ceps or some head covering end gaumtlet
gloves shall be wora when hendling litharge. Upoz the cample-
tion of this operatigon the outer clothing must te reaoved and
placed in e locker used for this purpose only. Unionalls
should be washed at least once a week.

"5, Bathing end locker fecilities - A conveniently located locker
end was h room shall be designated for use of amployees hand-
ling litherge. Seperate lockers should be provided for street
clothes, wark clothes, and one for Uniomalls worn when hande
ling litharge. In plants where men are handling litharge
throughout the shift, only two lockers need be provided. The
floors of the locker rooms where the men change their dust
covered Unionalls and the benches shall be thoroughly moisten-
ed before being cleaned,

"6, Fersonal cleanliness - General persemal cleanliness is of first
irportance,

(a) Eends must be thoroughly washed on the completion of the
litharge handling operation. Eands must also be thoroughly
washed before eating or placing anything in the mouth. A
special effort should be made to clean the finger nails so
as to remove any litharge,

(b) Never eat wmtil litharge covered clothing has been removed
and the hands washed,

(¢) Teeth should be brushed at least twice a day and the teeth
and gums kept in good condition.

(d) The mouth should be rinsed thoroughly before eating.

(e) Never use tobacco in emy form while working in and around
litharge,"

The responsibility for the careful observance of ALL of these instruc-
tlons should be placed upon the foremsan.,

G - BSODA ASH: Soda ash (58% Na20) is used to form a solution for neutralizing acid
oil, Thirty 200-pound cloth bags of soda ash are dumped into a tank of water per
batch by six men, with an average service of five years, fram the General Labor De-
partment; three batches a week, Dlen exposed to dust resulting from opening and
durping the bags of soda ash about five hours a week, Eight men spend ebout half a
day a month unloading bags from railroad box cars, The men who do the unloading
wear MSA Comfo respirators and are not the same men as those doing the mixing who do
not weaer any respirators or goggles. The average dust produced by the dumping and

1
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mixing operation is 1,003,337 particles, less than ten microms, per cubic foot of
gir, These particles are all slightly angular, crystalline in appearance under the
Eonimeter mioroscope end about five microns in size, Many are transparent, glass
like. There are a number of small black specks.

E - TALC or "SOAPSTONE": Pulverized talc or "soapstone" is used as a filler in the
manufacture of "hot neck" greases used in the steel mills, According to R. B, Ladoo
(U.S. Bureau of Mines Bul, No, 213, 1918) ordinary talc or soapstane is Steatite
(hydrous magnesiwm silicate = HgMg3(S103)4) In the form of powder, the talc is
greyish white, Associate Chemist Frederick Goldman of the U.S. Bureau of liines, who
mede a chemical analysis of samples of talc as marketed, reports:

SiCopi.eennnn, eeeses 48,04 per cent
CBO . vvvernnnsaceas 4,39 " Y
MEOueeverervvaaanes 26,20 " "

Combined Oxides.....l15.64

Grease makers usuelly consider the composition of "soapstone" which they use as ap-
proxizetely 90% magnesium silicate and 10% celcium carbornete. It comes in 90-pound
paper dags, 700 bags to & box car, About 7200 pounds are used per batch and one
batch is made a day on an average, The "soapstone' is dumped into the mixing kettle
by two mern with an average service of ten years. This dumping which reguiresabout
an hour per batch is a rather dusty operation. One sample taken at face level just
after a bag haed been dumped had as high as 22,995,840 particles, ten microns orless
in size, per cubic foot of air, The average dust produced was 13,064,960 dust par-
ticles per cubic foot, About 98% of these dust particles were transparent, crystal-
lipe, irregularly shaped plates ancé rods, in appearence under the Kozimeter micro-
scope. lost of these particles (mbout 98%) were five microns or less in size, the
rencinder being ten microns or over; about 2% were scale-like, semi-opaque, five mi-
ecrons or less in size.

Physiologicel Effects Produced By Tale Dusts, About two years ago Dr, W, C,
Dreessen, Passed Assistant Surgeon, and J. M, Dalla Valle, Assistent Sanitary Engi-
reer, Urnited States Putlic.Health Service, made a study to ascertein whether there
is e coznection be<weexz talc cust exposure axi the relatively Ligh tuberculosis
death rate in Murray County, Georgie, where two talc mills and mines are located,
They found (Reprint No., 1669 from the Public Health Reports Vol. 50, No. 5, Feb, 1,
1935, pages 131-143):

"Physical and roentgenologic examinations were made of 66 men and
women who were exposed or had been exposed to talec dust. In the
higher dust groups comprising 33 men, 8 were found to have Pneumo-
conlosis I and B to have Pneumoconiosis II or III, Six of the
thirteen examined were diagnosed as having Pneumocoziosis I, No
advanced stages of the disease were found in this group. In the
group exposed to low cancentrations of dust, no Pneumoconiosis

was found."

The final conclusion of this study was that although Georgia talc appears to be "more
injurious than tremolite tale" the high tuberculosis mortality rate in the County
"could not be attributed to the talc industry".

-

Investigators have suggested, however, thet for more or less cantinuous expo-
sures concentrations of tale or "soapstone” dust should not exceed 15,000,000 par=-
ticles, ten microns or less in sire, per cubic foot of air,

1 - GRAPEITE: Powdered graphite (BOF to 85% graphitic carbon and 157 probably
magzesiuz silicate) is used in the manufacture of spring and pressure 1ub*1can+s. It
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comes in metel cérums or 100-pound peper lined bags. About 370C powunds of powdered
graphite is used per batch and one batch is made per dey on an average. The
graphite is dumped into the mixing kettle by men with an average service of seven
years. This operation requires about forty minutes per batch per man on an average,
Three men are usually engaged in this dumping, They wear respirators while handa
ling and dumping graphite, which is not a particulerly dusty operation. The average
dust produced is 1,803,080 particles, ten microns or less, per cubic foot of air,

All of these dust particles are rounded or slightly anguler, black opague, esmorphous,
sooty or dark grey in appearance under the Konimeter microscepe, and three microns
or less in size,

J = SLALTT FLOUR: Slate flour (300 mesh) gives rigidity to asphait on "fast sur-
faces” such es steep roofs and pipe lines, and prevents its rumming off, It elso
produces cesirsble weathering properties, Mixtures es low as 10% slate flour and
as nizh as 407 are used, Axn average of two tons of slate flowr is used to each
still which averaces about BOO barrels of stear reduced asphalt. Sizce the slate
flour is introduced by the use of closed pipe lires and centrifugel pumps, the ozly
dust produced is that which results during the unloading of the sacks and dumpicg
thenm izto the hopper. The slate flour comes in SO-pound paper bags, 750 bdags to a
railroad box car. Four men with an average service of about & year, open the bags
and dump the slate flour directly into a hopper fram which it is siphoned by com-
pressed air to a storage tank holding about 15 toms. About four carloads a month
are received ard an averege of abtout 5-1/% hours is required to unload each car,
About one and three-guarter million pounds were dumped during the last querter
period. The men wear MSA Comfo respiretors. A screen enalysis of this slate flour
showed that 95, 7% passed through a 200 mesh screen and 96, 87% through a 325 mesh
screer, Due %o the fineness of slate flour and its low bulk demsity (1.04) con-
sideratle dust. an average of 12,007,680 particles, ten microns or less in size,
per cubic foot of alr, exnd counts as high as 16,538,880 particles per cubic foot,
are produced during dumping the sacks and filling the storage tank, About 987 of
these cdust particles are slightly engular, trensperenmt, crystalline in appearance
under the Fornirceter microscope, and five microns or less in size; 2% are semi-opague,
slightly angular, There were a few plate like particles which eppeared to contain
szell air bubbles, and a large number of smell black particles.

A petrogrephic exenmination mede of a slate flowr sample at the United States
Sureau ¢ llines Experiment Station in Pittsburgh, Pennsylvania showed thet it con-
taizned more than 17 Quartz (SiC2), 30% Sericite (Kp0-3A1p0z=6 SiCp=2Ep0), 40%
opague and 30f: five different unidentified constituents, A chemical analysis of
slate granules and flour (Jour.Indust,Byg. Vol.XV.,No,2,Mar.1933,p.67) reports these
constituents:

Silicon Dioxide .eueeeee58.27% Megnesium Oxide,......s 2,215
Titenium Dioxide........ Q. 997 Potassium Oxide....evoes 3. 75%
Aluminum Cxide..........18,81% Sodium Oxide....evv... 1. 88%
Ferric Cxide...vvvernnns 1,127 Weter below 110°C. ....0, 32%
Ferrous Oxide v.vo...... . 6.58% "  gbove " ......3.98%
Managanous Oxide.,...... 0,13% Phosphoric Oxide.......0.11%
Caleiwm Oxide........ ees 0,427 Cerbon Dioxides........0.21%
Barium Oxide,....... cees 0.05% Ferric Sulphide........0.15%

Specific Gravity - 2,795

"The silicon found, though expressed in the chemical analysis as
silicon dioxide, is not differentiated chemicelly es to the
forms present in the original minerals, whether free silica or
silicete,"
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Ifect of Slate Flour on The Lungs - In his paper "Effects of Certain Silicate
Dusts in the Lﬁﬁgs" read before the Industriel Eygienme Section of the American Public
Health Association at Washington, D.C. on October 27, 1932, Dr. Waldemar C, Dreessen
of the United States Public Health Service, reporting the results of his studies of
workers exposed to slate cust, wrote:

"0f +he 48 cases of pneumoconiosis observed, all were in the lirst
stege except 5 cases. In general, the pneumoconiosis observed in
the early or first stage cases resembled that induced by cement
dust. The bronchial striations, however, were somewhat more promi-
nent. There was always a moderate bilaterel increase in the size
end cdensity of the hilar shadows with accentuations of bronchial
stristions which extended well out into each lumg lield. The
lineer strietions seemed "softer" in eppearance cz lscked some of
the sharpness of detail which is usuelly observed in the X-rays of
individusls who have inhaled silica dust., This diffuse, fine
generelized fitrosis was chiefly confined to the lower two-thirds
of the lung fields,

"In +he second stage an incressed prorinence of the ebore meztione
ed cheracteristics was presert with +the appearance of flake like,
derpled ereas of increased density in both lung fields. Iz the
third staze these dappvled ereas seemed to conglemerate, and in this
merner gave wey to massive, clouded areas of increased density."

r. Treessen found that although the silicate dusts of slate "induce & fine diffuse,
tilezeral fitrosis of the lungs which is definitely demonstreble in the X-ray"
workers exposed to slate dust do not begin to show definite first stage pneumocorio-
sis until efter more than ten years! exposure. Ee did not Jind any evidence that
the resultent pnewnmoconiosis had led to disability.

L = GEIDING DERRIS POCT: Derris root is used in the menufacture of insecticides,
It comes in 500-pound bales from the Dutch East Indies, In order to reduce dust,
the beles are thoroughly wetted with white oil, The root is ground at the rate of
£20 pounds an hour to pass through a 3/%"-screen. One man with three years! service

is exposed to an average dust concentration of 1,604,800 particles, ten microns or
less, per cutic foot of air, About 80% of these dust particles are rather round,
crystelline in appearance under the Konimeter microscope, and about five microns

in size; 20% are sharply angular, five microns or less in size, The particles ap-
peer t¢ be more inorganic then orgenic in character, Evidently the lighter root
dust particles are either larger than 30 microns snd were, therefore, filtered out
by the Konimeter filter or were cerried out by the exhaust ventilation, thus leeving
the dirt or soil which had adhered to the roots., The grinder is located in a small
roor well ventilated by means of & 30-inch motor-driven fan., This explains the low
dust concentretion in the samples taken during the grinding operatiomn. The operator
wears rubber gloves, cover-alls, and is provided with a fresh air hose type of mask
while grinding,

To “hat Extent is Derris Toxic? According to recent studies by the United
Stetes Department of Agriculture (Indust, & Eng. Chem. Vol. 28, No,7, July 1938,
pPs, B15-821) Derris is & possible health hazard to those engaged in milling, grind=
icg, eand c¢iluting it (Derris) without the use of suitable protective measures,
Pharmacological studies show that Derris and its water extracts affect the respira-
tory center which is initially stimulated and then, after fatel doses, completely
depressed, with death resulting. Derris dust when applied to the armpits was elso
found to provoke & "mild evanescent irritation,”

L = Z2I7TINC PRITERUL TLOWIRS: Fyrethmm f10we;s are an important source of one
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of the essential ingredients of insecticides. They come from Japan in mat covered
bales weighing about 450 pounds. On an average, about ten bales are ground per
shist, Opening the bales of compressed flowers is the dustiest part of the opera-
tion, producirg on en average 2,039,040 perticles, ten microns or less, per cubic
foot of eir, About 85% of these particles are angular, crystalline in appearsnce
under the Konimeter microscope, and three microns or less in size; about 15% ere
flat round particles and discs and shreds, ten microns or less. The crystalline -
appearing dust probably originates from the soil which has blown on the flowers or
plants, One man is exposed per shift for sbout four hours a day during & nine month
period. He wears a Willson dust respirator. The grinder is enclosed in a metal
housing connected by a fourteen~inch duct to a sixteen~inch motor driven exhaust fan,

Pyrethrun dust seems to irritate the skin of scme individuals and not effect
others Ia the least; as a metter of fact it causes an allergic type of reactior ic
some individuels to such an extent that it is inadvisable for such persons to work
in pyrethrum dust.

M - MIXINZ AND PACKING "FLIT" POWDER: "rFlit" powder is & mixture of pulverized
derris roct, pyrethrum flowers and other ingredients., It is mixed in & special
room provided with exhaust ventiletion by a man wearing a respirator, The dustiest
part of this operation is sifting the pulverized derris and pyrethrun which produces
an average of 8,722,560 particles, ten microns or less, per cubic foot of air,

About 95% of these dust particles are angular, crystalline in appearance under the
¥orimeter microscope, and about three microns in size; about 57 are less erystelline
and more opague, five microns or less in size, .

Pilling Cans: Three-quarter end two and one-=quarter ounce tin cans are fill-
ed by autamatic machipes. the filler ends of which are enclosed in a metal housing
with a four-inch exhaust duct to & fourteen-inch motor-driven fern, That this exe
haust arrezgement is fairly effective is shown by an average dust concentration in
saxmples taken at face level of the operator during the f£illing operation of
1,755,840 particles, ten microns or less, per cubic foot of air, The girl at the
Sealer wears a bagetype dust respirator,

VIII - CLEANING TUBES AND DRUMS CONTENTS

Cleening tubes enéd drums of boilers and process equipment is a routine opera-
tion which produces considerable dust belonging more to the "nuisance" class than to
the fibrosis causation group, Nevertheless, consideration should be given to keeping
such dust down to a minimum of not more than 10,000,000 particles per cubic foot due
to the nuber of men engaged in this work and their more or less continuous ex=
posure

I, = CRACKIVZ CCIL SCAKIIG DRUMNS: Cracking coil soaking drums "coke-up" about
once a month, so that in meny cases they are almost completely filled with the ex-~
ception of an opening down through the center no greater than twelve inches in diama
eter, At most plants, this coke is removed by a special machine; at the others, men
with an average service of ten years ere regularly engaged in cleaning these drums by
means of a concrete buster type of pneumatic chisel, starting at the top of the drum,
One man works inside and two outside at the top manhole, The temperature inside the
drum is about 90 degrees Fahrenheit, ZTach man works half an hour inside and is then
relieved for about an hour. On an average. each man works abtout two and a half hours
per shift, two shifts a week. A "boatswain" cheir is used to get in and out of the
druz. They wear “hardboiled" hats and life-belts. Excellent vertilation is provided
by & steam or an air syphon placed in the bottom manhole of the drum, as a result of
which samples taken at face level of men during the operation of the pneumatic chisel
had axn averace of only 211,520 cdust particles, ten micronc or less, per cubic foot of
sir. About 60, of these particles were sherrly engular, crystalline in appearance
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under the Konimeter microscope, and about five microns or less in sire; 35% were
round, seci-opeque. crystalline, about ten microns or over; and sbout 5% were small
black particles. There were also a few black scale-like particles over ten micronms
in size, The major portion of this dust is probably coke or carbon and the scale-
like particles are, no doubt, metal from the sides of the drum or froam the chisel,

II, - CRACKING COIL TUBZS: There ere 183 tubes in e high pressure cracking
coil unit, After ruznning from tweanty to twenty-five days, depending upon the cher-
acter of the stock being run, the temperature and pressure, the petroleum coke which
is deposited on the tubes must be removed. Liberty air-driven tube cleaners with
cone and star cutters operated by men with en average service of six yeers are used
for this purpose, The men work in gengs of six to eight and are exposed to dust
about siz hours every two shifts on an average, They weer neither gogzles nor respi-
retors . elthouzh & dust semole teken immediately alter reversing the cleening
mechine while in & tube contained as high as 9,062,400 particles, ten microns or
less in size, per cubic foct. 4About 20% of these dust particles are black, opaque

irn eppesrance wmder the Konimeter microscope, and two microns or less in size; 40%
are anzuler, transperent, rlate-like, ten microms or learger; and 30% are engular,
trensperens crystalline, five microns or less irn size,

Semples tekern on the Cleexing Flatform while cleaning Crecking Coil Furnace
tubes at & lorthern refinery had an averege of 113,280 particles per cubic foot,
inety-eight per cent, of these cust particles were rounded crystalline in appearance

Ee-v

under the microscope and {ive microms or less in size. Semples taken in the passage- -
vier back of the furnace while tubes were being cleaned hed as high as 1,076,160
perticles, tez rmicrons or less in size, per cubic foot of air. This indicates that
the men in the passageway, back of the furnace are exvosed to more dust than those

on. the cleaning platform

I2I, = WATZIR H-DAIRS AND BCILIR TUBES: Tubes and headers are cleaned twioe
8 year vy means of eire-driven turbines. It has been found that cleaning can be done
more effectively if done dry rather +than wet because the dust can be blown out. If
water were used, the loosened material would soon form a paste which-would be smear-
ed back on the tubes by the action of the clearning turtine, Regardless of the dust
which is produced in concentrations as high as 30,355,040 particles, ter microns or
less in size per cubic foot of air, workmen prefer working in dry drums rather than
in wet ones. TIight men (two on each turbine) are engaged in this cleaning operation
which reguires about twelve deys a year, lMen with en average service of fifteen yeers
ere assigned to this jobL fram the Labor Deperiment, The texmperature inside of the
¢rums or headers is about 70 degrees Fahrenneit, In accordance with the usual prac-
tice, mez operating the turbines, irnside the drum or header, work about ten minutes
end ere relieved for ten minutes by their co-workers who assist in handling the air
hose in and out of the drum manhole. Respirators have beer provided in most cases
tut are not always worn, The average dust produced while cleaning water-headers and

toiler tubes in samples taken from:

Lover Platform, Front Water Header........e.......18,306,048 part, percu, ft.
In #2 Drum While Cleaning %ater Wall and Tubes.... 5,664,000 " v
Inside Manhole Drum #3 While 3eing Cleaned........28,320,000 " woon

About 40 of the cdust particles in the samples taken on the lower front water-header
platform, while heeder was being cleaned, were rounded, dark red in appearence under
the Konimeter microscope, and about <wo microns in size; 507 were opaque, more or
less anguler, and about {ive microns in size; 10% were crystalline, slightly azgular,
end over <en microns in size, About 65% of <he particles in the sample taken inside
f2 drum during cleanin- were zleck, opague, anzular, less than two microns in size;
end ebout 157 were round. more or less opague, over ten microms. The concentration
of dust INSIIZL +he ¢rum durinr cleerning eppeers to decresse with the distance froxz

n
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the manhole as is demonstrated by these counts in samples fram Drum #2 (Riley Eoila
er):

Location Particles per cu. ft,

Inside Manhol6,ceceerseenaneenevorvioseurnsasacsnasssansesassnss 19,257,600

About B8 ft, Inside DriT.useseveeescscossvocoananacnnns serieeee 4,078,080
L & S " e tetereeeretneasesnsansesantacnsas ceees  2,265,60C
" 18 " " B itteieteetrsetisancasanasessessaracsses 1,585,920
" 24 .’ " “ @ ® 0 @ 8 ¢ 2 0P8 808 2t GNP E St e * 2 e 20 Qe 1|132,8OC

The dust particles from inside the drum appear black, angular and were less than two
microns in size, The dust from these clearing operations ere supposed to be largely
the results of metal corrosion and sediment (largely‘Calcium Carbonate and Calciwum
Phosphate) deposited by the treated Boiler Feed Water. A petrographic examizetion
of & semple of dust from the Front Water Well Header was made by the United States
Bureau of Mines Experiment Station at Pitisburgh, Pennsylvania, who reported:

Quartz (S102)crererevaonrinrnns eesessss 1 per cent,
Opague or Coated with Cpagque Materijsl.. 90 " "
Unidertified Cley=like.suisvereerenrcnns g " "

According to a chemical amalysis of this same materisl made by a regular re=-
firery cherist using the method of Adolph Knopf, U,S.Putlic Fealth Service, the dust
contained:

Free Silicaiivvvavsvevsnevinrensasenae. 0,70 per cent,
Combined SilicB.iceveereesrvoecenaseasadl, Ol " 1

Althovgh the anelysis of the dust shows a low free silica content, the high
dust concentrations found and the possibility that at times such concentrations may
be higher thar those found, demonstrate the desirability of wearing respirators re-
gerdless of the kind of dust encountered,

IX - FOUNDRY OPERATIONS

During recent years ccnsiderstle attention has been focused upon the health of
foundry workers by the operation of the sowcallod "Silicosis Racket" which has ex-
tracted large sums of money from the Foundry Industry. It 1s difficult to isola<e
this type of work which gives rise to a very general exposure to dust which may in-
volve all workers employed in the foundry. In meany ceses the worker is in such close
cortact with the duty atmosphere as to cause serious exposure. DMuch progress has
been made in reducing the dustiness of our foundry operations and plans are now being
considered which will further safeguard our foundry workers. The following is a
briel outline of foundry dust producing operations:

A, - POURING MCLTEN METAL INTO SAND MOULDS - Abowt 18-1/2 tans of metal are
poured per "heat", Thirty-five men with an average service of twelve years spend
about one and & half hours pouring and six and a half hours moulding per day, five
days & week, Goggles, asbestos leggings and congress-type shoes are worn by the men
handling the molter metal, About 60% of the moulding sand, which is the principal
source of dust, is free silica (S10p). During the pouring operaticn the fowmdry air
appears to be full of dust and smoke, however, samples taken during this work averw
aged only 396,480 particles ten microns or less in size per cubic foot of sir., Prac-
tdcally ell of these dust particles appeered engular, crystalline under the Korimeter
nicroscope and were about two microns or less in size,

A sample of dust from the top of the crane rail over the moulding floor was
'
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given & petrogrephic examination by the U,S.Bureau of Mines Experiment Station inm
Pittsburgh, Pennsylvania who reported 50% quartz (5105); 15% Clay Mineral not com-
pletely identified, Kaolinite is AlpCz.p2Si0g2. 2Hp0; 5% Calcite (CaCOz ) and 30%
Opague,

B, « "SEAKING OUT" CASTINGS - After pouring, the castings mre allowed to
cool, then the moulds are liberally sprinkled with water from a hose, The bands or
clamps are removed and the flask is throvm over and broken open. The rough castings
ere pulled out, piled up end trucked to the Clearning Room. "Shaking Qut" is con=
sidered one of the serious occupational disease hazards encountered ir industry and
the dustiest operation in founderies but due to the thorough wetting and careful
hanéling by the men, samples teken during the operation hac an averege of only
85€,220 ¢cust perticles ter microns or less per cublc fect of alr, The izpinger
method woulé no doubt reveal much higher counts. About $8% of the dust particles
were slightly angzular crystalline ir appearance under the Kanimeter microscope and
were one micron or less ik size, "Shaking Out" is rather hot work, the men per-
spire freely so thet it would be difficult to enforce the wearing of goggles and res-
pirstors. Twelve men with en averege service of eight years werk on this job, eight
rours per shift, five shifts per week.

Af%er the castings have been removed the moulding sand is agein wetted and
thoroughly worked over with a motore=driven sand cutter which is a series of revolv-
ing blades, similer to those on a lawn mower, operated ty an electric motor, mounted
on & rutber-tired four-wheeled carriege wrich moves back end forth over the moulding
floor. licisture tests are mede and when these tests indicate 4.6 to 5.6 moisture
the send is considered ready for the moulders, During the operastion of this sand cut-
ter, the operazor is exposed to an average dust concentration of 1,529,280 particles
ten rmicrons or less per cubic foot. These particles were less than twe microns end
were s£lightly angular crystalline in appearsnce wnder the Koznimeter microscope.

Ce = CLEANING CASTINGS = Various methods are used to cleen castings depend-
ing on their size and shape. All of these methods produce more or less dust some of
vinich cern be teken care of by exhaust ventilatiors, others cannot., The methods most

(e) Preliminery Cleaning - Castings are brought frox the moulding floor during
the night and devosited in the Cleaning Room. The following morning the cores are
knocked out, the sprues and gates are broken off and same scratch cleaning is done,
“ris work produces consideratle dust especimlly when the sand and old cores are
shovelled through the ,rating into the car or bucket below (3,455,040 perticles ten
microns or less per cubic foot of air), Under the Konimeter microscope about 70% of
the dust particles appear angular, crystelline, three microns or less in size; 20%
were rounded crystalline, five microns in size and about 5% were scale-like semi-
opague with & reddish-brown tinge and over ten microns in size, Pulmosar Respirators
have been provided but are not elways worn by men doing this work, NO attempt has
teen mede to control dust from preliminary cleaning although some study has been
giver to the provision of a special air-tight roaomr with a grating flocr and a hopper
underneath with a screw conveycr at the bottom to convey the cebris to the disposal
car or bucket and thus eliminate the dust-producing shovelling and handling, Under
this plan exhaurt ducts with & series of outlets around the top of the hopper carry
off the dust., Air is also introduced into the room about a man's breathing level and
the amount of air taken out is reater then that introduced so that a negative pres=
sure is meintained and a complete air change is made about every three minutes,

(b) Tumblest = The Tumblast is a machine which combines tumbling with sir blast-
ing. rrom 400 to 1500 pourds of castings are put into & drum which revolves about
10 22, They run from about 20 minutes to four hours, depending upon the type of
cestinzs and cleerliness reguired, Wrile the castings are being tuxtled they receive
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a blast of #20 Steel shot through three 5/16 inch nozzles wnder an air pressure of
85 pounds per square inch. This machine is operated by three men, with an average
service of eight years. for a period of two end a half hours per man per day, five
deys a week, Pulmosan Dust respiraters are provided but are not always worm. A
ten~-inch exhaust pipe has been instelled at the top of the machine and a six-inch
exhaust pipe over the screem. The suction on these exhaust pipes is said to be
abovt 2-1/2 inches water. Samples taken during the operation of this machine aver-
aged 1,200,760 dust particles, ten nicrons or less in size, per cubic foot which ine
dicates that the dust control messures which have been provided are getting results
although there is still room for improvement. About 98% of the dust particles ap-
pear gquartz-like under the Korimeter microsccpe; about 60% are five microns or less
in size and are angular crystalline in appearance; 407 are ten microns or over in

size, and rather rounded in eppearance, There gre also a lerge nucker of z—izute black

metallic specks entirely too small and numerous to count accurately,

(¢) Slv Tuztling Mill = Clears brass cestings by a combination of tumbling end
air=blasting with /3 Send Blest Send and 85 pownds per square inch elr pressure. The
Mill holds frozm 100 to 150C pounds of castings and cleans five loads a cay, Two men,
with an average service of 18 years. operate this mill whick runs about five hours a
day. They wear Pulmosen Dust respirators and -oggles when opening the machine., This
13311 is hooded with mn 8-inch erxhsust pipe having a 2-inch water suction. also a
10-inch exheaust pipe over the sand screen at the rear of the machine. Samples of
dust taken cduring the operation of the Sly Tumtling Mill had as high as 2,492,160
particles ten microns or less in size per cubic foot of air and an average of
1,393,344 particles per cubic foot. About 90% of these dusi particles were rounded
crystalline ir appearance under the Konimeter microscope and two microns or less in
size; 5% were black, opague scale-like and 5% were rowumded crystalline about five
microns in size,

(d) Tuztline Barrels - 36" x 42" Whiting Tumtling Barrels remove sand fromcast-
inzs. They hold froam 1200 to 1500 pounds of castings per load and revolve at 10 REM.
The cestings are tumbled about two hours with sbout 700 poumds of ocne-inch unenneal-
ed cast nmalleable iron stars and jacks. An exhaust system with a 6~inch pipe through
the trumnion having a suction of 1-1/4 inches water, This suction has been found ine
adequate to give the desired results consequently the suction is to be increased to
4~inches water. Samples tsken during the operation of the Tumtling Barrels had an
average of 1,348,032 dust particles ten microns or less in size per cubic foot of
air, About 907 of these particles were angular crystalline in appeasrance under the
Konimeter liicroscore and three microns or less in size; about 10% were rounded semi-
crystalline, ten microns in size, There were also a few triangular-sheped opaque
metallic particles. Three men, with an average service of twelve years, operate
these tumbling btarrels eight hours & shift, five shifts a week, Pulmosan Dust Proof
respirators end goggles have been provided but are not always worm

The type of Tumbling Barrels being used has been condemned by a major com-
pany because it is impossible to ventilate it properly. The holes in the end liners
clog up when the barrel starts revolving. thus preventing circulation of air through
the barrel. This condition hes been remedied, in a new design now on the market, by
the use of two shells = an inner perforated and an outer solid shell., Both trun-
nions are hollow and are connected with the air chamber between the two shells., Air
under pressure is introduced through one trunnion and exhausted through the other:

(e) Air-Blasting - Castings which cennot be tumbled due to thelr size and fra=-
gility are cleaned by air-blasting (85 pounds per square inch) with mixture of ap-
proximately half and half sand and 740 Steel Grit, Syracuse Core sand is used when
e special finish is desired, There are three men, with an average service of three
yeers, or this jot who work 45 minutes of every hour, eight hours a shift, for one
vieek out of three weeks. This work is done in a specidl tight air conditioned room
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while wearing & Sly Sand-blast Helmet supplied with outside fresh air provided by a
special blower used for that purpose only, Samples teken inside the room while a
casting was being aireblasted had an average of 3,738,240 dust particles ten microns
or less per cubic foot of air, About 807 of these dust particles were sharply angue
lar crystalline in appearance under the Konimeter microscope and three microns or

less in size; 20% were rounded quertz-like crystals about ten microns in size, There
were also a few rust-like scales and a large number of black metallic particles too
minute and too numerous to be counted accurately. The silicosis hezard of this opera-
tion could be greatly reduced by the use of steel abrasives exclusively.

(f) Rough Snagging Wheels - These machines are used for removing projections
such as sprues, parts and gates from castings. There are two types ol these wheels:
the DOUBLE EIND using either 18-1/2" x 3" Carborundum and Vitrified or 24" x 2.1/2"
Redmezol (Sekelite boumd) Wheels; end the BORIZONTAL DISC Grinder heving e 50"
diameter vitrified wheel, These wheels ere used by seven men having axz average
service of nine hours per shift, five shifts per week. Each wheel is hooded and hes
a four-inch suction pipe. There is an eight-inch suction pipe on the Horizomtal
Grinder, Goggles and respirators are provided but the latter ere not always worn
with the excepiion of the men on the Horizontal Grinders, Vitrified wheels ere run
et & slower speed (1800 RPM) then the Bakelite Bound Wheels which operate at 3400
R, Semples taken during the operation of the Rough Shagging Wheels had the fol-
lowing dust concentrations.

Doutle Ind Snegging Wheels:
Average Dust from Vitrified Wheels......,..... 3,653,280 particles per cubic foot
" " " Carborwmdwm " ,.......... 3,322,820 " " " "
" " " Baekelite Bowxnd Wheels,..... 2,662,080 " " " "

Eorizontel Disc Grinder:

Average Dust from 50" Vitrified Wheel.......,. 2,124,000 particles per cubic foot

The average dust produced by all the Rough Snagging Wheels was 2,322,820 perticles,
ten microns or less in size, per cubic foot of air,

Abcut B80% of the dust particles from the vitrified wheels appeared black angu-
lar opsque under the EKonimeter microscope and two microns or less in size; 20% an-
guler crystelline -ebout one micron or less, There were also 2 lerge number of black
mizute particles too smell and numerovs to count. The dust partiecles from the Hori-
zontal (Vitrified) wheel were approximstely 90% angular, crystalline and 107 black
opague, All of these particles were about two microns or less in size. About 60%
of the dust particles from the Bakelite bound wheel were black angular two microns
or less in size; 25% were angular crystalline, less thar one micron in size and sbout
15% were rounded crystalline about five microms in size,

(g) Eine Snmageing and Polishing Wheels - These wheels grind off smell projec-
tions ard remove rust from stock which has been in storage. There are three types:

DOVELE 4™ x 14" POLISEING EMERY WHEELS - Wheels after being made up are dipped in

glue and then rolled in Alwundum Grinding Grain, sizes 60, 80 and 120 mesh. DOUBLE
JISC GRINDERS - 36" discs covered with 346 Cast Iran Grain or Silicon Carbide (an
electric furnace product) and WIRE SCRATCH BRUSHES - made up with four 12" sections,
Exraust hoods with a2 suction of from three to five inches water, have been instelled
on the Polishing Wheels and Disc Grinders. There is NO hood on the Wire Seratch
frushes, These wheels are used by four men with an average service of two years. They
wear coggles snd zloves but no respirsators, Semples taken at face level cduring the
operetion of this eguipment had the following average cust concentretions:
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Dus‘ Produced by 36" Disc Grinder...coeesese. 1,416,000 particles per cu 1c foot
" " 12" Wire Scratch Brush...... 736,320 " "
" " " 4" x 14" Polishing Wheels.,. 481,440 " " " "

These comparetively low dust counts indicate that the dust control measures which
have beexr provided are either effective or the dust particles produced are over 30
cicrons in size end were thus filtered out by the Konimeter filter, Under the mi-
croscope dust particles from the Folishing Wheels appeared all round crystalline and
atout one micron in size., About 405 of the dust particles produced by the Double
Disc Grinder were sharply angular, opaque about three microns or less in size; 607
were less angular crystalline ebout one micron in size, The dust particles produced
by the Wire Scratch Brush were all rounded, crystalline and about one micron in size,
There were ro rezellic pe: ~ticles in axny cf the samples examined, Few exhoust hoods
have been instelled on Wire Scratch Brushes beceuse it has been generally assumed
thet these trushes did not produce any cdus<. This assumption, however, is untrue as
one sexmple froz a wire brush at a Southern Refinery hed as high as 6,683,520 per-
ticles ten ricrozns or less per cublic foot of air,

(h) Cone Grinding \heels - These wheels are operated with coxpressed air end
are used to co miscellaneous grinding or casiings by four men, with an average ser-
vice of twelve years, about two hours a day on an average, The cones are 5-1/4"
2-1/4" vitrified and produce an average dust of 1,859,120 particles ten microns or
less per cubic foot of air, About BOZ of <hese perticles ere sharp engular crystal-
line, In eppearance under the Konimeter microscope they are five microns or less in
size; 20% are round opaque but non-metallic in appeerence and fi¥e ricrons or over
in size, There ere no hoods over these wheels and the operators wear no respirators,

ftverage Dustiness of Clearinc Rocm Alr - A series of five samples were
taker tetween 9:30 enc 9:40 A.l. to determire <he averace smowmt of dust in the air
of the cleanirng rocm vwhile the various cleaning operations were in full blast, An-
other series of five sarcples were teken about 3:3C F.l, in the afternoon after the
roct hacd been zivezn its regular clean-up, There was quite a difference in the emount
of cdust irn +*he eir during the morzing (2 185,480 particles ter microns or less per
cutic foot of air) and durln; the afternosr toward the close of the shift (338,272
perticles per cutic foot)., About 95% of the dus* particles in the evening samples
were anguler crystalline in appearance and adbout iwo microns in size. There were a
few large semi-opague or scale-like particles about 20 microns in size, About 98%
ol the cusu rticles ir <he morring semples were angular crystalline two microns or
less in size and atout 2% were round, crystalline over five microns in size.

A sexple of cdust from top of one of the larger Exhaust Ducts in the center
of the cleanin: rocm was given a petrographic examirnation by the U.S,Bureau of lines
Experiment Station at Fitisburgh, Pennsylvaris and found to contain 407 Quart:z
(si0p), 20% Clay Minerael not completely identified; 405 opaque.

