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DAVID A. GIFFORD, STATE BAR 85909 APR 0 5 1999
ROBERT G. ENGEL. STATE BAR 158115 -
YTON PURCELL CURT)S
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Attorneys for Defendant HAND ___ OVERNIGHT _ MAEICGQ
NORTH AMERICAN REFRACTORIES COMPANY

SUPERICR COURT OF CALIFORNIA

COUNTY OF SAN FRANCISCO

IN RE: CASE NO. 828684
CCMPLEX ASBESTOS DEFENDANT NORTH AMERICAN
LITIGATION REFRACTORIES COMPANY'S AMENDED

RESPONSES TO PLAINTIFFS’
STANDARD INTERROGATORIES TO

/ ALL DEFENDANTS .
PROPOUNDING PARTY: Plaintiffs In Re General Order 129
RESPONDING PARTY: Defendant NORTH AMERICAN

REFRACTORIES COMPANY

SET NO: Plaintiffs’ Standard Interrogatories
to Defendants Pursuant to General
Order No. 129

PREFACE

These interrogatories are to be answered pursuant to San
Francisco Superior Court General Order No. 129.

Unless otherwise specifically set forth, the time frame for
response to these interrogatories is from 1930 until 1985; except
where otherwise specifically set forth, each interrogatory and each '
response are intended and should be construed as including and

being limited to such time frame. Where expressly stated with
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reference to the date and circumstances justifying use of such
date, the responding party may limit any such response to dates
subsequent to 1930, but which in no event are later than the
inception of the responding party, including the inception of any
predecessor in interest.

Unless otherwise specifically set forth, the geographic scope
for response to these interrogatories by domestic corporations is
the United States. Hospitals and other health care entity
defendants shall provide responses related only to that defendant’s
physical facilities and shall not be required to disclose any
information related to the furnishing of services to patients.

DEFINITIONS

1. "ASBESTOS-CONTAINING PRODUCT (S) " shall mean a product (s)

which THIS DEFENDANT knows or believes to have contained any amount

of the mineral asbestos at any time,

2. "COMPANY" means any private enterprise including
corporations, partnerships, joint ventures, and sole
proprietorships.

3. A. "CONTRACT UNIT" shall mean a branch, division,

subsidiary or other affiliated entity of a DEFENDANT which has been
or is now engaged in installation, disturbing or handling and/or
removal of RAW ASBESTOS and/or ASBESTOS-CONTAINING PRODUCTS.

4. "DOCUMENT (S) * or "WRITING(S)" shall include all writings
as defined by Section 250 of the California Evidence Code.

5. "GEOGRAPHIC AREA" means the 46 counties of Northern
California (Alameda, Alpine, Amador, Butte, Calaveras, Colusa,

Contra Costa, Del Norte, El Dorado, Fresno, Glenn, Humboldt, Kern,
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Kings, Lake, Lassen, Marin, Mariposa, Mendocino, Merced, Modoc,
Mono, Monterey, Napa, Nevada, Placer, Plumas, Sacramento, San
Francisco, San Joaquin, San Mateo, Santa Clara, Santa <Cruz,
Shasta, Sierra, Siskiyou, Solano, Sonoma, Stanislaus, Sutter,
Tehama, Trinity, Tulare, Tuolumne, Yolo, Yuba) and military
facilities/installations in the State of California, or the
following shipyards: Bethlehem Shipbuilding, San Pedro: California
Shipbuilding, Terminal 1Island; Consolidated Steel Shipyard,
Wilmington; Los Angeles Shipbuilding and Dry Dock aka L. A. Ship,
San Pedro; National Steel and Shipbuilding Corporation, San Diego;
Todd Shipyards Corporation, San Pedro; Triple “A" Machine, San
Diego; Western Pipe and Steel Company, Los Angeles and San Pedro
Divisions; Naval Air Station, North Island; Thirty-Second Street
Naval Repair Facility, San Diego; Long Beach Naval Shipyard; and
San Diego Destroyer Base.

6. A request to "IDENTIFY" a "WRITING" or "DOCUMENT" or |
study shall mean a request to either attach such an exhibit to your
answers to these interrogatories, or to describe such with
sufficient particularity that it may be made the subject of a
request for production of documents. YOUR description should
include an indication of: {a} the author; (b) addressee(s); (c)
date of origin; (d) the nature of the writing or document (e.g.,
letter, telephone memorandum, audio tape recording, photograph,
etc.); and {(e) its present location, name and present address of
custodian thereof.

7. A request to "IDENTIFY" an oral communication shall mean

a request to describe the communication with particularity, and-




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

shall include the following information: (a) the identity of all

parties to the communication; (b) the identity of the person whom
you contend initiated the communication; (¢) the identity of all
persons present at the time of the communication; and (d) the time,
date and place of the communication.

8. A request to "IDENTIFY" or to state the "IDENTITY" of a
person or individual means to state his or her name, the place of
employment, job title, present business or present or last known
home address, years of employment and last known telephone number
if not employed by DEFENDANT.

9. A request to "IDENTIFY" the product shall mean a request

to describe the product, the material or compound by the following

means: (1) by nickname or slang name used in your industry and/or
occupation; (2} by the name under which it is sold in the
marketplace (trade name); (3) by its generic name; and (4) by
manufacturer.

10. "MARKETING" or "MARKETED" shall mean the mining, supply,
sale, labeling, distribution, importing, processing or manufacture
of RAW ASBESTOS and/or ASBESTOS-CONTAINING PRODUCT(S).

11. A request to describe the "NATURE" of a product means to
describe the: (a) color; (b) texture; (¢) form (i.e., powder,
liquid, paste, solid, board, cloth, blanket, wire insulation,
etc.); (d) physical dimensions, if solid (length, width and
height}; (e) the type of shipping package and shipping package
dimensions, if not solid; (f) type of asbestos fiber used in the
composition of the product (e.g., chrysotile, amosite,

crocidolite); (g) the intended use or function of such product as
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recommended by this DEFENDANT as the miner, producer, supplier,
contractor, manufacturer, distributor, owner or seller; and (h) the
type of worksite in which it was intended to be used (e.g.,
shipyard, refinery, commercial building construction, manufacturing
plant, home, power generating plant, etc.).

12. YPREMISES" includes, but is not limited to, buildings,
structures in a refinery, boilers, generators, tract housing,
commercial buildings and cother such structures.

13. "RAW ASBESTOS" means asbestos fiber mined or milled,
either packaged or in bulk, not compounded with other substances
and essentially pure with the exception of naturally occurring
trace amounts of other substances.

14. "THIS DEFENDANT" or "DEFENDANT" shall mean the named
defendant herein, all of its divisions and subsidiaries in which it
holds a controlling interest, and all *alternate entities* as
defined and identified by name in any complaint pending against YOU
as of the date of your answers.

15. "YOU" and “YOUR" refer to the DEFENDANT who is named
above as responding party.

INTERROGATORIES

INTERROGATORY NO. 1

IDENTIFY the person verifying these answers on YOUR behalf.

RESPONSE TO INTERROGATORY NO. 1

John W. Stratman

General Counsel & Secretary

North American Refractories Company
500 Halle Building

1228 Euclid Avenue

Cleveland, OH 44115
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INTERROGATORY NO. 2

State the date of first employment with YOU, and the dates and
title of each Jjob ©position the person verifying these
interrogatories has held while employed by YOU.

RESPONSE TO INTERROGATORY NO. 2

November 3, 1997 - General Counsel
March 26, 1998 - Secretary

INTERROGATORY NO. 3

State whether or not YOU are a corporation, and if so, state:

A. YOUR correct corporate name;

B. YOUR state of incorporation;

C. The date of YOUR incorporation;

D. The address of YOUR principal place of business;

E. Whether or not YOU have ever held a certificate of

authority to do business in the State of California, and
if so, the inclusive dates of any certificate.

F. If YOU are wholly owned or the majority interest of YOUR
company is owned by another business entity, state the
entity’s name and principal place of business.

G. Whether YOU have any business offices in California and,
if so, YOUR principal place of business in California.

RESPONSE TO INRTERROGATORY NO. 3

Yes.

A. North American Refractories Company;
B. Ohio;

C. 1928;
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D. 500 Halle Building
1228 Euclid Avenue
Cleveland, Ohio 44115

E. Yes. December 27,1990.

F. Didier-Werke, A.G.
Lessing-Strasse
16-18D 6200
Wiesbaden 1
West Germany

G. Yes.
Pico Rivera Sales Indian Hill Plant
Office 2201 Michigan Bar Road
7831 Paramount Blvd. Ione, CA 95640
Pico Rivera, CA
90660 Ione Plant
8631 State Highway 124
Danville Sales Office P. O. Box 785
153 Sun Haven Road Ione, CA 95640

Danville, CA 94506

Defendant’s principal place of business is in
Cleveland, Ohio

INTERROGATORY NO. 4

Have YOU ever been identified, known, or done business under
any other name in the State ¢of California?
RESPONSE TO INTERROGATORY NO. 4

No.