D « CORE MAKING - A large number of cores are made by the Demmler Air Ope-
rated Core Machine which uses a mixture of two-thirds sea sand, one-third river sand
and one gpallon core oil per 60 gallons send. There are three sources of dust in the
operation of this machine:

(1) Shovelling Sand to fill the Machine Hopper..1,019,520 particles per cublc foot
(2) Blowing out Core-boxes...................... 736,320 "
(2) Blowing serd into the Core-liouldS.ee.ess...s 755,200 n " " "

About 98y o the dust particles “rom tlowing out the core boxes are dark,
opecue in eppeerance ond about one micron in size, The dust perticles from blowing
send Into =lhe core moulds cre angular errsselline less then one micron in size,

'
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Cores are "smoothed up" after being baked in the core oven by scratching
off the rough edges with an old hacksaw blade, This operation procuces an average of
906,240 dus+t particles ten microms or less in size per cubic foot of air, About 98%
of these particles are angular, crystalline in eppearance wnder the Konimeter mie
croscope and are less than one micron in size.

E, = SEPARATIOK OF BRASS FOUNDRY SKIMMINGS - A Steinlein Separastor, revolv-
ing about 25 RF, separates brass from about 100 pounds of skimmings an hour. The
separator has a 4-inch exhaust duct to & 12-inch fan which produces a suction of
gbout four inches water. Semples teken during the operation of this machine had an
everaze of 1,221,920 particles tex microns or less per cubic foot of air, About 95%
of <he dust par+icles in samples takern sbove the charging chute appeared opague
ezculer black ir color under the Konimeter microscope and were less than one micron
in size, ' 'sbout 807% of the dust particres in samples from the truonion were more
ervszalline end rounded in appeerance end less than one micron in size, This was
elso true of the semples teken in frornt of the machine where the slag drops dowz into
e bucket, The dus~ particles in samples from the metal being discharged from the
rachine were about 507 metallic in appearance about 50% angular crystalline, Both
crvstellize and opague particles were abovt two microns or less ir size, Six men,
with azn everege service of seven years, tske turns opereting this machine which runs
eTowt two hours per dey on an average,

X - MASOIN'S OPERATIONS

I, « TZARIVZ CUT STILL FIRX BCYES - Two men with an average service of ten
vears, spend +two deys a month on an average tearing out slag-covered bottams of crack-
ing coil furnsce fire boxes. Temperature inside fire box is adout 85°F, The bot-
“oms which are composed of fire dbrick are broken up with "Bull Point" Pneumatic
crisels, Samples taken inside the fire box while this work was in progress had dust
concentrations as high as 1,019,520 particles ten microns or less per cubic foot of
eir., These particles were glassy sharply crystalline in appearance umder the Koni-
ceter ricroscope, About 90% were five microns or less in size and 10% were over ten
zicrons. The larger particles were semi-opague, There were elso a large number of
round black opaque particles about one micron or less in size, fter the bottams
fed been broken up by the pneumstic chisels they are shovelled out through the fire-
bex door and then reshovelled into trucks to be hauled away, This operation natural-
ly produces more dust than the breaking up inside the fire box, Although no wind was
tlewing semples taken at face level during the shovelling and loading had dust con-
centretions es high as 2,435,520 particles ten microns or less per cubic foot of air
exd an average of 1,345,200, Goggles but no respirators were worn by the workmen.

II, ~ CEIFPING OR CUITING CCHCRETE = A large number of employees with an
average service of three years, spend at least ten per cent. of their time dismant
lirng or cutting concrete structures with pneumstic chisels in the removel of old
foundations, concrete supports and blocks and in cutting holes in walls and floors,
Samples taken during the cutting or chipping of concrete had as high as 6,910,080
particles ten microns or less in size per cubic foot and a general average of
1.591,051 particles per cubic foot. All of these dust particles are slightly anguler
crystalline in appeerance under the Konimeter microscope. About 857 of the dust par-
ticles ere five microns or less in size; 10% between five and ten microns and about
5% over ten microns in size, In many cases neither goggles or respirators were worn
ty the viorkmen. Regardless of the rather low dust counts found, men engaged in chip-
ping or cutting concrete should wear concrete due to the high silica content in the
usual agzregate used in concrete,

_ I22. = CEIPPINS MORTAR FRON BETWIZI! BRICK - Chipping Mortar with pneumatic

c.isels from besweern tricks inwalls of structures preparatory to weather«proofingisa
pariicularly cdusty operetion, Samples teken during this work hed dust concentrations
3 N I 8
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STANDARD Ol COMPANY
{Incorporated in New Jersey )
30 Rodkefeller Plazz
New York. N. Y.

MEDICO - SAFETY MEMORANDUM

DUST PRODUCING OPERATIONS IN THE PRODUCTION OF PETROLEUM PRODUCTS
"AND ASSOCIATED ACTIVITIES

—srmoAmtrAm - -

IITDIIUZTICH - Lorg Jogked upoz s dotjectionable, dust tocey is also recogziza-
ed es Ze-gerous - especielly with regard o occupsiioral disease (Pneumoccniosis) en
dust explosiozms. Since the dust encoumtered in the production of Petroleux products
exZ mssociatel operetions are non-explosive wnder ordinery working cozditiozs. no
furzher attention will be devotec %o this phase of the dust hazerd,

tudies have revealed the: “he %ime elemernt (exposure) end the concenirsztion
axd size ol the Zdust par+ticles ere major fectors in producing health hezerds, Zere-
tofore difficulty hes been encoumtered in determining ectual dust conceztretions and
sizes of the perticles, but recently ceveloped instruments such as the Zeiss Koni-
mezer erd +the Bausch & Lomb Dust Counter meke it possible to obtein dust courts and
estimete size of dust particles which, while not absolutely accurate, are indicetive
of the custiness of the ares,

The deta presented in this memorendum are based upon material taken from the
avallatle litera<ture on the subject, upom field investigations and conferences with
technical specialists and upon 1008 actusl dust counts made with a Zeiss Eonimeter,
using & 20 to 30 micron (& micron is about 1/25,000 of an inch) porcelainm filter.

In the report of the Prevertive Engineering Committee of the Air Eygiene
Founda<ion, Professor Philip Drinker of Harverd, chairmsn, and other technicsal
specialists on the Committee write:

"If the breathing of dust causes disebility of amy sort = silicosis is
enly one menifestation - then it follows that there must be some degree of eir
cleanliness from which no disability will result to the average man during the
average working period. )

"There is no satisfactory medical answer at present to this guestion, but
the engineer is meking a bad mistake if he lets men breathe heavy dust concen-
trations of any material. £ no other reason for dust control can be found,
then one should read transcripts of some of the recent suits et common law in
which fantastic dameges for alleged silicosis were granted to men who breathed
dust conteining little or no silica. The Courts and Compensation boards are
not impressed with subtle distinctioms beitween dusts with 10% and 40% quartz,
especially when medicel experts are reluctant to make defirite statements as
to the comparative significance of such differences,

LWEPS

It would be well 4o reelize that men working in dusiy +rades suffer fer
more Iroz respiratory troubles of all kinds then o mern who work in cleexn eir,
The evicence that excessive dustiness of any kin® is herm=fl is beyoni argu-
ment",
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PART I - DUST AS A HEALTH HAZARD

I - WEY IS TSZ DUST PROBLEM SO IMPORTANT? - Although the subject of the health
of workers in dusty trades hes been receiving considersble atieztion from students of-
industrial hygiene for a number of years, the seriousness of this problem was not
f311v realized until it was brought sharply to ocur atteztion by the constantly growe
inz couwmtry~-wide wave of lawsults instituted in behalf of the victims in our ccmmon
law courts, by the magnitude of the generous verdicts awarded by the juries and by a
recen= decisior of the Federal Circuit Court reversing the substaztial award of a
jury in a New Jersey case (Pennsylvaria Pulverizizg Compeay vs. Eldred G. Butler),

'iig to *these developments, the problem camnot be ignared or trushed eside as merely
arother forz of "racketeering" by unscrupulous lawyers ancd comspiring doctors, Dodgizn
ihe issue ce=mot provide the needed solution because ever tTne rost Wwscrupulous
lawyers cazmnotcreatesa pashologic lumg at will exd, furthermors, even the most skep-
tic of coroners frequently finds himself corrctorating & diagzosis by his postmortenm
exemization, Imlightened industrialists end the medical profession es well as the
bench axc bar, have came o the realization that exposure to certeizn kinds of dust,
such as those containing considerable amounts of quert: (silica), has increased <%e
uzhealtny bodily condition and deeth rete fron respiratory diseases; wnlile metallie
dusts, such as lead end its corpounds, have beex associated with genmeral systexic
poisoning of workers, "Silicosis" is now a defirni<ely recogzized disease which is
destined to become one of the foremost axnd most serious of occupsticnal diseases of
the future because the number of workers iz dusty trades is lerger then almost ary
other group exposed to & sirgle knowr industriel hezerd, The McCaflrey Act, which
becane elfective September 1, 1935, amending the New York Compensation Law, ircluded
silicosis as axn occupatiocnal disease subject to compensatior,

Sixteen states, as well as those of the Federal Goverament and of Hawaii,
Puerto Zico, ané the Philippine Islends (U.S.Dept. of Labor Bull.No.625,3ur,labor Sta=-
tistics), have Workmen's Compenmsation Acts which irclude comperzsation for occupatioral
diseases, either expressly or by judicial interp-eta<ion, or specilic occupational

disesse acts,

II - WEAT IS MEANT BY "DUST"? - According to Webster's Unabridged Dictiozary,
"Dust" may be defined as fime, dry particles of earth or other matter socomminuted
+het they may be raised and wafted by +the wind; that which is crumbled to minute
portions; fine powder., As pointed out by Philip Drinker in a paper read before the
Cherical Sectior of the Natiorml Safety Congress (held im Atlantic City, October,
19338), dusts include all types of dry earthy particles small enough to be blownabout
by ordinery air currercts. Dust suspensions mey be generated as the result of grinde-
.ing blastizz, or cammdnuting process; or they may result from the handling of fine-
ly divided materials as in mixing .processes, in sweeping, or the blowing about of
wood flour. plant pollens, or cormon road dust, There is no chemical limitation im-
plied by the term "dust" while the range in size of dust particles extends from the
sub-microscopic to small send greins. Mr, D. Harrington, Chief Heaelth and Safety
Branch, TU,S.3ureau of Mines advises that dus*: as applied to health and respiratory
conditions may be wet as well es dry. Under scme conditions, such for exmmple as in
wet drilling in mines, the escaping eir from the drill hole may (in fact generally '
does) contain & certain amount of entrapped solid material which undoubtedly is wet
rathier than dry, yet it remains in the air sufficiently long in some instances at
least to be breathed by the workers to contribute to poscible health trouble. The
size of dust of importance from & hygienic standpoint are those under ten microns.
I fact, the sizes found in indusirial atmospheres are under two micromns for the
larger majority of particles, say 90 to 95 per cent, Fhysiologically, there are al-
most as mamy different claszifications of dust as there are authors on the subject,
However, according to Professor Drinker ("Dus%, Fumes and Smoke". Intermetiozal La-
bor Office, Occupmzion and Eealth Tol,1l, 930, P.603)'all of +hese classificatiors
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are without much practical importance, since indaily practice in industry the harmful
effect is exercised more frequently by dusts mostly of mixed origin, Besides, what is
most important is the physical and chemical constitution of the dusts and consequent-
1y *heir action om the system.

I1I - WHAT ARE THE PEYSIOLOGICAL EFFECTS PRODUCED BY TEE INEALATION OF DUST? - To
be harmful from a respiratory viewpoint, dust must be of sufficient liness %o pess
through the nasal filters and be retained in the alveoli (minute air sacs) of the
lunzs. Particles found in autopsied lungs are of the order of one micron (& micron
is 1/1000 of a millimeter or sbout 1/25,000 of an inch) or less in size - about the
size of the cormon bacteria. Some dust particles foumd in lungs are as large as
five or six micromns although these slzes are rather exceptiozel,

Thereare five distinct types of reaction produced in man as the result of irhel-
izz cust, These reactions may be troacly classified, based on the primery cause, as
follows:

(a) Those which result in lung fibrosis, commonly referred to as pneu=
mocoriosis, These dusts coxntein free silice, esbestos, etce How-
ever, it is not necessary for fitrous tissue to be formed in order
for the disease to be classed as "Pnewmoconiosis’.

(t) Those which are toxic and are absorbed into the blood stream such
as lesd, cacdmium, ete,

(c) Those which result in what is commorly referred to as metzl fume
fever; such as zinc oxide, etec,

(&) Those which are allergic in charmcter, such orgaric dusts as pollen,
pulverized wood and {lour, etc, The breathing of pulverized wood
and flour is freguently associsted with tuberculosis,

(e) Those commonly referred to as "nuisance dusts". These may cause ir-
ritation of the respiratory tract or passages and mey cause con-
siderable discamfort, also headaches of the dry "nasal" passege or
sinus type and exposure to themw mey be associated with a high in-
cidence of respiratory illmess.

The rate and extent of these reactions are dependent upon the resistance of the indi-
vidual, the exposure period (concentration of particles and length of exposure) tem-
perature and humidity of the air, rate of work, and the percentage of ingredients
wrich are hamful, : N

Owing to the length of time requirec to obtain a reaction by inhalation meth-
ods, the United States Bureau of Mines and the Public Health Service adopted abous
twelve years ago, & method of injecting smell quantities of the dusts tobe studied
into the peritonesl cavity of guinee pigs. ("Response of Peritomeal Tissue of Duste
Introduced as Foreign Bodies" by Dr. John W, Miller, Dr, R.R.Sayers and Wm. P.Yent,
Jour, Amer, Med. Assoc., Sept, 22,1934 = Vol,103,pps. 907=511). It was found that iden=
tical reactions occur in each arnimal injected with the seme dust under the same cope
ditions and examined in the same time interval after injection. These reactions were
essentially the seme microscopically as that produced in the lungs and the gross ap-
pearance of the dust nodules was sufficiently differentiated to afford a means of
clessifying the physiological response tothe dusts, There are three types of reaction:

An absorption or dissolution of the dust,
A proliferative resctioz,
An irert reectior. !
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In the inert resction, the dust neither caused an increase in the size of the nodules
nor disappeared from the tissues; instead there was more or less a change in its dis-
tributior. Spepstape, carborundum (Silicon Carbide), jeweler's rouge (Ferric Oxide),
anthracite coal, bitwmimnouns coal and certain filter clays have inert reactions. Cal-
cite, limestone, precipitated celcium carbonate, gypsum, &nd Portland Cement exhibit-
ed en absorption reaction. Quartz, chat, certain filter clays and flimt produced a
proliferative reactlon, '

.The physiological response to the injected dusts were found sufficiently well
merked in 90 deys to determine the type of reaction, particularly where the reaction
was one of mbsorption or proliferation. Since the reaction elicited by dust was
oconstart end uniform in all of the animels injected with the dust, it is believed
thet this response of peritoneal tissue to various dusts can be used Bs a test to de-
termine the possitle harmfulness of industrial dusts.

The fitrosis-producing properties of & Georgle filter cley (30-60 mesh grade)
a sample of American conitact cley and a German contact clay were tested by the Intra-
peritoneel Method, under the direction of Dr. R. R. Sayers, Medical Officer in
Cherge, U.S. Public Health Service. The Georgia filter clay showed an inert reacticn
with & slight tendency towards a proliferation in the 50-dey test. The Americancon-
tact clay showed an inert reaction with evidence of same slight absorption or dis-
appearance of same part of dust in the 1B0O~day tests. The German contact clay caused
the formetion of light yellowish-brown nodules and as the interval between the in-
Jection and the examinaticn increesed the nodules became somewhat flattened, but the
emount of dust and the approximate size of the nodule remsined the same throughout
the entire period (90-days) of the test. This can be considered an inert reaction;
but as the dust does not disappear from the peritoneum it should be considered as po-
tentially harmful theough not as dangerous as pure silicsa.

In camenting on the results of the tests with the Georgia filter clay and the
American contact clay, Doctor Sayers advised that the results of the test indicated
that the fil{er cley is more harmful than the American contact clay because the dust
remeins inert in the tissues as this was the largest portion of the dust and the in-
ert appeararce of the lesions was the most prominent. The modificetion of the reac-
tion in the filter clay can be attributed to the presence of 5-10 per cent. gquart:z
(Petrographic), Gypsum in the Americen contact clay may account for the slight abe
sorptive reaction. Doctor Sayers advises that an inert dust, if breathed in suffi-
cient concentration, may be harmful. These tests were made in accordance with the
procedure described in Reprint #1608, Public Health Reports, Vol. 49, No, 3, January
19, 1934, pps. BO-88S,

The inhalation of dust gives rise to "Pneumoconlosis™ a term derived fram the
Greek pneumon, lumgs and konis, dust, and used to designate a pathological condition
of the lungs caused by the inhslation of any dust. It includes SILICOSIS, a chronie
disease of the lungs caused by the inhalation of minute particles of free silice
(Si02) dust which produces a permanent incapacitating alteration of the lung tissue;
ANTHRACOSIS, the black lung of the miner due to coal dust; ANTHRACC-SILICOSIS, the
newest of our minersl dust affections and introduced by the United States Public
Health Service as a result of their studies in the Anthracite District of Pennsyl-
vania., This affection is the result of breathing anthracite coal dust that conteins
611ica, The common neme for the affection is "Minerst! Asthma™; CEALICOSIS, the
gray-black lung of the stone-cutter due to stone dust; ASBESTOSIS, in asbestos
workers due to asbestos dust; SIDERCSIS, due to breathing dusts of iron ore (The
lungs are yellow or red from metallic oxides generally of iron.); BYSSINOSIS, due to
cotton particles end vegetable fibre dust, =and PNEUMONOULTRAMICROSCOPICSILICOVOL-
CANOKOKIOSIS, & special form of silicosis caused by wltra-microscopic particles of
siliceous volcernic dus+. Silicosis, Asbestosis, and Silico-Anthracosis are the only
three forzs of pneumoconiosis which require practicgl attention.
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While the type of pulmonsary lesion depends on the particuler dust inhaled, the
underlying pathologicel principle is the same in ell forms of the disease, namely, en
ultimate fibrosis and replacement of the elastic lumg tissue by e hard unyielding fi-
brous tissue. All occupations that expose men to large amounts of dust may rive rise
to pneumoconiosis but not necessarily to silicosis. It is now generelly agreed that
in order to produce the latter, (silicosis) inhaled silica dust must reach the lungs
in & chemically uncombined condition, in very fine particles not more than ten mi-
crons (10/25,000 inch) in diemeter and in sufficient emount and over a sufficiently
long period of time. In relatively recent literature it appears that the proponenis
of the idea thet only "free silica" is harmful are beginning to have some doubts and
to have the thought that possibly some silicates may under some conditions be herm-
ful, Generally speaking, the necessary length of exposure to produce silicosis is in
direct proportion to the size of the dust particles and inverse proportion to the
dust concentratior and the amount of free silica in the dust. Silicosis is cher-
acterized anatormically by e generamlized fibrosis of the lungs and clinicelly by shori-
ness of treath, decreased chest expansion and & progressively lessened cepacity for
work wnich is out of proportion to the objective physical findings. The effect of ex~
posure to dust such as silica is cumuletive, the repidity of development of the dis-
ease depending upon the time and amount of inhelation, Silicosis may develop to the
point of causing symptoms only after several years exposure to silicious dust, but it
mey be progressive in some cases even after exposure has ceased and may cause symp-
toms or beccme disabling long after the workman hes left the environment that caused
the condition, Some may improve or at least remein stationery in the absence of in-
fection. Wetkins-Pitchford (J.Ind.Hyg.$,109 - 1927) tells of Welsh miners who passed
the physical exemination for enlistment in the British Army, fought through the World
Wer, then came back to England, and died of silicosis., Unfortunately, it is not
stated whether these persons died from silicosis complicated with tuberculosis, Brit-
ton and Eead (J.Am Med.Assoc, 96, 1928 - 1931) give more detailed descriptions of
siciler letent cases in the United States.

Silicosis in General - It is generally agreed that silicosis may be defined

as

"A chronic disease due to the breathing of air contairing silica
(8i02), characterized anatomicelly by generalized fibrotic changes
and miliary nodules in both lungs, and clinically by shortness of
breath, decreased chest expansion, lessened capacity for work, ab-
sence of fever, increased susceptibility to tuberculosis (some of
all of which may be present), and by characteristic roentgenolo-
gical findings,"

In other words, silicosis is & disease of the lungs in which the normal lung
tissue is replaced by scar tissue due to breathing air containing siliea dust. Un-
fortunately there is no known cure for silicosis = but SILICOSIS and nearly all
other forms of dust diseases CAN BE PREVENTED,

Recognizing the wide interest and even hysteris emong apprehensive employers
egeinst whom claims had been filed by alarmed workers, and the necessity of thought-
ful consideration of the silicosis problem, the Secretary of Labor on April 14, 1838
called the First National Silicosis Conference attended by more than 300 persons
representing workcrs, employers, State and Federal Agencles, Insurance compenies, and
other interested groups, Four Carmittees were organized to study specific phases of
the silicosis protlem; and assemble the essential facts about silicosis in & series
of reports; elso to present specific suggestions for silicosis preventiorn and
straighten out other difficulties that silicosis has created. Reports mede by these
Cormittees were formelly acdopted at & second conference held Februery 2nd and 3rd
1937 in Weshington, from which we guote:
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"While & few persons mey still be of the opinion that such workers" -
(Workers having silicosis) "are 'through! and doocmed to an early death, every
study conducted thus far confirms the fact that the great majority of these
men will not necessarily progress from bad to worse, Perheps it may be wise
to trensfer some workers to other employment, but many may be continued at
their regular occupations if known methods are applied to control the dust
axd if special care is employed to prevent the development of tuberculosis,
pneumonia arnd other lumg complicaetions”. ’

"Contrary to populer belief, silicosis is slow to develop. Usually it takes
seven years or more of exposure to silica dust for a worker to cortract the
disease, It is said that a few cases have been known to develop in es short
a period es 1-1/2 years, but these were under extreme and wnususl co;diﬁions.
Or the other hand, many workers hasve latored under ordinary exposures to
silica for mcre than 30 years without demonstrating any trouvble whetever that
could be diagnosed as silicosis'.,

For the conveniert diagnosis of silicosis or of silicosis complicated by tu-
tercvlosis, the pulmonery chenges ere classified in three stages by Irinker & Hatch
("Industrial Dust" - 19236)., Imn the first stage, the disease produces no diability,
The victim can work just es well as ever, In the second stage, his respiration is
affected; he is bothered by dyspnea or labored breathing. In the thirc stage dys-
rnea becomes severe end he is likely to contract pulmonery tuberculosis, generally
witl: fatal results. Whether he contracts tuberculogis or not, the advenced sili-
cotic is far below normal snd is very susceptible to all respiretory diseases.

These three stages of silicosis can be distinguished by X-ray. Acompariscn
of the X-ray plates of a silicotic with those of a normal person of like age and
paysique shows, in the first stage, distinctive shadows, evenly distributed in both
lungs, These ray be missed or misinterpreted by any but en expert; but the chenges
ip the second end third stages are obvious even to a leymen. It is, of course, es=-
sential thet the X-ray plates be properly mede. Dr, Pancost and Dr. Pendergrass of
the University of Penrsylvanias have given extensive study to the influence of X-ray
technique on the diagnosis of silicosis. Pendergress is of the opinion that shadows
and appearances of fitrosis can be actually produced bty the technigue employed,
Under other conditions, existing fibrosis can be ertirely missed by use of improper
technique.

Silicates as a class mre by no means harmless, It was pointed out by Dr. R.
R, Seyers (U.S. Futlic Bealth Bulletin 221) that Miners!' Consumption was rather com-
mor in the Broken Eill district of Australia where the rock conteins considerable
sillimanite (Als SiOg), fibrous silicate, and e rather low percentage of guartz
(12.23), The studies of Badhan (Rept.Dir,Gen. Pub. Health, New South Wales) give con~
siderable support to W. R. Jones! (J.Hyg.15,307-1§§§) contention that silicates,
particularly the fibrous varieties, may well be the cause of pulmonary disability.
Bachan in 1927 coined the word SILICATOSIS to cover disatility from the inhalatien
of silicates, Other silicates such as Tale (Hz Mg (5i03))4; Shale; Kaolin (Ha Al
Si2 0g); Feldspar; Cryclite. (Na3zAlFg ); and pure Mica give mich less specific changes
than quartz, A moderate fibrosis may appear after exposure to numerous materials
but this fidbrosis is usually not disebling, According to Dr. lLanzae, "Silicatosis"
is not a recognized term in this country and disability from the inhaletion of sili-
cates has not been proven.

Dr, Cary P. McCord (Ind,Med.July 1933, pps.4-12) states that all silicates
teken into the lungs, of particle size capable of passing the cellular membranes, are
likely to induce some fibrosis in excess of normal but the progress of such silica-
tosis is not neerly so rapid as for silicosis. Tuberculosis rates are high in sili-
cate usizg industries. Antecedent tuberculoesis, qu%escent, may flare up as a result
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of exposure to silicate dust.

Asbestosis - According to authorities cited by Drimker & Hatck in their book
"Industrial Dusts", the pathology produced by msbestos is not like that of silicosis.
Dr. L. U, Gardner of Seranac Leke is of the opinion that the asbestos fibers group
about the neck of an alveolus and shut it off, causing what is known as "Atelectasis'",
There is no defirite migration or trarsportatiorn of the dust particles to the lymph
nodes and no fibrous nodules, As the atelectatic arees increase the reduction in
lung area causes serious dyspnea or laborered breathing., Dr. A, J, larza (U.S.Health
Repts., 50; 1 - 1935) suggests that the enlarged hearts noted frequenily in his
cases of second stage Asbestosis may be due to the incremsed loed on the heert. It
takes more work to pump blood through the fibrosed thean through the normel lung., Re-
cer* pathological studies from human lungs from cases of asbestosis have indicated a
diffuse tiype of interstitial fibrosis with & certein emount of exmphycems,

IV - WEAT IS THY MAZIMM PZRMISSABLL DUST CCUCINTRATICI? - There appears to be &
wide variatior iz the meximum conceztrstion of dust which might be inhaled without
subseguert injury to workmen. Some dusts (as lead) are determined by chermical
methods and the concentrations in air are recorded gravimetricelly as milligrems per
cubic meter. However, the available informetion orn the amount of lead cust that is
hermful ancd the methods of determining leed are better and more sccurate then those
for silice dust, It is rather well agreed that en intake of abovt 1,5 milligrams of
lead & day, whether this is acquired by breathing dust or by drinking weter thst con-
tains lead, is the maximum sllowable quertity, Others (as silica, where size is =
factor in determining dangerous particles), are usuelly civen by count., Neither
method tells the whole story, but in both ceses it mmy be possitle to secure the in-
Tormation necessary for the purpose,

The maximum silice dust concertration considered permissible in the &ir breath-
ed by & workmen at any point in the normal breething zone has not beer definitely es~
tatlished. There 1s consideratle cifference of opinion regerding the range of per-
ticles that are counted when using the Public Heaelth Service technigue and light
field illuxination. 3Bloomfield of the United States Public Health Service and Brown
ol the United States Bureau of liines contend that they count particles from one mi-
cron end upward, or even O, 7 micron and upward, The Industrial Commission of Wis-
consin and its Adviscory Cormitiee, composed of both employers enc scientists, how=
ever, agreed in 1932 on a tentative figure of 15 million countatle particles under
10 microns in longest dimension with free silicea content of 35 per cent in a cubic
foot of air as determined by United States Public Health Service technique, Varia-
tions in free silice content will meke proportional inverse changes in this standard,
In the case of practically pure silica, the permissible dust count should probably
never exceed 5,000,000 countable particles. By countable particles is meant those
particles between 0.5 to 10 microns in the longest dimension. Particles of this
size are the ones that are bglieved to cause the greatest damege and form no visible
cloud. Dust particles smaller than 0.5 micrens in the longest dimension are not
ordinarily countable, Dust particles larger than 10 microns in longest dimension do
not ordinarily reach parts of the lung where they cen produce injury of a respira-
tory nature, Most industrial dusts have but few particles above two or three mi-
crons in size. They are usually ebout 80 to S5 per cent., below two or three micronms
and 50 per cent, below about 0.5 to 0.7 microns. An exception to this would be &
dust semple taken close to the point of generation of dust and before the larger
particles had time to settle out of the air,

In South Afriea the figure is 1 milligram per cubic meter (or 300 particles
per cubic centimeter. or approximately 8 5 million per cubic foot.) Dr. Lanza found
in 1917 in the Joplin, Missouri district that with good engineering practice, &
figure of 1 milligrem per 100 liters of air could be mttained. This value attribut-
ed to Lenza appears too high in comparison with the South Africar standards, As there
1
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are 1,000 liters in a cubic meter, it would indicate that Larza's estimation repre-
sents something of the order of 80 million particles per cubic foot. With good en-
gineering practice, lower concentrations than this can be obteined. In fact the ex-
perience in South Africa ard also the present experience in this country indicates
that it can readily be kept below one-tenth of this value by using ordinary good
practices, The United States Public Health Service in its recent study in the an-
thracite region of Pennsylvania, found that 50 million particles per cubdbic foot with
5 per cent. gquartz in the coarse dust and 10 million particles per cubic foot with

35 per cent. quartz were apparently satisfactory and often were sttained, The figure
of 10-20 million particles per cubic foot for grenite dust with 35 per cent. quert:
content is often quoted from the Vermont granite studies of the United States Putlic
Heelth Service., From a consideration of general experience, Curmings suggests 5 mil-
lion particles per cubic foot as a threshold for dusts high in quartz. This figure
is besed upor & combinaztion of South Africe, Australiern and Aimericen experience but
lacks entirely amy publisned aete in its support.

According *o studies quoted by Fhilip Drirker and Theodore Hatch ir their book
"Industriel Dusts" 10 to 20 milliorn particles per cubic foot bty the impinger sempling
method, light field counting is a reasonatle figure for cement and limestone., Recent
work Lty [reessen coniirms the universally eccepted opinion that dusts high in calcite
anc low in quartz do not produce disabling fibrosis, The threshold figure of 0,15
milligram per cubic meter is giver for lead dust, presumably litharge and white leed,
or othe: solutle lead sal<s,

t should be noted thet marny of the data were not determined as the ledical
requirement, but as beipg attainable in good practice and apparently satisfactory
from e safety standpoint. It shouvld be further noted that the accepted figures are
only relative due to the indefinite powers of resistance of en individuaml which are
en unknown quantity. One individusl might resist a proportion of 200 particles per
cubic centimeter, while another would react wmfavorably to 50 particles, The work-
er's physical condition prior to the exposure is of great importance, since a young,
healthy individuel usually can stend a higher concentration or longer exposure before
the first stage of silicosis is developed. However, far greeter influence than
physical condition might be the ability of the nose and respiratory passages to are
rest dust,

. their report to the National Silicosis Conference the Committee on Pre-
vention of Silicosis thrcugh liedical Control pointed out +that since standards of safe
etnospheric dust concentration, besed on medicel findings have been estetlished for
only & few industriel dusts, and in view of the fact that considerable study and in-
vestigation will be reguired to establish standards for other industrial dusts, some
tentative standard would be useful. It was also stated that this arbitrery standard
should be besed upon what is believed to be within the limits of good ergineering
practice provided, it will largely control the silicosis hazard for most industrieal
exposures., They, therefore, suggest that

"The maximm permissible concentration of silica in the eir bresthed might be
expressed by the following formula, (Determination of dust concentration
according to technique described by United States Public Health service in
Reprint Mo, 1520 from Pubtlic Health Reports. March 18, 1932):

Multiply the percentage of free silica by the total particle dust
count, If the result is under 5 million, the condition may be con-
sidered permissible. If the result is over 5 million, the condition
may be considered too high., Tror exemple,

10% free silica with an average total dust concentration of
30 rillion particles per cutic foot would give ,10 times

t
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0 million, which equals 3 million (good practice); 30%, with
awverage totdl dust conoentration of 50 million, would equal
<3 times 50, or 15 million 9 (uwmsetisfectory).

This fTormule is not applicable to any dust containing less than 5%
free silica,"

Theodore Eateh im his erticle "Some Fumdamental Date on Mechanical Dust Traps" (Tech.
Pub. Xo. 537=A, 60, Amer. Inst, Min. & Met, Engrs., Aug., 1935) gives these

Sefe Dust Concentretions, Impinger Samples;

(Light Field, Low Power Counts. )

Eind of Dilst Marimum Permissitle Zoncentration
Contairing no Siliea, « . & & v v v v o & o & 50 millions per cubic foot
Conteiring anmy small amount of silies,

free combined. . . . . + 4 4 0 s . 4w 30 " " " "
Conteining 20 to 40 per cent,
Free Silicl » o o ¢ o o o o 0 0 0 0 s 10 " " " "
.Greater than 40 per ceant.
Tree Silica . & v « v v v 4 e e e e e 5 A " " "

(Preferably as much less as possible)

Dr. R, R. Ssyers, Medicel Officer inm Charge, Industriel Hyglene and Sanitation, U.S.
Public Health Service in answer to & guestion es to permissible dustliness writes:

"During recent years, it has been custamary to recommend threshold
or permissible dust limits ranging frow five to ten million particles per
cubic foot as determined by Public Health Service technigue, especielly
with dust in which the percentage of free silice is above five per cemt,
There is no basis for the application of this criterion to all dusts, but
it i generally considered & safe practice and one which can be esttained
in most industries by exhaust ventilaetion, wetting, or other methods of
dust contrsl,"

As pointed out by Drinker end Eatch ("Industrial Dust™ - 1936) it is wnfortu=
netely impossible to evaluate dust exposures with the arithmeticeal nicety that we
should heve liked yet it is commonly claimed - by laymen - that prolonged exposure to
low concerntrations is Just as serious as short exposures to heavy concentrations,
This cleim is oontrery to & fundamentel lew of physlology. In discussing the sub-
ject Clark end Drinker ("Industriel Medicine" - 1935) remark that ".....,8 sub-thres-
hold stimulus (dust inhalation) for a long time produces no reaction whereas & rela-
tively brief super-threshold stimulus may cause & reaction", If workers are exposed
to sudden heavy concentrations, the threshold values suggested previously would be
correspondingly lowered. BEowever, most threshold velues are weighed -- an average
of the ranges.

V - HOW MAY THE CONCENTRATION AND CEARACTER OF INDUSTRIAL DUSTS BE DETERMINED?
The properties of a dust which determine its harmfulness have been shown to be its
camposition, concentration (the quentity suspended in the industrial etmosphere), and
its particle size, The methods used for the determination of the concentration and
oharacter of industriel dusts vary from & routine dust count for the purpose of
evaluating the efficiency of dust control methods to a detailed study of both the
concentration and the character of the dust in cornection with medicel and engineer-
ing surveys.
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The Impinger Apparatus developed at the United States Bureau of Mines,
Pittsburgh Experiment Station by George Smith and Leonard Greemburg, (Described in
Reprint No, 1528 fram the Public Health Reports Vol.47, No.,12, March 18, 1832 pp.
654-675) has been employed far more than 13 years as & standard instrument for dust
studies. Ir this apparatus samples of air are drawn into an impinger tube and flask
where the dust particles are thrown or impinged on a prepared wetted glass collect-
ing plete., The rate of air flow is fixed at one cubic foot per mirute while the
duration of the sampling period is dependent upon the dust concentration. The air
passes through an orifice in the bottom of the impinger tube and strikes gless col-
lecting plate which is submerged in 3 cm. depth of distilled water or some other
fluid with satisfactory wetting properties, (If water is used as the fluid in the
impinger, silice particles ere dissolved-~hence not aveilable for counting -- umless
the laborator: (coumting) work is dome withir a few hours of teking the sample, )
This affords the meens for eccurately determining the quantity and size of the par-
ticles, The licuid is then thoroughly shaken to obtein a uniform distributiozn of
the particles; filtered to remove those over 40 microns in size and egain agiteted.
Semples of approximately 1 cc., are teken by means of a pipette and placed in Sedg-
wick-Rafter counting cells. The use of a suitable microscope equipped with & Whipple
micrometer disc to ald in countirg. will permit the determination of the number of
particles in one quarter of the microscopic field, From this figure, the number of
paerticles of dust in 1 cw f't. can be calculated. One special advantage of this ep-
paratus is the fact thet analysis of the sample can be determined by counting, by
weighing or by chemicel anmlysis. The impirnger method is neither simple nor extreme-
ly complex; however, reliable results can be obtained only by well trained, campe-
tent and experienced investigators. However, owing to the wide use of the impinger
in previous investigations thet have been correlated with the pethological findings,
an impinger should be used for any investigation which is to include pathological
findings or where the results are to be inmtroduced as evidence in court. Some state
codes on cust control recognize the impinger method. The United States Bureau of
Mines has practically completed the develomment of a "Midget" impinger which has most
of the good characteristics of the impinger but lacks most of its drawbacks. This
midzet izmpinger will socr be aveailable and will greatly simplify both sempling and
counting,

Other devices ere also available for sampling of dust over & continuous period,
namely, the electric precipitator, the paper thimble, the electrostatic precipitator,
end the hot wire thermel precipitator. The English are working on a dust sampling
instrument which precipitates the dust from the eir by thermal means ("Physical
Methods for the Estimation of the Dust Bazards in Industry”, by E. L. Green and
E. H. Wetson, Privy Council, Medicel Research Council, Special Series No. 199, His
Majesty's Stationery Office, London, (1935)). The U.S, Bureau of Mines has been us-
ing en electric precipitator similar to those described by Drinker ("Alternating
Currezt Precipitator for Sanitary Air Anelysis; I - An Inexpensive Precipitator Unit"
ty P. Drinker, Jour. Ind. Hyg., Vol, 14, 1932, p.354) for collecting samples of the
test suspensions used in testing mechanical filter respirators for permissibility.

A number of instruments ere available for makirg dust determinetions for con-
trol purposes, Among these is the Konimeter which calls for but little skill in
sampling, It is light, simple and guick to handle, needs no power for operation and
requires only a microscope for counting the particles, The Zeiss Konimeter consists
of & microscope which gives a magnification of 200X, an eir pump, & dust filter to
remove very coarse dust particles, & sample disc and & micrameter ruled in square
millimeters., The air pump drives a measured quantity of air against the semple disc
which is covered with & sticky substance (glycerine jelly). This sample forms a dust
spot which can be examined under the microscope for & general idea of the nature of
the dust and the relative guantities present, or for en actual meesure, & "dust count”,
which shows how many cdust particles are present in one cubic centimeter or in one
litre of the air samples exmamined, The Konimeter has been used very widely in

'
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South Africa (Final Report of the Mipers' Phthisis Prevention Committee, Johannes-
burg, 1918, p.lO) and also in Cenada, The U,S.Buresu of Mines has also used i+ in
gome of its dust studies. In discussing the velue of the Konimeter in their recent
book "Industriasl Dust" (McGrew-Hill Book Co., New York and London - 193€) Philip
Drinker and Theodore Hatch of the Earvard School of Public Health write:

"It is the most compact end simple sampling device, Space is
provided for thirty semples on & single disc and no auxiliary
source of power is reguired for its operation. Crab semples
can be collected with speed and the fluctuations in dustiness
end the development of dust floods cen be reveeled in a vey
that is impossible with more cumbersome apperatus. South
Lfricen experience involving the collection of thousands of
samples has shown thet the figure e¢f merit given Ty the Koni-
meter is directly related to the amount of phthisis - produc-
ing dust in the mir, It 1s g velusble routine sempling in-
strumernt but because of its low and selective efficiency, the
counts reported are probetbly considerebly below the true level
and they are not easily compered with deta obteined in
Enzlend, for example, with the Owens epparatus, or ix the
United Stetes with the impinger."

Experience has shown thet contrary to Drinker's stetement, the Konimeter if
properly used, will give results that agree very well with those obteined by the use
of the Inpinger. The U.S. Bureau of lMines Experiment Station at Pittsburgh in making
some comperative studies with the Konimeter and the Impinger found that ar average of
five Lonimeter determinations wes within about two per cent, of one impinger determi-
re*ion, The reason for teking ar average of individual results obtained by the Koni-
weter, for comparison with those of the Impinger, is due to the fact that the Koni-
meter takes an instanteneous grabd ssmple of smell volumes and owing to the hetrogene- -
ous neture of dust in eir grab samples do not represent the average conditions. The
Impinger tekes & continuous sample of rather lerge volumes and is thereby representa-
tive of the average. TFor these reasons, 1f it is desired to compare Eonimeter re-
sults with Impinger results it 1s necessary to take several Konimeter samples during
the course of the Impinger sample, in order to obtain average conditions, We have no
correlating information of the Konlmeter with the 20 to 30 micron porcelein filter
egeinst the stenderd impinger method.

A Zeiss Yonimeter, using & 20 to 30 micron porcelein filter wes used in mseking
actual dust counts in our various dust producing operations, The particle size and
size classification was estimated rather than accurately measured end computed. Only
particles ten microns or less in size were counted since it is generally agreed thet
dust particles larger than ten microns in size are not particularly pathogenic,

Other methods in common use are the Owens jet dust sampler ("Jet Dust Counting
Apperatus" by J,S.0Owens, Jour.Ind.Hyg.,Vol.14,1932,P,522), which has recently been
manufactured in this country and the photographic dust counter, developed by Ficklen
end Ott., The Owens jet dust counter is used in this country to collect samples for
particle size distribution determinations. It is used principally in Australia for
determination of number concentration of etmospheric dust of industriel hygienic im-

portance.

The lstest device for determining dust concentrations is the Bausch & Lomb
Dust Counter which was placed on the market s few months ago. This instrument con-
sists of a dark-field microscope megnifying 200X, end an impinging eppareatus mounted
or & common base., The base is s hollow chamber with the bottem hinged to provide
easy amccess to the dark field condenser and a circular glass specimen slide, 2yneans
of & rendé pump, which is part of the impinging dgvice, & sample of air is drawn
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through a moistening chamber which has at its lower end a nmarrow slit. The dust is
deposited through this slit on to the circular specimen slide in the form of a ribbon,
The slide can be rotated until the sample comes into proper position for viewing with
the microscope, or a meximum of twelve samples can be collected on the slide and then
viewed. The slides are quickly removable and replaceabls. This dust counter is not
designed for eccurate dust determiration but rather as an ipexpensive device for
roughly checking dust conditions. It has not been availeble long enough for athorough
test in mctual praotice.

The principal objection to imstruments like the Bausch & Lomb Dust Counter and
the Owens jet dust sampler for determlning number concentration is thet their dust
ocllecting efficiency decreases with an increase in the atmospheric dust concentra-
tion and the fact that they teke grad samples.

Since the major portion of dust present in industrial atmospheres is small
enough to gain entrance to the lungs, very little attention need be givern to deterzina-
tions of the exact sizes of particles,
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PART I - DUST PRODUCING OPERATIONS STUDIED

WEAT ART TES FRINCIPAL DUST PRCDUCING OPZRATIONS? - In order to determine to
what extent if any, workers in the production of petroleum products and associated
activities are exposed to the hazard of breathing dust, e survey of all dust produc
ing operaticﬁs wes made &t the verious plants concerned, These operations, listed
in order of +their apparent degree of dustiness, are:

1. SAND - BLASTING

Due to the large emount of finely divided silica dust produced by the impact
of the zreirs of sené on the surface of the object teirng cleaned, send-blasting is
+the most derrerous silicosis hazard encountered in our survey. Sand-blastirg is
used raither ewtensively mt o0il refimeries for clesning inside sosking drums, bubtle
towers, ter separetors, run-down pens and storage tenks for metal inspectior end to
permit *he epplication of gurite lining s a meens of prevernting corrosion. Eeeder
boxes or other similer parts, tubes in cracking coil fire boxes and return bends
ere senc-tlested to permit & deteiled end thorough exarinetiorn for crecks and de-
fects. Send-blesting is slso employed in the removal of corrosion ‘roz wmder float-
ing roof <tenks; for removing roughmess or rust from steel shapes or rods; for clean-
inz bell caps, buttle plates, trays, end pipe prior tc putting them back in service;
elso oxn tihe ends of tubes preparatory to placing them for rolling; and for cleaning
cestings wiich ere too large or fregile to withstand being tumtled, It hes been

used, to z limited extent for cleaning buildings and rendering window glass opague.

The crecking coil tubes, pipe, bell caps, trays, heaecer~boxes end siriler obe
jects ere usually sarndblasted out-doors in the open air or in & more or less open
shed, boih locetions being s far removed as feasible from any shops, process units
or other working pleces, Coarse river send is discharged through a one-half tothree-
guarter inch pozzle with compressed air under a pressure of 30 to 90 pounds per
square inch, The men at the nozzles stand to the windward side of their work end
wear a "Heslthguard" (Chicago Eye Shield Company) mask, a Slyv Sand Blast Helme: or =
Frest Air Kose Mask covered with & canvas hood. The men at the Send Blast Machines
weer "Dust Sefe" goggles and & M.S.A."Comfo" Respirator. The Mine Safety Appliances
Compeny now has s sand-blest hood that 1s meeting with considerable approval by in-
dustry and also by the United States Nevy Department. A blower is aveilable for
supplying air to these hoods that cleans the eir, This same tlower cen be used in
connection with eir-line respirators,

Wher send-blasting is done inside of drums having more than one opening, such
as sosking cdrums, an eir siphon is plasced in the lower manhole which draws out the
dus% and ellows & continuous circulation of fresh air through the drums In drums
where the siphon cannot be used, the air circulation is poor and the men work in
shifts ranging from 30 minutes to an hour, depending on the size of the drum and the
amownt of eir circulation inside, They alsc wear an approved sand-blast helmet,

These sand-blasting jobs mre not continuous routine operations but are per-
formed when necessary by men selected from the Common Lebor gengs or the Mason's De-
partment., The work is rotated so that in most cases 1t occupies less than twenty
per cent. of the worker's time end there is an interval of 15 to 20 days between
send-blasting jobs. Conseguently, on the average, no one man is exposed tq more than
& combined total of 400 hours during the course of a year, In discussing rotation
of men on send-blas*ting jobs., Dr. CGehrmann, liedical Director of the du Pont Company
wrote:

"I+ must be borne in mind that silicosis is & cumuletive diseese and,
trherefore, the rotetion of men in thkis type of'work cennot be considered

EM001503



-lde-

as entirely preventive, Assuming thet & man works in an atmosphere of sil-
ica dust for ceveral months, during whichtime he is bound to ebsorb & cer-
tain emount of the dust which produces permanent damege in his lungs; he

is then removed end the possibilities are that the damage which is already
done will be sufficient to continue on aniprogress to the point where in
lster years he will develop symptoms,

"Therefore, if we take to rotating men in this type of work we are
facing the possibility of, in later years, developing a large number of
cases of a moderate silicosis with some permanent disebility. The only
safe expedient which cean be used is complete prevention and this cen only
be done by eliminating the dust.”

During our survey we found that mer ezgaged in sand-blastirng, that is handling
+he nozzle or attending the sand-blast mackine, were more or less properly protected
while actuelly doing the work but often times they removed their protective equip-
ment before getting completely away from the working area,

L large smount of very small particles is produced by sand-blasting, In an
enalvsis of dust samples collected both outdoors end indoors during sand-blasting,
the following distribution (Public Health Bulletin No. 217 = p.52) on & size fre-
quency basis wes found:

Size Group in Micronms Per Cent of Total
000 = 0,40.0citerceenctiennccsnsacons 1.4
2,50 = 0.9% .eiiiiennaan Cerenaas cesns 1e.7
1,00 = 149 ..ce0viecnnsn Crerennan. oeo 34.7
10850 = 1u98iiciieircraiietnerianinaans 20. 3
2.00 = 2.4%9 ciiiecrnriacriinanns ceeees 12,6
2.50 - 2,98......... tesaceressensacans 5.2
3.00 = 3.40 . iiiiiiiciiennnnn creiaeaes 2.8
3.50 - 3.9%...... ceeaes ceeenn casaesas 1.6
4,00 - 4,45......... crsarereesnne ceoee L1
4,50 = 4.9%. ..ciiiicireiiieeananne teee 0.2
5.00 =~ 5.49......... Creeierrraeaeras . O.2
.80 = B.88i..iiiteieiniocnncioneniona 0.2

Wnile it hes been estimeted that free silica dust particles, 1 micron in diemeter, re-
gquire 8 hours to fall 6 ft, in still air; perticles § microns in diameter require

less then 1 hour to fall the same distance. Considering this fact, it is apparent
that the dust hazerd from e particular operation may, even though carried out for
short periods, be acute throughout the working day. In view of the fact that the con-
dition of still air is rarely, if ever achieved, and that dangerous particles exist

in sizes below one micron, it is evident that & hazard exists.

Fortunately most of the outside sand-blasting is done in more or less isolated
locetions which makes it rather improbable thet there will be any unsafe silica dust
exposure to other workmen. However, should it become necessary for any work to be
done in the vicinity of sand-blasting operations either on process umits or the sand~
tlast sheds or yards, it should be remembered that there may be silica dust in the
air even though it can not be seen, Dust counts as high as 5,344,160 particles ten
microns or less per cutic foot were found in samples teken about 50 feet "downwind"
(winé blowing ebout 15 to 20 miles per hour) while sand-blasting cracking coil tubes;
about 957 of these dust particles sppeared angular crystelline wnder the Konimeter
microscope and were atout five microns or less in size. Samples taken about 100 feet
"downwiné" from sand-blasting operation hed counts as hich as 1,812,480 particles per

cutic foo=. '
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Dust cownts as high as 13,933,440 end as low as 452,120 particles per cutic
foot were found in samples teken during the filling of the Send Blast Machine feed
hoppers. The high counts were found whren sand was shovelled into a small circular
screen and shaken bty hand, the lower counts, when the sand was simply shovelled in-
to the hopper, The everaze dust produced by filling or charging the Send-Blasting
lactines was 4,950,316 particles, ten micrems or less, per cubic foot.

Dust courts as high as 4,984,320 perticles, ten microns or less, were fovnd in
sarples teken inside a Sand-Blasting Room while cleening castings. The average dust
in this room during send-tlasting was 3,873,625 particles per cublc foot. About 80%
of these particles were anguler erystalline three microns or less in size and abtout
207 eppeared rounded, quartz-like crystals abovt ten microns in size. There were a
few rust-like sceles over ten microns in size and & very large nunmber of minute derk
retallic particles toc small to te covnted eccurately, The dustiness of this opern-
ticn could be greetly reduced by the use of steel abtresives exciusively,

111 of +he samples for dust counts referred to ahove were taken at face level
irn the vicini%y of workmer.

6,00C,0C0 dust particles per cubic foot is the tentetive maximur ellowetle
lixit of dust perticles containing free silice of a size less then 10 microns recon-
mended for sand-tlasting,

II - FILTERING OPERATIONS

The process of filtering is extensively used in the refining of petrolewm
products to improve the color stability and to remove impurities from motor lubri-
cants and pareffire waxes. The three materiels most commonly used for this purpose
are Filter Cley or Fullers Earth, Contact Clay and Bone Black. Considerable dust is
produced bty the handling, charging and reconditioning of these materials.

L - TILTER CLAY C2 FULLERS EARTE:

Whet is Filter Clav or Fullers Earth? Filter clay cannct be identified from
chemical compocition but consists of silice, alumira, iron and alkaline earths in
varying percenteges. The distinguishing properties are lack of plasticity and the
power to remove color from oils., There are numerous deposits of this clay and other
filtering earths in the United States; the oldest and among the most extensive are
those found clese to the Floride-Georgia line., One of these, at Attapulgus, Georgie,
supplies & major portion of the clay used by the affilisted Standard Cil Company
(New Jersey) orgenizations. At the mine this meterial contains on =n everage approxi-
mately 32% silice and 45% moisture, The average composition after being processed
end prepared for shipment is approximately: .

Si00.ceeaecervieanannssnssesses 67,46 per cent
Alo03. i iiiiieeeennesnsenenass 10,08 M "
FE20Zrererirececsanrotnnocenae 2,42 " "
MEOueresnnerernsueennseneenens 4,09 " M
Comrbined MoistUresiseessescsess 5,61 "
Free Moisture.ie.v.viveeneencns 6.28 " "

The comparetively low dust counts found even in places where there was cleaning and
sweeping is no doubt due to the fact that this filter clay is of a rather coerse na-
ture and without apprecieble emount of fines,

There appears to te e wide veriatior in the composition end free silica con-
tent of filter clays used in European refineries, "Torrana" e Germen Filter clay
used in Folend shows:

'
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Loss in calcination......c.veeeve 6,05 per cent
Free Silica (Si02)eecvvvveveseess 83,27 " °
A1203 8nd FE203. et vusennvaenaen .. 827 " "

The filter clay used in Roumaria is reported as having 60.4 per cent. {res
silica or 75.3% total silicates. "Grarosil" clay used in Belgium contains & total
percentage of 73=1/2 per cent. of silicates expressed as SiO2. The percentage of free

silica wes not determined,

How is Filter Clay Mined and Prevared? - The deposit varies from 2 to 12 feet
in thickress, protably averaging sbout 7 feet. There is an overburden of about 35
feet which is removed by an electrically operated drag line or a steam shovel. The
cley is loesded into small cars, transported to the wet clay shed where it is dumred
on to the drying floor and dried for three days. It is then picked up by orange peel
buckets, loaded into porteble distributors and delivered to belt conveyors whichdis-
charge the earth into roller crushers where it is reduced to sizes up to a maximm of
+two inches, From these crushers the clay goes to secondary crushers where it is re-
duced to a meximum of one inch, Since the clay is more or less damp very little
dust is produced. The cley is then trensferred to tandem cil-fired rotary dryers,
50 to 60 feet long and six to seven feet in diemeter. In the 20 minutes required
for the clay to pass through the dryers the volatile and moisture content is reduced
40 to 50 per cen%t. to & meximum of 15 per cent. The average dust ten microns or
less in size in sawples teken at various points around the dryers and conveyors was
1,564,969 particles per cubtic foot. This rather low dust count is the result of the
irstallation of hoods with ducts to exhaust fers placed over the discharge points to
the conveyors or elevators, About 85% of these dust particles were argular crystal-
line in appearance under the Korimeter microscope and about five microns or less in
size; about 15% were over ten microns in size, The larger perticles had rough edges
arnd sppeared to contein several small air bubbles. The clay is removed from the
dryers to hot rock coolipg tanks, then to a vibrating screen. The oversize is next
pulverized in & roller mill and the product comveyed to a sifter. An exhaust system
for the mills end elevetors has beer instelled, This process mey be repeated until
the desired size material has been obteined and graded to standard mesh sizes, the
better known of which are 15-30, 30-60, 60-50, mnd the 200 mesh. The 60-9C grade is
protably the most commonly used in the petrolewm industry vhen decoloring by percola-
tion, and the 200 when contacting. However, the 30-80 is preferred by most of our
refining units in the United States, The size selected is apparently determined
lergely by the type of reburning egquipment.

Screen tests are mede hourly to insure that the sizes are within the specifi-
cations. Here ‘are two typical screen analyses:

30 - 60 GRADE FILTER CLAY

Mesh Per Cent,
O7er 30 viiiirieresoreeeeennsnovaans 9.7
30 « 40.......... .o cea ceecns 47,5
40 -« 6B0........ st reen cesnean .o 40, 3
60 - 82--. ---------- o s 0 0 ea s . see 105
Thru 82 tiviierevevionse cecane . 1.0

Total 10C. 0
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FIVES (100 - up) GRADE FILTER CLAY

Iiesh Per Cent.
OVer 97 it iierieeneseenanesoneane 0.6
97 = 15T eiacetconneecnanas cvaenas 22.7
157 @ 200, . ittt i etieeroancsanse 8.0
Thru 200. . iieivteerersannnronnsanne 68.7

There is very little dust produced by the sifting operation. All of the con-
nections are designed to be dust tight but there is some lemknge., Samples of air
teken et various points around the sifters while in operation hed en average of
2,208,960 dust perticles less than ten microns per cutic foot. Abcut 85% of these
dust particles were slightly angular crystelline in appearance erd five microns or
lesc iz size; abouvt 157 were slightly rounded semi-opague tenmicrons or over in size,
The lerger perticles had small cracks or fissures and severel small eir bubbles.

lien spend about *two hours a dey cleaning, repairing or replacing silk screens
in the sifters. Samples taken during this operation contained an averege of
2,039,040 dust particles less thar ten microns per cubic foot. About 97% of these
dust particles were engular crystalline in appearance and five microns or less in
size; about 37 were opague over “ive microns in size,

After being sifted and graded the clay is ready for shipment. The 30-60 mesh
grede is olaced in burlap bags holding 128 pounds and loaded into railroad box cars;
about 400 begs to a car orn an average, Dust counts of samples teken during the f£ill-
ing of the bags with the 30-60 mesh grade show that there are froax 7,589,760 to
©,968,640 dust particles less than ten microns per cubic foot which indicates that
8ll men enzaged in bagging and handling begs in this eree should wear approved respi-
rators such as the "M, S,A. Comfo"., About 80% of the dust particles in semples taken
during the filling anc hezdling of the begs appear slightly angules crystelline under
the microscope and are five miecrons or less in size; 20% are rounded crystalline, ten
microns or over in size,

Bulk Loacding of railroad box cars with the 30~60 mesh grade produces clouds of
dust, but & mejor portion ol this dust is mpperently larger than 30 microns in size
es samples taken during this bulk loading had en average of only 6,853,440 particles,
ten micrcns or less in size per cubic foot.

The Fines (100-up) grade is put into 128-pound cottor bags. Dust counts in
sanples taken during this operation showed that there were from 4,644,480 to014,216,640
dust particles less than ten microns per cubic foot in the air being breathed by the
fillers, weighers, sewers and truckers. About BO% of these particles were rounded,
semi-opaque crystalline in appearance umder the Konimeter microscope and five microns
or less in size; 20% were semi-opaque crystalline fram sbout seven to fifteen microns
in size. There were also a large number of very small particles about ane mieron or
less in size,

How is Filter Cley Used? - Upon arrivel at the refinery, the begs of clay are
removed from the box cers by & crew of men ususlly from the General Labor Department;
the job being rotated so that the same mer do not do this particular operation more
then perhaps twelve hours twice a year on an average. Gogzles and "M S.A, Comfo"
respirators are generally provided, The clay is either trucked or dragged to an
elevator or conveyor hopper and cumped and the bags are piled for storage. At points
wnere the clar is receives ir bulk, it is unloaded by e large wooder scoop pulled by
8 motor criven cra:-line. Unloading, hendling, and dumping the clay is one of the

'
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dustiest parts of the filtering operation. The amount of dust produced is of course
dependent on how the work is done, the ventilation provided, and the care used by the
men doing the job. Here are some average dust counts of particles less then ten mi-
crons in semples taken during the unloading of bags of 30-60 mesh Atftapulgus clay

Particles Per
Cubic Foot

Unloeding and dumping bags (128 1bs. ) into Hopper st a

Southern Refinery...... rieesaaeans eress 5,403,456
Durping cley fraom Bags into Elevator Hopper at &

Northern Refimery....ieivenceccrrrannens . 2,237,280
BEendling bags from Storage end Dumping into Elevetor Hopper

et enother Northerr Refinery........... . 755,150
Incide 807 Cer Dur:ng Unloadlng A s s K0 R -
Outside . " et edeecti et ceeneaaaees . 372,924
In Filter House Passageway being used to Truck Clay to

Elevator hopper...... cresseccanrasausara 329,840
Average Dust Produced while sweeping up inside car after

wmloadinge.o.ou... Crieasseanees ceeeseens 651,360

Apparently unloading clay in the bulk is less dusty than handling and dumping
of the clay in bags., Samples taken during the unloading of bulk clay gave these
average counts of dust under ten microms in size:

Inside car during unloadlng... ......... sesiesess 962,880 particles percublc foot
Qutside " " feiresierieees et aara 622,040 "

There is of course more dust produced in the viecinity of bulk unloeding than is pro-
duced whern heandling end dumping clay in bags.

sfier dumping, the new clay is taken by elevetors end conveyors to storage
bins wnich hold about 20 tons emch. This i1s also & dusty opersation due to the failure
to cover the storage bins or to place hoods over the junction points of elevators and
belt conveyors, Samples taken during the filling of storage bins with new clay had
these average dust counts of particles less than 10 microns in size:

:st over Bins sround elevators and conveyors during
filling at a Northern Refinery.......... 1,910,432

oo " & Conveyors while filling at another

Northern Refinery............. et eseteesaastennoan . 4,275,842
oo " & Conveyors while filling at a

Southern Refinery...ceveesanceasenroccoaanne eesseco. 4,531,200
" TFace Level on Walkway over Storage Bins Northern

Refinery while Filling Bin............ sresmevesseasa 2,307,776

Dust Counts as high as 8,609,280 particles per cubic foot were found in samples taken
near the discharge of one belt conveyor into the top of & storage bin, About 90% of
these dust particles appeared angular crystalline under the Konimeter microscope and
were five microns or less in size; mbouvt 107 were black, opaque, many scele-like in
appearance and ten micrors or over in size,

"SURNING" CLAY - From the storage bins the clay is conducted by chutes and/or
conveyers and elevators +o gas or oil fired Wedge Burmers or Rotary Burners or Kilns
in which it is "burned" or roasted, and then discharged into rotary coolers where it
is cooled. Where all openings, chutes and elevator outlets as well as the ends of
rotary coolers are properly enclosed and an exhaust duct is placed over the burner,
very little dust (en average of only 604,160 partlcles, ten microns or less in size
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per cubic foot) is produced and no respiratory protection is necessary. . Three types
of burners or kilns are used to recondition filter clay. Average dust counts of
semples taken during the operation of these burners give a comperison of the amount
of dust (particles ten microns or less per cubic foot) produced by each:

Total Generel
Type _of Furnace Feedirg About Furmace Coolers Average

Herman-Frasch 0il or

Gas Fired......... 2,624,320,... 3,700,480.... 2,732,880,...,. 2,980,542
Wedge Gas Fired.......... 5,399,680.... 1,522,459.... 2,108,580..... 2,395,971
Rotary " "L .ie..... 2,087,360,... 1,070,046,... 3,115,200....., 1,E18,206

The present practice of using a campressed air hose to cleen up the clay on
the verious flocrs of the Furnace House at one of the Refineries is perticulerly ob-
jectionatle due to the excessive dust (12,687,360 particles ter microns or less per
cubic foot) which is stirred up,

About 90% of the dust perticles in samples teken during the burning ol filter
clay were angulaer transoverent crystealline in appearance and five nicrens or less in
size; 5% were round opague, ten microns or over ané 5% were rounded semi-opague, ten
nicrons or over ir size,

Exposure to Gust produced by burning or reconditioning cley is rather limited,
Usuelly there is ore firemar for each shift of eight hours, three shifts per 24 hours
and e porter for the day shift only. Since one of the porter's mein jobs is to
"cleen~up” he is exposed more continuously to dust than are the firemen.

CEARGING FILTERS ~ The cooled, burmed clay (30-60 grede) is conveyed to the
filters by means of elevetors end belt conveyors and charged through chutes fram the
conveyor belt tripper.sat a rate of from one and a guerter to eight tons per hour,
These vessels hold from seven to [ifty tons each. The amount of dust produced during
the chergirg operation depends upon the grade of clay beirng hendled, the ‘rate of
charging, the positior of the clay on the conveyor belt, the condition of the convey-
or belt, tripper and cherging chute; also whether the top manhole of the filter is
left open during the filling, A general average of 54 dust counts made of samples
taken during the charging of filters et all of our plants using 30-6C mesh Attapulgus
Filter Clay was 3,717,884 perticles ten microns or less in size per cubic foot, The
amownt of dust produced by the charging operation varies consideratly at the various
plants as is shown by these averages:

Refinery Chargine Rate Particles per cubic foot
Beton Rouge 8 tons per hour 4,271,413
Baywey -1/2 " v " 2,435,520
Bayonne 3-1/2 " " 2,242,944
Eagle Works 6 o " 1,042,976

It is the general belief that the more times a clay has been used end reconditioned,
the less dust is produced dwring its handling, Our study does not confirm this be-
lief a5 applicable to dust produced while charging filters, Averages of dust counts
in semples taken during this operation were:

# 1 ClaYeesensseeroeeseees 2,242,944 particles per cubic foot
L] "

F B M i iiiiieieeeeel.s 4,604,832 " "
£ 10 " ... e .. 3,896,832 " v " "
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According to an anelysis of particle size made.by the Bayonne Labératory of a
sample of Raw (30-60 grade Attapulgus Clay) No.1, ‘No. 3, and No.8 Wedge clays, the
following 4s the size classification or distribution:

Raw Clay #1 Cley #2 Clay #8 Cley
Coarser than
100 mesh 98e 5% e n e nnnn . 9%, 4% e e 9B TR s, 98,35
Dismeter of Particles Raw Clay #3  Clay #8 Clay
Millimeters Microns Per Cent Per Cent Per Cent
.149 to ,074 149 to 74 0. 14355 1. 00750 0, 5415¢
074 " ,044 74 "ooa4 0. 55085 0.17186 0. 0844¢
. 044 "‘.035 44 vo25 0. 29760 0. 05369 0. 04585
.035 " ,028 25 v 25 0. 21555 0. 03887 0. 01603
.025 " ,015 28 " 15 0.17550 0, 0172¢ 0. 00847
L0156 " ,005 15 " 5 0. 11640 0. 01027 0, 00328
.005 " ,001 S " 1 0. 00045 ) 0. 00052 0, 00021

Atout 85% of the dust particles in sexples taken during the charging of #3
clay were slightly anguler in appearance and five microms or less imn size; 15% were
rourded semi-opaque, texn microns or over in size, About 75% of the particles in
sarzples teken during the cherging of 10 clay were slightly anguler crystalline, five
nicrons or less in size; about 205 were over ten microns in size and were semi-orecue
about 5% were round semi-opague between five and ten microns in size, All of the
larger particles appear to contair small butbtles, There are numerous small black
specks about one-quarter micron in size.

Charging of filters is usuelly done by one marn per shift for each filter
house. There are three shifts a day. These men have an average service of abouvt 20
yeers and work eight hours a shilt, nine shifts out of fourteen.

tilators extending about twelve inches above the roof and also by windocws which oc-
cupy sbout 807 of the wall space in front of the top of the filters,

Vertilation is provided in the newer filter houses by eighteen-inch roof ven=

OULLFING FILTERS - After the filters are charged with clay they are plated up
end the o0il is allowed %o percolate through the clay for several hours, the length of
time depending upon the nature of the oil run and the "yield" of the c¢lay, The oil
is a1l érained off and the cley is then washed with naphtha or "Varsol" and steamed
to remove 21l trace of the naphtha, After this the filter is dumped on to a cenvas
belt conveyor and the clay returned to the kiln for burning or reconditioning. Filter
clay is used as many as fourteen times before it is finally discarded. In order to
determine what effect the reconditioning of filter clay had on its free silica con-
tent samples were analyzed by the New York State Department of Labor, Division of In-
dustriel Hygiene with this result:

Times Burned % Free Silica
Rew Clay...... ceeiisenss 8,30
Once, .... Ch et e .«. 8,80
Three,........ crreearea.  9.20
EiERE v ereeeannanns . 9.30

Considerszle steem is usually given off during the dumping which probatly
'
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expleins the smaller dust count (& general average of only 2,518,781 particles ten ‘
microns or less in size per cubic foot) than would be expected. The dustiest part of
the filter dumping operation is sweeping up the floor under the filters after dump-
ing is completed. Samples taken during this sweeping or cleaning up had as high es
16,538,880 particles per cubic foot, although the general average of samples taken
during dumping at the verious refineries was 2,514,816 particles per cubic foot. About
95% of these dust particles are slightly angular crystalline in appearance under the
Konimeter microscope and are above five microms or less in size; about 5% are rounded
semi-opaque over five microns in size, Occasionally the clay doesn't "flow" when the
filter is opeped and must be started "flowing" by means of an iron bar. This action
causes some dust (2,888,640 particles per cubic foot) but not as much as pounding the
bottom and lower sides with a sledge (4,248,000 particles per cubic foot) as is some-
times done., After the clay has run out, the inside of the filter is swept out with a
broam which produces a little dust (en averege of 792,960 particles per cubic foot),
The filter is then pleted up and is ready for recharzing.

The work of dumping filters is done by one man per shift, for each filter
house., These men have an average service of about ten years and work eight hours a
shift, rnine shifts out of fourteen., They are exposed to dust less then 60 per cent,
of their working time,

Spent clay is used to & limited extent for packing eround valves and fire hy-
drents to prevent freezing; also for certein other small ebsorbing job such as on the
warehouse floors of same of the larger bulk sales plents where lubricating oils are
transferred fram barrels or drums to smaller containers, or loaded into [live gellon
cans from bulk. Most of the spent clay is disposed of, however, by durping it on
nearby Compeny property and, to a lesser extent on reilroaed property near river banks,

Corposition of Filter House Air Borme Dust: Semples of dust from Attapulgus
Cley, which had settled on the tops of elevator housings and on girders over the
storege bins in filter houses, were submitted to the United States Bureau of Mines Ex-
pericent Stetion for petrographic examinetion. Ordinarily positive results ere not
obtained in petrograp.ic tests for the identification of minerals in atmospheric dust.
However, the semples submitted were coarse enough to give results in most cases, In
studying the results of the petrographic examinstions it should de borne in mind that
the samples submitted were settled dust, and that they are not representative of the
composition of the dust that would be breathed generally owing to the differential
settling rates and the ease with which the various mineral constituents can be crushe
ed to & powder.

"Montmorillonite" ((Mg, Ca) 0.Alz O3, 5Si O2. nH20 — n=5to08) is the miner-
8l that is cheracteristic of many types of fullers earth. Not &all of the less im~
portant mirerals found were fully identified. -

Clay dust from top shell of elevator - Top #2, Herman-Frasch Furnace,

Quartez - 10% Montmorillonite - 80/
Calcite, Microcline and Unidentified - 10%

Dust from asccumuletion on girder over clav storage bins - #2 Filter House.

Quartz - 10% Montmorillonite = 70%
Possibly other clay minerals present, opegue - 20%

Dust from sccumulation on girder over clay storage bins - #1 Filter House.

Quartz - Over 1% Montmorillonite - 557
Opegue - 40% Unidentified ~ 5%
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Control of Filter Clay Dust: Dust in a filter plants results principally from
the operation of the clay handling mechinery. The condition is aggravated by the
present practice at some refineries by using an air hose to blow accumulated dust and
spilled clay from equipment, walls and floors. Handling a fine light dust producing
material, such as filter clay, in a system which includes open belt conveyors is in-
herently a dusty operation. (12,687,360 particles, ten microns or less in size, per
cubic foot). It is éifficult to prevent some dust from being gensrated et wrloading
points where the clay falls into chutes or bims, but it cen and should be controlled
by means of hoods, enclosures, and adequate exhaust systems with effective dust collec~

tors.

There will elweys be an irreducible minimum of spillege and dust settlement
wnerever Zusiy material is handled in systems such es exist in most refinery filter
houses. This is an economic waste and increases the difficulty of the dust control
pro-lem, Unless the present practice of cleaning cust spillage by blowing with cam-
pressed eir is changed, the necessary periodic cleaning will continue to be a very
dusty ang umheelthful operation even though ell precautions heve been teken to pre-
ven®t the escepe of dust from clay handling equipment. A modern indusiriel vacuum
clearning syvstem would do the jor efficiently, without creating eny dust.

Tre principal source of dust in filter buildings is the belt conveyor which is
usually located et the top of the building., Gusts of wind from the monitor blow the
clay and dust from the belt., A certain smount of dust is also generated by cley fall-
ing into the tripper chute (6,060,480 particles per cubic foot) and discharging from
the tripper chute into the chute leading to the various filters (7,306,560 particles
per cubic foot), This could be considerably reduced by inserting canves or sheet iron
connections between the ends of the tripper chutes and the chutes to the filters,
arnd by usirg a properly designed belt tripper on the conveyer belt.

Bins for the storemge of filter cley should be closed with steel decks havirg
the smellest possible operings in the form of chutes to receive clay from the convey-
ers. If care were taken not to overflow the bins, the dust and spillage could be
greazly reduced.

For complete control of dust, an exhaust system equipped with dust collector,
faz, ducts end hoods should be installed to remove dus*t from the points of origin,
such as, all urloading points (except moveble trippers) of each belt conveyer in the
building, new cley birs end dburned clay bins, One estimate which hes been prepared
Tor such en irstallation calls for an exheust system with a capacity of approximetely
15,000 cubic feet of dust laden air per minute, and is based on mainteining en imward
flow of air et openings into hoods and bins at a recommended velocity of 200 feet or
more per minute. In considering dust collectors, it should be btorne in mind~that the
cyclone type will not remove the fine dust particles (ten microns or less in size)
which are most injurious to health, and that the cloth bag type filter has been proven
to be more successful in removing these fine particles.

Under existing conditions et most plants it is almost impossible to keep the
plants clean, regardless of how carefully the equipment is operated. However, the in-
stallation of & vecuum system and adequate dust collectors should encourage operators
to exercise more care in the operstion of equipment and thus cut down the amount of
dust and spillage.

B - CONTACT CLAY:
Most contact clays, particularly in the United States, are acid treated "Ben=-

tonite". Bertonite is a nom-refractory clay, & double silicate of iron end aluminum,
derived from the shale of the Fort Rentoen formatior iz the upper Missouri valley.

'

EMO01512

(O (O O O O O O O O O O I O B B G G G G B G L B B B e



o O N M O OO OO WD B0 B0 80 00 ON Of G0 O O M B W W B

-l d= ¢

There appears to be a wide variation in the camposition and free silica con-
tent of Americen and European contact or activated cleys. "Filtrol" an extemsively
used American comtact cley is reported to contain about 57% free silice (silica whieh
is insoluble in concentrated hydrochloric acid), "Milwhite", another extensively
used American contact clay, contains 65% free silica, The contact clays listed mre
those most extensively used in Europe:

Insoluble in Insoluble in Concentreted
Concentrated HCL ECL end 5% NAp COz.
"Ivry" Clay (French)........ TEeO e eeiernennns 64, 6%
"Terrans Extra" (German).... 84045 i vnennenns .o 27.2%
"clarit" (Italian)........ .. 49, 5% viiinnnn 50. 6%

"Tonsil AC", another French contact clay, has 61, 75% free silica.