INTERROGATORY NO. 5

If your answer to interrogatory no. 4 is in the affirmative,
please state such name or names and the time period during which
THIS DEFENDANT was so known or identified.

RESPONSE TO INTERROGATORY NO. 5

Not applicable.
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INTERROGATORY NO. 6

If YOU are not a corporation, what is YOUR business structure
(partnership, joint venture, sole proprietorship, etec.).
RESPON ATORY NO. 6

Not applicable.

INTERROGATORY NO. 7

If YOU are not a corporation, please IDENTITY all persons or
other entities with an ownership interest in YOU.

RESPONSE TO INTERROGATORY NO. 7

Not applicable.

INTERROGATORY NO. 8

If you are not a corporation, please state the following:
A. The address where the HISTORICAL RECORDS of THIS
DEFENDANT are currently located; and

B. The name, job title and current address of the Custodian

for THIS DEFENDANT'S HISTORICAL RECORDS.

As used herein, “HISTORICAL RECORDS" shall include all
DOCUMENTS relating to the formation of THIS DEFENDANT, all minutes
of partners’, general partners’, or other owners’ meetings and all
DOCUMENTS relating to THIS DEFENDANT’s merger with, acquisition of
or purchase, or sale of or by any other COMPANY.

RESPONSE TO INTERROGATORY NO. 8

Not applicable.
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INTERROGATORY NO. 9

IDENTIPY YOUR custodian of Business Records.

RESPONSE TO INTERROGATORY NO. 9

Judy Henderson

Custodian of Sales Records

North American Refractories Company
5200 Halle Building

1228 Euclid Avenue

Cleveland, OH 44115

John Stratman is the custodian of varicus other corporate
records.

INTERROGATORY NO. 10

IDENTIFY the person or persons most knowledgeable about:
A. YOUR acquisition of RAW ASBESTOS and/or ASBESTOS

CONTAINING PRODUCTS.

B. YOUR use of RAW ASBESTOS and/or ASBESTOS-CONTAINING
PRODUCTS;
C. YOUR contracting with others to do work involving use or

handling of RAW ASBESTOS or ASBESTOS-CONTAINING PRODUCTS.

RESPONSE TO INTERROGATORY NO. 10

NARCO states that this information is known by past and
present employees of NARCO including the following
individuals:

Richard Landy, (Retired)

Former V.P. Technology

North American Refractories Company
500 Halle Building

1228 Euclid Avenue

Cleveland, OH 44115

Don Abrino

Coordinator of Product Safety & Human Relations
North American Refractories Company

3127 Research Drive

State College, PA 16801
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INTERROGATORY NO. 11

For DEFENDANTS 1involved in the MARKETING of ASBESTOS-
CONTAINING PRODUCTS, state the IDENTITY of physicians, medical
directors and/or industrial hygienists employed by YOU during the
time frame or prior to the time YOU discontinued the marketing of
such products. All other DEFENDANTS need only respond as to
medical directors and/or industrial hygienists or physicians
employed in the area of employee health and safety. PREMISES
owners and domestic corporations need only respond as to the United
States.

RESPONSE TO INTERROGATORY NO. 11

Curtis Horton
Industrial Hygienist
R.O. 3, Box 216
Elizabeth Street
Curwensville, PA 16833

INTERROGATORY NO, 12

Has any employee of THIS DEFENDANT testified by deposition or
at trial on behalf of THIS DEFENDANT in a third-party case, in
which THIS DEFENDANT was a party, wherein the plaintiff has alleged
an asbestos-related injury? If so, for each such third party case
(except that Premises Defendants and Contractor Defendants need
answer only with respect to cases relating to sites within the

GEOGRAPHIC AREA) please state:

A. The caption and case number;

B. The court filing including state and county;

C. The date of deposition or trial testimony;

D. The name and address of plaintiff’s counsel of record;

10
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E. The name and address of the court reporter.

RESPONSE TO INTERROGATORY NO. 12

Yes. See attached.

INTERROGATOR

For each of the following, please state whether, at any time
within the time frame or until such time as any defendant which had
been engaged in MARKETING RAW ASBESTOS or ASBESTOS-CONTAINING
PRODUCTS discontinued the MARKETING of such products, THIS
DEFENDANT was a member or paid dues for any representative of THIS
DEFENDANT (excluding faculty members of educational institutions)

to be a member of the following:

A. American Conference of Governmental Industrial
Hygienists;

B. American Industrial Hygiene Association;

C. American Petroleum Institute;

D. American Railroad Association;

E. Asbestos Cement Producers Association;

F. Asbestos Information Association (AIA) (please answer

through date of your answers);

G. Asbestos Information Association/North America (AIA/NA)
{(please answer through date of your answers);

H. Asbestos Tile Institute (ATI);

I. Industrial Hygiene Foundation and/or Industrial Health

Foundation (IHF);

11
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W.

RESPONSE

Industrial Mineral Insulation Manufacturers Institute;
Magnegia Insulation Manufacturers‘’ Association;
Magnesia Silica Insulation Manufacturers Association;
Mineral Wool Institute;

National Insulation Manufacturers Association (NIMA);
National Safety Council;

New York Academy of Sciences;

Quebec Asbestos Mining Association (QAMA) ;

Refractories Institute;

Safe Building Alliance (please answer through date of
your answers) ;

Thermal Insulation Manufacturers Association (TIMA);

U. S. Maritime commission;

IDENTIFY any other organizations, associations or groups
of manufacturers, miners, distributors, importers,
labelers, suppliers, and/or sellers of ASBESTOS-
CONTAINING PRODUCTS of which THIS DEFENDANT was a member;
IDENTIFY any such representative of THIS DEFENDANT.

TO INTERROGATORY NO. 13

A.

m o N w

o]

H.

No.

No.

No.

No.

No.

No.

No.

No.

12
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Yes. 1980 - present

No.

No.

No.

No.

No.

No.

No.

No.

Yes. 1951-present

No.

No.

No.

Iron and Steel Institute; 1970 - present.

Defendant is aware that alleged records of the
I.H.F. purportedly show Defendant as a member from
1936 to 1953; however, Defendant has no knowledge of any
such membership. |

See response to interrogatory 14C.

INTERROGATORY NO. 14

For each organization, association or other entity identified

in YOUR response to interrogatory No. 13, please state:

A.

B.

The dates during which THIS DEFENDANT was a member;
The name(s) of any publication(s) received by THIS
DEFENDANT from such association or organization;

The name of any committee or subcommittee of which THIS”

13
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DEFENDANT was a member, and the dates of such committee
or subcommittee membership.

RESPONSE TO INTERROGATORY NO. 14

A. See Response to Interrogatory No. 13.

B. The Refractories Institute Minutes of Annual
Meeting.

C. Defendant does not maintain records of committee

memberships or representatives, but records of the
Refractories Institute indicate that the following
individuals have represented defendant at the

Refractories Institute:

E. W. Valensi - Director

W. R. Ramsey - Director

E. A. Williams - Director

R. A. Griffin - Environmental Protection
Committee

R. F. Whitford - Factory Operators Committee

N. L. Schuard - Gov. Relations Special Committee

E. A. Williams - Industrial Relations Committee

J. B. Polson - Chairman of Packaging and
Shipping Committee

R. F. Whitford - Technical Advisory Committee

E. A. Williams - Executive Committee

E. A. Williams - Depletion Committee

W. R. Ramsey - President

T. W. Berges - Safety and Health Committee and

Chairman of Subcommittee on MSHA

INTERROGATORY NO. 15

Had THIS DEFENDANT prior to 1973 received any DOCUMENTS
containing results or conclusions of any studies and/or tests
conducted by Bonsib for Standard Oil of New Jersey relating to
asbestos exposure in the workplace or the human health consequences
of exposure of asbestos? If so:

A. Either (1) attach all DOCUMENTS evidencing the

information sought in this interrogatory and its subparts

14
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to your answers to these interrogatories, or (2) attach

disks containing such data, or (3} describe such
DOCUMENTS with sufficient particularity that they may be
made the subject of a request for production of
documents.

B. State the date upon which THIS DEFENDANT first received
such DOCUMENTS;

C. State the IDENTITY of the custodian of such DOCUMENTS;

D. This interrogatory does not apply to DOCUMENTS
contained in a library maintained by a DEFENDANT hospital
or a DEFENDANT's library providing access to the general
public.

RESPONSE TO INTERROGATORY NO. 15

No. Not to defendant’s knowledge.

INTERROGATORY NO. 16

Had THIS DEFENDANT prior to 1973 received a copy or any
portion of any studies and/or tests conducted by any insurance
company, including but not limited to Metropolitan Life Insurance
Company and Aetna Insurance relating to asbestos exposure in the
workplace or the human health consequences of exposure to asbestos?
If so:

A Either (1) attach all DOCUMENTS evidencing the
information sought in this interrogatory and its subparts
to your answers to these interrogatories, or (2) attach
disks containing such date, or (3) describe such

DOCUMENTS with sufficient particularity that they may be

15
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made the subject of a. request for production of
documents.

B. State the date upon which THIS DEFENDANT first received
such DOCUMENTS;

C. State the IDENTITY of the custodian of such DOCUMENTS;

D. This interrogatory does not apply to DOCUMENTS contained
in a library maintained by a DEFENDANT hospital or a
DEFENDANT’S library providing access to the general
public.

RESPONSE TO INTERROGATORY NO. 16

No. Not to defendant’s knowledge.

INTERROGATORY NO. 17

Had this DEFENDANT prior to 1973 received any DOCUMENTS
containing results or conclusions of any studies and/or tests
conducted by any laboratory, including but not limited to, the
Saranac Laboratory relating to asbestos exposure in the workplace
or the human health consequences of exposure to asbestos? If so,

A. Either {1) attach all DOCUMENTS evidencing the

information sought in this interrogatory and its subparts
to your answers to these interrogatories, or (2) attach
disks containing such data, or (3) describe such
DOCUMENTS with sufficient particularity that they may be
made the subject of a request for production of
documents.

B. State the date upon which THIS DEFENDANT first received

such DOCUMENTS.

16
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C. State the IDENTITY of the.custodian of such DOCUMENTS;

D. This interrogatory does not apply to DOCUMENTS contained
in a library maintained by a DEFENDANT hospital or a
DEFENDANT's library providing access to the general
public.

RESPONSE TO INTERROGATORY NO. 17

No. Not to defendant’s knowledge.

INTERROGATORY NO. 18
Had THIS DEFENDANT (except for a defendant that 1is an

educational institution) prior to 1973 ever maintained a library
(or 1libraries) which contained books, articles, periodicals,
journals, and or reference materials that related to the subjects
of asbestos, industrial hygiene, medicine, safety and/or

occupational disease. If so, state:

A. The date each such library was established;
B. The location of each such library;
C. The IDENTITY of each librarian or other person in charge

of such library.

RESPONSE TO INTERROGATORY NO. 18
A. Defendant has always.Aaintained some form of library or
collection of materials which pertained to its refractory
business as a whole.

B. 3127 Research Drive
State College, PA 16801

C. There is no librarian for this library.

INTERROGATORY NO. 18
With the exception of OSHA compliance, had THIS DEFENDANT

17
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(except for a defendant that is an educational institution) prior
to 1980 exchanged DOCUMENTS or communicated with any person or
other COMPANY expressly regarding the results of tests and/or
studies relating to asbestos exposure in the workplace or the human
health consequences of exposure to asbestos? If so, state:

A. Each person or COMPANY with whom the information was

exchanged or to whom it was communicated.
B. The date(s) of any such exchanges or communications;
C. The IDENTITY of the custodian of such DOCUMENTS.

RESPONSE TO INTERROGATORY NO. 19

No.

INTERROGATORY NO. 20

Has any employee or designee of THIS DEFENDANT testified as a
representative of THIS DEFENDANT before the Occupational Safety and
Health Administration, the National, Institute of Occupational
Safety and Health, or any committee or subcommittee of the United
States Congress relating to asbéstos exposure in the workplace or
the human health consequences of exposure to asbestos? If so,

please state:

A. The entity before whom such testimony was given;

B The date(s) and location(s) of such testimony;

C. The IDENTITY of the individual(s) who so testified;

D Whether any DOCUMENTS were presented to the entity before

which testimony was given;

E. Whether copies of DOCUMENTS presented were retained by

18
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THIS DEFENDANT and, if so, state the IDENTITY of the
custodian of such DOCUMENTS.

RESPONSE TO INTERRQGATORY NO, 20

No.

ROGATORY NO, 21
Has THIS DEFENDANT (except for a defendant that is an

educational institution) conducted, or caused to be conducted,
tests, and/or studies of ambient asbestos dust created during the
manufacture, processing and/or assembling for sale of ASBESTOS-
CONTAINING PRODUCTS? If so, state:

A. Each manufacturing facility, including location and

address, at which any such test and/or study was

conducted;
B. The date of each such test and/or study;
C. The individual(s) or entity conducting each such test

and/or study;

D. Whether THIS DEFENDANT has any DOCUMEﬁTS containing the
results and/or conclusions of each such study;

E. The IDENTITY of the custodian of such DOCUMENTS.

RESPONSE TO INTERROGATORY NO. 21

No.

INTERROGATORY NO., 22

Has THIS DEFENDANT (except for a defendant that is an
educational institution) conducted, or caused to be conducted, any

tests and/or studies on ambient asbestos dust levels at any

19
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location or job site where ASBESTOS-CONTAINING PRODUCTS were
installed, utilized or removed? If so, for the first five tests
and/or studies, state:

A, The location, including name and address, at which each
such test and/or study was conducted;

B. The individual(s) or entity conducting each such test
and/or study;

C. The date of each such test and/or study;

D. Whether THIS DEFENDANT has any documents containing the
results and/or conclusions of each such test and/or
study.

'E. The IDENTITY of the custodian of such DOCUMENTS.

RESPONSE TO INTERROGATORY NO. 22

No.

IRTERROGATORY NO. 2

Did THIS DEFENDANT (except for a defendant that is an
educational institution) have any laboratory or other similar type
of facility anywhere in the United States at which it conducted, or
caused to be conducted, any tests and/or studies of ASBESTOS-
CONTAINING PRODUCTS or RAW ASBESTOS relating to the health
consequences of asbestos or the dust generated by any use of
asbestos or ASBESTOS-CONTAINING PRODUCTS. If so, state:

A. The location, including name and address, at which each

test and/or study was conducted.
B. The individual(s) or entity conducting each such test

and/or study.

20
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The date of each such test and/or study.

Whether THIS DEFENDANT has any DOCUMENTS containing the
results and/or conclusions of each such test and/or
study.

RESPONSE TO INTERROGATORY NO. 23

No.

INTERROGATORY NO. 24
Has THIS DEFENDANT made available to its employees a medical
examination program to determine the absence or presence of
asbestos-related disease? If so, state:
A. Whether chest x-rays or pulmonary function tests were
part of such program(s).
B. Whether participation in any such program was a mandatory
condition of employment or was voluntary;
C. Whether THIS DEFENDANT has DOCUMENTS of such program(s);
D. The IDENTITY of the custodian of such DOCUMENTS.

RESPONSE TO INTERROGATORY NO. 24

Defendant provided a medical examination, but not specifically
to determine the presence of or absence of asbestos-related

disease.

INTERROGATORY NO. 25
Prior to 1973, did any person file a workers compensation
claim for asbestos-related injury against THIS DEFENDANT or against

any workers’ compensation insurance carrier which provided coverage
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for THIS DEFENDANT? If so, state the total number of such claims

and, for the first 20 such claims state:

A. The date of such claim;

B. The name of the claimant;

C. The case number;

D. The court in which the claim was filed;

E. The IDENTITY of THIS DEFENDANT’'s custodian of DOCUMENTS

evidencing such claims.

RESPONSE TO INTERROGATORY NO. 25

No.

INTERROGATORY NO., 26

Does THIS DEFENDANT have insurance available to cover
judgment (s) entered against it in asbestos-related injury lawsuits?
If so, state:

A. The name and principal place of business of any insurance

carrier who has issued such policy of insurance;

B. The number and effective date of each policy;
C. The amount (s) of coverage of each policy;
D. The applicable dates of coverage.

RESPONSE TO INTERROGATORY NO. 26

Yes. See attached.

INTERROGATORY NO., 27
State whether YOU have controlled, purchased, or in any way
acquired any controlling interest in any corporation or business

entity which was mined, manufactured, produced, processed,

22
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compounded, sold, supplied, distributed and/or otherwise placed RAW

ASBESTOS or ASBESTOS-CONTAINING PRODUCTS in the stream of commerce.

If so, state:

A. the name and address of said corporation or business

entity.

B. The dates YOU controlled,

interest and;

c. The nature of the business as it pertains to asbestos.

RESPONSE TO_ INTERROGATORY NO. 27

No.

INT GATORY NO. 28

State whether THIS DEFENDANT, between 1930 and 1985, has ever
engaged in the following activities with regard to RAW ASBESTOS,

and if so, state the inclusive dates of such activity:

A. Mining;
B. Milling;

C. Supply;

D. Importing;

E. Processing;
F. Distribution;
G. Marketing;

H. Sale;

I. Brokering.

RESPONSE_TO INTERROGATORY NO.

28

No.

23

purchased or acquired any




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

INTERROGATORY NO, 29
If YOUR answer to any of subparts of interrogatory 28

regarding RAW ASBESTOS is in the affirmative, state:

A.