The main constituents of "Petrisil", a German contect clay, are:
Total Silica....... ceeeesess BL.5T%
Lime (CBO)ievenrvacrronnass . 0.63%
Aluninue end Iron Oxides,... 18.,83%
Loss on ignition (Weter).... 23,62%

The balance probably consists of
potassium and sodium oxides,

The following is the result of & petrographic exeminetion
of "Petrisil"™ which was made st the United States Bureau
of liines experiment station:

Quartz..... teteererasesnessse BF
Montmorillonite...evveur.... 90%
Unidentified Minerals....... 5%

The use of contact claey for improving the color of lubriceting oils is & re-
cent development,

At present the price of contact cley is so low thet it is used only once and
then discarded, -

Although there are many contact clays on the market, a large percentage of that
used by the Standard group is known as "Filtrol", consequently this was included in
our dust studies, -

What is "Filtrol" and EBow is it Produced? "Filtrol" is a pulverized mcid treat-
ed Bentonite, used as a decolorizer, absorbent and deodorizer in the refining and
preparation of both organic and inorganic oils, It comes from "open cut" mines in
Migsissippl and Californias, end occurs in beds about two and ome=helf feet thick
under en over-burden of some eighteen to twenty-five feet, There has been some doubt
as to its origin, but it is now believed to have been volcanic dust transported by
the air end deposited wmder the waters of either a lake or a sea. Raw Bentonite is
mined and loaded onto trucks with steam shovels, and then taken to the preparation
plent. A tractor scoop lifts the raw material from the storage shed floor and places
it in e hopper out of which it is fed into an elevator by means of a steel pan feed-
er. The elevator discharges into a crusher which breeks the material down sufficient-
ly to eratle it to pass through a screen {three meshes to an inch) onto e belt con-
veyer which tekes it to & pre~-mixer where it is mixed with water to form & "slurry",
This slurry is passed into large wooden tanks and tremted with dilute sulphuric acid
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agitated with air and steam, It is then dumped into thickeners, washed, and deliver-
ed to en Oliver filter. From there it goes in turn to & pug mill, drying tower, cage
.and imp mill, and classifier. The finished product is placed in a bin where it is
put into fifty pound Bates Valve paper bags by means of a Bates Bag Packer. It is
shipped in railroad box cars, each heving a capacity of from 1600 to 2000 bags, The
three grades of "Filtrol" in greatest demand are:

GRADE Per cent. of Coarser Finer
(Per cent. thru Total Than 200 - 325 Than
200 mesh) Production 200 Mesh Mesh 325 Mesh
85 - 88 80 14, 0% 16, 0% 70. 0%
75 - 88 15 22.0% 24, 0% 53, 0
90 - 93 5 8, 0% 23, 0% 6S. 0%

The only reel dust producing operations in the production of Filtrol are the
£411ing, steckizng and hendling of the flfty pound bags. Samples of dust teken during
these operations revealed the followings

QOperation Particles per cu ft.
Ave-age dust filling bags with 85~88 grade 10,416,096
" vpacking roam while filling dags 9,572,180

v " produced in handling of filled begs 5,845,248

An exhaust system has been installed to reduce and control the dust produced
during the packing of Filtrol. This consists of a metal hood above the filling tubes
irn front of the machine, with & bacin below, A seven~inch duct leads from the basin
and a six-inch duct to & canopy in back of the packer, both comnecting with a ten-
inch mair duct which runs to a Sturteveant Fen (1750 R, P.IM. ) designed to handle 1,620
cubic feet of eir per minute ageinst four-inch water static pressure, A cyclone dust
collector removes the larger particles from the air before delivering it to a tubular
¢loth dust collector.

About sixty per cent. of the dust particles of samples taken during the fil-
ling operation are slightly angular crystalline in appearance under the Konimeter mi-
croscope, and are about two microns or less in size; approximately twenty per cent,
appear to be rounded crystalline, glass-like, but with rather smooth edges, and over
ter microns in size, There are a large number of very small gray particles (about
twenty per cezt.) too minute and too numerous to count eccurately.

Whet is the Chemical Composition of "Filtrol"? Below is the result of &n an-
alysis by & commercial chemical laboratory in Los Angeles, Californis, of a sample
of Flltrol from the Jackson (Mississippi) plents

Per Cent,

Silica (S3102)ireeeeereccennnnneceansnene 56490
Aluming (A2203)eueceenrecoeresneeasssonses 13,97
Ferric Oxide (Fe203)iececececanascsnrsees lodd
Titanium Oxide (Ti02)..ceiecnnnvveressta  0.10
Caleium Oxide (C8O)esevvenerensececeanss 2482
Magnesiun Oxide (Mg0)sueesersasnoesassns  3.55
Manganese Dioxide (MOs)isvseueverrernae -

Carbon Dioxide (CO2)ueveernnernievocerens -

Potassium Oxide {F20).u.evseensns. senaps 0,03
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Per Cent.
Sodium Oxide (NB20). . ieruirrcrvrnrcnennnss 0. 04
Chlorine (Cl)eeeereevereesacecnosoassars -
Phosphoric Anhydride (P205)i.veeconveass -

Sulphur;c Anhiydride (S02)ec.sercvenncsas 0,63
otal ignition loSS..i.v.iveiintiennnnine 20. 00
9ree h01sture........................... 12,23

"It is customar: to separately report materials such as Silica (SiCz)
end Alumina (A£120z) irn ultimate anslysis although the elements are
known to be in combinetion with one another, It is difficult to get
er enalysis o7 free Silica &né since the guantity containec ir Fil-
trol would be very smell, we have not attempted to have this per-
ticular enelvsis made,”

The following is +he result of en enelyzi of "Super-Filtrol" which wes mede
in Frence:

Per Cent.

Moisture at 120 degrees C ............. . 16. 5
Loss ozn ignition............. e heeanne 33.5
Insoluble in concentrated ECL.......... 55,0

(Totel Silice end unatiecked crystais)
Inscluble in HCL end in a 5% Ne2C0z solution. 15.0
(Siler, gquertz end wmettackec crystals)

A microscopic examination shows e few particles with
"acute angles”.

An examination made by the United States Bureau of Mines prerlmeﬂt Stetion in
Pittsburzh, Fennsylvanie showed that Filtrol conteins more than 17 quertz, 95%
Mon*morillonite ((Mg, Ca) 0.41903-55103-nHpC~-n=5 to 8) and 5ﬂ unidentified minerels.
A siriler eyamination of Attapulgus Fines (200 mesh) showed 5% quartz and 95% Monte
morillonite,

How is Contaect Clay Used? The elay is mixed with oil, agiteted and heated, and
either allowed to settile or run through a filter press. It is then discarded. The
clay is either dumped directly inmto the 0il or placed in = hopper from which it flows
irto irdaciors or mixing chembers where it is mixed with the oil and then pumped to a
filter tenk, The only dusty operations are the unloading of the materiel and dumping
it into the hoppers or mixing chembers, The higher dust coumts with the contact clay
as compared to filter clay is probebly due to the fact that it is & finer material,
or at least disintegrates more easily than the filter clays studied,

Semples teken during the dumping of Filtrol and Attapulgus Fines into & reao=-
tion charber geve the following dust counts,

Cperation Particles per cu. ft.
Avernge cdus* produced while dumping 50 pound 6,768,480

begs of "Filtrol . i veiiieieianeriorenanans

Averace dust procduced while dumping 100 pound
tags of "Attepulgus FizesMi..eviivieresenes 9,260,640
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Under the ¥onimeter llicroscope the particles were rounded in appearance, The "Atta-
pulgus Fires" eppeared more crystalline and angular, and had & greater proportion of
particles five microns or less in size than did the "Filtrol". The cownis indiceate
that more dust resulis from dumping Attepulgus Fines than from dumping Filtrol scti-

vated clay.

Dumping fifty pound bags of "Milwhite" (90% through 200 mesh), & Texas contect
clay, into the feed hoppers to the imductors or mixing cherbers is an exceedingly
dusty operetiorn, Samples teken during this operation hed as high as 14,046,720 para
ticles ten microns or less in size per cubie foot. Samples teken irn the middle of
the room just after thirty bags hac been dumped into the hopper had 55,847,040 par=-
ticles per cubic foot. Under the Konimeter MNicroscope, about 90% of these particles
sppeered slichily crystalline, and were five microns or less in size: 10% were roungd,
senieoyeoue, ten Lo twenty microns in size, There were also & few scele like par-
ticles.

Tourteer men with en average service crecdit of six years sre involved in this
operetiorn, Three nen are exposed to the dust curing six hours of each eight hour
shift for rine of *he fourteen shifts during the B5% of the time the filiering plent
is in operaticn. They weer 1. S.A. "Comfo" respirators.

After extersive study and investigation the local meragement hes mede arrange-~
mern+s to receive the clay in tank cers similar to those manulsctured bty the Cenerel
Americen Terk Car Company. These cars are self-unloading and will discherze into en
enclosed hopver, The cley will then be transported to storasge bins by means of a
screw conveyor completely enclosed in ten-inch tubing., It will be withdrawn from the
bottonm of the bins, pessing through weighing scales, into the inducstors where it will
be mixed with the oil,  This will provide a mompletely closed systerm ancd should
elimimete all eir comtanination

C - BCXZ SLACYK CR CHAREZD BOIE:

Refined wax is filtered through bone black or charred bore to improve its
color, This material is ot+tained from various meat packing firms in finely wover cof-
fee bags thet hold about 150 pounds eack. An opern belt conveyer anéd elevator carry
the tone directly from the reactivating furnece to the covered filter charging hopper.
Metel chutes lead directly from this hopper into filters which hold about 3,000
powds of bore black., Upern completion of filtration the bonme is washed with "Varsol",
steamed for atout 24 hours, weshed with hot water, steamed for two hours more, ard
then dumped upon belt conveyers which carry it to the reactiveting furnasce which is
gas fired, The bone goes through the furnace at a temperature of about 1100 degrees
Fehrenheit and at the rate of about 250 pounds per hour, Bore black cean be used over
and over agair, Three men oune on each shift, with an average service credit of
fifteen years, are engaged in this operatiom. Their period of exposure to dust is
about one hour per shift. The greatest mmount of dust produced results from the open
conveyers, particularly in dumping the material from the furnzce onte the conveyer
belt, Samples taken during this operetion had as high as 11,044,8B0C particles of ten
microns or less in size per cubic foot, Corsideratle dust (14,273,280 particles per
cubic foot) also arises from the open hatch of the filter charging hopper during
filling. An eight-inch motor driven exhaust fan has been installed to suck back the
dust from where the elevator buckets dump the reactivated bone into the chute to the
charging hopper. The dust loss from this filtering operation is estimated to te about
1500 pounds per morth.

Under the Korimeter Microccope about 65% of the dust particles ol samples teken
during the reactivation of bone tlack appear to be tlack, opague, scot-like, and ere
five microns or less ir size; 5% are rounded, semi-opacue, ten microns,or nore ir si:ze.
The azguler crystalline and 1ight grey particles which constitute ebout 30% ere prodatly
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bone ash.

III - INSULATING OPERATIONS

Insulation plays en important part in the processing of petroleum products.
The two types of insuleting material most frequently used are "Sponge Felt" (asbes-
tos with ground sponge to pive dead air space end thus increase the effectiveness
of the insuletion) and & mixture of B5% magnesia and 15% asbestos, Rock wool is
used to & considerably lesser degree, In the ordinery camrercial form, Rock Wool,
as used at our refineries, does not present a dust hezard, It is also used for
house insulation, and is available in smell nodule form which can be dlown into
place. "853 magnesia" is & mixture of magnesie end graruleted mstestos and pressed
into blocks of various sizes and shapes (usually 16" x 18" x 1-1/2"), The most dust
comes from dismentling old insulation and grinding scrap materiel for use as & plas—
ter or "genister", The average service of men engaged in insulating operatioms is
abovt fifteen years, Most of these men have been transferred from the Common Labor
Department. They work nine out of fourteen eight-hour shifts, in gangs of fram two
to six men, and are actually exposed to dust for less than sixty per cent. of their
working time, Goggles are sometimes provided, and occasionally MSA "Camfo" Respire-
tors, but this equipment is not used as much as it should be. Generally speeking,
atout 85% of their work is with sponge felt and 15% with B5% magnesia insulatiom.
At one of the larger southern refineries about 300,000 sguare fee} of sponge felt and
50,000 square feet of B5% magnesia are handled e year.

A = Vhet Phvsiological Reactions ere Provoked by Insuleting Meterials? According
to Dr. Leroy U, Gardner (Journ.Indust.Hyg.Mar.1937,Vol.19, No, 3, P,121) asbestos dust
with its fibrous perticles does not seem to be readily hendled by the protective
mecherism of the lungs, Quoting fram his article:;

"They are not removed to the lymphold tissue but remain in contact
with the delicate walls of the air spaces, They becore surrounded by
en iron-cortaining coating that fractures and gives rise to the pecu-
liar structures known as 'asbestosis bodies!, The fibers are irri-
tating, perhaps because of their form, and they excite a fibrosis
which begins about the terminal bronchioles and spreads to form dif-
fuse patches in the parenchyme. Often the distribution is sub-pleural,
In the presence of infectlon, the remction to msbestos dust is much
more severe than that caused by the dus* alone,"

There 4s nothing in the pertinent literature, nor does the Bureau of Mines
know of any evidence, which would demonstrate magnesite (a natural magnesium carbone
ate) to be harmful. It would fall in the class of "nuisance dusts" such as gypsum,
While meny of the so-celled "nuisance dusts" have never been found to be harmful, it
is the opinion of most investigators in the field of industrial hygieme that no worke-
er should be exposed to any dust in & concentration exceeding 75 or 100 millions
of perticles per cubic foot of eir,

B - What are the Principal Insulating Operations and How Much Dust is Produced
During Such Qperations? There is, of course, a wide variation in the amount of insu-
lation work and the emount of dust produced. A few examples, however, will give &
good general ideas

INSULATING 12" STEAM LINES: 6" x 18" x 1-1/2" blocks of 85% meg-
negia are tied on the steax line with l4wgauge galverized wire and
covered with roofing paper to make it waterproof., Often times this
work is performed on scaffolds twelve to fifteen feet above the ground,

with men lying on their backs under the line pert of the time,
'

ErvOO01517



~28= !

Considerable dust (ms high as 18,124,800 particles of less than ten
microns per cubic foot) results from tapping the blocks into place.
Semples taken during the entire operation had an average concentra-
tion of 6,881,760 particles per cubic foot. Adbout 90% of these dust
particles were slightly anguler, crystalline in appearance and above
five microns or less in size (as seen wnder the Konimeter Microscope);
57% were rounded opaque, ten microns or more in size; and 5% were
opegue scale-like, five microns or more in size, Semples taken while
epplying asbestos sponge felt to a 12" steam line had a dust concen-
tration as high as 23,788,800 particles of ten microns or less in
size per cubic foot., The average was 12,574,080 particles per cubic
foot, These dust concentrations are considered too high for work-
ing without adequete protection.

INSULATING A 750-POUND CRACKEING COIL ACCUMULATOR: 6% x 36" blocks
of Johns~Menville "Fire Felt" are first epplied and plestered with
extrs AA Rubberoid Asdestos Cement and waterproofed with Johns-
Mexville "Insulkote". The dustiness of handling these materiels hes
been consideratly reduced since the manufacturers begen shiprizz the
"Fire Felt" in cardboard cartons containing thirteen or twenty
blocks, and the plaster in hundred-pound paper bags. Samples taker
during this operation had an average dust concentration of 4,502,880
perticles, ten microns or less in size per cubic foot. About 75% of
these dust particles were slightly angular in appearence, five mi-
crons or less in sizejy 10% were scale-like; opague; and 15% were
rod-like and fidbrous, :

IRSTLATING TRZATING PLANT ACID SUCTION LINE: Sections of "Sponge
Felt Pipe Cover" are cut to fit pipe lengths with an ordinary carpen-
ter's hand saw. This operation produces on an average 821,280 par-
ticles of dust, ten microns or less in size, per cubic foot., Under
the Kornimeter Microscope all of these particles are slightly engular,
crystalline in appearance, and five microns or less in size, The
blocks or sections of the pipe cover are held in plece by wrapping
£16 gauge galvenized wire sbout each one.

INSULATING CRACKING COIL HCT OIL LINES: All hot oil lines at crack-
irg coils are insulated with 2" asbestos tubing (85% magnesia and 15%
asbestos) held in place by fine copper wire., Sections of the tubing
are cut to fit particular areas by means of an ordinary cerpenter's
hend saw. This produces 7,788,000 particles of dust, ten microns or
less in size, per cubic foot., Under the microscope, 90% of these
dust particles appeared to be rounded crystalline and about three mi-
crons or less in size. Each section of tubing is pounded into place
with the open hand so that it fits snugly against the pipe, and then
wired into position. The dust produced from both of these operations
averages about 3,378,520 particles per cubic foot. Under the mlcro-
scope, epproximstely 80% or 90% of the dust particles appear crystal-
line, more or less angular, and five microns or less in size; the re-
meining 10% or more are rounded in appearance, and over ten microas
in size,

DISMANTLING OR REMOVING OLD INSULATION: As s general rule, the
dismantling or removel of old insuletion is a more dusty operation
than the epplication of new insuletion, The old insulation is chopped
or cut with a hatchet or smell hand-axe, and pried loose and pulled
off with the hends, This produces dust concentrations a&s high es
5,890,560 perticles, ten microns or less in size, per cubic foot. In

'
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dismantling an old cracking coil 4" tar line, the average dust concen-
tration was 2,322,240 particles per cublc foot. 1In eppearance these
particles were clear erystalline, rather rounded, and five mierons or
less in size. No fibres were observed in amy of the dust samples from
dismantling operations. After a few weeks or months service, lnsule-
tior on hot lines dries out and eppears to disintegrate. This 1s prob-
ably due to the fact that such insulation is usually covered with a
wea<her-proof materiel which prevents absorption of molsture from the

elr,

CRUSHING SCRAP ASBESTOS: Scrap asbestos insulation, ususlly the
B5% magnesia type, is crushed in a belt-driven Williems crusher to pass
through & screen with one-inch holes or slots, and is then mixed with
new esbestos to make insulating plaster. This operation, which is &
very dusty one, is performed by two men, with an average service credit
of sbout twelve yesrs, Goggles and MSA, "Comfo" or Willson Dust Respi-
retors are worn. Considerable dust is produced in breaking up the
scrap insuletion by hand prior to crushing (10,195,200 perticles, ten
microns or less, per cubic foot), and also when feeding the crusher
which is done by shovelling the broken-up pieces into the hopper and
poking them down with & short wooden stick (14,839,680 particles per
cubic foot), Dust counts as high as 27,527,040 particles per cubic
foot were found in semples teken from over the hopper., These dust con=-
cectrations ere dengerously high. About 95% of these particles are
sharply angular, crystalline in sppearsnce end five microns or less in
size; 5% are opaque scale-like, six microns or more in size, Crushing
scrap asbestos is not & steady routine operation, the exposure varying
fram eight hours a month to about twelve hours a week,

CRUSHING CLD CORK INSULATION: This operation is performed approxie
mately twice a year and tekes sbout twenty or thirty minutes. The in-
sulation is crushed on a belt~driven Williems crusher, by the same men
who crush the scrap msbestos, This crushed cork is used for insulating
lines in the cold settling plent. The average amount of dust produced
is 20,016,178 particles, ten microms or less in size per cuble foot.
About BO% of the particles are slightly anguler, crystalline, in ap-
pearance, and five microns or less in sizey 20% are round, semi-opague,
tez microms or more., There are also & large mumber of very small black
or dark grey specks,

IV - GUNITING OPERATION

What is Gunite and How is it Applied? - Gunite is & mixture of approximately
one part (one 94 pound bag) of Portland Cement and two perts (twelve scoop shovels)

of clean sharp sand. The sand and cement are mixed dry, shoveled into the hopper

of a Gunite machine, using water under about 40-pounds per square inch pressure and
compressed air at thirty to ninety pounds per square inch, It is applied under pres-
sure, as a semi-fluld, ageinst the surface to be protected (usually process equipment,
such as, cracking coil soeking drums end storege tanks), In practically every case
where guniting is dome, it follows immediately, after the sand blasting job used to
clean the surace, In most cases, the work is performed by the same crew, The indi-
vidual holding the gunite nozzle is provided with the same protection as is the
operator of the sand blast nozzle, and the men tending the gunite machines are pro-
vided with respirators and are regquired to use them while actually handling the sand
and cement, This involves mixing the materials and charging them into the machines
(the two dustiest parts of & guniting job), Semples teken during these operations
showed the following dust counts of perticles ten microns or less in sizey

1
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Opsration Particles per cu. fit,

Screening sand priortomixing with cement.. 2,493,160
Mixing batech......... Chser et cesssasss 1,699,20C
Shoveling mix into hopper........ cresenes .. 6,485,280

About 40% of the dust perticles in samples taken while mixing the bateh and
filling the hopper were crystalline, quartz-like in appearance, and about five miw
crons in size. The remainder were dark grey in color and below one micron in size,
The dust particles in eir comirng out of the bottom manhole of & soaking drum being
gunited averaged 528,640 particles per cubic foot, and were slightly enguler,
crystalline in appearance and four microns or less in size,

A gunite crew consists-uf six men. The average service credit of the men in
the Crews studied was eight years. Two "nozzle-men" who "spell" eech other every
two or three hours apply the gunite. There is one man at the gurite machine, and
three men screen the send and mix it with cement, Only aebout 25% of their working
time, or nine hours per week per men, is devoted to guniting,

Removel of Gunite Linings Pneumatic chisels are used to remove gunite lining,
Semples taken from inside & cracking coil tar separator during this operation hed as
high as 16,595,520 particles of dust, ten microns or less in size, per cubie foot,
and an average of 10,804,080 particles per cubic foot., About 75% of these particles
were rounded, angular, more or less opaque, in appearance, one micron or less in
size, and 25% were angular, guertz-like, about ten microns or less in size, A chemi-
cal analysis of the gunite lining showed that it contained 68,2% free silica, Four
men {rom the Plant Labor Department, with an average service of seven years, spend
about twenty hours per week removing gumite linings from process eguipment, An air
syphon provides ventilation, and the men are required to use the goggles and respira-
tors which are furnished them, ‘

V - WELDING AND CUTTINNG OPERATIONS

Welding has never been considered e dusteproducing operation, However, our
studies &and those of others indlcate that the use of the modern coated electrodes or
rods produces a large amount of dust in addition to the fumes which are evolved, An
electric arc is used for most of the welding around refineries. There are a number
of welding Jobs, however, for which oxy-acetylene is used, Oxy-acetylene is also
used for practically all burning or cutting,

A « WELDING QPERATIONS:

1, ELECTRIC ARC WELDING: Electric arc welding is used on all types of con=
struction and repair work. The mverage service of the electric welders is
atout two years end most of them came from the Labor Department, having
been developed into welders at the individual plants, They are exposed to
particulate matter generated by the welding operation on an aversge of six
hours per shift, nine shifts out of fourteen. This particulate matter is
ordinarily referred to as "fumes or smokes", The particles when found

have a much smeller size range than that of dust, such as silica, With some
operations there may also be same dust present, but the product formed from
volatilizing the metal and rod coatings is commonly termed a "fume". All
welders are provided with approved hand shield or helmets equipped with #10
Noviweld lens, Welding in shops is done in canvas or wooden booths., A
steam or air syphon is installed when any arc welding is done inside of closed
vessels such as drums or towers,

What gre Coated Electrodes? Coasted electrodeg are metal welding rods covered
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with a composition which prevents oxidation and permits the formation of stronger and
more uniform welds,

Whaet Do These Electrodes Contain and What Products Result From Their Use? In
generel, the coatings used in modern coated welding electirodes are patented or trade
secrets, with speciel virtues attributed to each. Obviously, it is inadvisable to
put irto these coatings materiels which might produce products harnful to man.
Nevertheless, chemical enelyses of both the coatings and their products indicate that
the continual use of same of these rods might possitly leed to complicatimms.

Yost of the arc welding at our affilieted plants is done with #5 Fleetweld
costed electrodes which come in two sizes (5/32" and 3/16") and with General Elec-
<ric we20 5/32" comsted rods, Other rods scmetimes used are ;4 Stainweld EapS alloy
welding rod, 5/32" Steinweld A rods for steinless steel, and lMurex Kickel Steel coat-
ed rods., Ameng the constituents of some of these electrodes coatings ere:

. Per Cent,
Coated Electrode Brend Sige Fluorine (Celcium Fluoride
"Tleesweld", Lincoln Tlectric Couevven....30.28 - -
"Miurex". American letal & Thermite Co.....28.05 - -
"USS Cr-1i 18-8", Amer,Steel & Wire Co....37.20 - 14.50
"Steirnweld", Lincoln Electric Coieeo......12.101 21,20 43,50
"2ezistel K-A-25", Crucible Steel Co,....,24.03 13,40 present

A1l of the above coatings also contain Iron Oxide (Fep0z) Menganese Oxide,
either I'mo0z or MnO or both, and Aluminum Oxide (Al203), in verying per=
cexteages.

The composition of the fluxes or coatings used in G & E types W20, W=-22 and
W-22 is not available. but it is known that they contain amounts of free silicates
end free silice. According to determinations made by the General Electric Company,
the maximuz concentretion of free silica on any of their electirodes wnder a particular
set of conditions is 1,575,000 particles per cubic foot of air with W-20, 778,000
with w-22, and 1,093,000 with W-23 under other conditions the concentrations might be
higher or lower than those given. The maximum permissible concentration as listed
by the lMetropolitan Life Insurance Company is 7,000,000 particles per cubic foot of
gir,

Coetings also contain cotton fiber, cellulose, or other organic pulp which
creates fumes, but since we are only concerned with dust in this study all fume pro-

ducing materials will receive no further consideration, -

Welding corrosion-resisting steel with coated corrosion-resisting steel elec=
trodes forms a slag, among the major constituents of which are:

"Stainweld" USS CR-Ni 18-8 "Rezistal"

Fluorine (F).viievecescosoencesasocese 11ed%ueeeees 66T cconsceesslds 9%
Silica (S302)eeeiuverevrnvnccoonannovene 25.1% c0reeaeB3805% resonrnaal3ed
Iron, Chromium and langanese OxideSive 22.3% +.0eeee240 2% uurueeseoslB5.2%
Calciun Cxide (CRO).uuuveeeoerervceoee 500 7B urensea2Bi0% coveerenoes26eTh

The major constituents of dusts separated from atmosphere by gravity and col-

lec-ed from the bottoms of welding chembers after welding corrosion-resisting steel
plates with coated corresion-resisting steel welding rods are:
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"Stainweld"  USS CR-Ii 18-8 "Rezistal"

Silica (S30 Jovevereveennnrnnonenses 11,0% cvvennes 19.6% couuuee. 10.0%
Calcium Fluoride (CaF )ovevevoeecens 40.5% veiinnes 11047% cueennes 23,47
Oxides of Iron, Aluminum and Nickel, 30,2% «vcvovee 52,1% suvrenas 36,6%

The following is an interesting comparison between the campositions of dust
formed when using bare mild steel electrodes end when using coated electrodes for
welding galvanized steel:

B e Bare Electroces Coe~ed Elec*trodes
ren % IZn0 | % FepOs % Zn0 % FeoOz

- "Fleetweld" 79,2 20.0 67.5 31.9
"Wilson" 62,6 60.5 78,8 21,5
"Murex" 6C. 5 40.0 72.C 28,0

Investigations have shown thet there mey be as much as a five per cent. varia-
tion in composition of dust produced by the seme make and kind of electrode wher used
under constent conditions but by different operetors.

Ferric oxide (Fe203) which emenates fram all welding arcs, regerdless of the
type of coating, is disagreeable but not hermful, Concentrations of iromn oxide of about
ten milligrams per cubic meter are said to be entirely non-injurious to the respira-
tory organs.

Breathing the dense clouds of fumes of zinc oxide, formed wnen the zinc of the
gelvenized coating is boiled off by the heet of the welding erc, causes what is com-
mozly known as "fume fever". This is evidenced by neusem followed by chills and un-
pleesant fever, The fume fever does no lasting harm except after prolonged exposure,
end the effects are not cumulative, Ordinary ventilation. which is necessary in any
welding operation, is considered sdequate to prevent fume fever,

What Is The Amount And What Are The Characteristics of Dust Produced By The
Verious Electric Arc Welding Cperations? There is & wide variation inthe amount and
character of dust produced by diflerent types of rods on different materials under
different operating conditions

FUME, OR DUST PRODUCED BY ARC WELDING

Material Being | Electrode | Size of Particles Charscteristics of Dust
Welded Used Electrode { Per cu, ft. Particles. (Sizes and Per-
centages Estimated)
Rivets inside | G=E W=20 5/32“ 20,050,560 | About 98% angular crystal-
Cross Coil Coated line, 5 microns or less in
Drum, size; 2% rounded semi-opague,
10 microrns or more in sizez,
Mild Steel G-E W=20 5/32" 14,839,680 | About 80% rowund black or red-
Blanks Inside Coated dish brovm specks, 1 microns or
Bopth. less in size; 20% slightly angu-

lar crystalline, 10 microns or
less but mostly about Smicrons
and large number reddish brown

specks too small end pumerous

tc count,
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FUE OR DUST PRODUCED BY ARC WELDING (Conmtinued)

liaterial 3eing { Electrode | Size of Perticles Characteristics of Dust
Welded Used Electrode | Per cu. 4. | Particles, (Sizes and Per-
centages Estimated)
1/2" Soiler 5 Tleet- 5/32" 11,441,280 Avout 80%engular crystalline,
Tlate Inside weld 3 microns or less in size;
Rocth, Coated 10% round semi-opague, 10
microns or more in size; 10%
opagque scale like, 10 mi-
crons or less in size. Count-
less mumber of minute par-
ticles, reddish brownsmudge.
1-1/=" 1i1¢ %5 Tlesis, 3/16" 119,861,793 | About 957 angular crystal-
teel xpan- weld line, 3 microns or less in
sion Joint In- | Coeted size; 5% rounded semi-opeque,
side Sooti 10 microns or less. Count-
less number of particles
reddish brown snudge.
1/2" zolled =5 Tleet- 2/16" 2,268,600 A1l perticles 5 microns or
Steel weld less in size; ebout 103
(55,000= per Coeted enguler semi-opague.
5Q, in. Tensile
strength) In-
side B8+Zo0t
Zie. drumcreer
head of closeil
end.
Welcding Tlenge | liurex 3/32" 2,756,480 All perticles Z microns or
on 4" Steel Coeted less in size; slightly
Line Pipe, In- angular, glass-like; dark
side Eootn, grey smudge,
5/8" Zoiler #5 Fleet- 5/32" 490,880 | About 75% round, metallic
~late Inside weld opaque, 5 microns in size;
Bootl. Coated 25% semi-opaque, crystale
line., Courtles: number of
minute particles N
Welding Ziv- =5 TFleet- 5/32" 6,456,960 About 90% sharply angular
ets in weld crystalline, about 1 micron
Courtney zdze | Comted or less in size; 10%

Inside Cruck-~
ing Coil
Soaking Urum,

rounded semi-opaque, 5mi-
crons or more, Countless
number of minute particles,
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FIIE OR DUST FRODUCED BY ARC WELDING (Coztinued)

Coil Vapor=-
izer (1Mild

Steel Alumi-
num Costed).

Material Being | Electrode | Size of Particles Charecteristics of Dust
Welded Used Flectrode | Per cu. ft., | Particles. (Sizes and Perw
centages Estimated)
18-8 Stainless | Staimweld 5/32" 849,600 | About60% slightly angular
Steel Bumd st A semi-opague, S microns or
Top of Soaking | Costed less in size; 20% rounded,
Druz Manhead over 10 microns; 20%
very gless-like, 10 mi-
crons or less.

"1/2" Boiler G=E W20 3/i6" 2,222,400 About 80% semi-opaque, red-
Flate to €" Coated dish trown rownded, crystel-
Pipe Inside line, 5 microns or less; 207
Bootrl, rouné glotules of metal 5

microns ormore in size.
Countless number of srell
particles,
1/2" Boiler Roebling 5/32" 26,592,480 | About 90% tleck opaque, 1
Plate to €7 Iron micronor less in size; 5%
Pipe Inside Rod roundedmetallic globular,
Booth. 5 microms or less; 5% slight-
ly engular, semi-opague,
crystalline, 3 microns or
less. Countless number red-
dish brown particles.’
Back Welding Fleetweld 5/32" 362,496 About 957 black opague
8 Flange on #7 metallic, 2 microns or
8" Standerd Coated less; 5% angularcrystalline,
Pipe in Outa 5 microns or less. Count-
side Welding less number of reddish
Stop. brown particles.
Back Welding Fleetweld 5/32" 1,000,640 About 959 black opeque
& Flange on #7 metallic, 2 microns or
6" Standard Coated less; 5% ansular crysta-
Pipe Imside 1line, Smicrons or less.
Booth, Countless number of
black particles.
Welding Riv- Fleetweld 5/32" 6,253,056 About 95% angular crystal-
ets Inside $#7 line, Smicrons or less,
Cracking Coated mostly arownd 2 microns;5

semi-opague, round, § mi-
crons, Countless mumber of
bleck particles.
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FUME OR DUST PRODUCED BY ARC WELDING {Continued)

Meterial Being | Electrode | Size of Particles | Characteristics of Dust
Welded Used Electrode | Per cu. ft. | Particles, ({Sizes and Fer-
centages Estimeted)

Welding 2" Ring| Fleetweld 3/16" | 27,662,976 | All particles less than 2

on 1" Mild #7 microns, 70% round, opague;
teel Boiler Coated 30% slightly engular, crystel-
Flete line, Cowuntless number of
Inside Sooths black perticles, reddish

brown snudge.

1i1c¢ Steel Steinweld 5/32" 2,605,440 | All particles black opegue,
Screp Fletes A 2 microns or less in size,
Irsicde Sootkh, Coated

KeoS Steel tainweld 5/32" 12,460,800 | About BO: anguler opaque, 2
Insicde A microns or less; 20% slight-
Sooth. Comted ly erngular crystelline, 5§

microns or less. Countless
nurber tlack particles,
brownish grey scudge,

The U,S.Kaevy recently conducted some extensive tests with costed electrodes,
and found that the guantity of dust or fumes developed while welding on gelvenized
steel plete was greater than wnen bare steel plates were used and the dust remain-
e¢ iz suspension for far longer periods of time, It was also found that the
averagze size of the dust particles was 0,27 microns and thet there were 130,000 par-
ticles under four microns dimmeter per cubic centimeter, Quoting the Navy report:

"1t is epparent that considerable gquantities of dust are found in anmy arc
welding operetion. The dust formed when operating on plein mild steel
or corrosion resisting steel is largely derived from the flux costing on
the electrodes, as is shown by the camposition of these dusts".

Whet Physiolozical Effect on Welders is Produced by The Use of Coated
Electrodes, According to & study made by Uoctors A.Te Doig and A, P.G. lcLaughlin
on lungs of Electric Arc Welders (Lancet - V,20; 771 - 775 (April 4, 1936)), defi=
nite pulmonary lesions which gave rise to striking X-ray changes in the appearance
of the lungs were found in welders which had breathed the dust or fume from coated
electrodes. Quoting Doctors Doig and McLeughlins

"The electrodes or welding rods which contein a core of metal and an
ovter covering are consumed gradually by the heat generated (about 1500°C, )
during the welding operation. The metal in the core of the rod becomes
molten and, assisted by the flux contained in the covering, spreads over
the surface of the metel which is being welded, The fume is therefore made
up of the volatilized constituents of the coverings of the rods together
with fine particles of oxidized metal, usually in the form of iron oxides.
In addition the fumes probably contain gases such as nitrogen peroxide and
ozone wiich are formed by the action of an electric spark on the air, The
composition of the coverings of the electrodes or welding rods becomes, in
the circums=ances, a matter of some importance. Many subs<ances, all of
wiich we do not propose to enumerate, are used. The basis of the mejority
ol the coverings is sodium silicate wnich sets as a flux, Again, the

1
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coverirgs of a certain type of electrode contain asbestos. The rods are
sometimes dipped in & mixture containing powdered asbestos and sodium sili-
cete, or msbestos yarn is wound round the rod a&nd fixed by sodium silicate.
In some cases the asbestos completely covers the rods, and in others it is
merely a cord which is wound spirally about the rod.