The trade, brand name, and/or generic name of such RAW
ASBESTOS milled or marketed in any form or quantity
between 1930 AND 1985;

The date(s) such RAW ASBESTOS was first placed on the

market, including the date(s) such RAW ASBESTOS was first

marketed;

1. On an experimental basis;
2. On a test basis;

3. For sale.

The date(s) such RAW ASBESTOS;

1. Ceased to be produced; or

2. Was recalled from the market, if ever.

A description of the chemical composition of such RAW
ASBESTOS, including the type and/or grade of ashestos;
A description of the physical appearance and nature of
such RAW ASBESTOS, including any color coding,
distinctive marking and/or logo on the packaging or
container; '

A detailed description of the intended use of such RAW
ASBESTOS, including any temperature limits for each such
use;

Whether such RAW ASBESTOS was on the U. S. Government's
"Qualified Products List," and if so, the inclusive dates

it was on such list;
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IDENTIFY to whom such RAW ASBESTOS has, at any time, been

sold. As to each such, state:

Whether any of THIS DEFENDANT’S RAW ASBESTOS has, at any

time, been sold, shipped, or otherwise distributed, used

or installed to or at any COMPANY (including power
company or utility), governmental agency or entity,
shipyard, distributor, refinery, contractor, supplier,

PREMISE owner or occupant, ship owner, or other PREMISE

or site in the GEOGRAPHIC AREA and whether any of THIS

DEFENDANT 'S RAW ASBESTOS has at any time been sold to any

manufacturer, or manufacturing facility, of ASBESTOS-

CONTAINING PRODUCTS. If so, state:

1. The names of each such COMPANY, governmental agency
or entity, shipyard, distributor, supplier,
manufacturer or refinery;

2. The inclusive dates of each such sale, and the
amount (quantity) and the trade brand name of such
RAW ASBESTOS sold;

3. The manner of shipment (e.g. boat, rail, etc.)

4. Whether you have any records indicating any such
sale or shipment and, if so, the name, address and
job classification of each person who currently has
possession of such records.

5. Either (1) attach all DOCUMENTS evidencing the
information sought in this interrogatory and its
subparts to your answers to these interrogatories,

or (2) attach disks containing such data, or (3)
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describe such DOCUMENTS with sufficient
particularity that they may be made the subject of
a request for production of documents.

RESPONSE_TO INTERROGATORY NO. 29

Not applicable.

INTERROGATORY NO. 30

Between 1930 and 1985, did YOU ever engage in any of the
activities 1listed below with regard to ASBESTOS-CONTAINING
PRODUCTS? 1If so, state the inclusive dates of such activity:

A. Supply;

Importing;

Distribution;

u N o

Marketing;
Sale;

Labeling;

Q = o

Manufacturing;
H. Brokering

RESPONSE TO INTERROGATORY NO. 30

Yes.

A. Defendant is uncertain as to the meaning of the term
*supply", but if "supply" means "distribute" or "sell"
then defendant answers: Yes.

B. Yes. See Exhibit A re: Kurosaki slide gates.

C. Yes.

D. Yes.

E. Yes.
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Yes.

Yes.

INTERROGATORY NO. 31

If your answer to any subpart of interrogatory no. 30

regarding
gtate:

A.

"ASBESTOS-CONTAINING PRODUCTS" is in the affirmative,

The trade, brand name, and/or generic name of each such
ASBESTOS-CONTAINING PRODUCT MARKETED in any form or
quantity between 1930 and 1985;

The date(s) each such ASBESTOS-CONTAINING PRODUCT was
first placed on the market, including the date{s) each

such ASBESTCS—CONTAINING PRODUCT was first MARKETED.

1. On an experimental basis;
2. On a test basis; or
3. For sale.

The date(s) each such ASBESTOS-CONTAINING PRODUCT:

1. Ceased to be produced; or

2. Was recalled from the market, if ever.

A detailed description of the chemical composition of
each such‘ASBESTOS—CdﬁTAINING»PRODUCT, including the type
and/or grade of asbestos and/or asbestos fiber contained
in each such product and the guantitative percentage of
asbestos or asbestos fiber in each such product, and all
non-asbestos components of the ASBESTOS-~CONTAINING
PRODUCT, and if the chemical composition changed over

time, the inclusive dates of each formulation;
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A description of the physical appearance and nature of

each such ASBESTOS-CONTAINING PRODUCT, including any

color coding, distinctive marking and/or logo, either on

the product or on the packaging;

A detailed description of the intended use of each such

ASBESTOS-CONTAINING PRODUCT, including any temperature

limits for each such use;

Whether any such ASBESTOS-CONTAINING PRODUCT was on the

U. S. Government’s "Qualified Products List," and if so,

the inclusive dates it was on such list;

The name and address of the supplier of the RAW ASBESTOS

used in each such product and the time period of such

supply;

Whether any of THIS DEFENDANT’S RAW ASBESTOS or ASBESTOS-

CONTAINING PRODUCTS have, at any time, been sold,

shipped, or otherwise distributed to any COMPANY

(including power company or utility), governmental agency

or entity, shipyard, distributor; refinery, contractor,

supplier, manufacturer, PREMISE owner or occupant, ship
owner, or other PREMISE or site in the GEOGRAPHIC AREA.

If so, state:

1. The names of each such COMPANY, governmental agency
or entity, shipyard, distributor, supplier,
manufacturer, refinery, contractor, PREMISE owner
or occupant, ship owner, PREMISE or site;

2. The inclusive dates of each such sale, shipment,

distribution, use or installation and the amount
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(volume) and the trade or brand name of each such

ASBESTOS-CONTAINING PRODUCT sold;

3. Whether you have any records indicating any such
sale, shipment, distribution, use or installation
and, if so, the name, address and job
classification of each person who currently has
possession of such records.

Either (1) attach all DOCUMENTS evidencing the

information sought in this interrogatory and its subparts

to your answers to these interrogatories, or (2) attach
disks containing such date, or (3) describe such

DOCUMENTS with sufficient particularity that they may be

made the subject of a request for production of

documents.

RESPONSE TO INTERROGATORY NO. 31

A-D.

E-F.

See attached Exhibits A and B.

The products were all gunning mixes and castables which
were used in high temperature refraétory applications
with the exception of the 60 DBRC, which was used in
certain open-hearth rodf applications. A copy of this

Defendant’s logo is attached as Exhibit C.

Product Temperature Limit
NARCOLITE 2000°
Super 505 HOT GUN C 3000°
BOF-COTE 3300°
BOF-PATCH 3300°
CM-18 GUN MIX 3000°
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NARCOGUN P-340 . 3300°
NARCOGUN PD-345 3300°
STAZON 1800° - 1900°
Defendant has no records regarding the temperature limits
for its other asbestos-containing products. This
information comes from defendant’s product catalog, with
the exception of information for Super 505 Hot Gun C,
which comes from a test data sheet for that product.

G. No. Not to this Defendant’s knowledge.

H. Johns-Manville and Nicolet. Defendant has no records
regarding the supply of raw asbestos fiber.

I See attached.

J. Records are called "green sheets." See Response to
Interrogatory No. 9 regarding the identity of this

Defendant's custodian of sales records.

INTERROGATORY NO., 32 {PREMISES DEFENDANTS only)

Did Yoﬁ install, remove, or handle or contract to have others
install, remove, or handle RAW ASBESTOS or ASBESTOS-CONTAINING
PRODUCTS at any PREMISES in the GEOGRAPHIC AREA which PREMISES is
at issue as to YOU in San Francisco Superior Court asbestos
litigation as of the date of your answers to these interrogatories?
If so:

A. IDENTIFY the PREMISES;

For each of the PREMISES:

1. State the nature of your ownership or possessory
interest;
2. State the inclusive date of that interest:
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3. IDENTIFY the party .from whom that interest was
acquired;

4. IDENTIFY the party, if any, to whom that interest
was transferred.

IDENTIFY every contract to which YOU were a party or of

which you have knowledge wherein the performance of such

contract involved the installation, removal, disturbing
or handling of any RAW ASBESTOS or ASBESTOS-CONTAINING

PRODUCTS at YOUR PREMISE. For each such contract:

1. Identify the parties to the contract;

2. Provide a general description and specific location
of the work to be performed by each party to the
contract;

3. IDENTIFY and describe the NATURE of the RAW
ASBESTOS or ASBESTOS-CONTAINING PRODUCTS installed,
removed, disturbed or handled in the performance of
the contract;

4. State the sates of the contract and the dates of
performance;

Except as provided in response to subpart (c}, has any

wofk other than routine maintenance been done on or to

the PREMISES that involved the installation, removal,
disturbing or handling of RAW ASBESTOS or ASBESTOS-

CONTAINING PRODUCTS? If so, for each such instance:

1. State the inclusive dates of the work;

2. Provide a general description and specific location

of the work;

31




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

3. State whether the work was done by YOU and/or YOUR
employees;

4. IDENTIFY and describe the NATURE of the RAW
ASRBESTOS or ASBESTOS-CONTAINING PRODUCTS installed,
removed, handled or disturbed;

5. IDENTIFY from whom the RAW ASBESTOS or ASBESTOS-
CONTAINING PRODUCTS were acquired.

Has any asbestos abatement effort been made at the

PREMISES? If so, for each such effort:

1. IDENTIFY who did the work;
2. State the inclusive dates thereof;
3. State whether samples were taken, and, if the

samplés still exist, IDENTIFY the custodian of the
samples;

4. State whether any material was tested, and, if so,
what were the results of each test;

5. IDENTIFY each test result with sufficient
particularity for purposes of a request for
production of documents, or, in the altermnative,
attach a copy to YOUR answers to these
interrogatories.

Except for insurance coverage litigation, have you filed

suit against, or otherwise sought to recover from, any

person or entity for some or all of the cést of asbestos
abatement or for the proper damage allegedly caused by

the presence of RAW ASBESTOS or ASBESTOS-CONTAINING
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PRODUCTS on the PREMISES identified in response to

subpart (A) above? If so:

1. IDENTIFY the person or entity against whom YOU have
filed suit or otherwise sought to recover;

2. IF YOU have filed suit, state the court in which
the action was filed, the date on which it was
filed, IDENTIFY all plaintiffs and defendants and
their counsel of record;

3. State whether or not the case has been resolved,
and, if so, what was the status or disposition.

Either {1) attach all DOCUMENTS evidencing the

information sought in this interrogatory and its subparts

to your answers to these interrogatories, or (2) attach
disks containing such data, or (3) describe such

DOCUMENTS with sufficient particularity that they may be

made the subject of a request for production of

documents.

IDENTIFY the person(s$ presently most knowledgeable about

the information sought in this interrogatory or its

subparts.

RESPONSE TO INTERROGATORY NO. 32

Not applicable.

INTERROGATORY NO. 33 (CONTRACTOR DEFENDANTS only)

At any time between 1930 and 1985, did YOU hold a contractor’s

license in the State of California? If so:

IDENTIFY each license by type, date and number; -
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If on the date of your answers YOU are a defendant in
four or more asbestos actions in San Francisco Superior
Court, IDENTIFY each job or contract that YOU performed
(directly or through one or more subcontractors) during
this time period for work in any PREMISES which is at
issue as to YOU on such date, and in any PREMISES of
50,000 square feet or more in the GEOGRAPHIC AREA which
job or contract involved installation, removal,
disturbing or handling of RAW ASBESTOS or ASBESTOS-
CONTAINING PRODUCTS (Alternatively, at your option, you
may IDENTIFY each job or contract YOU performed (directly
or through one or more subcontractors) during this time
frame for all work, or for all work on PREMISES of 50,000
square feet or more, in the GEOGRAPHIC AREA.) As to each
job or contract:

1. IDENTIFY the location (including name of ship, if

applicable) where the job or work was performed.

2. State the date of the contractior the inclusive

dates of the work;

3. IDENTIFY the person or entity with whom vyou
contracted;
4. State your job or contract number.

If on the date of your answers you are not a defendant in
four or more asbestos actions in San Francisco Superior
Court, IDENTIFY each job or contract that YOU performed
{directly or through one or more subcontractors) during

this time period for work in any PREMISES which is at
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issue as to YOU on such date. as to each such job or

contract:

1. IDENTIFY the location (including name of ship, if
applicable) where the job or work was performed;

2. State the date of the contract or the inclusive

dates of the work;

3. IDENTIFY the person or entity with whom you
contracted;
4. State your job or contract number.
RESPONSE TO INTERRQGATORY NO. 33

Not applicable.

INTERROGATORY NO. 34

Did any of the distributors identified in your answer to
interrogatory numbers 29 and 31 above have an exclusive
distributorship? 1If so, state the relevant time period.

RESPONSE TO INTERROGATORY NO. 34

Not applicable.

INTERROGATORY NO. 35

If THIS DEFENDANT entered into any agreements for the
rebranding of any ASBESTOS-CONTAINING PRODUCTS by THIS DEFENDANT
for resale or distribution by another person or entity, describe
each agreement’s terms and the parties to said agreement, the
duration of the agreement, and name of each product(s) and/or

material(s) covered by each such agreement.
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RESPONSE TO INTERROGATORY NO. 35

This Defendant did not enter into any such agreements.

INTERROGATORY NO, 36

If THIS DEFENDANT entered into any agreements for the
rebranding of ASBESTOS-CONTAINING PRODUCTS manufactured, sold,
supplied distributed by another person or entity for resale or
distribution by YOU, describe each of the agreements and the
parties to said agreement, the terms, the duration, and the names
of each product(s) and/or material(s) covered by each such
agreement.

RESPONSE TO INTERROGATORY NO. 36

For a period of time ending in 1971, this Defendant sold
Eagle-Picher products Super 66 and One-Cote Cement under a
relabeling agreement as Stazon and Unicote. This Defendant has no
records from which it can determine the details of manufacture,
design or composition of these products. The duration of this

Defendant’s agreement with Eagle-Picher is unknown at this time.

INTERROG Y NO. 37
As to RAW ASBESTOS and to each such ASBESTOS-CONTAINING

PRODUCT listed in YOUR responses to interrogatories number 29 and
31 did DEFENDANT warn of the health hazards of asbestos? If so,

state for each such warning:
A. The content, size, color, and location; whether the
warning appeared on the material and/or on the container,

and/or was placed on a tag; whether the warning was
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included in advertising or other promotional materials.

B. State whether you have any photographs thereof;
C. The inclusive dates on which you used each such warning;
D. State all changes you made in such warnings and the dates

of such changes; and
E. Identify the person most knowledgeable about your
warnings and warning policy.

RRSPONSE TO INTERROGATORY NO. 37

Warning labels were provided to this Defendant by Eagle-Picher
for its One Cote and Super 66 Cement sold under a relabeling
agreement by this Defendant as Unicote and Stazon. These
warnings were placed on the packaging for those products.
This Defendant has no record regarding the Eagle-Picher
product warning; however, this Defendant believes that Eagle-
Picher began placing warnings on the relabeled products in

approximately 1964. See attached Exhibit "D*.

INTERROGATORY NO. 38

With respect to each of YOUR ASBESTOS-CONTAINING PRODUCTS,
state whether THIS DEFENDANT's name, a trademark, logos, color
coding, or other identifying ﬁ;rkings ever appeared on the actual
product itself. If so, IDENTIFY each such product, state when the
practice to place such identifying markings upon the product was
bequn and when it ended, if applicable, and describe in detail the
pertinent marking(s) and the purpose, if any, of such markings.

RESPONSE TO INTERROGATORY NO. 38

No.
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INTERROGATORY NO. 39
Between the years 1930 and 1985, did THIS DEFENDANT purchase

or otherwise acquire any ASBESTOS-CONTAINING PRODUCT lines from

another person or entity? 1If so, state for each such purchase:

A. Date of purchase or acquisition;
B. Terms of purchase or acquisition agreement;
c. Either (1) attach all DOCUMENTS evidencing said

acquisition, or (2) attach disks containing such date, or
(3) describe such DOCUMENTS with sufficient particularity
that they may be made the subject of a request for
production of documents;

D. Trade, brand, and/or generic name of each such product
line so acquired;

E. Name of the person or entity from whom YOU purchased or
acquired each such ASBESTOS-CONTAINING PRODUCT line; and

F. Location of any manufacturing facilities so acquired, and
the type of ASBESTOS-CONTAINING PRODUCTS manufactured
therein. |

RESPONSE TO INTERROGATORY NO. 39

No.

INTERROGATORY NO. 40

Between the years 1930 and 1985, did THIS DEFENDANT sell any
ASBESTOS-CONTAINING PRODUCT line to another person or entity? If
so, state for each such sale:

A. Date of sale;

B. Terms of sales agreement;
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C. Either (1) attach all DOCUMENTS evidencing said sale, or
(2) attach disks containing such data, or (3) describe
such DOCUMENTS with sufficient particularity that they

may be made the subject of a request for production of

documents.

D. Trade, brand, and/or generic name of each such product
line sold;

E. Name of person or entity to whom you so0ld each such

ASBESTOS-CONTAINING PRODUCTS line; and

F. Location of any manufacturing facilities so sold, and the
type of ASBESTOS-CONTAINING PRODUCTS manufactured
therein.

RESPONSE TO INTERROGATORY NO. 40

No.

INTERROGATORY NO. 41

IDENTIFY all brochures, pamphlets, catalogs or other
advertising relating to ASBESTOS-CONTAINING PRODUCTS and/or RAW

ASBESTOS which THIS DEFENDANT manufactured, sold, distributed or

supplied from the year 1930 to 1985. For each such document,
state:

A. A description of the document;

B. The year it was printed;

C. The period of time in which it was used;

D. The purpose of such document;

E. Whether the documents or copies of said documents

presently exist;
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F. If said documents or copies still exist, where they are
located; and
G. The IDENTIFY of the custodian of such documents.

RESPONSE TO INTERROGATORY NO. 41

A. Defendant’s product catalog and other promotional
materials.
B. Unknown.

C. Unknown.

D. To describe Defendant’s products.
E. Yes.
F. 500 Halle Bldg.

1228 Euclid Avenue
Cleveland, Ohio

G. John W. Stratman. See Response to Interrogatory Number
1.

INTERROGATORY NO. 42
State if YOU have or had within YOUR corporate or other
business structure any CONTRACT UNITS.