"The composition of the fumes arising from electric welding electrodes
has not yet been fully investigated. 1Mr. L.C. McNair, H M, Engineering In-
spector of Factories, has however had partisl analysis mace of the fumes
evolved from an asbestos-covered electrode end some asbestos fibres were
found. Whexz the particulete matter of the fumes was collected in anOwen's
dust-counter, it was seen thet & large proportion consisted of iron oxide
particles, with an occesional asbestos fibre,

"The X-rey appeerances in the well-marked cases differ from the usual
picture of asbestosis, In none of the positive cases and in only one of
the suspicious cases was there any blurring of the diaphragmetic shedow,
and ir no cese was the heart outlined blurred, The line of the interlo-
bar septum (& feature present in a nmumber of films of cases of asbestosis)
is seen in only one positive case, The opacities in the films are not ac-
centuated at the bases of the lungs, but on the contrery the upper lumg
fields appear to be the earliest, and in established cases, most markedly
effected, Before esbestosis can be elimineted from the differential
diagnosis it must be remembered that the asbestos fibres are being subjected
to intense heat and are not in the same physical state as the fibres which
are inhaled bty workers in an asbestos factory. It is possible that a
typical picture of msbestosis might be produced by the inhaletion of slter-
ed asbestos, Merewether says that - Ythe radiographic appeasrances of the
developed or advenced states of asbestosis are distinctive, although they
ere not specific, While, as is the case with silicosis, certain radio-
graphic appearances maey be looked upor as typical of the disease, freguent-
ly modifications of and departure from the typical picture occur'., The
X-rey appearances in our cases most closely resemble those of a fine sili-
cosis, but the clinical features show two important differences. In the
first place, the electric welders whom we examined are all in good health
and are it to work. The only symptoms observed were slight cough and
morning expectoration, and in the first case & small haemoptysis occurred.
This man has not been away from work even for a day since he was first
seen in June, 1833, and his health at the present time is good. None of
the men suffers from dyspnaen. Secondly none of them has concomitant
pulmonary tuberculosis, ’

"Miliary tuberculosis can be ruled out of the differential diagno-
gls for clinical reasons, and to same extent on the radiological appear-
ances. None of the cases shows the dyspnaeas, cymnosis, and tachycardia
of acute or subscute miliary tuberculosis, Chronic or healed miliary
tuberculosis is rare and it is difficult to imagine thet a condition of
such rarity would be found in €6 out of ome group of 16 men. In the
X-ray films of the welders' chests the fine opacities are irregular in
size and shape, whereas in miliary tuberculosis of the lung the shadows
are more uniform,

"A further possible explanation of the X-ray sppearances in this
series of cases is that the inhalation of small quantities of nitrous
fumes together with the superadded effect of fine iron oxide dust might
set up small areas of chronic inflarmatory change, conrestion, or fi-
trosis iz the lungs. Again. the iron oxide perticles might be opaque
to the X-rays and produce the picture without the associeted presence
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of fidrosis and congestiom "

2. OXY=ACETYIENE "LLDING:

-3 T

(xy-acetylene welding is more or less confined to

small repeir jobs or to certain emergency operations where arc welding is not

availatle or practical.

Exposure of men doing welding is more or less irregu-

ler. They usuelly wear Americen Optical Ccmpary or Willsor Welding Goggles

with #4 Noviweld lens.

The amount of dust procduced by oxy-acetylene welding

is considerably less than that ceused by the use of coated elecirodes in arc
welding, eard varies considerably with the style tip and welding rod being
used as well es the meterial welded, as is shown by the following tabtle:

DUST PRCLUCED BY CYXY=ACETYLENE WELDING

W W W W W W W W W o M oW ow ow W ONOE N W W W

lieteriel Seinz | Welding Rod | Tip Used | Perticles Per | Cherscteristics of Dust
Weided Cu, Ft. Perticles (Sizes and Per-
. certages Istimated)
Celvarized Lorviey tirco 39€,480 Lbout 70% slightly exngular,
lletal Eood 5/32" =L semi-opacve, grevish, 5 mi-
Welding Shop. crons or less; 20% rowmced
semi-opeque, greyish crys-
talline, 10 nicrons ormere;
10% emorphous, scale-like;
10 microns or more in size,
1/4" x 2" Ber | Oxweld cop- | Airco 50¢,760 About BO% black opague, 1
Iron, welding perized #8 micronor less in size;abort
Sror. steel 3/16" 207 rounded, crystalline;
: S micronsor less in size,
1/2" Soiler Oxwield cop~ | Oxweld 1,019,520 About 80% round, sezmi-opague,
Flate, Soft perized #6 5 microns or less insize;
teel, Weld- steel 1/8" 10% anguler crystalline,
inz Shop. Cowntless mmber of small
black perticles,

‘ 1/8" Gelven- Oxweld cop- | Oxweld 1,355,360 About 807 rounded, semi-
ized Shreet perized #6 opaque, dark grey, 1 micron
Iron, Weld- steel, or less insize; 10% slightly
inz Shop. 1/8" angular crystalline, 3mi-

crons or less; 10% sherply
angular crystalline, 5 mi-
crons or less; countless
mmber of small dark grey
particles,
vwelding Teeth | Sirmons Saw | Aero= 1,472,640 About 98% round black opague,
on Band Saw, Welding plane about 1 micron orless in
Rod. 3/64" |#2 size; 2% slightly angular,

erystalline, 3 microns or
less in size, '

- BURIING OR CUTTING OPERATICNS:

1. WITE CIY-ACZTYIZUE:

EM001527
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aend the demolition of process equipment and works structures. It also pleys
an important part in emergency end rescue work. Goggles with shade #5 ilovi-
weld lens are provided and their use is required. At the larger plants men
with en average service credit of six years spend about three-fourths of
their working time on cutting or burning operations (ebout half their time
is given to "burning steel” for new construction), The amouni of dust pro-
duced is usually greater then that causec by oxy-acetylene welding,

DUST PROCUCED BY OXY~ACETYLELZ BURNING

Material Being Particles | Characteristics of Dust Particles
Burned Tip Used | per cw £t, | (Sizes and Percertages Estimated)
Burning 6" Oxweld 1,869,120 About 75% rownd black, 2 microns
Flues (1-1/2" | #2 or less in size; 20% slightly
thick) Qut of anguler, crystalline, 2 microns
Shell Still. or less; 5% opague, scale-like,

veriouvs sizes,

1/2" Boiler Oxweld |[2,718,720 | About 9C semi-opague, bleck, 2
Plate (soft 4 microns or less 10% round, dark
steel) grey, over & microns in size,

2, WITE RATIPAL GAS: A lerge part of the burning or cutting at one of the
larger southern refineries is dome with oxygen and naturnl ges (60 pounds

per square inch pressure), A special torch with a 1/16" x 5/16" <ip mede in
the refirery shops is used. Two men with sn average service of thirteen
years spend & mejor portion of their working time on this neturel gas., They
wear goggles with -5 shade Noviweld lerns, Sarples taken while burning holes
in 3" s*tandard pipe in the yard outside of welding shop with oxygen and natu-
ral gas had a concentration of 471,811 particles, ten microns or less in size,
per cubic foot. About 75% of these particles were slightl: angular crystal-
line irn appearance under the Kornimeter microscope, and were five microzs or
less in size; 25% were rough scale-like, opacue, ten microns or less in size,
There were also many minute particles,

- HEALTH BAZARLS PRCDUCED BY WELDING AND BURNING OPERATICKS:Although our
study was confined to the fumes or dust produced ty Welding and Cutting opera-
tion the possibility of lead poisoning from welding or ecutting iron plates
that have been previously coated with red lead shovld be pointed out, Lead
poiscning frem this source is rather common, especially in cutting up old -
scrap, bridges, tanks, and other iron struvctures that have through many years
of use received protective coatings of red lead. The action of the flame
volatilizes this lead material and creates a smoke that is poisonous. The
same hazard exists in cutting out rivets in new structures,

It should also be pointed out that some of the weldirg rods contain
manganese vhich is very poisonous when taken into the body. There is an ap-
parent hazard from volatilizing this material, or rather changing it to the
oxide of manganese, and breathing the fumes produced. There are further dangers
from carbon monoxide end oxygen deficiency owing to the use of gas-cutting or
welding flames inside small tanks or similar confined spaces,

It is becoming more axd more recognized that persons engaged in cutting
and welding operations, either by erc or flame, should have respirstory protec-
tioa, irn all work where there is e possibility of the workmen breathing fumes

ancd dus<s created, '
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V1 - GRINDING OPERATIONS

Fower grinders are perhaps the most universally used of the small power-
driven tools, The usual power grinder, commonly known as the emery wheel, consists
of & cast metal stand ernd two abrasive wheels mounted on a through sheft which is
either belt or motor ériven. There are also several grinding wheels, such es are
founé on machine tool egquipment where grinding tekes the place of lathe enc plener
work, All grincding operatiors produce dust to & greater or lesser degree, depending
on the composition and construction of the wheel, the materisl being ground and the
ventilation or exhaust hoods provided,

Whet is the Composition of Grinding Wheels? Grinding wheels are made of
either beurite wrnich is mined, or silicon certide which is made by hesting & mixe
ture of guartz sexé, coke ancé comuon selt in an electric furmace. The bewsdte or
silicor certide are crushed to the desired grein size, mixed with ar adhesive sube
stance celled & bond, end formed into wheels, discs, cones or cylinders. There ere
rery wheels in which the binder is shellac, rubber, bakelite and other orgenic cam-
pounds. 3Zauxite wheels are known in the shop as "Alundwm" and "Aloxite", while
silicon cartide wheels ere known as "Crystolon" end "Carberundum". Alundum wheels
sho:lé be used or meteriel of low tensile strengths such as cast iror, brass, aluxi-
num, copper anc mardles

Is teresive Zust Hermful? According to Dr. W. Irving Clerk in & paper reed
et e meeting of Govermment 0fficiels in Industry (Boston - May 21, 18931) the artifi-
cal atrasives, eluzinur oxide ené silicon carbide do not corntein free silice and
treir dust cannot produce silicosis, The dust, like any other inorganic dust, cen,
hewever, if breathed for a long pericd of time in lerge guerntities, produce en X-rey
picture similar to that of emrly silicosis, This picture chenges very slightly as
vears of exposure increese, and at no time are the nodules, characteristic of sili-
cosis, evident, TUnlike silicosis, there is no progress in the process after expo-
cure ceeses anc there appears to be no marked physical disatility. Although there
is no silicosis, the X-rsys do show signs of pneumoconiosis.

Carborundum dust, chemically, is silicon carbide. According to Miller and
Seyers (U.S,Pub,Eealth Rep. Vol. 49 #3 of Jan. 19, 1934) carborundum dust when inp-
Jjected into the peritoneal cavity of guinea pigs produced no reaction and was termed
"inert". ©Iusts such es gquartz end flint - silicosis producing dusts - produced a
proliferetive reaction,

Leroy U. Gardner (U.S,Pub,Health Rep, Vol. 50 #21 of May 24, 1935) reports
thet cartorundum produces precticelly no reaction when inhaled by guinea pigs in
high concentrations over & period of time, Quoting from Dr, Gardner's article, the
part pertaining to carborundum dust:

"The dust which does reach the tracheobronchial lymph nodes apparent-
ly lacks the proper physiochemicml properties to stimulate any but a very
slight proliferation of cornective tissue. In the lungs, there is prec-
tically no fibrosis.™

The Jourmsl of the Americen Medical Association (Notes and Queries 103, 1472,
1934) makes this statement regarding the health hazard of breathing dust from arti-
ficiel abrasives:

"Cnly silice (Si02) is capable of inducing silicosis, but any other
mineral dust under conditions of prolonged and gross exposure may cause
some increese in pulmonary fitrosis., I the relative potential harm of
silice is reteZ es 10C, %hese other non-toxic minerel dusts mey be rated

'
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only on the order of 5 or 10."

Despite this comparatively low rating of harmfulness of these dusts it is
generally considered advisable to use dust hoods and exhausts wherever practical as
there is clinical evidence that workers exposed to heavy concerntrations of dust of
any kind are more liable to develop diseases affecting the nose, throat and chest
during the winter months than those not exposed to dust, Dr. Clark believes that
an effort should be made to keep the dust count below twenty million particles of
less than ten microns per cubic foot of air,

1, What are the More Freaquently Used Types of Crinders, the Quentity and Charscter

of the “Dus* They Produce? The grlnders most commonly found in the refineries anc as-
sociated activities are:

A - TANDEM FLOOR TOQL GRINDERS: Tandem floor tool grinders, the most fre-
quently used type, are in most cases motor-driven and operate at a speed of from
1450 to 1850 R, The type of wheel or grinding media selectec depends upon the ma-
teriel to be ground. Generally speaking, the wheels found in most of the machine
shops end wood working shops around our refineries used:

1-1/2" x 10" Norton Alundum (Grade P, Grit 46) wheels for
sharpering tools end for general se-vice grinding.

1-1/2" to 3" x 14" Carborundum wheels for miscellaneous
grinding,

3" x 16" Carborundum (Grit 30, Grade K) wheels for grind-
ing lathe and other machine tools,

Scmetinmes two different wheels are used on tandem tool grinders; for example, & 2" x
14" grain 24, grade Q Norton Alundum vitrified wheel on one side ané & 2" x 14" grein
44, grade M Alundum wheel on the other side,

The emount of dust produced by the operetion of tander tool grinders depends
primerily upon the camposition of the wheel and the hardness and cheracter of the
otject being ground. Theoretically, the operating speed and the pressure should
also be determining factors, but these were not studied, The following are average
dust counts of particles ten microns or less per cubic foot in samples taken in the
breathing zone of the person using the grinder during the grinding of various ob=-
Jeets on various wheels of tandem floor grinders:

) Particles per
Operation cubic foot

Grlnding Cast Iron on 2" x 12" Aloxite (46M Grit) Wheel..,...... 11,648,960
& Steel Sleeve on & 1/2" x 10" Carborundum Wheel....... 8,127,840
" " Hard Steel Chisel on a 5/8" x 8-1/2" Alundum Wheel... 7,476,480

" room " " *om1/2" x 10" Carborundum Wheel.., 1,670,880
n n n " " ”" 1 3/4" x loﬂ 1 " ‘e 906 R 240
" " Pneumatic Tool Steel Chisel on a 3-1/2" x14" Norton

Alumdum (3836 ~ 0.5B) Wheel......ovveeeonsesoonnseenne 1,869,120
" " Chisel Bar on the same wheel (3836 = 0,5B Alumdum)... 4,134,720
" " Tool Steel Chisel on & 1" x 10" Cartorundum (Grain

46M) Wheel.i.oveerennnnnnnns et tr et taenaaaeas eceees 2,594,112
n Tool Steel on a 2" x 14" Alundum (24 grain grade Q) Wheel 396,480
" " " (44 "My o 1,018, 520
" a Lathe Tool on a 1/2" x 12" " (Grade P) Wheel...... . 339,840
n [} n [ " ( " R? .. 1’331;040
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Particles per

Operation (Continued) cubic foot

Grindding a lathe Tocl an & 3" x 16" Carborundum (grit 30,grade K)
Wheel........ 362,496

" Mild Steel on e 1-1/2" x 10" Alundum Wheel.............. 6,655,200

" Steel Dies on & 3" x 14" Carborundum Wheel..vveveevsonee 56,640

" Squaring Shear Blades on & 1-1/2" x16" Carborunduz Wheel. 2,577,120

Dust Produced By Cperation of Tandem Floor Grinders, As would be expected,
there is ® wide verietion in the appearance of the dust particles under the Koni-
meter microscope. These examples however. will give sn 'idea of the cheracteristics

of +he dust produced during the operation of Tendem Floor Grinders:

‘P o T W A I A A W WD W W W ) M ul W WY U s s Wy O W e s e s s

leterial Being Size of Characteristics of Dust Particles.
Ground Wheel Tvpe of Wheel | (Sizes and Percentages Estimated)
AT o= 3" Mild 1-1/2" x 10" |Alundum About 70% mnguler crystelline, §
Steel Gar (crit 4s, microns or less in size; 30¥ me-
Grade P) tellic shreds; 10% white opague,
slightly enguler, over 10 microaus;
many small bleck specks.

Tool Steel 2" x 14" Alundum vit- About 90% angulaer crystalline, 2
rified (Grit microns or less in size; 10%
44,Grade M) opague, 1 micron or less insize.

Tool Steel 2" x 14" Alundum vite About 80% round, semi-opaque, 10

(Same ma- rified (Grit microns or less in size; 40%

terial e&s 24, Grade Q) angular opague, 5 microns or less

ebove) in size,

Lathe Tool 3" x 16" Carborundium About 75% round, crystelline, 5
(Grit 20 microns in size; 25% slightly

Grade X) anguler,

Chisel Ber 2-1/2 x14" |Alundum About 70% slightly angular, 3

(3836-0, 58) microns in sire; 30% black,
opague, metellic. B

Pneumetic 2-1/2" x 14" {Alundum About 98% round, black. opague,

Hend Tool (3836-0, 5B) one micron or less in size,

Steel

Chisel

Lathe Tool 1-1/2" x 12" |Alundum About 50% angular crystelline,
(Grade P) 2 microns or less in size; 50%

round, bleck, metallic, 1 mi-
cron or less in size,

Lathe Tocl 1-1/2" % 12" |Alupdum About 75% anguler ¢rystalline,

(Same as (Grade R) 2 microns or less in size; 25%

above) rowmd, black, metellic, 1 mi-
cron or less in size,
'
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DUST :ROCUCED BY TANDEM FLOCR GRINDERS (Concluded)

Material Being Size of Characteristics of pust Particles.

Grownd Wheel Type of Wheel (Sizes and Percentages Istimeted)
Cast Iron 2" x 12" | Aloxite About 857 sharply anguler, crys-
(arit 46, talline, 5 microns or less; 10%

Grade M) rounded engular crystelline, over

10 rmicrons; 5% opague scale-like
metallic, 1C micrors or less;
lerge number of black metellic
specks.

Where "hard" wheels are used for grinding soft cast steel, about 98% of the dust per-
ticles are metallic &nd less then one-helf micron in size,

With the exception of a very smell number of men who devote about 25% of
their working time to actual grinding, there is a very wide varistion in the nucber
of mer exposed and the length of such exposure to dust produced by the operation of
tandem floor tool grinders. In only ore cese was & respirstor worn. Goggles have
been provided and their use required in most cases,

B - TANDEM BENCH GRINDERS: These grinders are small in size and are used for
sharpering small tools and light grinding. They are sll motor driven and operate at
about 3400 R, P.M. Different grade wheels are used, usually 1-1/8" x 8" Carborurndum
(Grein #80) on one side, and on the other a 1" x 8" Carborundum (Grain #90). The
amourt of dust produced by the operation of tandem bench grinders varies with thema-
terial being ground arnd the composition of the wheel but these averege dust counts
are fairly representative:

Cperation Particles per cu. f't,
Grincding Cold Chisel on 1-1/8" Grain 780 Carborundum Wheel.... 5,909,440
" " n u 1‘1 x 8" " #90 " n cees . 8,401,600
" 1/2" Boiler Plate on 1" x 8"#90 it "L ... 12,460,800

" Berd Steel Chisel on 5/8" x8-1/2" Alundum
(Grain 46, Grade P)ivieiveieeeisarsoeonsvaess 7,476,480
Dust particles in samples taken during the operation of the tandem bench
grinder have the following characteristics: -

Material Being | Size of Charscteristics of Dust Particles.
Ground Wheel Type of Wheel {Sizes and Percentages Estimated)
Medium Steel |1-1/2"x8" | Carborundum Avout 75% slightly arguler crys-
Cold Chisel (#80 Grain) taelline, 5 microns or less in
size; 20% round opaque, metallic,
one micron or less; 5% semi-
opaque, over 10 microns and look
like chips of glass.
Medium Steel 1" x 8" Carborundum About 80% round cpaque, 2 microns
Cold Chisel (#90 Grain) or less in size; 20% slightly angu-
(Same tool &s ler crystalline, 5 microms or
Above) less in size,
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DUST PRODUCED BY TANDEM BZNCH GRINDERS (Concluded)
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Material Being| Size of Characteristics of Dust Particles,

Ground Wheel Type of Wheel (sizes and Percentages Estimeted)
1/2" Soft 1" x 8" Cerborundun About 90% round, black, metallie,
Steel Boiler (#90 Grain) 2 microns or less in size; 10%
Plete (Taking slightly angular crystelline, 5
off rough microns or less in size,
edges)
Eerd Steel 5/8" x Alundum About 85% round, bleck opeque, 2
Ciisel g-1/2" (Grein 45, microns or.less in size; 159

: Grade P) rouwnded crystalline, 10 micromns

or’ over,

C - SINGLE FLOCR TOCL CRINDZIZS:
They rance in size from 1" x 10" motor-driven (1750 RPM
The larger size is used for heavy grinding such as blanks

in use,

telt-driver. (1250 R¥M).

There are only & few sin§le floor grinders

to 2-1/2" x 20"

and large tools; the smaller sizes for sharpening tools and miscellaneous grind-

irg, The wheel on +he large grinder is Carborundum (#9C Grain),

For the smeller

size class Grein 468, Grede M Carborundum wheels are used on the 1" x 10" andé Greixn

24, Grade 'Q Alunduc wheels in the 1-1/2" x 14" size,

Semples taken during the opera-

tion of Single Floor Grinders had dust coumts as follows:

Cperation

Particles per cu, .

Grinding Tool Steel on 1-1/2" x 14" Alundum Wheel

(Grain 24, Grade Q)iv...ove..

679,680

“evs e

" Chisel on 1" x 10" Carborumduc Wheel

(Grain 46, Grade M).

2,594,112

" 1/2" x 4" Mild Steel Ber om 2-1/2 x 20"

Cerborundum Wheel (Grain 90).e.eosss

4,451,904

Tre hoods which almost completely enclose these wheels act &s practicel dust collec-

tors.

Dust particles produced by the foregoing grinding had these characteristics

wrnen examined under the Konimeter microscope:

liaterial Being Size of Charscteristics of Dust Particles.
Ground Wheel Type of Wheel (Sizes mnd Percentages Estimated)
Hard Steel 1-1/2" x Alundum All particles were 2 microns or
Tool Bit 14" (Grain 24, less in size. About 60% were an-
Grade Q) guler crystalline; 40% were
rounded opaque,
1/4" x 2" Mild {1" x 10" Carborundum | About 98%were black opaque, 2 mi-
Steel Bar (Grein 46, crons or less in size; 2% slightly
Grede 1) angular,Smicrons or less in size.
1/2"x4" 1'il1e 2-1/2"x20" Carborundum About B5% were slightly angular
teel Bar (Greain 90) crystalline, Smicrons or lessin

size;about 15% black semi-opague,
engyler metallic, 2 microns or
less in size,
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D - WY 'IZRSAL JRI:DERS: As the neme would indicate, umiversel grinders are
used for a wide variety of purposes and therefore are in more continuous opera-
tion than are the other grinders, with the exception of the tandem floor tool grind-
ers. There ore two “ypes or makes, the Brown & Sherpe Universal Grinder wnich hes
an operating speed of 3750 RFM, and the Grand Repids Universal Grinder which
operetes at about 3850 RMi The following ebrasive wheels are used:

1/2" x 5" Norton Co. 3846 J S5E Alundum wheel for grindirg
hardened carbon tool steel,

1/2" x 7" Vorton Co. 3846 I 8Z flundum wheel for grinding
high speed tool steel.

2" x 3-1/2" Cartorundum Co. grit &01-7-25, type 12
Aloxite wheel for grinding cese hardened steel,

©1/4" x 10" Carorundum Co. wheel used for cutting,

l'f x 10" " 1 " 1t n sharpe:‘.ing
tocls, reamers, dies and crill tits,

Samples <aken durini the operetion of the various Urniversal grinders hed
dust counts as follows:
Operetion Particles per cu. £t.

Dressing 1/2" x 7" Alunduz (3846 I 8B) Wheel with &

Mhiamond FodmtM . . it ease ittt e a e 1,397,120

(Evicerntly the clouds of dus% which come off during

dressing have particled larger than 3C microns)
Grinding Zigh Speed Tocl Steel on 1/2" x 7" Alumdum Wheel

(B840 I B2 )eeeveeeerusenoeroroonnsaocnnas 1,84€,464

" Eardened Cerbon Tool Steel on 1/2" x 5" Alundum wheel

(3846 J BB )uvecercirnrcnacinscoannenss oa 6,683,520
" Case Zardened Steel on 2" x 3-1/2" Aloxite
(Grit 401 - P = 25 Type 2)eeveen.n.. e 84,960

Cutting of? Tcol Steel with 1/4" x 10" Carborundum Yheel. ... 1,416,000

Dus% per=icles in samples taken during “he operation of Universal grinders
have these characteristics:

Material Seing | Size of Characteristics of [ust Particles
Ground Wheel Type of Wheel (Sizes and Percentages Estimated)
Dressing “heel |1/2" x 7" | Alundum About 80% sligntly angular crys-
1iith a (3846 I 8B) talline, About 3 microns in size;
"Diemond Point" 20% black opagque, round, about 1
micron or less in size,
High Speed 1/2" x 7| Alwndum About 60% opaque engular, about 2
Tool Steel (a (3846 I BB) microns or less in size; 40%
Lardls Pipe slightly angular, crystalline, 5
Chaser) microns or over in size,
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Dust perticles in samples taken during the operation of Universel grinders
have these characteristics (Continued):

Material Being | Size of Characteristics of Lust Particles.
Ground Wheel Type of Wheel (Sizes and Percentages Estimated)
Hardened Car- |[1/2"x5" | Alundum About 30% angular crystalline,
boreted Steel (2846 J 5B) sbout 2 microns or less in size;
(Pipe Grip for 705 round black opague, less than
Pipe Mechine) 1 micron in size, IMumerous black

specks too smell to cownt. Several
lerge oblong bleck opaque par-

- ticles about 20 microns wide and
35 or 40 microns longe.

Cese Herdened |2"x3-1/2"| Aloxite £11 particles bleck opague, 1 mi-
Steel (Flung- (Grit 401-FP- cron or less in size,
ers for Fill- 25 Type 12)

ing Mechine)

£ ~ SURFACDZ GRINDERS: Surfece grinders are used elmost exclusively on velves
end cies, They ere eguipped with either 1/2" x 8" Norton Alundum (1946Z) wheels or
1/2" x 4" o 6" Carvorundum (Aloxite) wheels. Yo dust collectors are provided, the
cdus*t being thrown out into the atmosphere. Samples teken during the operation of
surface grinders haé the following dust concentiration (10 miecrons or less):

Operation Perticles per cu, fk,

Grinéing Soft Cast Steel Valve on 1/2" x 6" Carborundum

Aloxite Wheel.......ivviivinnn. cesaea 56€,400
" Tool Steel Die on 1/2" x 8" Alundum (1946EH)
WNEELt et venn s veneeneenreneennenanons e 1,019,520
Dressing Surface of 1/2" x 8" Alundum Wheel with a "Diamond
Point et ettt e e eeeans v 1,132,800

About 70% of the particles from grinding the steel die were metellic, 3 mi-
crons or less, whereas 98% of the particles from grinding the soft siteel valve were
metellic, Meny of the particles were too small to identify or count accurately,

F - LAKDIS TOOL GRINDERS: Landis tool grinders are usually equipped-with two
different types of wheels, one for side grinding and the other the ordimary type.
1-1/2" x 12" Carborundum Aloxite (Grit 40, Grade E, Bond 33) is used for general
purpose grinding such as bull chisels, diamond points, cold chisels, flanges and
scrappers, The Side Grinding Type is usually e 2-1/2" x 1-1/2" x 12" Grit 46A-P
P678 Aloxite brand AA wheel used for grinding Landis dies, At ome plant the wheels
of the Landis tool grinder ere enclosed by hoods at the rear of each of which is
attached a two=inch pipe comnected to a three-inch pipe which discharges into a
sewer, Suction is induced by & stream of compressed air from & half-inch pipe in-
serted in the two-inch pipe just back of the hand, This arrangement acts as & sy=
phon and pulls the dust away from the person using the grinder, Samples taken durw
ing the operation of Lendis tool grinders had dust concentrations as follows:
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+tiomn DParticles per cu, ft.

Drescing 1-1/2" x 12" Aloxite Wheel (Grit 40,Grade X,
BomE 33)eseccceiercnnnes 226,560
(Evidently particles in the cloud of dust thrown off by
the 2-1/%" x B" Metcalfl Emery Wheel Dresser are larger
than 30 mierons in size)
Grinding "Dismond Point"™ Chisel on 1-1/2" x 12" Aloxite Wheel

(Grit 40, Grade Hleeeesosncsresciororscaoncans ecsenecesaas 2,067,360
Grinding 2-1/2" x 6" Lamdis die on 2-1/2" x 1-1/2" x 12"
Aloxite wheel (GTit 48A<P PB78) ... ivee iveranarecnncanns .o 755,202

Urder the Korimeter microscope dust particles in samples taken while dressing
the 1-1/2" x 12" Aloxite Wnesl appeared slightly #ngular with a yellowish tinge and
were f{ive microns or less in size. About 75% of the particles from grinding the
Lendis die were round, opacue, end less than 1 micron in size; 25% were slightly
anguler crystallire, less than 2 microns, Particles from grinding the diemond point
chisel were less quartz-like than those from grindicg the die, This difference is,
of course, cue to difference in the composition of the two wheels, On en averege,
Lendis tool grirders are used about twenty hours a week, usuelly by different men,

G - YANFEE DRILL GRINDER: Used for grinding all types of drill bits, Eas &
side grindirng type 1" x 1-1/2" x 9" Carborwdum Aloxite (Grit 30, Grade M, Bond 28)
Wheel, Operating speed 1735 RRL On an average a Yankee Irill Grinder runs about
three hours a day end is used by four different men with an average service of
twelve years,

Samples isken during the grinding of & 2-5/16" high speed drill had an ave-
rege of 1,000,828 particles, ten microns or less, per cubic foot. About 70% of these
dust particles are slightly crystelline in appearance, five microns or less'in size;
30 were rounded, semi-opague, over ten microns in size, There were also a few
small metallic shreds, No exhaust or dust collector is used in this grinding,

E - AUTCMATIC CIRCULAR SAW SEARPENING MACEINE: There are a number of these
grinders in use in the wood working operations = such as in the production of wooden
barrels, boxes and crates - closely associated with the refining of petroleum pro-
ducts, Siznce they are automatic when once put in operation, there is very little
dust mzard except where no exhaust or dust collectors have been installed and the
dust produced is thrown into the filing room atmosphere, Automatic Circular Saw
Sharpering Machines are equipped with 1/4" x 8" Norton Alundun Wheels (Grain 60,
Grade N), 3/8" x 8" Norton Alundum (1946 M) wheels, or 1/2" x 6" Carborundum wheels,
The average dust produced during operation of these machines is:

Wheel Particles per cu, ft.
1/2" x 6" CarborumdWm «..o.veveransn. erieeia e eeesees 1,923,280
1/4" x 127 " e e reeie et et eaaa, ceeeneann .. 3,568,320
3/8" x 8" Alundum (1946M)...... Cerneeenaes teiiccatetnerae.e 2,095,680
1/4" x 8" " (Grain 60, Grade N)...veeveveeneiesneees.s 1,461,312

About 987 of dust particles in samples taken while sharpening circular saws
on the Carborundum wheels were black metallic in appearance, and one micron or less
in size, About 75% of the particles from the Alundum wheels were rounded crystal-
line, 5 microns or under in size, and 25% round black metallic, about one micron or
less in size., There were a number of small metallic shreds in the semples from the
thicker (/8" x 8") wheel.

I - AUTOMATIC BAND SAW GRINDER: After the Bang Saw has been inserted end the
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machine adjusted, this grinder works autometically, The wheel ordirsarily used is &
1/2" x 8" Grain 50, Grade N Norton Company Alundum. The wheel is refaced or dressed
with & lietcalf Emery “heel Dresser about twice a day. The average dust produced by
this dressing operation is 2,284,480 perticles less than ten microns per cubic foot.
About 95% cf these cdust particles are sharply angular crystalline in eappearance
under the Fonimeter microscope, and about five microns or less in size. The dust
produced curing the sharpening or grinding of the band saw blede is on an everage
only 877,920 particles per cubic foot. About 505% of these particles appear angular
crvstelline and about 507 roundé tleck opaque, All of them are sbout two microns or
less in size,

J - AUTOMATIC BLND SAW LAP GRINDER: Used to grind ends of band saw prepera-
tory to welding ther together, The grinding wheel usuelly used is 5/%" x 10" Grain
46, Grede i, Korton Compeny Alundum. No dust collector is provided although e dust
cownt as hich as 1€,142,400 perticles, ten microns or less, was found in one semple
teker ir Sront of the wheel wnile it was in operetion. The average dust produced
ty this lep gzrinder was 4,984,320 particles per cubic foot. About BO% of these dust
perticles were seci-opaque, slighily enguler in esppeerance, and two microns or less
in size; 20% were bleck opascue, ebout ome micron or less in size.

. - TLANIUG KIITE 2LADE GRIIDER: Uses & 1/2" x 8" Grein 46, Grade X, Norton
Coopery Alundum wheel, COperating speed 3000 RFIL. No hood or eny other protection,
iverzrze ¢dust produced while sherpening e Plemer Knife Blede was 566,400 perticles,
ter ricrons or less per cutic foot, About 60% of these dust particles were slight-
1y engular crystelline in appearance end about two microns or less in size; 40% were
oregue of various cizes from about seven microns or less, There were & few smell
netellic shreds,

L - LINDZRMAL CUTTER CGRINDER: Sharpens cutters fram the Linderman machine
for tongueing and grooving., Grinder uses e 1/2" x 6" Norton Alundum (Grein 60,Grade
1) cup wheel., Cpersiing speed 3000 RPIL. There is a hood guard over the top of the
grinding wneel, but nc exheust or cust collecter, although cdust counts as high as
14,386,560 particles, ten microns or less, were found at the froat of the grinder in
operetion, and 12,574,080 particles per cubic foot in the back, The average dust
produced wes ©,137,920 per<ticles per cubic foot. About 70% of these dust particles
aere round sezi-cpecue in epozerance under the Konimeter microscope, and three mi-
crons or less in size; 20% are round, globular like perticles, seven microns or less
ir. size; and 10% are metallic shreds ebout two microns wide end 20 to 30 microns long.
There are many minute crystelline particles too small end too mmerous to count ac-
curetely,

1 = GANG S4W BLADE GRIITDER: TUses & 5/8" x 10" Grain 50, Grade M, Norton
Company Alundrum wheel, operating et 1800 RFIL, A rather crude dust collector has
bteen installed, but the average dust (8,760,320 particles per cubic foot) produced
by this grinder in operation indicates that it is inadequate., About 90% of the
cust particles in samples taken during the grinding of & Gang Sew Blade were semi=
opaque in appearance and about two microms or less in size; 10% were black round,
opague, one micron or less in sige. There were nmumerous minute black specks too
small to count accurately.

N - EDGER SAW GRINDER: Uses a 3/8" x 8" Grain 60, Grade N, Norton Compamy
Alundum wheel, operating at 1650 RFM. No hood or any other dust collector for this
grinder, The low dust count, an averege of only 453,120 particles, ten microns or
less per cubic foot, indicates thet there is very little real need for such egquip-
ment. The dust particles produced while grinding an Edger Saw Blade are angular
crystelline, ebout two microns or less ir size,

0 = CIRCULAR SLAB CUT-QOFF SAW GRIIDER: Uses & 3/ " x 10" Grain X, ¥orton
'
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Company Alundun wheel operating at 1850 RFIL A rather ineffective dust collector has
been installed, but the average high dust concentration (10,931,521 particles per
cublc foot) shows that it is inadequate. About B0% of the dust particles in samples
teken during the sharpening of a Circular Sleb Cut-off Saw were opacue in appearence,
two microns or less in size; 207 were slightly engular crystalline, five microns or
less in size. There were also a large number of minute black opaque perticles,

P - "HOG KNIFE" GRINDER: Uses & 1-1/2" x 24" Carborundum wheel operating at
300 RP{. This grinder is completely enclosed by a metal hood, but the dust is dis-
charged onto the floor through en opening in the lower part of the hood, The average
dust produced by the operation of this grinder is 1,869,120 particles per cubic
foot. About 75% of these dust particles were angular crystalline in appearance under
the Kornimeter microscope and four microns or less in size; 25% were round, black
opague, two microns or less in size, T

Q « CUTTER GRINDZR:e Uses & 5-1/ " ox Z-L/ " x 1/2“ Norton Alundum wheel (3846
E B 5), The amount of cust produced depends upon the materiel being ground as is
shown by the following: :

Grinding a steel counter sinmk............ 735,320 particles per cu., ft.
" MM reEMEr....csces1000000001,015,520 " woor oo

The dust particles are about $8% opague metallic in appearance and about one micron
or less in size.

What Precautions Should Be Adopted For Sefeguerding Those Who Use Grinding
Wheels? Authorities generally agree (Jour.Indust,EByg. Vol, VII No,8 August 1925
p. 351) that workers who habitually use grinding wheels will run but slight risk of
developicg pneumoconliosis if they use certified abrasive rether than sandstone wheels
for all grinding operations and if the machines upon which the ‘artificial abrasive
wheels are mounted are properly hooded and excessive dust removed by suction.