RESPONSE TO INTERROGATORY NO. 42

No.

INTERROGATORY NO. 43

State whether or not any of YOUR CONTRACT UNITS installed
and/or removed RAW ASBESTOS AND/OR ASBESTOS-CONTAINING PRODUCTS in
the GEOGRAPHIC AREA at any time between 1930 and 1985. If so:

A. State the business addresses and name of the CONTRACT

UNIT;
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B. State the inclusive periods of time the CONTRACT UNITS
were working in the GEOGRAPHIC AREA;

C. State the name and address of each job site within the
GEOGRAPHIC AREA and the dates the CONTRACT UNIT worked at
those job sites, and, IDENTIFY the RAW ASBESTOS and/or
ASBESTOS-CONTAINING PRODUCTS installed or removed on each
occasion;

D. Either (1) attach all DOCUMENTS evidencing the
information sought in this interrogatory and its subparts
to your answers to these interrogatories, or (2) attach
disks containing such data, or (3) describe such
DOCUMENTS with sufficient particularity that they may be
made the subject of a request for production of

documents.

RESPONSE TO INTERROGATORY NO. 43

Not applicable.

INTERROGATORY NO., 44

When do YOU contend that THIS DEFENDANT first became aware
that there is an association between asbestos exposure and disease
in human beings?

RESPONSE TO INTERROGATORY NO. 44

NARCO first learned that there was an association between
asbestos exposure and disease in human beings when OSHA promulgated

its standards.
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INTERROGATORY NO. 45

How do YOU contend that THIS DEFENDANT first became aware that

there is an association between asbestos exposure and disease in

human beings.

RESPONSE TQ INTERROGATORY 45

See Resgponse to Interrogatory Number 44.

INTERROGATORY NO. 46
Either (1) attach all DOCUMENTS evidencing the information

upon which YOUR contentions in YOUR answers to interrogatories No.
44 and 45 are based, or (2) attach disks containing such data, or
(3) describe such DOCUMENTS with sufficient particularity that they
may be made the subject of a request for production of documents.

RESPONSE TO INTERROGATORY NO. 46

See attached Exhibit “E.“

INTERROGATORY NO. 47 | |
When did THIS DEFENDANT first warn its employees that exposure

to asbestos could be hazardous to human health? State:

A. Whether the first such warning was written or oral;

B. Whether copies of DOCUMENTS containing such warning
exist;

C. The IDENTITY of the custodian of such DOCUMENTS.

D. The content of the warning.

42




10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27

28

RESPONSE TO INTERROGATORY NO. 47

This defendant did not warn its employees specifically about

the hazards of asbestos.

INTERROGATORY NO. 48
Did THIS DEFENDANT ever issue a written COMPANY policy

discontinuing warning its employees that exposure to asbestos could

be hazardous to human health? If so,

A. Provide the date;

B. Describe the circumstances; and

c. Either (1) attach all DOCUMENTS evidencing the

| information sought in this interrogatory and its subparts
to your answers to these interrogatories, or (2) attach
disks containing such data, or (3) describe such
DOCUMENTS with sufficient particularity that they may be
made the subject of a request for production of
documents.

RESPONSE TO_ INTERROGATORY NOQO, 48
No.

INTERROGATORY NO. 49

Did THIS DEFENDANT provide any independent contractor or

subcontractor within the GEOGRAPHIC AREA with a written warning

that exposure to asbestos could be hazardous to human health.

RESPONSE TO INTERROGATORY NO. 459

See Response to Interrogatory Number 37.
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INTERROGATORY NO, 50

Has THIS DEFENDANT been cited for or otherwise charged by as
public agency with a violation in the GEOGRAPHIC AREA of any
statute, ordinance, safety order, regulation, or law pertaining to
asbestos exposure? For each occasion, IDENTIFY:

A. The code section, safety order, statute, or regulation

for which THIS DEFENDANT had bheen cited or otherwise

charged;
B. The date(s) thereof;
C. The agency or other governmental unit which issued the

citation or otherwise charged YOU.

D. All persons known to YOU with information relevant to the
incident.
E. What was the ultimate resolution.

RESPONSE TO INTERROGATORY NO. 50

No.

INTERROGATORY NO. 51

If THIS DEFENDANT has ever owned or operated a railroad,
state:
A. The IDENTITY of each such railroad, including the name (s)
of such railroad during the time period of YOUR ownership
and/or operation, the principal place of business of such
railroad and the dates of YOUR ownership and/or
operation;

B. The GEOGRAPHIC AREA of operation of such railrocad;
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The name{s) of such railrocad prior to YOUR ownership
and/or operation;

The IDENTITY of the person or entity from whom YOU

purchased our ownership or operating interest, and the

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27 |

28

o

date of such purchase;

The IDENTITY of the person or entity to whom YOU sold
your ownership or operating interest, and the date of
such sale;

Whether copies of DOCUMENTS evidencing your
ownership/operation and/or sale exist;

The IDENTITY of the custodian of such DOCUMENTS;

To the extent that information has not been given in
answers to interrogatory Nos. 32 and 33, the information
requested in interrogatory Nos. 32 and 33, for each

railroad owned or operated by YOU.

RESPONSE TO INTERROGATORY NO. 51

Not applicable.

INTERROGATORY NO. 52

If DEFENDANT has ever owneqd or operated a shipyard, state:

A.

The IDENTITY of each such shipyard, including the name (s)
of such shipyard during the time period of YOUR ownership
and/or operation, the place of business of such shipyard
and the dates of YOUR ownership and/or operation;

The name(s) of such shipyard prior to YOUR ownership
and/or operation;

The IDENTITY of the person or entity to whom YOU sold
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your ownership or operating interest, and the date of
such sale;

D. The Whether copies of DOCUMENTS evidencing your
ownership/operation and/or sale exist;

E. wWhether any representative of THIS DEFENDANT attended the
Maritime Commission Conference in December 1942 in
Chicago, Illinois? If so, IDENTIFY any such

representative of THIS DEFENDANT;

F. The IDENTITY of the custodian of such DOCUMENTS;
G. To the extent that information has not been given in
answers to interrogatory No. 32, the information

requested in interrogatory No. 32, for each shipyard
owned or operated by YOU.

RESPONSE TO INTERROGATORY NO, 52

Not applicable.

INTERROGATORY NO, 53

At any time between 1930 and 1985, did you import, expert,
ship, tranship or otherwise transport RAW ASBESTOS or ASBESTOS-
CONTAINING PRODUCTS into, out of or through any port in the
GEOGRAPHIC AREA? If so, for each occasion:
A IDENTIFY and describe the NATURE and amount of RAW
ASBESTOS and/or ASBESTOS-CONTAINING PRODUCTS.

B. IDENTIFY the ship or ships (including the owners and
operators thereof) onto or from which the RAW ASBESTOS
and/or ASBESTOS-CONTAINING PRODUCTS were loaded, unloaded ;

or transshipped;
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NARCO Witness Jurisdiction Case No. Date Plaintiffs'
= — X
Edmund S. Wright Madison Co., IL 86-L-1827 9/7/89 Randall E.
(Pres. & CEO) Bono
Richard Wilson Allegheny Co., 83-18704 1/22/85 | William
(District Sales PA Caroselli
Manager)
George Spahlinger Cuyahoga Co., 1987-1 1/27/88 | Robert
(Manager Account OH Jennings
Representative)
George Spahlinger Madison Co., IL 86-L-1827 8/30/89 | Randall E.
(Manager Account Bono
Representative)
Thomas Robbins Madison Co., IL 86-1.-1230 5/24/8% | Randall E.
(District Manager) Bono
Kim Nelson Madison Co., IL 86-L.-1827 8/30/89 | Randall E.
(Manager Health & Bono
Safety)
Curtis Horton Madison Co., IL 86-L-1827 8/30/89 | Randall E.
(Former Industrial Bono
Hygienist)
Donald E. Abrino Madison Co., IL 86-1.-1872 8/30/89 | Randall E.
(Human Relations and Bono
Safety Coordinator)
Donald A. Abrino Dallas Co., TX 94-0940-G 9/12/95 | Baron & Budd
(Human Relations and :
Safety Coordinator)
Donald A. Abrino Baltimore, M.D. 93-076701 3/16/94 | Law offices of
(Human Relations and Peter G.
Safety Coordinator) Angelos
Richard A. Landy Madison Co., IL | All 7/26/88 | Fred Baron
(Director of Research) Asbestos
Litigation
Richard A. Landy Madison Co., IL 86-L.-1827 9/7/88 Fred Baron
(Director of Research)