Cortrol of Dust From Grinding, Polishing and Buffing Wheels, Exhaust systers
for grinding, polishing and buffing wheels vary widely in design, Imn the case of
grinding, the hoods used serve not only to provide means for capturing the dust but
also act to protect the worker in case the wheel bursts, The chief difficulty to be
overcome in grinding wheels, according to U, S, Public Health Bulletin No. 217, "The
Determiration and Control of Industrial Dust" (1935), is the outward sweep of air, a
fen action, due to the revolving wheel, This effect is very marked with high speed
and rough wheels and 1s so strong that in meny instances it is sufficient to counter-
act the normal inward flow of air. The same effect exists with polishing and-buffing
wheels but to & less marked degree,

Practically all industrial States have codes regulating the construction end
dust connections for grinding, polishing and buffing wheels, They also regulate the
air required for wheels of various sizes in terms of stetic suction in the connect-
ing ducts, These codes possess no wmiformity., However, the requirements designat-
ed by State codes must be followed. In States where no codes have been adopted it
is desirable to provide exhausts on all grinding wheels with a suction at the con-
nection to the hood sufficient to produce a difference of level of at least two
inches of weter between the two sides of a U-sheped tube,

A number of the wheels have been provided with suction exhaust produced by a
motor driven fan or & hood, with a two-inch pipe one end of which is immersed in a
bucket of water, The dust is drawn in by the rapid revolution of the wheels (1750
RPM). This simple arranzement is particularly effective, Three samples taken near
the cischarge of a motor driven suction fan connected'with the hood of 1-1/2" x 10"
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Slundur (Grit 46. Grade P) wheel while a tool was being sharpened had an average of
2,076,98¢ particles per cubic foot which would have otherwise been thrown into the

nechine shop atmosphere.

As pointed out by Dr. ¥W. Irving Clark in his peper "Dust Hezards and the Pre-
vention ¢f Injury from the Same" read at e meeting of Govermment Officiels in Indus-
try et Boston, liass, om liay 21, 1931, the most effective method of removing fine
particles of dust is by suction applied es close as possible to the point where they
are genereted and the amount of this suctior is great enough to overcome the dis-
persins aciiox upon the dust of the work being done. The velocity at the air ducts
of an efficient dusi removing tube should be 1500 lineer feet per minute, Quoting
Ir. Clerk:

"o metier how well a workmer is protected he -hould be kept under
medicel supervision end have & pericdic exemination of his heert
end lungs, In edditioxn, the X-ray should be employed freely in
_order to detect early signs of fibrosis in the lumgs and to show
ery signs of eerly pulmonery tuberculosis. In my experience with
viorkers exposed to inorgenic dust, non-silicous in charecter, &
vearly physical exeminetioz with en X-ray every second yeer elter
ten yeers exposure is sufficient tut it must be remembered thet
tris is the result of work in & fectory where the character of
the dust is relatively hermless snd where excellent dust rencv-
ing devices are installec on every machine where it is possible,
Wnere free silica is present ir lerge guantities the examinetions
should begin efter two or three years exposure and an X-ray should
be teken every year.

or, Clark slso states thet mer whe ere esthmatic, who suffer from chronic
tronchitls, or who heve had pulmonary tuberculosis should not work mt a dusty job.

VII . HANDLING POWDERED OR PULVERIZED MATERIAL

A lerge smount of powdered or pulverized materials ere used in the treatment
ol peiroleum products and boiler water and in the menufacturs of greases and insece
ticides, In most cases approved respiretory protection is provided and its use rew
guired when hendling the materials, Exposure to dust is usuelly intermittent and of
short duration. Among the powdered or pulverized materials used in the refining of
petroleun products and associmted activities are:

A « LIMZ: Lime is extensively used in the hydrated form end to & much lesser de

et e i

gree as lump quicklime,

l. Bydrated Lime: Used in the preparation of lime soap grease and the manue
facture of pressure gun and cup grease; also in the treatment of boiler feed-
water to "soften it". It cames in fifty pound paper bags by reilroad, usuale
ly sbout 1,000 bags to & car, According to = chemical analysis of & typical

sample, hydreted lime contains:

Fo303A1502. 00000 vese. 0.30 per cent.
CBC. eseievrnnnnsossas 73,64 " "
Y-« 6 o B X i
Insoluble Silica

Residue...., 1.01 " "

(emainder mostly Moisture and Volatile Matter)

From 150 to 350 pounds of lime mre used per batch in the menufacture of greases,
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The secks of lime are ususlly opened and dumped into the mixing kettle. Con-
giderable dust (as high as 34,890,240 perticles less than ten microns per cu-
bic foot in one sample) 4s produced by this operation. The average dust pro-
duced is 8,733,305 particles per cubic foot and the average exposure per batch
is about five minutes, The number of batches made per week varies fram one to
twenty-five, No respirators are worn by men dumping hydrated lime at eny of
the points where it is used with the exception of Baton Rouge where the wear-
ing of the MSA "Comfo” respirator is required. About B857% of the dust particles
in sampies taken while dumping lime in mixing kettles are slightly angular,
slightly opague, crystslline, in appearance under the Konimeter microscope,and
five microns or less im size; 15% are rounded, semi~-opaque, with a metellic
greyish color, ter microms or over. There are elso a countless number of very
small particles.

Orly @ szall gquentity of Hydrated Lime is used in the treatment of boiler
feedwater, About 70 pounds of lime is mixed per batch and about six betches
are made every day (24 hours), The mixirg is done by one man or each shili,
Although the exposure is very short. the mer at Ingleside Refinery weer Willson
"Dust-tite" respirstors while dumping lime. The average cdust produced curing
this opereticn is only 687,024 particles, ten microns or less, per cubic foot.
This low dus: concentration is the result of a spray of water from & two inch
pipe across the hateh of +the mixing tenk Jjust below the opening while sacks are
being dumped, Conseguently, the material is wet mlmost as soorn as the lime is
introduced, Abort 5% of +the dust particles in samples teken while the lime
was being dumped into the mixing tank were semi-angular crystalline in appeer~
ance, and from five microns or less in size, end 5% were round opaque, *wo mi-
crons or less in size, -

2, Lzmp Quicklime: Tsed to "soften" boiler feedwater, The lime used for this
purpose is Oyster Shell Lump Quicklime (97% CaO)., It cames in fifty pound
paper-lined burlap bags, and eight bags are usually used per batch. Ome betch

1s made per shift. The dumping and mixing requires about ten minutes per batch,

end the men doing this work is protected by rubber type goggles, dbut no respi-
rator. The average dust produced by handling the bags of lump Oyster Shell
Quioklime 1s 2,605,440 particles per cubic foots The average dust produced
while dumping the bags of lump Oyster Shell Quicklime into the mixing tenk is
294,528 particles, less then ten microms, per cubic foot, The handling end
durping of this Oyster Shell Quicklime produces less dust than is produced by
the hydrated lime usuelly used, About 95% of the dust particles in samples
teken during the dumpirng of Oyster Shell Quicklime into the mixing kettle ap-
peer slightly angular, crystalline under the Konimeter microscope, and are five
microns or less in size; 2% are round, semi~-opaque, over ten microns in sizé;
and 3% are black opaque scale-like, five microns or less in size,

Whet Physilpgical Effect is Produced by Lime Dust? According to the Inter-

rational Labor Office (Occupation and Health, Vol, I1I, 1934) particles of lime mix
with the sweat of workmen handling it end irritate the uncovered pores of the
skin; lesions of the mucous membranes are also set up. We are told that:

"The action of quicklime is due partly to its avidity for water
(dehydration), to the heat given off in its reaction with water,
and partly to the peculiar causticity of the alkaline oxides or
alkaline earths, Quicklime exeris essentially a local action
(on the skin and mucous membranes) irritating and caustic, which
is naturally less marked in the case of slsked lime. Milk of
lime is a feeble caustic acting only or the mucous membrenes.
The dilute lyes are only caustic to the skin after prolonged ac=-

tior end especially when they ere warry
1
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"In practice it is the dust of quicklime and slaked lime, given
off in the course of manufacture and menipulation, which gives
rise to the well known lesions. This very fine dust is deposit-
ed reedily on the mucous membranes end skin. When inhaled it
may penetrate as far as the respiratory tract.™

Although lime has & tendency to irritate the mucous mexbrenes of the respira-
tory trect, it is not considered particulerly hazardous when breathed in small
guantities at intermittent intervals. Eowever, complications may result when a
lerge amount of the dust is bremthec more or less regularly. Therefore, it is
Gesiretle to wear an approved respirator such as the MSh "Camfo" or the Willson

"Dust-tite",

B - METLIIID ZIKC IZUST: DMetallic zine dust (9C% through 300 mesh) is exn izportent
cons+tituer: in Pipe Threed Coating Compound., About 1500 pounds of this meterisl is

vsed per beich, and ebout fifty batches ere made per month. The zine dust comes in
400 pounc wooden kegs or 500 pound steel drums. According to & chemical anslysis,
this zine dus* is 9%, 207 metallic zine and O, BOY zinc oxide (Zn(). The particle size
distribuzion of a typicel sample es determined by a standard screen enelysis is:

A11 through 120 mesh screen

3.76% retained on 200 mesh
2. 04% " 1 2 £0 "
22, 24% " "o oz2s M

The zine cust is dumped from the keg or drum onto & metal sheet in froct of the ket~
tle end shoveled into the kettle by two or three men (with an average service of
ebout three months) from the Gemerel Lebor Depertment. This is a very dusty opera-
tion, COne sample teken during the shoveling of zinc dust had as high as 68,760,960
perticles per cubic foot of air the average concentration being 28,331,328 par-
ticles, less than ten microns, per cubic foot. The workmen are exposed to this dust
about thirty minutes per batch or approximately 2-1/? hours per month, They wear
dus* respirators. About 95% of these dust particles are derk grey, opague, anguler
in appesrance under the Korimeter microscope, and about five microms or less in
size; 5% appear slightly angular, crystelline, ten microms or less in size, The
crystelline material is prodetly zinc oxide,

Whet Thvsiologzicel Effect is Produced by Zine Dust? though zinc oxide (Zn0)
procduces definite physiologicel effects, metallic zinc dust does not seem to affect
tne person breathing it other than that caused by the inhalation of amy inert dust,
Nevertheless some investigators are of the opinion thet zinc is not entirely inert
and hercless. Certeinly it is not as harmful as lead or arsenic, but the United

tetes Public Health Service has certsin limitations on the smount of zinc that is
pernitted in drinking weter. According to Nuck, E, Remy, and F. Foltzmenn (Jour.

Indust. Hyg., Vol.12, 1930, page 171 Ab,) Zinc dust cen ceuse lumg trouble after
being inhaled in large gquantities. Zinc dust is also very definitely explosive.

C - ASDESTOS "FLO:LT": Float asbestos iz used in the memufacture of tractor lubri=

cants., t comes in 150 pound cloth bags by reilroad, about 2000 bags to a car.
From 200 to 3000 pounds are used per batch and from two to fifteen batches are made
per month, The bags of asbestos float are dumped into the mixing kettle by three
men with an everege service of twelve years. These laborers are exposed to dust
about forty minutes per batch. Dust concentretion as high as 8,269,440 particles,
texn nicrons or less in size, per cubic foot are produced during the dumping of as-
bestos floet, the averare being 3,058,560 perticles per cubic foot. About 987 of
trecse perticles ere slightly enguler, round, itrensparent in appearance wnder the
rorimeter zicroscope. and iwo microns or less in site; 2,7 ere round, semi-opaque,
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plate like, five microns or over in size,

Recent investigations have indicated that the inhelation of asbestos particles
ten microns or less in size is even more hazardous than was originelly believed, and
that in order to prevent harmful effects concentrations should be kept below five
million perticles (10 microns or less) per cubic foot. The physiological effects
have slready been discussed under "ASEESTOSIS" so need not be given any further con-
sideration. Men handling asbestos float should be reguired to wear approved respi-
rators,

D =~ GROUND MICA: Ground mica (80 mesh) is used in the manufacture o axle grease,
It comes in 100 pouwnd burlap bags., About fifty pounds of grournd mice is used per
batcl and en average of five batches are made per month. The period of exposur:

will not exceed ten minutes a betch., Hendling groumc mice produces arn averege of
2,577,120 particles ten microns or less in size, per cubic foot, About 60% of these
perticles are <ransperent irregulerly shaped scale like in appearance under the
Konimeter microscope, and five microns or less in size; aebout 407 are over ten rmi-
crons ir size, The trensparent plates have smell lines or fissures end appear to
contein sxall air bubtles,

Although ground mice hes never been considered a hazerdous dust, scme recent
studies made among the workers in North Carolina indicate thet continued exposure to
large quantities of ground mice over a period of years will produce e fitrosis., How-
ever, there is very little probatility of any trouble where cencentrations are kept
below 10,000,000 particles per cublic foot of air and where the exposure to mica dust
is such & small percentage of the employee's working time.

E ~ SULFEGR: Sulphur flour is used for sulphurizing cutting oils and in the
preparetion of speclal lubricants for hypold gears, Crude sulphur is used in the
menufacture of sulphuric acid and in the treatment of gesoline and naphtha for re-
movel of impurities such as the mercaptans.

Sulphur Flour; Sulphur flour comes in paper-lined wooden barrels, 100-poivmd
clotn t bags, or 150=-pound dburlap bags. About 2500 pounds of this sulphur is
dumped into the melting kettle dy two men with an average service of twelve
years, once & day. Thelr exposure to the dust which results from handling
and dumping the bags, an average of 1,540,608 particles, ten microns or
less, per cubic foot, is about fifteen minutes per men per shift onean ave
rage. No goggles or respirators are worm. About 90% of the dust particles
in semples taken during the dumping of the sulphur flour were slightly esngu-
lar crystalline in appearance under the Konimeter microscope, and five mi-
crons or less in size; 10% were semi-opague, rounded, and over five microns
in size. The larger particles appear to contesin smell air bubbles, There
were also a nmumber of very small specks,

About 370 pounds of flour sulphur is used per batch in the preparation
of hypoid gear ludbricant. Two batches are made per week on an average.
The exposure to tl.e sulphur dust is only about two hours per week on an
average. Since the sulphur is dumped into drums of oil being agitated by
a rapidly revolving propeller type mixer more dust is produced than where
the bags are simply dumped into a kettle. Samples taken during this opera-
tion hed as high as 6,910,080 particles, ten microns or less in size, per
cubic foot. The averacge was 3,783,552 particles per cubic foot. The dust
particles hed the same characteristics as those given in the preceding
parsgraph,

Crude Sulphur: Crude sulphur comes in box cars holding about 80,000 pounds,
usually froc freepor, Texes. Towers are filled with this sulphur by four
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men with an average service of eight years. It requires about two hours to
411 & tower with sbout 10,000 pounds of crude sulphur. Two towers are cherg-
ed every week, Consequently, the men are exposed about four hours a week to
the sulphur dust caused by bresking up the lumps (4,304,640 particles, ten mi-
erons or less, per cubic foot) and shoveling the crude sulphur into the tower
elevator (an average of 3,357,640 particles per cublc foot), The amount of
dust produced by this operation is somewhat reduced by the steam turmed on in-
side the elevator shaft to prevent dust explosions. About 60% of the dust
particles in samples taken while the tower wes being filled were slightly angu-
lar crystelline in appearance under the Korimeter microscope and five microms
or less in size; 35% were rounded semi-opague, ten microns or over in size; and
.BS were opaque scale like, between five end twelve micramns in size,

Sulphur dust particles are explosive bhut otherwise ere not considered hazard-
ous sny more than any of the other "nuisence” dusts, although they will irritate the
mucous membranes and the eyes after slight exposure. Conseguently, it is advis-
atle to weer rubber type goggles and approved respirators, such as the MSA Camfo

type.

In an erticle by Alde Cestari (Arch. Intern. Pharmacodynsmie, 1933, vol., 46,
Pp. 300-314) it is steted:

"Intratracheal injection of sulfur suspensions brings about ex~
cretion of hydrogen sulfide in e period of 50 hours. There are
slight exudative and infiltrative reections in the lumgs. It
is supposed that & substance similar to glutathione reduces the
sulfur to hydrogen sulfide,"

¥ « LITEARGE: Litharge i1s added to the Plumbite or "Doctor" Solution to assist in
the removael of mercaptans, other sulphur compounds end unsaturated hydrocarbons fram
gasoline and nephtha, From ome to five 600-pound drums of litharge are used in a
batch, depending upon the stoock to be treated and the condition of the "Doctor So-
lution", The litherge is removed fram the drum & shovel at a time, and ebout fifteen
minutes ere required to dump one batch. A batch is mede once a week on an average,
The average service of the men imvolved in this operation 1s seven years. They wear
MSA Comfo respirators with an approved lead filter and rubber type gogeles. All of
the work of adding litharge is done in the open air on a platform et the tops of the
solution tanks,

The &verage dust produced during the dumping or shoveling of litharge into
the solution tank is 3,077,480 particles, ten microns or less in size, per cubic
foot, elthough there were as high as 5,288,960 particles per cublc foot during the
operation. A rough estimation of this litharge concentration indicates the presence
of from five to fifteen milligrams of lead per ten cubic meters - the amount that an
average persor dolng moderate work would breethe in one dey. This is in excess of
1.5 milligrams in ten cubic meters which is the maximum allowable 1limit set by the
United States Public Heelth Service. About 80% of these dust particles were rounded,
transparent, orystelline in eppearance under the Konimeter microscope, and five mi-
crons or less in sire; about 15% were over ten microns and eppeared to contain small
eir bubbles; 5% were dark opaque scale-like, from five to ten microns in size,

Necessary Precautionary Measures When Handling Litharge, Litharge is & com-
pound of lead, end consequently there is the possibility of lead poisoning unless a
few simple precautions are observed to prevent the entrance of lead into the body
by swallowing minute particles of the litharge dust, by inhaling the dust, or by
ebsorption from the skin when handling the litharge, An effort should be made to
cause as little dust as possible, Instructions issued by the Medical Department re-
quire that

1
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"], lo employee shell handle litharge until he has been exemined
and certified as physically qualified by the Company Doctor.

"2, TPmployees must be sent to the Company Doctor for physical ex-
amination at least every six months or at the first sign of
i1l health.

"3. Respiretors - An approved type of lead dust respirator, proper-
ly sdjusted, shall be worn when hendling litharge. A1l respi-
rators shall be thoroughly cleaned with soap and warm water,

"4, Clothirg - Unionalls, caps or some head covering end gauntlet
gloves shall be worn when hendlirg litharge. Upon the cample=-
tion of this operatign the outer clothing must te rezoved and
pleced in a locker used for +this purpose only. Unionells
should be washed at least once a week.

"€, Bathing end locker fecilities - A conveniently loceted locker
enc was h room shall be designeted for use of employees hand-
ling litharge. Separete lockers should be provided for street
clothes, wark clothes, and one for Unionalls worn when hand-
ling litherge. In plaents where men are handling litharge
throughout the shift, only two lockers need be provided. The
floors of the locker rooms where the men change their dust
covered Unionells and the benches shall be thoroughly moisten~
ed before being cleaned,

"6, Fersonesl cleanliness - General personal cleanliness is of first
irportance,

(e) Eands must be thoroughly weshed on the completion of the
litharge hendling operstion. Hands must also be thoroughly
washed before eating or placing anything in the mouth., A
special effort should be made to clean the finger nails so
as to remove any litharge.

(b) Never eat until litharge covered clothing hes been removed
end the hands weshed,

(¢) Teeth should be brushed at least twice a day and the teeth
and gums kept in good condition.

(¢) The mouth should be rinsed thoroughly before eating.

(e) Never use tobacco in any form while working in and around
litharge,"

The responsibility for the careful observance of ALL of these instruc-
tions should be placed upon the foremsn,

G =~ SODA ASH: Soda ash (58% NapO) is used to form & solution for nmeutralizing acid
oll. Thirty 200-pound cloth begs of soda ash are dumped into e tank of water per
batch by six men, with an avermsge service of five years, fram the General Labor De-
partment; three batches e week. lMen exposed to dust resulting from opening and
dumping the bazs of soda ash sbout five hours a week. Eight mern spend about half a
day 8 month unlomding bags from reilroad box cars, The men who do the unloading
weer MSA Comfo respirators and are not the same men as those doing the mixing who do
not wear any respirators or goggles. The everage dust produced by the dumping and

'
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mixing operation is 1,003,337 particles, less than ten microns, per cubic foot of
alr. These particles are all slightly angular, crystalline in appearance under the
Konimeter mioroscope end about five microns in size. leny are trensparent, glass
like, There are a nmumber of smell black specks,

H - TALC or "SOAPSTONE": Pulverired talc or "soapstone" is used as a filler in the
‘menufacture of "hot neck" greases used in the steel mills. According to R B. Ladoo
(U,S, Bureau of Mines Bul, No, 213, 1919) ordinary talc or soapstone 1s Steatite
(hydrous magnesium silicate - HpMg3(Si03)4). In the form of powder, the talc is
greyish white, Associate Chemist Frederick Goldman of the U,S. Bureau of lMines, who
made a chemical anelysis of samples of talc &s marketed, reporis:

SiCo.v e eeseee 46,04 per cent
Cal..... cheeneiecas 4,39 M "
MECevvennnns ceeress 28,20 " "

Combined Oxides.s...15.64 " "

Greese mekers usuelly consider the composition of "soepstone” which they use es ap-
proximetely ©0% magnesium silicete and 10% celcium cerbonate, It comes in 90-pound
peper bags, 700 bags to & box car., About 7200 pounds are used per batch and one

_ batch is mede a day on an average, The "soapstone" is dumped into the mixing ketile

by two men with an average service of ten years. This dumping which reguiresabout
en hour per batch is a rather dusty operstion. One sample taken at face level just
after a bag hed beer dumped had as high as 22,995,840 particles, ten microns orless
in size, per cubic foot of emir, The averapge dust produced wes 13,064,960 dust pare
ticles per cubic foot., About 98% of these dust particles were transparert, crystel-
lipe, irregularly shaped plates mnc rods, in appearence under the Koznimeter micro-
scope. MNost of these particles (about 98%) were five microns or less in size, the
remeinder being ten microns or over; sbout 2% were scale-like, semi-opague, five mi-
crons or less in size.

Physiclogical Effects Produced By Tale Dusts., About two years ago Dr, W, C,
Dreessen, Passed Assistant Surgeon, and J. M. Dalla Valle, Assistart Sanitary Engi-
neer, United Stetes Putlic.Health Service, made & study to ascertain whether there
is & comnection betweez talc cust exposure axi the relatively high tuberculosis
death rate in Murray County, Georgia, where two talc mills and mines are located,
They found (Reprint No. 1669 from the Public Health Reports Vol, 50, No. 5, Feb, 1,
1935, pages 131-143):

"Physicel and roentgenclogic examinations were made of 66 men and
women who were exposed or hed been exposed to tale dust. In the
higher dust groups comprising 33 men, 8 were found to have Pneumo-
coniosis I end 8 to have Pneumoconioesis II or III, Six of the
thirteen exemined were diegnosed as having Pnewmoconiosis I. No
advenced steges of the disemse were found in this group. In the
group exposed to low concentrations of dust, no Pneumoconiosis

was found, "

The final conclusion of this study was that although Georgia telc appears to be "more
injurious than tremolite talc" the high tuberculosis mortality rate in the County
"could not be mttributed to the talec industry".

Investigators have suggested, however, that for more or less continuous expo-
sures concentrations of tale or "soapstone™ dust should not exceed 15,000,000 par=-
ticles, ten microns or less in size, per cubic foot of air,

I - GRAPEITE: Powdered graphite (807 to 857 graphitic carbon and 157 prodably

magnesium silicate) is used in the manufacture of spring and pressure lubricents, It
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comes in metal cérums or 100-pound paper lined bags. About 370C pounds of powdered
graphite is used per baitch and one batch is made per dey on an average. The
graphite is dumped into the mixing kettle by men with an average service of seven
years. This operation requires about forty minutes per batch per man on an average.
Three men are usually engaged in this dumping. They wear respirators while hand-
ling and dumping graphite, which is not a particulerly dusty operation. The average
dust produced is 1,803,080 particles, ten microns or less, per cubic foot of eir,

Ail of these dust particles are rounded or slightly angular, black opague, amorphous,
sooty or dark grey in appearance under the Konimeter microscope, and three microns
or less in size.

J « SLATE FLCTR: Slate flour (300 mesh) gives rigidity to esphalt on "fast sur-~
faces" such &E steep roofs and pipe lines, and prevents its rumning off, It elso

procduces cesireble weathering properties, Mixtures as low as 10% slate flour end
gs nigh as 207 are used. Az average of two tons of slate flour is used tc each
still which averages about BOO barrels of stear reduced asphalt, Since the slate
flour is imtroduced by the use of closed pipe lines and centrifugel pumps, the ozly
dust produced is that which results during the unloading of the sacks end dumping
them izteo the hopper., The slate flour comes in 50-pound paper begs, 750 bags to e
railroed box cer. Four men with an average service of about & year, opea the bags
and. cump the slate flour directly imto & hopper from which it is siphoned by com-
pressed air to a storege tank holding about 15 tons. About four carloads a month
are received and an average of abtout 5-1/? hours is reguired to unload each car.
About one end three-guarter million pounds were dumped during the last quarter
period. The men wear lMSA Comfo respirastors. A screen analysis of this slate flour
showed that 99.77% passed through a 200 mesh screen and 96,87 through & 325 mesh
screem. Due o the fineness of slate flour and its low bulk density (1.04) ccn-
sideratle dust. an average of 12,007,680 particles, ten microns or less in size,
per cubic foot of air, and counts as high as 16,538,880 particles per cubic foot,
are produced during dumping the sacks and filling the storage tank, About 98% of
these cust particles are slightly engular, transparent, crystslline in appearance
under 4he Fonireter microscope, and five microns or less in size; 2% are semi-opague,
slightly angular, There were a few plate like particles which appeared to contain
smell eir bubbles, and & large number of small black perticles.

4 petrographic exemination made of a slete flow sample at the United Stetes
Bureau c¢f I'ines Experiment Stetion in Pittsburgh, Pennsylvanie showed thet it con-
teined more thar 1% Quartz (SiC2), 30% Sericite (Ko0~3Alp0z=6 SiCp=2E20), 40%
opague ané 307 five differeat unidentified constituents. A chemical analysis of
slate granules and flour (Jour, Indust,Byg. Vol.XV,,No,2,Mar.1933,p.67) reports these
constituents:

Silicon Dioxide .v.svvee59.27% Megnesium Oxide,....ses 26215
Titaniwum Dioxide........ O.99% Potessium Oxide........3. 75%
Aluminum Cxide,.........18.81% Sodium Oxide...........1.88%
Ferric Oxidé............ 1l.12% Water below 110°C, ..., 0. 32%
Ferrous Oxide ,......... 6.58% " gbove " .....,3.98%
Maneganous Oxide........ 0.13% Phosphoric Oxide,......0.11%
Calcium Oxide€s.seeevenns 0.42% Carbon Dioxide.........0,21%

Barium Oxide............ 0.05% Ferric Sulphide........0.15%
Specific Gravity - 2,795

"The silicon found, though expressed in the chemicel analysis as

silicon diordde, is not differentimted chemically as to the

forms present in the originel minerels, whether free silica or

silicate, "

EM00154¢

nnnnonnnnononononoonfnonnnonnonononooooonnonenbnmm



WU Uy UB WU W W W U LW U UM U U U Ul Ul U U e B R e W e u

57

Iofect of Slate Flour on The Lungs - In his paper "Effects of Certain Silicate
Dusts in the Lumgs" read before the Industrial Eygieme Section of the American Public
Health Association at Washington, D.C. on October 27, 1932, Dr. Waldemar C, Dreessen
of the Unitec States Public Health Service, reporting the results of his studies of

workers exposed to slate cdust, wrote:

"Of the 4B cases of pneumoconiosis observed, all were in the irst
stage except 5 ceses, In generel, the pneumoconiosis observed in
the early or first stage cases resembled that induced by cement
dust. The bronchial stristions, however, were somewhat more promi-
pent. There was always a moderate bilaterel increase in the size
end density of the hilar shadows with accentuetions of tronchial
strietions which extended well out irto emsch lung field. The
lineer s*irietions seemed "softer" in eppeerance c= leckecd some of
the sharpness of detail which is usuelly observed in the X-rays of
individuels who have inhaled silice dust., This diffuse, fine
generelized fitrosis was chielly confined %o the lower two-thirds
of the lung fields,

"In +he second stage an incressed prorinence of the sbove mention-
ed crheracteristics was present with the eppearance of f{lake like,
cderrled erees of increased density in both lung fields. In the
<nird stage these deppled ereas seemed to conglomerate, and in this
mermer geve way to massive, clouded ereeas of increased density.”

Zr. Treessern found that although the silicate dusts of slate "induce & fine diffuse,
tilezerel fitrosis of the lungs which is definitely demonstreble ir the X-ray"
workers exposed to slate dust do not begin to show definite first stage pneumoconio-
sis un®til ef™er more than ten years! exposure, Fe did not find eny evidence that
the resultent pneumoconiosis had led to disability.

& = GRIIDING DERRIS ROCT: Derris root 1s used in the manufacture of insecticides,
t comes in 500-pound bales from the Dutch Emst Indies, In order to reduce dust,
the beles are thoroughly wetted with white oil. The root is ground at the rate of
£20 pounds en hour to pass through a 3/8"-screen. One man with three years' service
is exposed to an average dust concentration of 1,604,800 particles, ten microns or
less, per cubic foot of air. About 80% of these dust particles are rather round,
crystelline in sppearance under the Konimeter microscope, and about five microns
in size; 20% are sharply angular, five microns or less in size, The particles ap-
peer to De more inorgenic than orgenic in character. Evidently the lighter root
dust particles ere either larger than 30 microns end were, therefore, filtered out
by the Honimeter filter or were carried out by the exhaust ventilation, thus leaving
the cdirt or soil which had adhered to the roots, The grinder is located in a small
room well ventilaeted by means of & 30=-inch motor-driven fen, This explains the low
dust concentration in the samples teken during the grinding operation. The operator
weers rubber gloves, cover-alls, &nd is provided with a fresh air hose type of mask
while grirding.

To “hat Extent is Derris Toxie? According to recent studies by the United
Stetes Lepartment of Agriculture (Indust., & Eng. Chem. Vol. 28, Ne,7, July 1936,
pps. 815-821) Derris is e possible health hazard to those enpaged in milling, grind-
ing, ané ciluting it (Derris) without the use of suitable protective measures,
Prarmecological studies show that Derris and its water extracts affect the respira-
tory center which is initislly stimulated and then, after fatal doses, completely
depressed, wi<h deatk resulting. Derris dust when applied to the armpits was also
found %o provoke & "mild evanescent irritetion,”

L - GEITTING ZYRITERUL TLONIRS: Fyrethrum flowe;s are an importent source of one
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of the essentiel ingredients of insecticides. They come from Japan in mat covered
bales weighing about 450 pounds., On en average, about ten bales are ground per
shi®t. Opening the bales of compressed flowers is the dustiest part of the opera-
tion, producing or en average 2,039,040 perticles, ten microns or less, per cubic
foot of air. About 85% of these particles are anguler, crystalline in appearence
under the Xonimeter microscope, and three microns or less in size; sbout 15% ere
flat round particles and discs and shreds, ten microns or less, The crystalline -
appearing dust probably originates from the soil which has blown on the [lowers or
plants. One man is exposed per shilt for about four hours a cday during & nine morth
period. He wears a Willson dust respirator. The grinder is enclosed in a metal
housing connected by a fourteen-inch duct to & sixteen~inch motor driven exhaust fen.

Pyrethrum dust seems to irritete the skin of scme incdividuals and not sffect
others in the leest; as a meiter of fact it causes an allergic type of reactior ino
some individuals to such an extent that it is inadvisable for such persons to work
in pyrethrun dust.,

M - MIXIUZ AYD BACKING "FLIT" POWDER: "Flit" powder is a mixture of pulverized
derris roct, pyrethrum flowers and other ingredients, It is mixed in a special
room provided with exhsust ventilation by & man weering a respirator. The dustiest
part of this operation is sifting the pulverized derris and pyrethrum which produces
en averace of 8,722,560 particles, ten microns or less, per cutic foot of air.

About 95% of these dust particles are angular, crystalline in appearance under the
¥orimeter microscope, and about three microns in size; asbout 57 are less crystelline
end more opaque, five microns or less in size,

Fillirng Cans: Three-quarter and two and one-guarter ounce tin cans are fill-
ed by automatic machines. the filler ends of which are enclosed in a metal housing
with & four~-inch exhaust duct to a fourteen-inch motor-driven fer, That this ex=
haust arrengement is fairly effective is shown by an average dust concentration in
samples taken at face level of the operator during the filling operation of
1,755,840 particles, ten microns or less, per cubic foot of air, The girl at the
Sealer wears a beg-type dust respirator,

VIII - CLEANING TUBES AND DRUMS CONTENTS

Cleening tubes and drums of boilers and process egquipment is a routine operaw-
tion which produces considerable dust belonging more to the "nuiseance" class than to
the fibrosis causation group, Nevertheless, consideration should be given to keeping
such dust cdown to a minimum of not more than 10,000,000 particles per cubic foot due
to the nuuber of men engaged in this work ancé their more or less continuous ex-
posure

I, - CRACKIUZ CCIL SCAKTIG DRUMS: Crecking coil soeking drums "coke-up" about
once a month, so that in many cases they are almost completely filled with the ex-
ception of an opening down through the center no greater then twelve inches in diame
eter. At most plants, this coke is removed by a special machine; at .the others, men
with an average service of ten years are regularly enpgaged in cleaning these drums by
means of a concrete buster type of pneumatic chisel, starting at the top of the drum
One man works inside end two outside at the top manhole, The temperature inside the
drum is about 90 degrees Fehrenheit, GCach man works half an hour inside and is then
relieved for about an hour, On en average. each man works atout two and a haell hours
per shift, two shifts a week., A "boatswain" chair is used to get in and out of the
druz. They wear "hardboiled" hats end life-belts. Excellent ventilation is provided
by & stear or an air syphon placed in the bottom manhole of the drum, as a result of
wnich samples *aken at face level of men during the operation of the pneumatic chisel
had en averace of only 211,520 dust perticles, ten microns or less, per cubic foot of
air, About 60,7 of these particles were sherply engular, crystelline in eppearance
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under the Konimeter microscope, and about five microns or less in s;ze- 35% were
round, semi-opeque, crystalliine, about ten microns or over; and about 5% were small
black perticles, There were also a few bleck scale-like particles over ten microns
in size, The major portlo' of this dust is probably coke or carbon and the scale-
like particles are., ne doubt, metal from the sides of the drum or f{rom the chisel,

II. - CRACEING CQIL TUBZIS: There are 183 tubes in a high pressure cracking
coil unit. After running from twenty to twenty-five days, depending upon the char-
acter of the stock being run, the tempersture and pressure, the petroleum coke which
is deposited on the tubes must be removed. Liberty eir-driven tube cleaners with
cone ené star cutters opereted by men with en average service of six yeers are used
for this purpose. The men work irn gangs of six to eight and mre exposed to dust
ebowt £ix hours every *“wo shifts on an average, They wear neither gogzles nor respi-
retors - elinough e dust semple tekep .immedimtely elter reversing the cleexning
machine while in a tube contained as high as 3,082,400 particles, ten microns or
less in size, per cubic foct. About 205 of these dust particles are black, opague
in eppesrance wunder the Konimeter microscope, end two microns or less in size; 407
are enguler, transperent, plete-like, ten microms or lerger; and 30% are engular,

trensperent crystelline, five microns or less in size,

Semples teken on the Cleezing Flatform while cleaning Cracking Colil Furnace
tubes 8%t & lorthern refinery had an averege of 113,280 perticles per cubic foot.
Uinety-eicht per cent. of these cust particles were rourded crystalline in appearance
under the nicroscope and {ive microms or less in size, Samples teken ir the passage-
viey beck of the “urnsce while tubes were being cleaned had as high as 1,076,160
perticles, tex.ricrons or less ir size, per cutic foot of eir, This indicates that
the men in the passacewsy, beck of the furnace are exvosed to more dust than those
or. *he cleening platform.