NARCO Witness Jurisdiction Case No. Date Plaintiffs'
Attorney
Richard A. Landy Cambria Co., PA | 1987-71 4/20/88 | Robert Jennings
(Director of Research)
Richard A. Landy Kanawha, WV 95-8888 7/7/195 Bruce Carl
(Director of Research) Goldberg
Jay Ehle Baltimore Co., 93076701 2/8/94 Bruce Hill
(General Counsel) MD
Jay Ehle San Francisco 828684 4/26/94 | Eric Wagner
(General Counsel) Co.,CA
Sue Speck Dallas Co., TX 94-0940-G 9/12/95 Baron & Budd
Mark Rafferty Dallas Co., TX 94-0940-G 9/19/95 | Baron & Budd
(Sales Manager for
Western Region)
Mark Rafferty San Francisco 953355 8/31/94 | Deborah
(Sales Manager for Co., CA 941345 Schweizer
Western Region) 959282
959660
Dan Boring Orange County, A-920,961-C | 5/13/94 | Ness Motley
X A-920,967-C
A-930-810-C
A-930-553-C
Robert Norguist San Francisco, A-953-355-C | 9/1/94 Bayton,
CA A-941-345-C Gisvold &
A-959-660-C
Larry Dilly Cambria County, Robert Jennings
PA
Richard Landy Orange County, A90-961-C | 11/96 Glen Morgan
X
Richard Landy Cameron Co., 95-02-773-E | 5/97 Lisa Blue
Tx




Carrier:
Policy Type:
Policy No.:
Limits of
Liabildty:

Carrier:

Policy Type::

Palicy No.:
Limfts of
Liabidity:

carrier:
Policy Type:
Policy No.:
Linits of
Liabtl1ty:

Carrier:
Palicy Type:
Policy No.:
Limits of.
Ltability:

INTERROGATORY No. 26

———‘——'—-—-’_——

loyers Insurance of Wausau
E::przhensive General Liability
0525 00 086405 :

Bodily Infury
$300,000 each accurrence

$300,000 aggregate

froperty Damage
$100,000 each occurrence
$100,000 aggregate

Employers Insurance of Nausay
Comprehensive General Liability
0526 00 086408 ' -

Bedily Infury
$500,000 each occurrence.
$500,000 aggragate

Pryperty Damage
$500,000 each occurrence
$500,000 aggregata

Employers [nsurance of Wausau

Congrehensivo General Liability
0527 00 085405

Bodily Iniury
$500,000 each occurrence
$500,000 aggregate

$500,000 each occurrence
$500,000 aggregate

Employers Insurance of Wausau
Comprehensive General Liab{l{ty
0528 00 086405

$1,000,000 each occurrence
$1,000,000 aggregate

Progerty Damaga
. 31,000,000 each occurrenca

$1,000,000 aggregata

_7/3/74-T/1/75

1/1/15-1/3/78,

7/1/76-773/77

7/'1/77-7/1/2&-




.arprier:
Policy Typa:
Poltcy Ka.:
Limits of

Liabt11ty:

Larrier:

Policy Type: .
. Policy MNo.: -

Limits of
Liabiltity:

Carrier:
Policy Type:
Policy No.:
Limits of
Liability:

Carrier:
Policy Typa:
Policy No.:
Limits of
Ltability:

Employers Insurance of Qausau
Cosprehensive Ganeral Liability
0523 00 08540S

$1.000,000 each occurrence
$1,000,000 aggregate

Property Dimage ‘-
$1,000,000 each occurrence
$1,000,000 aggregate

Exployers Insurance of Wausau
Comprehens{ve General Liabild
0520 00 092911 .

$1,000,000 each occurrence
$1,000,000 aggregate

Property Damaqe :
$1,000,000 each occurrencs

$1,000,000 aggregate

Employers Insurance of Wausau
Comprehensive General Liability
0521 00 092911

Bodily Infury
$1;000,008 each eccurrence
$1,000,000 aggregate

Property Dimaga
51,000,000 each occurrence

* $1,000,000 aggregate

Travelers Indemnity Co.
Comprehansive L{ability
TRL-NSL-137T930-5-81

$1,000,000 each occurrence

'$1,000,000 each occurrance

Sedily Injury/Property Damage
$5,000,000 aggregate products &

completed operatfons. .

$750,000 any one occurrence °

7/1/78-7/1/19

1/1/18-1/1/80

7/1/80-7/1/81

3/1/81-3/1/82



Carrier:

Policy Type:

Policy Nea.:
Limits of
Liability:

Carrier:
Policy Type:
Poltcy No.:.
1mits of
fability:

Carrier:
Palicy Type:
Policy No.:
Limits of
Liability:

Travelers Indemnity Co.
Comprehensive Lfability
TRL-NSL-137T930-5-82

Bodily Inijury
51,000.000 each occurrence

Property Daznqe )
$1,000,000 each occurrence’

ss,oii.ooo aggregate products &

cocpleted operations

Retention’
. $750,000 any one occurreance

Travelers Indemnity Co.

Comprehensive Liability

TRL-NSL-137T7930-5-83

Bodilv Injyry :
$1,000,000 each occurrence
Property Damage .
$1,000,000 each occurrence

Bodily Iniury/Procerty Damage
$S, 000 000 aggregate products &

completed operations

§750,000 an§ one gsccurrence

Travelers Indemnity Co.

"Comprehensive Liability

TRL-RSL-137T930- 5-84

L3

~ $1,000,000 each occyrrence

froperty Damage '
$1,00Q,000 each occurrenca

Bodily Iniyry/Prooerty Damage
$5,000,000 aggregate products &
. completed operations

'3750,000 any one occurrence

3/1/82-3/1/83

3/1/83-3/1/84.

3/1/84-3/1/85




Carrier:

Pol{ey Type:

Pelicy No.:
Limits of
Liabtlity:

Carrier:
Policy No:
Coverage:

Travelers Indemnity Ca. 3/1/85-3/1/86
Cosprehensive Liability"
TRL-NSL-137T930-5-85

-$1,000,000 each cccurrence

p
$1,000,000 each occurrence -

. C .
S; 500,000 aggragate products &

completed operatiens

ngggct‘ les
1. Hution huddgn;

4

$750,000 each occurrence

2. %gr_nm&m:m ,
$750,000 each occurrence . -

m«unwa ("‘75% 4”"“‘4"';5-”‘()
(737.:%

Zurich-American Insurance Group 01/31/69-01/31/72
GA 86-32-220

$5,000,000 each occurence including

loss and expense.

$5,000,000 aggregate for each annual

period where applicable, including

both loss and expense.




INTERROGATORY NO. 34(D)

PRODUCT DATE SOLD TO SHIP TO QUANTITY
AEROGUN GUN MIX 11710175 The Babcock & Wikox Co., The Babcock & Wilcox Co., 25,000 LBS
Augusta, GA 15701 Heron Avenue, La
Mirada, CA
AEROGUN GUN MIX 11710/75 The Babcock & Wilcox Co., The Babcock & Wilcox Co., 12,500 LBS
Auvgusia, GA 15701 Heron Avenue, La
Mirada, CA
AEROGUN INSUL 7115 The Babcock & Wilcox Co., Brindle Boiler, c/o Babcock & 2,000 LBS
GUN MIX Augusia, GA Wilcox Co., 15701 Heron
Avenue, La Mirada, CA
NARCO STAZ ON 47287171 Frazier - Simplex, Inc., Box Gallo Glass Co., Oregon 100 LBS
493, Washington, PA Drive, Modesto, CA
NARCOCAST E.S. 6/15/10 Foster Wheeler Corp., 110 Foster Wheeler Corp., c/o 1,700 LBS
CASTABLE FINE South Orange Avenuc, OFCCO Construction Co., |
TROWEL Livingston, NJ Inc., Shell Oil Co., Martinez
Refinery, Martinez, CA
NARCOGUN SD 114171 Kaiser Steel Corp., P.O. Box | Kaiser Steel Corp., Masonry 3,500 LBS
336NN 217, Fontana, CA Dept., Kaiser, CA




.

INTERROGATORY NO. 31(I)

Monica, CA

Allantic City, NJ

PRODUCT DATE SOLD TO SHIP TO QUANTITY
AEROGUN 1731/713 Joy Manufacturing Co., PA. Power & Light Co., 3,000 LBS
INSULATING GUN Westemn Precipifation Div., Sunbury, PA
MIX 1010 W. Ninth Street, Los

Aageles, CA
AEROGUN 9/20/79 ARCME, Inc., 1905 West Glass Containers Corp., 114 2,600 LBS
INSULATING GUN Carlton Place, Santa Ana, CA | Pean Avenue, Knox, PA
MIX
AEROGUN 9/20/79 ARCME, Inc., 1905 West Glass Containers Corp., 114 3,500 LBS
INSULATING GUN Carlion Place, Santa Ana, CA | Penn Avenue, Knox, PA
t MIX
NARCO STAZ ON 8/25/69 Republic Glass Corp., c/o Export to Manilla (shipped to 3,000 LBS
Castle & Cooke, Inc., Agents, | Baltimore)
Onc Bush Street, San
Francisco, CA
AEROGUN GUN MIX 9/20/79 ARCME, Inc., 1905 W. Glass Containers Corp., Route | 4,500 L.BS
Carlton Place, Santa Ana, CA | 101, Dayville, Conn
NARCO STAZ ON 9/16/71 Frazier-Simplex, Inc., box Gallo Glass Co., Oregon 100 LBS
493, Washington, PA Drive, Modesto, CA
NARCOLITE 5/12/69 Robert C. Marshall Co., 427 | Atlantic City Electric Co., 2,000 LBS
CASTABLE Montana Avenue, Santa Missaouri Avenue & Thorofare,
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[V F.13 C )