I1I, = WATZR HLATEIRS AMD BCILER TUBZS: Tubes and heeders are clemned twioce
& year ty means of air-driven turbines. It has been found that cleaning can be done
wore effectively il done dry rather than wet because the dust cen be blown out, If
water were used, the loosened materiel would soon form & paste which-would be smear-
ed dack on the tubes by the action of the clearning turtine. Regardless of the dust
which is produced in concentrations as high as 30,235%,040 particles, ten microms or
less in size per cubic foot of mir, workmen prefer working irn dry drums rether than
in wet ones, CTight mer (two on each turbine) are engazed in this cleening operation
which reguires about twelve days a year. DMen with en average service of fifteen years
ere essigned to this jobt Irom the Labtor Depertzent, The texperature inside of the
drums or headers is sbout 70 degrees Fahrenneit, In accordance with the usual prmc=
tice, men operating the turbines, irnside the drum or header, work about ten minutes
end are relieved for ten minutes by their co-workers who assist in handling the air
hose in and out of the drum manhole., Respiretors have beer provided in most cases
tut zre not always worn, The average dust produced while clearning water-headers and
toiler tubes in samples taken from:

Lower Platform, Front Water Header................18,306,048 part, percu ft.
In #2 Drum While Cleaning “eter Wall and Tubes.... 5,664,000 " v
Inside Marhole Drum 73 Yhile Reing Cleaned.,......28,320,000 " v

About 40% of the dust particles in the samples taken on the lower front water-header
platform, while header was being cleeaned, were rounded, dark red in eppearance under
the Konimeter microscope, anc about iwo microns in size; 507 were opaque, more or
less angular, and ebout five microns in size; 10% were crystmlline, slightly angular,

and over *en microns in size, Atout 65% of the particles in the semple taken inside

2 dram d_rlng cleanin~ were -lack, opeque, &nzular, less than two microns in size;
and ebout 157 were round. more or less opegue, over *en microns, The conceniration
ol cdus<t INSIIT +he dr.m during clearning eppeers to decreese with the distance from

'
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the menhole as is demonstrated by these counts in s&mples from Drum #2 (Riley Boil-
er)t

Location Particles per cu. ft.

Insicde MEnhole.ceeveusoeionsecosssonersotonosssssacssonacsssasss 19,257,600
About B ft, Inside Drlluuuiececcacsecscsoresuossoocnnsssnnrasss 4,078,080
n

11 " n N ivaasesessesossennsseesannennns 2,265,60C
18 " " it iaeevesasaseeasssenasatonsnenonnnnnas 1,585,920
o4 M " B tereevaserosienceosansosneenenennanes 1,132,80C

The dust particles from inside the drum appear bdleck, angular and were less than two
microns in size, The dust fram these clearing operations are supposed to be largely
the results of metal corrosion end sediment (lgrgely Calcium Carbonete and Celciux
Phosphate) deposited by the treeted Boiler Feed Water, A petrographic examinetion
of a semple of dust from the Front Water Wall Header wes made by the United Stetes
Bureau of Mines Experiment Stetion at Pitisturgh, Pemnsylvania, who reported:

Quartz (Si0s)......... Gt e eeerieetotanean 1 per cent,
Opaque or Coated with Cpague Material.. 90 " "
Uridertified Cley-like..eceeeennninas, g " "

According to a chemicel analysis of this same material made by a regular re-
finery chemist using the method of Adolph Knopf, TU.S,Public Health Service, the dust
contained:

Free Silicl..vvvievrieceeceiiseeroersa.. 0,70 per cent,
Combined S1licCBiiieveervsrcosoresvansaadl, 01 " 0

\1thovgh the enalysis of the dust shows a low free silica content, the high
dust concentratiors foumd and the possibility that at times such concentrations may
"be higher thar those found, demonstrate the desirability of weering respirators re=
gerdless of the kind of dust encountered.

IX- FOUNDRY OPERATIONS

During recent years ccnsideratle attention has been focused upon the heelth of
foundry workers by the operation of the so-callod "Silicosis Racket" which has ex-
tracted lerge sums of money from the Foundry Industry. It is difficult to isolaze
this type of work which gives rise to a very general exposure to dust which may in-
volve all workers employed in the foundry. In many cases the worker is in such close
cortact with the duty atmosphere as to cause serious exposure., DMNuch progress-hes
been made in reducing the dustiness of our foundry operations end plans are now being
considered which will further safeguard our foundry workers. The followinz is &
briel cutline of foundry dust producing operations:

Ay -~ POURING MCLTEN METAL INTQO SAND MOULDS - About 19—1/% tons of metal are
poured per "heat". Thirty-five men with an average service of twelve years spend
about one and a half hours pouring and six end a half hours moulding per day, five
days a week, Goggles, asbestos leggings and congress-type shoes are worn by the men
handling the molten metal. About 60% of the moulding sand, which is the principal
source of dust, is free silice (Si0p). During the pouring operation the foundry air
appears to be full of dust and smoke, however, samples taken during this work aver-
aged only 396,480 particles ten microns or less in size per cubic foct of air. Prec-
tlcally ell of these dust particles appeared angular, crystalline under the Korimeter
microscope and were about two microns or less in size,

A semple of dust from the top of the crane rail over the moulding floor was
'
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given & petrographic examimation by the U.S.Bureau of Mines Experiment Station in
Pittsburgh, Pennsylvaria who reported 50% quartz (S102); 15% Clay Minersl not com-
pletely identified, Keolinite is Alp0z.SiOp. 2H0; 5% Calcite (CaCO3 ) and 30%
Opaque,

B, = "SEAKING OUT" CASTINGS - After pouring, the castings are allowed to
cool, then the moulds are liberally sprinkled with water from & hose, The bands or
clemps are removed and the flesk is throvm over and broken open. The rough castings
ere pulled out, piled up end trucked to the Cleaning Room. "Sheking Out" is con-
sidered one o the serious occupational disease hazerds encountered ir industry and
the dusties: operatiorn in founderies but due to the thorough wetting and careful
henéling by the men, samples taken during the operation had an average of only
858,220 cust perticles ter microns or less per cubic fect of air, The irpinger
method would no doubt reveel much higher counts. About 98% of the dust particles
were slightly anzuler erystalline irn appearence under the Konimeter microscope and
were one rcicror or less in size, "Shaking Out" is rather hot work, the men per-
spire freely so that it would be ¢ifficult to enforce the wearing of goggles end res-
piretors. Twelve men with er averege service ol eight years work on this Job, eight
nours per shift, five shifts per week,

LPter the castings have been removed the moulding sand is agein wetted and
thoroughly worked over with a motor-driven sand cutter which is & series of revolv-
ing bledes, similer to those on a lawn mower, operated bty an electric motor, moumted
on & rubber-tired four-wheeled carriage vrich moves back and forth over the moulding
floor. loisture tests are mede and when these tests indicate 4.6 to 5.6 moisture
the sand is comsidered ready for the moulders. During the operatiorn of this sand cut-
ter, the operazor is exposed to an average dust concentretion of 1,529,280 particles
ten microns or less per cubic foot. These particles were less than twe micrors and
were slightly engular crystalline in appearance under the Honimeter microscope,

Co = CLEAMING CASTINGS = Various methods are used to cleen castings depende
ing on their size and shape. All of these methods produce more or less dust same of
vrnich can be teken care of by exhaust ventilations, others cannot. The methods most

(e) Preliminary Cleaning - Castings are brought from the moulding floor during
the night and devozited in “he Clemning Room. The following morning the cores are
knocked out, the sprues and gates are broken ofl and some scratch cleaning is done,
Tris work produces consideratle dust especially when the sand and old cores are
shovelled *hrough the ,rating into the car or bucket below (3,455,040 particles ten
microns or less per cubie foot of air), Under the Konimeter microscope about 70% of
the dust particles epvear angular, ecrystalline, three microns or less in size; 20%
were rounded crystelline, five microns in size and ebout 5% were scale-like semi-
opaque with a reddisk-brown tinge and over ten microns in size, Pulmosan Respirators
have been provided but are not always worn by men doing this work, NO attempt has
teen made to control dust from preliminery cleaning although some siudy hes been
giver to the provision of & special eir-tight roor with e grating flocr and a hopper
underneath with a screw conveycr at the bottom to convey the cdebris to the disposal
car or bucket and thus eliminete the dust-producing shovelling and hendling, Under
this plan exhaurt ducts with a series of outlets around the top of the hopper carry
off" the dus%t, Air is also introduced into the room about & man's breathing level and
the amount of air taken out is greater then tha* introduced so that & negetive pres-
sure is meintained end a complete air change is made ebout every three minutes,

(b) Tumblest - The Tumblast is a machine which combines tumbling with air blast-
ing., From 400 <o 1500 pournds of castings are put into & drum which revolves about
10 324 They run from ebout 20 minutes to four hours, depending upon the type of
cestinzs end cleerliness reguired, Wnile the castings are being tumiled they receive
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a blast of #20 Steel shot through three 5/16 inch nozzles umder an air pressure of
85 pounds per square inch. This machine is operated by three men, with an average
service of eight years. for a period of two and a half hours per man per day, five
days a week. Pulmosan Dust respirators are provided but are not always worm. A
ten-inch exhaust pipe has been installed et the top of the machine znd a six-inch
exhaust pipe over the screer. The suction on these exhaust pipes is said to be
about 2-1/2 inches water. Samples taken during the operation of this machine aver-
aged 1,200,760 dust particles, ten microns or less in size, per cubic foot which in=
dicetes that the dust control meesures which have been provided ere getting results
although there is still room for improvement. About 98% of the dust particles ap-
pear quartz-like under the Konimeter microscope; about 607 are five microns or less
in size and ere angular crystalline in appearence; 407 are ten microns or over in
size, ard rether rounded in eppesrance. There are &slso & large nuchker of =minute black
me+allic specks entirely toc small and numerous to count accurately,

(¢) S1v Tumrling Fill - Cleers brass cestings by & combination of tumbling end
eir-blastirg with 73 Sand Blest Sand and 85 pounds per square inch eir pressure. The
Mill holds from 100 to 150C pounds of castings and cleans five loeds a ¢ay. Two mexn,
with an average service of 15 years, operate this mill whick runs about five hours a
cday. They wear Pulmosen Dust respirators end -oggles when opening the machine, This
11311 is hooded with an B-ipch exheust pipe having & 2-inch water suction. also a
10-inch exhaust pipe over the sand screen at the rear of the machine. Samples of
dust teken cduring the operation of the Sly Tumbling Mill had as high as 2,482,160
particles ten microns or less in size per cublc foot of air and an average of
1,393,344 particles per cubic foot. About 90% of these dust particles were rounded
crystelline irn appearence under the Konimeter microscope and two microns or less in
size; 57 were black, opaque scale-like and 5% were rounded crystelline about five
microns in size,

(d) Tuztling Barrels - 36" x 42" Wniting Tumtling Barrels remove sand fromcast-
incs, They holé from 1200 to 1500 pounds of castings per loed and revolve at 10 RFL
The castings are tumbled about two hours with ebout 70C pounds of one-inch unenneal-
ed cest malleable iron stars and jacks, An exhaust system with a 6-inch pipe through
the truznion hevirg & suction of 1-1/4 inches water, This suction has been found in-
adequate to give the desired results consequently the suction is to be increased to
4-inches water. Samples taken during the operation of the Tumbtling Barrels had an
average of 1,348,032 dust particles ten microns or less in size per cubic foot of
air. Abovt 907 of these particles were angular crystalline in appearance under the
Konimeter lMicroscope and three microns or less in size; about 10% were rounded semi-
crystalline, ten nmicrons in size, There were alsc a few triangular-shaped opaque
metallic particles, Three men, with an average service of twelve years, operate
these tumbling barrels eight hours & shift, five shifts a week, Pulmosan Dust Proof
respirators end goggles have been provided but are not always worm

The type of Tumbling Barrels being used has been condemned by a major come
pany because it is impossidble to ventilate it properly. The holes in the end liners
cloz up when the barrel starts revolving. thus preventing circulation of air through
the barrel. This condition hts been remedied, in a new design now on the market, by
the use of two shells ~ an inner perforated and sn outer solid shell, Both trun-
nions are hollowx and are connected with the air chamber between the two shells, Air
under presscure is introduced through one trunnion and exhausted through the other:

(e) Air-Blasting - Castings which cennot be tumbled due to their size and fra=-
gility are cleened by air-blasting (B85 pounds per square inch) with mixture of ap~
proxizeely half and half sand end 740 Steel Grit., Syracuse Core sand is used when
& special finish is desired, There are three men, with an aversge service of thres
yeers, on this jot who work 45 minutes of every hour, eight hours & shift, for one
vieek out of three weeks. This work is done ir a specidl tight eir conditioned room
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while wearing a Sly Sand-blast Helmet supplied with outside fresh air provided by a
special blower used for that purpose only. Semples teken inside the room while a
casting was being air-blasted had an average of 3,738,240 dust particles ten microms
or less per cubic foot of air. About BO% of these dust particles were sharply engu-
lar crystalline in appearance under the Konimeter microscope and three microns or
less in size; 20% were rounded quartz-like crystals ebout ten microns in size, There
were also a few rust-like scales and a large number of black metallic perticles too
minute and too rumerous to be counted accurately. The silicosis hazard of this opera=-
tion could be greatly reduced by the use of steel abrasives exclusively.

(f) Rough Sneggine Wheels - These mmchines are used for removing projections
such es sprues, parts end getes from castings. There are two types ol these wheels:
the DOUBLE IND using either 1§-1/2" x 3" Carborundum and Vitrified or 24" x 2-1/2%
Redmezol (Bekelite bownd) Wheels; and the BORIZONTAL DISC Grinder heving e 50"
diemeter vitrified wheel, These wheels are used by seven men having an everage
service of rine hours per shift, five shifts per week. EIach wheel is hooded and hes
8 four-inch suction pipe. There is an eight-inch suction pipe on the Horizontal
Grinder. Goggles eand respirators are provided but the latter are not alwaeys worn
with the exception of the men on the Horizental Grinders. Vitrified wheels are run
at s slower speed (1800 RPM) then the Bakelite Bound Wheels which operate at 3400
RFML, Sarples taken during the operation of the Rough Shagging Wheels hac the fol-
lowing dust concentrations,

Doutle Ind Snagging Wheels:
Average Dust from Vitrified Wheels........... 3,653,280 particles per cubic foot
" " " Carborumdwm " .,.......... 3,322,820 " " " "
" " " Bakelite Bound Wheels...... 2,662,080 " " " "

Borizontal Disc Grinder:

Average Dust from 50" Vitrified Wheel........ 2,124,000 particles per cubic foot

The average dust produced by all the Rough Snagging Wheels was 2,322,820 perticles,
ten microns or less in size, per cubic foot of air,

About B0% of the dust particles from the vitrified wheels appeered black engu-
lar opaque under the Fonimeter microscope and two microns or less in size; 20% ane-
gular crystelline -about one micron or less. There were also & large number of black
minute particles too smell and numerovs to cowunt. The dust particles from the Hori-
zontal (Vitrified) wheel were approximastely 90% engular, crystalline and 107-black
opague, All of these particles were about two microms or less in size, About 607
of the dust particles from the Bakelite bound wheel were black angular two microns
or less in size; 25% were angular crystalline, less thar one microm in size and about
15% were rounded crystalline about five microms in size,

(g) Fine Smagring and Polishing Wheels - These wheels grind off smell projec=
tions and remove rust from stock which has been in storage. There are three types:

DOUBLE 4" » 14" POLISEING EMERY WHEELS - Wheels after being made up are dipped in
zlue and then rolled in Alundum Grinding Grein, sizes 60, 80 and 120 mesh. DOUBLE
DISC GRINDERS - 36" discs covered with 346 Cast Iron Grain or Silicon Carbide (an
electric furnace product) and WIRZ SCRATCH BRUSHES - made up with four 12" sections,
Exhaust hoods with & suction of from three to five inches water, have been installed
on the Polishing Wheels and Disc Grinders., There is NO hood on the Wire Scratch
Brushes, These wheels ere used by four men with an average service of two years. They
wear cogrles snd gloves but no respirstors, Samples taken et face level curing the
operetior of itnis eguipment had *the following average cust concentretions:
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Dus‘ Produced by 36" Disc Grinder....esveee.. 1,416,000 particles per cublc foot
n " 12" Wire Seratch Brushi..e.e 736,320 "
" " " 4" x 14" Polishing Wheels.. 481,440 " " " "

These comparatively low dust counts indicate thet the dust control measures which
have been provided are either efTective or the cust perticles produced are over 30
microns in size ené were thus filtered out by the Koznimeter filter, Under the mi-
croscope dust particles from the Polishing Wheels appeared all round crystelline and
about one micron in size, About 40% of the dust particles produced by the Double
Disc Grinder were sherply ancular, opaque ebout three microns or less in size; 607
were less angular crystalline about one micron in size. The dust particles producecd
by the Wire Scratch Brush were all rounded, crysialline and about one micron in si:ze,
There were po retellic perticles in eny cf <the serples examined, Few exhinust hoods
have been instelled on Wire Scratch Brushes because it hes been generally assumed
thet these brushes dic not produce any dusi. This essumption, however, is untrue as
one semple froz a wire brush at a Southern Refinery had as high as 6,683,520 per-
ticles ten rmicrons or less per cubic loot of eir,

(h) Cozne Grindirng Wheels - These wheels are operated with compressed air end
are used to co miscellaneous grinding on casiings by four men, with an averege ser-
viceé of twelve years, ebout two hours e day on an average., The cones are 5-1/4" x
2w /2" vitrified and produc e an average dust of 1,869,120 particles ten microns or
less per cutic foot of air. About 80% of these particles ere sharp engular crystal-
line, In eppearsnce uncer the Konimeter nmicroscope they ere five microns or less in
size; 20% are round opague but non~-metallic in appesrence and five miecroms or over
in size, There ere no hoods over these wheels and the operstors wear no respirators.

fiveraze Dustiness of Cleanins Rocm Air - A series of five samples were
+pker tetween $:30 &nc G:40 AL l. to determire the averace smount of dust in the eir
of the cleenin: rocnm while the various cleaning operations were in full blast. Ane
other series of five seamples were teken about 3:3C P.l. in the afternoon after the
room hacd been ziven its regular clean-up. There was guite a difference in the emount
of dust in “he air during the morzning (2,184,480 particles ten microms or less per
cutic foot of eir) ané during the afternoon toward the close of the shift (338,272
perticles per cutic foot)., About 95% of the cdus* particles in the evening samples
were anfuler crystalline in appearance end esbout two microns in size, There were a
few lerge semi-opague or scale~like particles ebout 20 microns in size. About 98%
ol the cust particles in <he morning semples were angular crystalline two micrans or
less in size and mtout 2% were round, crys<alline over five microns in size,

A sarmple of cust from top of one of the larger Exhaust Ducts in the center
of the cleaning room was given e petrogrephic examination by the U,S,Bureau of liines
Experiment Station &t Pittsburgh, Pennsylvaris and found to contain 407 Quartz
(si03), 20% Clay Mineral not completely identified; 405 opeque,

D¢ « CORE MAIZING = A large number of cores are made by the Demmler Air Ope-
rated Core Machine which uses a mixture of two-thirds sea sand, one-third river sand
and one gallon core oil per 60 gallons sand, There are three sources of dust in the
operation of thic machine:

(1) Shovelling Sand to fill the Machine Hopper..1,019,520 particles per cubic foot
(2) Blowing out COre=b0Xe€Siesssssrseseesnssssans 136,320 " " "
(Z) Zlowing serd into the Core-liouldSieesveacses 755,200 " " " "

About 58 o “he dust particles “rom blowing out the core boxes are dark,
opecue Ir sprearence ani about one micron in size. The dust particles from blowing

cend Into =ie core moulds zre angular criszellire less than one micron in size.
'
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Cores are "smoothed up" efter being baked in the core oven by scratching
off the rough edges with an old hacksew blade. This operation procduces an average of
906,240 dust particles ten microns or less in size per cubic foot of air: About 98%
of these perticles are angular, crystalline in eppearance wnder the Konimeter mi-
croscope and are less than one micronm in size,

E, = SEPARATIOR OF BRASS FOUNDRY SKLMMINGS - A Steinlein Seperator, revolv-
ing ebowt 25 RF, separates brass from ebout 100 pounds of skimmings an hour, The
separator hes & 4=inch exhaust duct to a 12-inch fan which produces e suction of
about four ineches wsater, Semples taken during the operation of this machine had an
averace of 1,231,920 particles ten microns or less per cubic foot of air. About 95%
of the cdust perticles in samples taken ebove the charging chute appeared opague
g--:le= bleck ir color under the Konimeter microscope and were less than one micron
in size. ' ‘about 805 of the dust pearticies in samples from the trunmion were more
crystalline end rounded in eppeerance end less than one micron in size. This was
elso true of +he samples taken in front of the machine where the slag drops dowzn into
e bucket:; The dus— particles in samples from the metal being discherged fram the
rackine were about 50% metellic in appeerance about 50% anpuler crystelline., Both
crvstellire anc opmque particles were abovt two microns or less irx size, Six men,
wiih an everege service of seven years, take turns operating this machine whick runs
atowt two hours per day on am average.

X - MASON'S OPERATIONS

I. = TITARIVZ CUT STILL FIRE BCYES - Two men with an average service of ten
vears., spend two deys & month on an everege tearing out sleg-coverec bottoms of crack-
ing ccil furnace fire boxes. Temperature inside fire box is about 85°F, The bot-
<oms which are composed of fire brick are broken up with "Bull Point" Pneumatic
cnisels, Sexmples teken inside the fire box while this work was ir progress had dust
concentrations as high as 1,018,520 particles ten microns or less per cubic foot of
eir, These particles were glassy sharply crystalline in eppearence umder the Koni-
neter microscope, About 90% were five microns or less in size and 10% were over ten
zmicrons. The larger particles were semi-opaque. There were also & large number of
round black opagque particles about one micron or less in size. After the bottams
ned been broken up bty the pneumatic chisels they are shovelled out through the fire-
box door and then reshovelled into trucks to be hauled away, This operation natural-
1 produces more dust than the breaking up inside the fire box, Although no wind was
tlcwing semples teken at face level during the shovelling and loading had dust con-
cexntrations es high as 2,435,520 particles ten microms or less per cubic foot of air
exd an average of 1,345,200, Goggles but no respirators were worn by the workmen.

II, = CHIPPING OR CUTTING CCNCRETE - A large number of employees with an
average service of three years, spend at least ten per cent, of their time dismant-
ling or cutting concrete structures with pneumstic chisels in the removal of old
foundations, concrete supports and blocks end in cutting holes in wells and floors.
Samples teken during the cutting or chipping of concrete had as high as 6,910,080
particles ten microns or less in size per cubic foot and a general average of
1,591,051 particles per cubic foot. All of these dust particles are slightly angular
crystalline in appearance under the Konimeter microscope. About 85% of the dust par-
ticles were five microns or less in size; 107 between five and ten microns and about
57 over ten microns in size, In many cases neither goggles or respirators were worn
ty the viorkmen. Regardless of the rather low dust counts found, men engaged in chip-
ping or cutting comcrete should wear concrete due to the high silica content in the
usual agsregate used in concrete.

II3. = CHEIFFING MORTAR FROLL BETWZEIN BRICK - Chipping Mortar with ppneumatic
crisels from teiweern btricks in walls of structures preparatory to weather-proofingisa
pariicularly dusty operation, Samples teken during this work had dust concentrations
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as ~i.n as 20,956,800 pertiecles ten microns or less per cubic foot of air and a
general averere of 12,548,480 particles per cub?c foot, All of these particles vere
gnruler crystallize in appearance under the Konimeter microscope and about six mi~
crons or less in size, There were also a countless number of minute reddishwgray

particles. This work was done by en outside contractor whose employees wore goggles
but no dust respirators.

IV, ~ CRUSEING FIRE BRICK - Fire bricks are crushed in a belt-driven Williams
or & MNotor-driven Sturtevent Brick Crusher so that 80% will pass through & 3/8" or a
150=mesh screen - much of it is powdered during the crushing, This material is then
rixed with “ire cley, crushed asbestos and cement to make "Genister" which is used in
tube sheet linings. packings or as morter in building fire boxes of furnaces,
Samples takern ¢uring the crushing of fire brick had dust concentretions es high es

11,554,580 particles ten microns or less in size per cubic foot end a general averege -

of 2,562,360 particles per cutic foot., Crushing new fire brick produces about six
times es meny cust perticles (4,375,733 per cubic foot) as is produced when crushing
0ld. usecd _fire brick (736,320 particles per cutic foot), Under the konimeter mi-
croscope about 945 of the dust perticles produced by crushing new {ire brick appear
enculer cryvstalline, one micron or less in size; sbout 5% are opague over ten mi-
crons end aboui 1% are dark opaque, scale-like sbout five microns in size, The dust
perticles freom crushing old used fire btrick are more rounded crystalline in appearance
and sre about “ive microns or less in size, An enalysis of Alemo Fire-clay Brick,
which is cormmonly used end was the new unused fire trick being crushed at the time

our samples were taken, supplied by the menufacturers (Earbison-Walker Refractories
Compaxzy) reports: :

SilicBi..iearessssassssass 51,8 per cent.
Alumina and Titanie....... 45.4 " "

Ferric Cxidesveerncecroans .1 " n
Lime, .o ieenneerveasnsane .5 " "
legnesigi..ceiveerroeneses 0.3 " "
Alkalies............ cieres .1 " "

Fire Yrick is crushed by two men assigned from the Labor Department, the aver-
afe service of these men is about 14 years. Two to three tons are crushed per day.
The total lenzth of exposure per month depends upon the demand for crushed fire
brick and will very from & generel average of fifteen hours per man per month to as
nuch as twelvTe hours a week, Goggles and M, S.A.Camfo dust respirators are worr.

Ve = SZATING TIRZ BRICK ON IMERY WHEEL - Fire brick are ground to a specified
shape and size on a 2" x 24" Carborundum (Grit 16, Grade 1, Bong 6C) Wheel which re-
volves 900 R, This wheel is almost completely enclosed by a hood which has a 4-
inch duct to e 24-inch motor-driven fan operating at 1750 RP,, but this exhaust is
eviden<tly inaZeguete as samples teken while rounding off the edges of a fire clay fur~
nace block had a dust concentration as high as 4,078,080 particles ten microns or
less in size per cubic foot of mir, The general average was 2,001,658 particles per
cutic foot, All of these dust particles were slightly anguler and slightly opaque in
appearance uncer the microscope and five microns or less in size., One man wearing
sorgles end a IL S.A. Comfo respirator, with about 15 years service, spends an average
of about two deys a month shaping fire brick and blocks on this wheel.

VIe =~ DJISIANTLING MASCIRY - Dismantling Masonry structures such as old boiler
anc ctill sex<ings is a very dusty operation but was not included in this dust study
as trere ves no work of this type in progress et any of the plants at the time of our
survey.,
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- XI - WOODWORKING OPERATIONS

Woodworking operations, as performed in connection with the refining of pe-
troleum products and essociated activities, are used in the production of pattersas,
box shooks, containers, and construction or maintenance work. These woodworking
operstions produce more or less dust which is largely organic and although it may
have some spores and have en allergic effect on some individuals, it is not consider-
ed harmful, Mr. D. Earrington of the U.S.Bureau of lMines advises that the U, S. De-
partment of Lator in a recent bulletin indicate that workers breathing wood dust are
far more definitely afflicted with tuberculosis than the gemeral run of industriel
workers. In large quantities, however, wood dust belongs in the "nuisance" class end

mey 2150 be an explosion hazard

A, « BCZ 330CE MANUFACTURE = All pine 1umber used in the menuiecture of box
shooks is "kiln-dried” and sll gum lumber is "mir-dried". Men work eight hours =&
shift, five shifts e week,

(a) Resawing - Band sews, twenty-five feet four inches in circumference, re-
sew four-guarter and five-quarter lumber into 3/8-inch and 1/2-inch shooks respec-
tively, Sermples teken during this resawlng had an average dust concentration of
155,760 particles ten microns or less per cubic foct of air when sawing pine and
9¢6,864 particles per cubic foot when sawing gum. These low counts indicete that
the exhaust ané dust collecting system which has been provided is unctioning., This
exhaust system includes hoods over each sew with 8-inch ducts to & belt driven fmn
with five-foot blades revolving 3500 RPM., About 60% of the dust particles in sanmples
teken while resawing pine were crystalline, rather glass-like in appeerance - prob-
atly resin - under the Konimeter microscope end over ten microns in size; 40% were
round with rough edges grey and opague, five microns or less in size, About 80% of
the dust particles from cutting guz lumber were round crystalline semi-opeque in ap-
pearance, five micronms or less in size; 207 were aver five microns in size. Gum lum-
ter is resawed only about four deys & month

(b) Ripsawing - Rip saws. 14 inches in diameter cut ends from four-quarter
zu- lumber, An exnaust system has been provided with & hood over each saw and four
inch metal ducts to & belt-driven fan with six-foot blades revolving 3500 RPN. Samples
teken during this operation had an average dust concentration of 16¢,820 particles
ter microns or less per cubic foot of air, All of these particles were mngular crys=-
telline semi-opaque in eppearance under the Konimeter microscope end about three mi-
crons in size,

(c) Cut-Off Sawing - Saw four-quarter lumber to meke box ends. About 85% of
the time gum lumber is sawed, and 15% pine lumber is sawed. Samples taken while saw-
izg gum lumber had an average dust concentration of 877,920 particles ten microns or
less per cubic foot of eir, About 50% of these particles were round crystalline semi-
opeque, gray in oolor and from five to ten microns in size; 50% were slightly msngu-
ler crystalline in appearance under the Konimeter microscope and three microns or less
in size, There were also several very small black specks, The low dust count indi-
cates that either the particles were mostly over 30 microns in size and were thus
filtered out by the porcelain filter or that the exhaust system was effective,

(4) Planing - Planers or double surfacers resurface the four-quarter and five
guerter lumber to give it the proper finish., There is an exhaust hood over each ma-
chine with an eight-inch metal duct to & belt-driven fan with six-foot blades revolve
ing 3500 RPM, Semples taken during the operation of planers or double surfacers had
e czeneral everage dust concentration of 509,760 particles ten microns or less per
cutic foot of air when planing pine lumber and 415,360 particles per cubic foot when
piezing gum lumber, Particles of dust produced while planing pine lumbter were
crvstalline rather round in appearence under the Hogimeter microscope, about 75% were
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five microns or less in size; 25% were larger than two microns and rathe} opague,
Dust particles fram planing gum lumber were round opague in eppearance and one mi-
cron or less in size,

Dustiness of Shook Factory Alr - A series of five samples were taken at five
strategic points to determine the average dust concentration of the factory air,
These samples gave an average concentration of only 141,600 dust particles ten mi-
crons or less per cubic foot of air which indicates that either the mejor portion of
the dust is over 30 microns in size or that the ventilation system is proving effec-
tive., The latter is probably the more logicel explenation although the excellent
housekeepirg is undoubtedly an important factor. About 98% of the dust particles in
the factory eir samples were slightly anguler crystalline in appearance under the
Korimeter microscope end about five microns or less in size; 2% were round, opaque
derk.grav.id color and two microns or less in size,

B, -~ BELT DERS, SAND DISCS AND SPINDLDS CR CYLINDERS - This equipment is
used for "squaring up" and smoothing surfaces of wooden patterns, cleaning and
finishing barrel-heading end staves and general mill work in the Carpenter Shops.
Sanders are a notorious source of fine wood dusts. They ere also conteminated with
an eppreciaeble amount of silica, if a sand-type of abrasive is used, conseguently
either hoods for the machines or respirators for the men engaged in operating these
machines should be provided, We appreciate that it is rather difficult to properly
hood a sander to prevent the fine dust being carried eround by the abrasive member,
perticularly disc sanders., Our attention has been called to & case where a man ene.
gaged in the use of sanders suffered recurring respiratory illness and ultimately
death fron prneumonia, His ‘attacks of illness seemed to correlate with extended

use of the sanders.

(a) Belt Sanders - An 8" x 28-1/2 ft. Belt Sander (Lightning Adalox Cloth
1-1/2 =~ 40 X Grit Norton Abrasives) runs on an average of two hours per day and is
used by eight different men with an average service of fifteen years. Samples taken
while firishing %1 Pine lumber had & dust concentration as high as 15,512,260 par-
ticles ten microns or less per cubic foot of air and = general average of 3,443,712
particles per cubic foot. About 90% of these particles were anguler crystalline in
sppearance unéer the Konimeter microscope ané Tive microns or less in size; 5% were
over five microns in size; 5% were opaque scaele-like. ten microns or less in size.
There wes no hood over this sander and the dust produced was thrown into the shop
air.

A 6 in, x 18 ft. Belt Sanding machine (33 Production Cloth Minnesota Mining
Company) runs on average fram four to six hours & week and is used by four different
men, with an average service of four years, This work was formerly dane by hand on
& lathe with sand paper. Semples taken while finishing the outside of & barrel had
an average dust concentration of 481,440 particles ten microns or less per cubic
foot. These particles were largely angular crystalline in appearance under the Koni-
meter microscope. About 50% were five microns or less, and 50% were over five mi-
crons in size,

(b) Sand Discs or Wheels - These discs run from 40% to 60% of the time and
are usually used by everybody in the shop in which they are located. Semples taken
during the operetion of sand discs or wheels had the following dust concentrations:
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No. Size Abrasive Work Being Particles Per Characteristics of Dust
(Die. ) Used Done Cubic Foot Particles (Sizes and Fer-
centages Estimated)
I ™ #24 Sand Cleaning 604,160 Anguler crystelline
Paper Minn. | heads about 50% five microns
Mining Co, | Finished or less and 50% larger
Barrels than five microns,
II 24" #1-1/2 Gar- | Squering 623, (140 About 85% anguler crys-
net Paper. Wood talline two microns
Minn, Mine | Pattern or less; 5% guertz-like
ing Co, rounded sbout 10 mi-
erons in size.
111 | 30" #40 Grit Smoothing 1,925,760 Abcut 90% angulaer crys-
or: Bristol of f Pat~ talline three microns
’ Board. tern or less; 107 opague
Gardner Ma- angular oze rmicror in
chine Co, size,
IV | 30" #2 Garnet Sguering 2,624,960 About 98% semi-opague,
Net Back. Wool Pat- send-like, one micron
Gardner tern or less, 2% opaque 5
Machine microns or over in
Cos size,

The send disc in No, I was used in & well ventilated cabinet connected to &
48" motor driven fan by &-T-inch duct. The men wore goggles and "Comfo" respira-
tors. The sand wheels in No, II and o, III had hoods with about 3-1/? inches
water suction comnected to a 24" motor driven fan by 4-inch ducts. The men wore
reither goggles nor respiretors. The wheel in No., IV had en exhaust hood with a 6=
inch duct connected to & 24-inch duct which ir turn was connected with & 36-inch mow
tor driven fan.

(¢) Send Spindles eor Cylinders - Sand spindles or cylinders are used on an
verege of about two hours per man per day., No hood or suction exheust hes been pro-
vided for this equipment. Ulen using it do not wear goggles or respiretors although

the dust particles produced are more anguler in appearance than those produced by
sand discs or wheels.

Samples teken during the operation of Sand Spindles or Cylinders had the fol-

lowin- dust concentrations:

Gardner Machine
Co,

Core Boxes

Size Work Being Perticles Per Characteristics of Dust
(Die, ) Abrusive Used Done Cubic Foot Particles (Sizes and
Percentage Estimated)
3" #Garnet Paper Cutting Inside 2,322,240 About 60% guartz-like

in appearance, ten mi-
crons or over in size;
4077 semi-copague five
microns or less in size,

'
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DUST PR0DUCZD BY SAND SPINTLES CR CYLINTERS (Concludea)

Size work Belirng Particles Per Characteristics of Dust
(Zie.) Arresive Used Done Cutic Foot Paerticles (Sizes ead
Percentage Estinmezed)

3-1/¢" | =1-1/2 Garnet Putting 877,820 About 90% enguler crys-
Teper MNinm, Teper on telline two micrems in
izing Co. Petterr. size; 10% opague Dive
microns or less in
size,

Co = JTHA¥ITZ WOCIEIXW CRATES - Twe fypes of sews are usecd inm prepering lumber for
meking cretes for fasoline punps anc ternks:

———r v

(e} Zaxi Sews - Sazples taker during the operation of 3end Sew hac e cdust
cencenTrezion of 4 : .5 or less per cutic foot of air, 11 of
these dust particles were round, opecue irn appeesrence under the Konimeter microscope
erxi three microns or less irn size,

af Sews - Sexples tekern dur the operation of ern 18" Eeilroad
crcentrezion of 2,864,800 perticles ten microns or less per cubic
1 of trnese particles were round, greyish opague in apreerence umder
croscope ant about five mierons or less in size., There were also nu-

poyey

Sew el &
foot of zir, A
the Yernineter o

merous minute greyv specks toc smell To count eccurately.

XII - ROCK EXCAVATION

Rock excevetion is usually e dust producing operetion which is limited to cone
—ructicz eciivities in <he petroleum industry. The hezardousness of rock excevation
depends enzirel:s upon the neture of the rock teinz excavated, the length of exposure

end the methoss teing followed, The principel sources of cust are rock érillircg,

tlesting, muckirnz end hendling of the rock, f these, drilling probatly produces the

emounT of cust,

gree<es

£, - JRILLIIZ = The pneummtic rock drill operates essentially es & crushing
cevice which shetzers *he rock To e powder at the poimt of impect. According to
Theodore Fe-ch of the Eerverd School of Public Heel*h (IL7Y,Ird.3ull,Vol.15, No.9 -
Sept, 193Z) <he particles of dust thus generated vary in size from one-guarter inch
or lerger cdown to sub-microscopic diasmeters. The dust is removed from the drill hole
by & streem of eir or water or & combination of the two introduced threough the hollow
drill steel, In the case of Jjeck-hammer drilling e consideratle amount of rock dust
ejected from *re hole falls back to te crushed further before it is removed egain,

Cuoting Mr, Eatich:

"The emount of dust produced by a roek drill is surprisingly
lerge - a jeck-hemmer, operating at the over-all rate of 100
feet of drilling per day, actually crushes more than 200 pounds
of rock in eight hours. Cf this, at leest five per cent. is in
<he form of particles smaller then ten microns; hence, more then
fifty grams of cust smell enouch to be eir fleoated is generated
per ‘oot cdrilled. In terms of numbers of particles the figures
ere erormous - it has been found +that e jeck hammer produces as
ruch g one tillion perticles of hygienic interest during one

rinuze ol opersiion’,
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B. - BLASTING = It is often seid thet blasting produces the grestest emount
of dust in rock-excavatiom. This statement is contradicted by some authorities who
refer to the fact that the blast dislodges & greet deel of dust from the rock sur-
faces ceposited there frax eerlier cérilling operetion in edditicer to that aczuelly
generateﬁ by it. Under tnis condition blestirg is undoubtelly followed by e highe
dus*t concersretior. tharn in the case when &1l the cdust producec bty crilling is cap-
tured end co:veyed to & remoie collector so that oxly that ectually gerereted ty the
explosioz escepes into the eir,

wrile it is undoubtedly true thet 1f drillizg is done cry, there will be de-
posizien of some of the cust on the surfeces of the excevetlion eni lever te reised

mv tlesting, . this source ig minimizecd 17 drilling is doze wet,
teceuse =he siushed out perticles tend teo ferm egslozereies, which Bre net so reedl-
i reised v +rhe tlies<inc operezioz.  Llse. when fool prectice is feollowel, tre fece
gm: cices ere wes Gowz witn weter belore tlestirz, ené in rpizirng werk, thers is e
ccoTizucus veter sprey thet is sterted onto the heedirnz before the tlect tekes plece

z ~inuel for some time efter to help elleyr the dust eni o wet Covz The meveriel,

cdus= reised during mucking will be et e mirimue,

s¢c Ine
Cy = NIITIN3 = The esrouxt of dust preduced ty mucking end ciher rock-hendling
crere-ions TEries ~reetly with the neture ol the operestion. On opern excevatiorn it

ic protebiv of 1ittle i_ncrtahce tut in coxfined sources as iz tunnels exd rmires
—re <uct concentretion associeted with rock hendling mey reasch cdexzerous levele,

Z. = JUST COUTRIL - Meiniofis for the control of dust ir rock excevetion es
sugrested by Mr, Hetch incluce:

m

nc Wettirng Dowr Tock Walls end MNuck Piles - In genmerel it
less eifective azeinss cuartz—be ring, rock ther egeinst
me es lime-stone, The usefulness ol water is limited when
ng Temperetures ere enccurntered and it produces ot jectionatle working coxnditionms
especielly for overhead drill operstors exnd is certeinly to be avoided if & preu-

ronis nezerd exists, A Mundermental objection to the wet meilod 1s thet +the dust is
zot rezoved Trom the scene of operstion but sizply supsressed neer its source where

eceins to be throwrn into the air by & subsequent disturbence such es blasting,

{b; - Generel ent-lo‘lor - The purpose of generel ventiletior is to dilute
1 gir to bring the concentratior cdown to & setis-

required:

1st. = the fresh air itsell must dbe free from cust =mnd

Z2nd., = it rnust be properly distributed through the work- -
ings to insure maximur mixdng with the dust leden
air,

(e) = 2ust Ixhaust Eoods on Drills end Cther Muckinc Qperaticns end Local

Sources of Dust = Effective dust contrel can be secured by means of & cust trep which
urrounds the cdrill steel at the rock surfece, The dust-leden sir is captured as it
exerges from the drill-hole by the inflow of clean eir into the trep. To be effec-
tive, the inlet velocities must be great enough to prevent the outward movement of
the dust and sufficient velocity must be meintained at all points within the trap to
prevent settlirg and clogging. The collected dust is conveyed by the sir-streanm
through hose end piping to & suitatle dust separator in which the sir is freed frox
its cust loed and thus is discharged from the epperetus &s cleen eir. Treps of cifw-
Terezt designs mre reguired with verious drilling operetions and speciel surporting
Cevices ere recessary to nhold the “rep in proper alignment with +the severel operat-
: ositicers, (NCT". The dust trer 1s sezisleciory uncder mery condiiions, tul egein
ez other confitions hes net proved setisfecgory. RSE)
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The Zust disperseé during muckirg, as well as thet aricing frow rock érilla
c =4

ing, cex be ceztrolled bty locel exhsust ventilestion ani recuires no elsioreie ep-

peratus,

¢) -~ Terseozel Froteciicn Dy lieens of Resrvirstors iy “ressur

/ = - ~

Mesks = Ar effec<ive respire<or or & positive-preszure en ececuet
guenziTy 2ust-free eir provides the weerer wiil prote the fece
prcrer worn corntizuously in dusty airmostheres.  Restir - reske reve

ce in *trhe field of silicesis comirol, especiellc TiZ¢ pro-
infrecuent umexpected dust concerntire:
for cust control in continuous operelior

a6 1€eg
tecticn
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PART III - MEASURES FOR REDUCTION OF THE DUST HAZARD

rae ,\;7, "~ -:/y-u—n fed ol Rotal E

TET DUST EATAST RBI RITUCITY? « The quentity of dust irzheled mer be
Z 7 the explovment of these four methods outlined by Dr. M. Furmel iz "Hedi-

ES

"1, Suppression of Dust Near It's Orizirn, by the use of exheust draught,
cust *<reps or weter. Thne water hes the eivertaze of e flv-veper elfect on
+he silice pericles, but trhe humidity crested tezds to fevor izfection by
rrolenging the 1life of pa-hore“*c orgenisms oviside the boiy ent fecilitat-

irg <reir erirence into the boly.

e

" A-fyrure of Afulferest Zast with the silice whieh ms; gsslist iz
crne expulsion of silice from the lungs, reierd the process of the clgeese
cr trevezt the develerment of Tuterclosis, Eowever, the i:tr Zusticn of
£ & nel fereigfn tofy inte the lumgs is of douniiul velue Ireughi
witk peotenziel Zemrer end shoull te regerded very cautlioucly eni con-
serTetively,

“"Z, Froper Tentiletion, in cormmection with other methods,

Z te deel preven: esu but, mfortunately,
opoing the fust &lsc stor <the respirstion. thus ne-

TECU removel., They snhould be of ex epproved tTipe,
s 1w supervised exi <reir use rigidly exforced,"

we co nct believe the< the use of weier would have eny outstending ellects on
relsing <he mmidity in most of the dust producing operations inm the Fezrolewr In-
¢ugiry, exy more than, for exemple, sprirklinz one's lewn would have. We believe it
rezein: o be proved beyond doubt thet the humidificetion of eir actuelly fevors
tecteriolozicel srowth to the extent iret the incidence of disesse from pathogeric
crgezisme is relsed s;Enificar‘lv There ha= beer ruch discussion on this sutject,
tut little hes beexn proven Thecrefieelly, it mey be adzitted that these organisms
live longer iz & moist atmosphere thar in e dry ahmosphere, but it is rather hezerd=-

ve rescozing to conclude thet for the reesons stezed, the use of wet methods in dust

cenirol ceuses ar increase in disease,

Q

Or. Fuzmells stetement the rcost pesks (we presiume he meesns respiretors) ithet
stop cust elso siop respirations, is & little strong. There are eveileble todey
respiretors that asdeguaiely remove cust without creesting & resistance to breathing
ir excess of 15 ‘o 30 millimeters of water coluzn, and the tezdency of progressive
zenufecturers of such devices is o further lower the resistence, UlNen during the
wer actuelly did fighting while weering respiretory protective devices thet had as
much es 50 to 78 millimeters resisiance. The resistance figures given for respira-
tors ere measured at a rate of air flow of ebout three cubic feet a minute which is
eguivelent to the amount of eir breathed by & person doing herd physical works

Tust Respiretors and Air Mesks - Hespirators enc nasks of verious types have
deern used since tie days “of the mlchenists end are mertioned by &gricole, Remezzini
end others. Cortrol of the dust hazard bty means of respiretory protective equip-
rcent is effective, provided:

(1) the protective equipmernt is efficient, and
(2) it is worn coniiruously,

tut for ecentinuouy uce, cey effer cdey, thizmetnod
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of cortrol cenzot be depended upon to provice the first iline of defense; .in this re-

spect it mey te likened to the use of personel immuzizetion es & primzry s
ageirst the spreed of typhoid fever, Dust resrirators and air me
have & defizite plece in the field of cusi conirol, especiell: es
meesure, as & meers of protection on inlrequent dusty occupeticns
to other pore funiementsl methods of prevention.

n*

Feports rede to +he Natiomel Silicosis Coxlerence, cellel ty

Ledbor iz Fetruery (1637) to studr specific preses of the silicesis

iz Ferru
sex< sugges:ic:s for its soluu-o:, conteirnel many recommendesions
thorities oz the subject which have been successlully emplored u-
conciticns, Eriefly suwmarized meeswures for the conirol of cust
£ pme—ccozicsis inmelude:

L. - TEISICGN PLANT WCE DUST CCUTREL - Much cen be eccemt =rrruzn fect
wher zew b:ilii-:s ere contempieted or wher oil tuildincs ere ieled, T
izs=erce, gtructurel projections eni lelges mey te mininmized tre ecom
letioz ¢f Zust thet right leter be releesed Izic tne atmosthe urrents ¢
o building Titretiorn ceused by trevelling crerxes, vitreling el egulis
thes reve lerge reciprocesing parts., Inhe Irngineering el the e
thet our present day ergineering end siructurel peteriels lor <o o
rit elizizezion of irmumeretle lecges arc projecticens without pre: ive
end *ocfing costs. Eowever, buzldi“g interiors should be so coniructed Thet ther
Te eesily cleened bty weshing, hosirg, vacuz cleexning Ir some csses
eperezions mev be loceted over gretirgs, beneeth wihich eguipment is proviiel Tor
moving the cezeriels end dust thet fell througn.

Ze = FRIVIZZ ZUILIING VIITILATIIN - Keturel ventiletion shoulld usuelliy ke
censiiered orly en adjumet in removing or reducing cdust inm the sir,  ITexn Thouzh
is pessitle <o heTe nigh roofs ir oze-siory sTructures whiech will T
tenefis froz rzezursl vemtilation, such methocds cernnot be relied
pleze pretection in dusty operetions, Where mechenicel ventiletin
viced, care chould te teker to prevent strorng cralis from open wi
SIroving Tne e”'c~°'veness of the system Guarces ani shields shou

of Looled erd partielly enclose“ processes <o prevent such & conditiorn.

usty mexufacturing operations.

ZUSTY MATEZRIALS IN DUST-TIZED EINS = Dusty me=eriele should be
o tizht bins, tenks, or enclosures, but each siructure cf this Tpe
sho: with & breeiher or veni steck -- perhaps with exn exheust far in
trhe stack -- <o permit the elr displaced curing loading to be cerriec ouicide the
bullding, Eesemerts mey be usec for storege purposes but should ot be used for
d

D, « ZNCLOSE MATIRIAL HANDLING LQUIANEZT - Excessive dust crestel ty mechan-

ized peterial - hendling equipment can usually be controlled ty provision ol acdec
housirng

wete
g and eprlication of exhaust sysiems. Scme meteriels cexn be kert in & moist

conditiorn while teing handled, but when this is dore, *the materiel mey dry oul arnd te

dispersed into the atmosphere as dusi.

Es = ISOLATL DUSTY PROCESSES ~ Where possible, several or all dusty processes
mey be isolated from the rest of the plant. This sometimes permits the installation

of a more compect exheust system resulting in more efficient operstion gnd lower meine

tenance cos<,

¥. = PRCVIDL WET METEZCDS CF QFERATICY - Water, oil, and other licuids mey be
1 , -

used effectively:

001504
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1, To suppress dust at the point of origin in such operatioms as
rock-érilling; handling, pulverizirg, end milling rock and ore;
grinding metel on grindstones; abrasive-wheel cutting of
grazite ené¢ sandstone.

2. To preven: +he re-dispersion of dust that has setiled ox the
floors, wells, ené other surfeces such es iz the grenite irncus-
try ernd in foundries.

G, = CISIZ0 ZQUITIENT TC COITRCL JUST - When new mechimery or other equipment
ig contezplated. +he mezufecturer can freguently be encouraged to include dust con-
+rol feszures suchk es exhaus: hoods &5 Br irtegral part of the cdesigr enl construc-
Tiom.

I, - FARCTIIZZ INEZAUST SYETIMS - In sore operaticns, exneust systems mel be
inz=elles <o recoTe dust &1 its peim of origiz, Iz mexmy ceses seTersl £Tell systens
gere preferezle to & lerger svstem Ary rechenicel ventiletion systen shoulf be de-

; rizim rezuirerents of loeal Stefe laws or izdustriel

sigmel <o reet &7 leest the nir
coles. or lecking such recuiremerts, shouid be inmstelled sccording tc the best ac-
certel prectice,

Dust Arresters - Provision of cdust arresters will prevezt
hezerdous dusts from being circuletel irto other parts of <he
tlext or into the neighborhood, The locetlon of dust erresters
is very Izportent, perticulerly if dry types of arresters ere
used, Frovisior shoul:l be mede for removel of the collected
fust without its escepe irto the eree where the arrester is
locetel.

RZLISE MAINTENANCE AND GCUCC EOUSZHIZFING PROTIIURE - Good housekeeping

v the cheapest single method of conirolling dust. DMaiznterence goes
ir hexnd, The best eguipment in the worlé will not corirol dust if su-
inzendexnts, foremern, and workers ere careless enc disorderly iz their work. Eight
restlozs are edvenced by the Cozference Committee:

1. I cust-tight equipment is installec it shouléd be inspectecd at

reculer end frequent irntervals and ell defects should be cor=-

[

rected as socn as they are detected,

2. Cperetions shoulé be performecd in z menner that will create the
cinimua emount of dust,

Z. Use weter under pressure where possitle to clean building in- -
teriors.

4, If practicable, combine water with eir for cleering purposes.
411 cleaning should be done, if possible outside of working
hours and men engaged in this operetion should be provided
with dust respirators.

8, Vecuum cleaning removes dust without dispersing it elsewhere.

€. EBrushing is particulerly adeptatle for cleaning builéings of
the olcder type of construction,

7. Low-pressure steen can sometimes be used to sdvantage.
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tret =he Zust control
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uz= elimingtion must te given primary comsideretion in sclving
. ieverihcless, whexn known metnols of eliminesion ere ncT
ectitTe, respirevors srould te provided es "a last rescrt end
eymosure only, rotetion of personmel under ithese coniiliicns o
el 1 elwewvs be pleces where ozh
enZ recpirstors will Te reculired
e respiresors vwill te
occ use of restireze
e¢ of rozaling psrscnxz

rere will

lcnel exdosure, Th
~re supervision given the workmern., Irn sc
pert ol the werkmen's ecguipment =g his toc
e persen cen vwear & respirastor o T
icts ere <here <het weuld reguire a person To keer =he res-
for en exsendel period ol time, The common practice inm th
occupetions Is that the person is intermitzently exposel snd
orporzurnities for *re perioilc removel of the resctirzTory prosec-

Tre tvo remerel <ipes of respirgtors which the Committes consilered

-roTection eceinst silice dust ere:s

(e} Airepurifiing respiretors <het filier cut ihe dust parzticles,

*ied-gir respirazorsz iz which cusi-free eir treethed ty
rker comes 0 hin from en wncontemirneted outside source,

ufecturers heve sutmitied thelr de epcrovel
P Mires, exZ only those which hevw te tsed,

CI the eir-purifying cless, the ©ype
respiretor for mechanicallv-genereted
hece reczireors cive no protecticn Trow geses and verpors, Lney zenerellw

-

0 nal?

mellTn thet remeoves the dust from the inhweled sir; some ere equipped with a filter
meilm. that removes pzint risis end some Mumes.  They are light in weight ernd inexe
l<ter pels must be changed et certain intervals, depending on <he concen~

<. Some types restirict the field of vision., The generel recuirements
suicetle Mechenicel filter respirator are (1) eceguete protection, (2)
onezle comfors ané conveniernce, (3) an ecceptatle service 1ife period o protec=-
<ion, (4) eesy cleening and sterilizetion, ané (5) low cost of meinienance irn good
serviceetle conditiom.

A :

fecepieces Lo which are atiacied en exhsust velve end & filtering

|

tucdies of mecrarnicel filtrstlion by fibrous materials mace by such egencies as

+re TUnited States Zureau of Mines (U.S.3ur,of iiines, Tech,Paper No, 284 (1926) and
U.S. Fub. Feel*h 2ull, 0. 177 (1828)) ané the Earvard School of Public FAeal*h (Journ.
I t,Hvg. 9,26 (1827)) reveeled tha<t filierir: efficiency veries with the particle

.
0.
(hg

tr
} e
r:

eni the omount of so0lid periiculate metier reteined; elso that the resistence Lo
flow veries with —he amount of solid perticulate matiter retained and <he rete of
flow.  ff%er gll, the furndarentel besis for Jjudzing +the suitability of 2 respi-

or Is whether or no* ithe gmount of dust that is unretained or escepes through the
r cendiziens of practicel use is telow the amount +that would be harmiul

Y
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<c Treetine, ercenta-e elficiency., In order o meet tne
Zureat . & respiretar must segtislecior remove

FLSPIEATIES - The Coxnference Cormitzee was of the uneminous cpiz-
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dusts of the “ollowing size cherascteristics:
9¢ per cent smeller ther 2,80 cicroms
95 L1 n n " s L R BO H]
a0 n ] L i
80 1" 1" 1
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e mored +hat 80 per cert of the dust usel in t
= {1/25,000%% of en incl) ené 50 per cext is ®

- wea

renoTe cdusts of <hese cherecterictics exi sho-

In order =c ctseiz the cdegired prezectlion. It Is essenziel

¢’ =ne cechericel-filter respirezors fit tne feace ol ire wo

mirimz of need-terns zension. 4~ simple precticel test, r.ten

m of =he U,S.Zureesu of lMinmes Ixperimexz Szetlion inm PitIst ;
[~

{Jeur, Izfuss.Zyg. Fet, 1627 Vol. 19, Ko, 2, p.9%;, tret enyone can

; e
wresher & restiresor faceplece is meking & Tiznt sesl. is to weer it righ comn-
centreTion oFf coaml dus%, The time of the test cen be shortened Ty i sTreen
c¢” eir cenzeining e nigh concemmretion of cosl Cust erouwnd the

-t H e P2

viece., Tre locszion end eprroximete megnitude of tne leeks ere
coel Zust on the pert of the face coverel ty the fecepiece. fAnother test, mcceriing
~c v, Zrowm, consists of plugzinz the intekes ol ihe respiretor end tnen eltexpiing
¢ irrele, Trhic Type cf fest could well be suprlermented by the Coel dust test,

1 processes such as preumatic

hegve initrocucel estmospheric conditi

tors ere rot par=iculerly suizetle., Ceritein

itle Jor cdust ceoncentretions so high thet they would

respirator. The operstor of ar etrasive blas“*s outlit

ornly a;alﬂs* the inhelssion ol eir conteizing nigh concentra~

irpect end etresion of the heed ani shoulder by the
ded mzteriel, Sprey cozting is resporsitle fre-
ing etmosphere by & caztinetion of particulete

es or e comtinetion of solid end licuid pare

from tre eveporstion of the liguid vehicle cof

m
v
13 ¢
(4]

v

on

€ T
=rne coetin: used In the Sprey fun,

Since these operations are carried out freguently in isolated places enc at

dilferent locetions et veriou: “imes, they do not lend themselves always t0 general
conirel rmeszsures, Therefore, supplied eir respiretors perform e definite service,

The Iypes in general use are those rormonly krovm es hose masks, eir-line respirazors,
and etresive blesting respirators such #35 sand blest masks, helmets, and hoods.

Suprlied-air respirators have the ZTollowing edvanteges for routine non-emer-
rency use over those of the air-puriflying respirators such as gas masks, mechenicel=
filter respirators and the combinstion of ras mask with & mechenicel filter:

1, NO resistance to inhalatiom

2, Treedor from inwerd leakage of conterinated air,

S, Frotection sgeinst all kinds of conzeminanis encd evern ageinsi et-
e

zospreres ceflcient in oxygen wrich wiil not poison or irrites
~re ckizo,

MCC1567
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4, Tre Inflowing eir reduces excessive perspiretion and tencs
to cool tle face.

§. Wnen & hend-operezed tlower is usec a second person is alwvays
presenz, . (With ex epproved nmesk, proviied tre faceplece is
tiznt. the weerer carn irnhele enoucgh eir through the hose to es-

z

cape if the tlower shouléd siop).
Tie tir-Tine Testiretor comsists of e tight-fittingz fececiecs, 2 looselr Pit-

tinz fecepiece or ever & helmet or hood cevering the head end extenil

neck or sheulders, The eir suprlied tc these restir

tairel Ircm the coxzrressed eir source used

: : rmexmetic érilling axnt - Inti nis eir

* otiecticrerle exi, iz

~ A TEr T

L8 pes

beern 7¢*-e - Lhet ot-

£ ire wor

Lrtens Erees,

1

»

!

J
~sirf
'U -

issue ol =n
of +he Trited Sz

"Using air from <he oriinery compressed eir system found inm industTry
te¢ supTly resviretors is not <o te indiscriminetely recow:e::ed These
compresses eir systems ere usueily of the nigh pressure, internelly lu-
tricezed, reciprocatingeccoxrressor tipe. The eair sun:lied Ly these
syvstems is comzexzineted ‘reguentii wi<th melodorous constituents csuch
es vapors, mists end profucts of cecozpositicn cof the compressor lu-

£ weter, end rust froz the pipe lize. A1l or most of

s cer be removel protetly by some of the commerciel
gir puriliers sold for triz purpose., £ pressure-reducing mecharicm
should te used elsc in the lize %o D““”an eny possibility of sudden
ecciiezzel tlasts of high-pressure elr fraom injuring the lu..—C ol ih
weerer of the respiretor, With & co:pressor of this type there is elweys
~nhe possitility, however rare it mew be in well=kept systems, of th
genereTion ¢l cerzon nonoxide due to overheeting ¢ the compressor lu-
tricens s, Zyg. 18,461 (183¢)). Tris cdenger can be mizimized or

use ol tempereture conirols or carbon monoxide slerms

¢z trne cecIp ser wiiien, of course, should be so mainteined as io pre-
vezt the lon of certor mo“oz; €4 )

c
these cemTaninexn

p.

1y

The zTrerd in rrlied-eir respirstors is to use special low~press.oe,
externall ’;br-catec positive-pressure air-supply devices. lMNost of
the otlections to the high-pressure reciproceting-type compressor do
rot eptly <o ern asir-supply of this kiné, Since these devices ere nct
commmon iz industry, however. it is usua”y necessary to purchase &
special one for use with *he respirator. Since air purifiers, pres-
sure=-reducing mechenisns, anc special co:pressor-control or elarm me-
charisms are not necessery, the price of this respiretor complete with
air-supply cdevice should not exceed thet of the other type of respira-
tor without the eir supnly system

1" m

The use of & speciel air-cornditioning unit to reguleie the tempera=-

ture end hunidity of the eir supplied to the respirator wearer is dee-
sirazle,"

The rminimi elr supsly for e respiretor desigel %o use gll the mir for res=
riretor: : elficiency i1s gemerelly ezreed smong :
: six *times <rne &lr tresiihed per ninute, L5 &

Zo-lend
ferer - tC lremors with logse-7it<ing Tecerieces, hoolz, or nelmesTs recuir

nnnonnnnopnoooonoNonNAOONOOMMORM Mmoo ®Tre-"



L ] wa A ] "-a "he ony -—

~79-

core eir ther those with tight fitting fecepieces.

There is some difference ol opirior emong users of respiretors &s to wnhether
or nct aciustments ulé be providel wherety the wesrer cen Tary the flow of mir <o
mee= veristions iz his recguiremests., It wes the opicion ol the letiecnel Silicosis
Cozference Cazmittee =het definite recomerietions for ell situetions cennot be
mece, tut for mery situetions, eni perticulerly where tight-Iitting facerieces ere
use?, ez edjustatle flow is desiretle anc may ever be necessery; &lso, most workren
cex leerz *to adjust the air D*onevly. On +he other hend fixed-Ilow procelures re-
guire & zizimur pmouni of instructiorn an? supervision exd ere “he most cecrnducive to
sefemy under mll conditions,

il

‘wr.ile Zoce Meskes end Air-lize Resrtirescrs havte meny Zelizite edvenisges i
eree c¢f Trevel of the weerer Is € <n€ LDEE, &DS LCTeEmenTts &Te

Ead
, ¢ : [P VR | 3 Tewmt D B L Lam ) * ae - e
re-Zicetroel to some extent b tThe hose, JeZZOD o€ BELr IOr Tre ICSE el TIE
<

]
=2
Z te fresh gxd pure, but u-fortuzesely this is mot elwelrs sc.

foresive Tles Zegtiretor - Abresive tlastizg restireteors cezsist essen-
¢’ e rocZ, wiz niows, tnet Tits loosely over the heel exni chcuiders end
desizmed ¢ withstend end protect the wearer's heed, neck and shoulders Zroz ebre-

sioz Tty the rebouniirg of perticles of sexni or grit; end & supply of frecsk eir, st
leest gix cubic feet per minute, tlowz Inte the hood, Cnly eguimment which hes —et

ited Stetes 3Bureeu of lMines test rv_‘i.e“e_.s end vinich is ecproved by the
Yedicel exi Sefety Jepertmerts shculd be us

sccepterce ez Use of Fersomel Fespirstory Trotectior b wWorkrern - As steted
TEr by G hr*?‘_:z end E. C. Fowler of t-e Urited Stetes Eureau of Mines

1F Yo,v1E2¢) presertec et the Interretionsl Peiroleur Ixposition anf Comgress,
Tkiehome, Mey £1 136, selecting respiratory protective equipmezt is simple

cozrerel vwish getting men to wear 1t a“te* it is supplied, Generally workmen will
weer mecks reedily ir pleces where they heve seexn others asphyxieted, or iz some
siziler <routle, but they ere like13 tc resist wearirz prozective ecuipmezt where
tre Zust cernzoi be seen or where the fumes ernd mist heve no orjectioradble odor,
There ere three mein reesons for such resiztence:

Pirst, izbred objection to ary new ides;

Second, the feeling thet the Indivicusl is & supermazn and
cen "take it" without protection; ang,

Trnird, the inconvernience of weering the equipmert,

Ir 8 survey conducted among the employees of the Colgete-Palmolive-Peet Come
pany ty lr. F, H, Wellner of that Company's Insurance Department, it was found that
the men didn't like the disfiguring appeerance of & "muzzle" over their faces, This
survey slso disclosed that some workers objected to the respirator because they
though. it made breathing difficult when the resl troutle was that they were not
breathing correctly. Breething through & respirator should be done deeply and slow=
ly and efter the proper hablt has been ecquired much discomfort may be eliminsted,
Quoting Mr. Wallner:

"Foremen should appreciate that the position of the streps that
hold the respiretor in plece has much to do with canfort. They should
leern vhether the straps should be worz over the head or around the
neck, Some types have *wo sireps, one to be worn ercund the neck, the
ther eround the head,"
11“
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Tretetly the most effective plen in rettirg yespiretors worr is it to "sel



+re supervisin: personzel who iz turn should "sell" the worker by ecucetion, possibly
acco:pan‘ed tw striet end feir supervzsion anc discipline, Imployees exposed to cdust
e zerds recu;.ir- the wearing of respiretors should be convinced that it is essential

*o secrifice some comfort and digrity to avoid serious ceses of disebility end suflfler-

o

irz. Zver- worker should rave Lis own recpiretor. It reguires time eané elffort to
g fucT this wrotective device so it contects the face snugly with & minimm of heead-
tens =encionm, It canno: be expected <het the evereze workmen will reedjust e &

11 5
ferent resvirezor esch day. Also, the psycholog ical effect of using a r
wOorz .rev‘ ;s’y by encther worknen is not ““l_D0" tent. Alth ush he meEY Lot s&r eny-
; : , i* is ne+urelly revol*ing %o most mexn's principles of tedlily sexi-
re~e to clemy over his face & cevice thet hes been sosked wiil sweet end
grotner man's fece gnd into which oxne or more mer heve tresthed ceyr eflter

s =oc mueh like usizg <he other fellow!s footh trush, The test prectice is

-

-t Foae

—o mzrk every respirgTor so eeckh werkoen cer lgentify his owr.

{¢) TUse, lein=zezence ani lere spir&tors -~ Persopel resgirezer pretecstive de-
Tices muss : i & zentielly the seme as wrern recelived Iram
<re mgzulecTurer, Depending on ol =he cdust repleceetie Tilters shoulld
te chenced frecuentl: o prevent <lelr Teconling clogged end usuell;r It Iz Jesiratle
<c use & respiresor without e fgcelet. Zowerer, if they ere cozsiderecd necessery,
the feceless shoulc te chenged often to evoid skir irritetion, £ clean fecelt gives
tre restiretcr & cleen appeerance anc removes one o-jectlion <o wearing it

Tre Colgate=Talmolive-Feet Compamy Joumd thet the hatit of some workers of

rezoving +heir respiretors &t irtervels ceused skir irritetion, Evertime ther did
=ris, duszt sezzled on the surfeces *thet ley next Lo the worker's frce and ir*‘*atizg
perticles were “rensferred “o the skiz when the cevice was replaced, It is, there-
fore, best *to heve the employee weer his respirefor constently while uncer exposure,
Iz same ceses, oinimeris or petrolew Jelly has helped to overcate the irriteting ef-
fect of poiz=s +het contac=t the skix.

o

Wierec & ceonsidere®le pumber of respirstors ere used, it is good practice %o
hsTe & "Fespirezor Room" with an at‘ewian‘ who issues the respiretors ard cleens,
=

sterilizes enc otherwise keeps them In goo“ condition. Respiretors mey te cleensed
by weasnizng end trushing them with ax entiseptic soap exd warm water, They should
checkes for demezed or improperly functieoning perts such es rutter velve sests &nd
heec-bercs, I defective, these should be replaced b+ new perts,

T MEIZCAY ICUTRCL SECULI 2T ZXMERTIICD IN TEE SELICCICH ANT STUEERTISICH CF
YELOWOERTUS UITY J2287 - It is essentiel that sdequete medicel control be ex-

ercised, Such conzrol should include the exeminetion, prior %o irnitiel working on
custy Jots of =he worker to izsure that he is e suitabtle physical sutject. This exm
erinetion should preferably include l-rav examinetion of the lungs wnich permits
closer control with subsequent X-ray tests es well as being & protection to the em=
ployer in the event of emy later legel ectioxn.

A worker, to be classed as physically suitable, should be in addition, de-
termined ‘o be & nose-breather rather then e mouth-breather snd the natural filter-
ing capacity of the hose should be found to be setisfactory. G, Lehmenn (J.Ind, Eyg.
17,37 - 1935) indicates that the "Silicotic susceptibility of workers with poor na-
sal filtratior is much greater then that of men with good nesel filters", He ad-
vises *hat jobs with a silicosis hazarZd bte held only by men with good nasel filters"
anc trat mowth breathers are an especielly bad risk., He suggests thet the "dust re-
<aining cepecity of the nose be used as en index of the 1nc1v;caal's guelification
for werking in e s osis procucirg e*mosphere”, It is possitle thet Sternstein's
technigue for meesuring naSEW resiszence ("Infustrial Dusts - p,65) could be cevelop-
el intc e simzle p cure for selecting rmen test edepted to cdust exposure

-

Aczeriizs e Drirker end Fesern {"Induszriel Tust" p.22) it is wise zo select
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for dusty jots men who are past the age of 20 and not young men just taking up &
trade,

£11 workers engeged irn hermful dusty operetions should be periodically thor-
oughly re-examined, including X-rey tests, Fearticuler ecpresis shoulc be placec on
dice<ioz of shortrzess of treeth end chest pains

Rerule<ions should be enforced concerning the time limitation of work of exy
el o"ee=vinvolved in a dust producing opera‘io:. Such Compexy reguletions cozcerne
irz sandilestinz calling for & fixed six-month mardimuz period on such work, efter

vricr & minizir six-montnh period avay from dust producing work should Te followed
more closely,

-0

Ter protectiozn from e legel tx=zle, the worker cshou Tes e finel thor-

cugh exemizgsion imcluding X-rey telore being percenently
work, leid of? or cischerged,

CONCLUSION

Trere is giill & *rerencous emount to be leermed gbout pneumocozniosis end
‘ucT-rroiuciznz operetioxns, Ome thicg, however, is certain -there is & very delircite
tezczency To recuire compensetiorz for iniusirisl or occnna‘lo“al diseases, I these
ccorpezsetion costs ere to pe kept to & minimum end the heelth and seflety ol workmen
ere ¢ te rromoted it will be necessery to meke further studies ancd to prezptly
efcrt eleguete preceutionery measures, liarny of these ere now in elfect, the others
n force &s soon ms possible, After years of study end direct comiect

with trne Tust rrotler, Mr, Dez Ezrricgton, Chiefl, Hesltr and Sa.e*} Brancrh, Uzited
Ste<es Zureeu of Mizes, hes come to %his comclusior (Zag, & Miz, Jour, Ilarekr 1837
oos, 118221, with whnich we ere heartily in esccord

"o

Ir *he reze of uncerteinties cornected with elmost &1l pheses of
+he ceuse*iorn eré diezmosis of dust cdisemse, mbout the oxnly reelly
welladezermized fact evaileble is that breething lerge gquantities of
¢ust {or possitly of certein dusi) over extended periods is likely
unier some concitions to be harmful to heelth and ths: sudbseguent al-
leTigziorn or cure is c‘.‘lcul‘ or icpossitle., Therefore, it would
seez to te logicel to try %o prevent dust formetioz thus preventing

it frox Ha-h;:g workers through respiretion or otherwise, Eere is &
real Jot for the engizeer, and littile or no help cen be expected in
these vitel Mmcetions from any agency except the engineers and operat-
ing officiels,

ey

The most hermful of the ordinery dustis to breath is probebly
silice cust, but, on the other hend, not even free silics, supposed=
ly the most ceirimentel of the silice dusts, is herm®™l unless it is
breathed, in comnsiderable quantities and over extended periods, Yo
hurern being ever lived eny considerable +time on this earth of ours
ithout breathing silica dust (free silice dust), yet by no meens ell
of the neople of the world have or have hed silicosis., In other words,
the quantity of dust teken into the respiratory organs is & coniroll-
ing factor in dust respiratory harmfulness.

"One cormon-sense answer is that eny etmosphere in which duct is
sitle to the naked eye is certainrly too dusty to be breathed with
selety by huzen beings, end the wise, farsighted, humen employer will

srmedietely siert o decresse the cdusi comtent in eny at:os:here where
Zugt dg Ticitle, After nhe res elimineted v%szsle cust. there rev
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still remein enough very smell invisitle dust to ceuse harm to the
heaelth of those whe breath it, but in any evernt i he has exerted suf-
ficient well-directed effort to remove the visitle cus+t it is certeir
that muchk of +he smeller invisitle, eand probetly most hermful dust hes
elso beer removed.

"™eanifestly, if dust is kept out of the mir bresthed bty workers,
the latter cannot succumb to cust diseese of a respiratory charecter
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STRONG, PIPKIN, NELSON, BISSELL & LEDYARD, L.L.P.

ATTORNEYS AT LAW
BEAUMONT OFFICE HOUSTON OFFICE
1400 SAN JACINTO BUILDING 1111 BAGBY
595 ORLEANS SUITE 2300
BEAUMONT, TEXAS 77701-3255 HOUSTON, TEXAS 77002-2546
TELEPHONE (409) 981-1000 TELEPHONE (713) 651-1900
FACSIMILE (409) 981-1010 FACSIMILE (713) 651-1920

October 23, 2001
(VIA FEDERAL EXPRESS)

Mr. Jerry Deere

District Clerk

Brazoria County Civil Courthouse
111 E. Locust, Suite 200
Angleton, Texas 77515-4654

RE:  Edward Lambert vs. Pronko, et al; In the 23" Judicial District Court of Law
Brazoria County, Texas; Cause No. 12540* BHO00

Dear Mr. Deere:

Enclosed please find the original and one copy of ExxonMobil Corporation’s Supplemental
Responses to Plaintiff’s First Set of Interrogatories, Requests for Production and Request for
Admission.

Please acknowledge receipt and date of filing by placing your file stamp on the copy and
returning it to our office in the enclosed self-addressed stamped envelope .

Thank you for your attention to this matter.
Yours truly,

STRONG, PIPKIN, NELSON,
BISSELL & LEDYARD, LL.P.

Y e Dlapum e

Enclosures

cc: Mr. Scott Frost
All known defense counsel