SIkexrax
Ecan Ta Ceceeatags
- .1, 1979 101
! ¢ Jam, 13, 1971 - Qct . ¥
~ucuwensville Robert Gavidsea . :5:2?::00! TROWEL "::' 21, 196} - ::y I:. i:;: ‘:
HARCOCAST €S FINE TROWEL Aug. 3. 1363 = 1‘"- L4993+ 1S,
HARCOCREYE TROWEL oec. ﬁ. ::::l :::" 0 1332e L:;:
ocy Hovw. -

:::gou:eco' n:t. 23, 1964 - ::‘ :: :;:3'. n
SUPER 30S HOT CUN C Jume 2. 196¢ - hay 11, . "
Jan. 18, 1971 = Sep. ). 1926 10%
Tacber Chacles Halters o AEROCUM T M e - Tty 1l e . 2
::.:m«.tu €s eIue ™ Mov. T. L3961 - July Li. tv7e n
- .12, 1977 .
“ut. unton Danald ueoth HARCOGUM $0-116 Nov. L1, L9&4 - Jam. 12 1%
~00 June 3, 1366 -~ 1375°° 1%
womalgdact ‘Roaald Coleman :g:_u\fé( %ov. :o: 1965 - 1975°° 4%
ot GUN MIX July 3, 19€) - tay 4, U7 b1Y
" OH-18 GUX KIX July 3, 1363 ~ Jaa. 31, 177 1
~C-CUR HIX July 3. 1963 ~ 1978°° F1%
NARCOGUW CX-343 Hov. 11, 196¢ ~ Jan. 1¢, 1977 1%
RARCOCUR CR-346 Sep. 2. 1964 - 2978°° 1%
NARCOGUNM CR-346 KX Sep. 1, 1365 = dav. 5, 193¢ n
HARCOGUR CRD-347 wov., 11, L96¢ - 1975°° 1.33%
KARCOCUN HC-33% sov. 11, 1964 - 1978 1%
KARCOGUN MCD=344 Wov. 1), 1964 ~ 1973°° 1%
HARCOGUX P-340 sov, 11, 1364 - ¥arch, 1376 1%
RARCOGUM PD-~345 Nov, 11, 19364 - Jem. 11, 1977 1%
MARMAG OR GUN XX Apr. 1S, 1374 « Hov,, 1376 1%
wWO-J39 MC GUN Aug. 17, 1964 - 1975°* 1t

HARMAG €0 OBRC -

fab., 1980 Unknowa, however.
Harek, 1970 tha eacapsulated
ashestos mat wais
1/732° to /&
thick and wasz a
very smzll % of
the total
Caladoaia Ton Pyke

cefcaceery.
AEROGUY Jan. 18, 1371 = Sep. 19, 1377 10%

“hese were digcontinued on or befoce Hay 17, 1977,
These were dizcontinued priocr te L97S.

+The prior dexignation on the origiaal Exhibit A of “Anti-Erode” as an asbestos-coataining product was
an lacorrect identification. The proper nane of the ssbestos~containing product was *Anti-Egode
Teovwel®. There wece no sales

of this product within a 100 mile radius of Madisen County. fllinois.
++The change of the last date

of zalc of Aerogun from the Pacher plant does mot indicate any additional
sales of this praduct uwithin a 100 mile radius of HMadison County, {llimois.

All of the above listed pcoducts wate manufactured with chrysotile asdestos.
except for MARMAG 60 DBRC, uwere gunning mixes ot castables.

AlL of the products,
The gunning mizes and castadles wvere

desigaed by Fred Murtans and Robert L. Hess. HARMAG €0 DBRC was designed by Karl 0. Scheffer and Fred

Sheoeder. North Amacican did provide to customesz upon thalr speclfications a line of metalclad brick

uith an encapsulated asbestos expansion mat, which Horth American desighated as Macmag €0 OBRC; however,
not all metalclad brick contained asbestos,

Occasionally, cectaln customers would specifically cequest
asbestos (n a metalclad bDrick othec than Macwmag 60 DERC, but this occurced in less thaa 1i-of metalclad
brick sales. Ho metalclad drick with asbestos expansion mats wece 30ld within 100 milex of Madison
County, Illinois.

Eoc 2 period of time ending in 197L, this dcfendant s0ld Eagle-Pichec pcoducts Supec €6 and One-Cote
cement under a celadeling agreemcent as Stazon and Unlcote. This defendant has mo cecords €com which it
cin deternine the details of manufactuce., desiga or composition of these products. (n June, 1964,

Eagle-Picher infocmed thix defendant it planned to place asbestos wirning labels on Supec 66 and
Qae~Cate and proposed to do the same £0C Staron and Unicote which this defandaat aggeed.
wece sold vecy infcequentiy and in small quantities.

These products
In Maczch.

1984, this defensant was ficst infocmed by maauf€actucer Xurosiki Refcactocics Company of
Japan that a Kucosaki slide Qate cefcactocry distriduted in the United Staces (com nay.

1981 until April,
1982 Dy this defendaat concsined an cncapsulated ceramic mat with 3 4.5=3% asbestos componcnt.

This
ceceive thiszs product.

praduct vas distributed on & Cecial Lasis in small quantities to oaly 3 fov ol defendsat S CustOmers.
Gcantie City Steel Campany uas the only cusztomec within a 100 mile radius of mMadisca County, Illinois te

Ccanice City Jbocted its July,

th asvestos.

c 1982 ccial of this pcoduct 1ltec using only six oc
cight of these refcactacics and returncd all of its cemalning gucchise ocder (or celund.
d4oes NAt know The precise detailz ol thie desiga o¢ manufactuce of this procuct 4t the time it was zold

This defendant
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R ONFOENA 5
AR CONDRNTI Ay
NORTH AMERICAN REFRACTORIES COMPANY .

MIX INSTRUCTIONS

Y

PLANT [ (lovmitactinf Roanie DATE A:;pu«,._l:c 2 094 &
“BRAND A//zbr_co%ci”aﬂ-:wg w/ MiX HO. 323

PROCESS SPSe dvrded Clyms  BURN

| ,‘fw«' il SHR I NKAGE

EXPER IMENTAL MIiX

Chrmne Ore : —§ #2320 Aot/ . 5%
Clrorre. Dae 20+ LE rmiak - 0%
Chaornce DBl . ~LE e d .ad g
Gle s Elary L as B s
T OS™ HAateead . /%
Pervelaee AS.E. 5o
Y

SPECIAL INSTRUCTIONS  Lalizatls, M.a Lo plied o 8 T
e ah - ) - , o
So L, bng.,

[/
CONTROL SPECIFICATIONS

/

CStNED  Loteat of Moo

"Research

Jil - AL




_.-."mm:u: /' IZ..ICT/N,C}Z__ — w"’"‘-ﬁ’h—&
NORTH AMERICAN REFRACTORIES COMPANY¢ év-:;‘ -

=

Mix Instructions WNNHDENTIAH{ESTR]E[ED

Plant  WOMILSOORF - BAS|C Date APRIL 5, 1968
Brand  NARCGGUN CRB-3h7 o Mix No. 322 A
Process PHOSPHATL-8020£0 (DRY) Bumn

CHROME GUR KIX Shrinkage

EXPERIMENTAL MIX

CHROME ORE ~8+20 MESH ko.00%

CHROHME ORE -20:48 MEEM . 15.00%

CHRONE ORE -48 HESH 2K, 67%

7KQ5 ASBESTOS P.33%

HECTOR BENTORITE . h.00%

*HOKOSOD IUH PHOSPHATE (NaHPOg) 3.00%
PERCLASE | ASF 12.00%

' ta0.00%

Special Instructions SHRED ASBESTOS 1NTO HIX BY HAR) YQ BREAK UP
LUAPS. *PURCW;SED FROM HORSARTD CHIN, CO, AS "ROROSGDIWM
?P&OSPF&TE REGULAR GROVXD COOL 1A0.~

Control Specifications

REISSUED FOLLOWING RECEIPT
oF U, S, STEEL, CHICAGO,
SOUTH WORKS CROER

flotest™ o, fe,

ROBERT L. HISS

Signed

RESEARCH
REPLACES RXPT'L MIX KO, 322

tX 3
(WITHORAWH 3-10-67) OATED 1i-11-64




NARCO CORFIDENTIALRESTRIGTED
NORTH AMERICAN REFRACTORIES COMPANY

MIX INSTRUCTIONS

PLANY ctomtlacof - fBuvic DATE  Prevemtin 17 1963

BRAND Apcosus’ CRD-3Y7 MIX NO. 322
PROCESS (PlieshlinT - drovtot [disy) BURN
Clnsrre ;.z«..J Dot SHRINKAGE
EXPER IMENTAL MIX
Clhicorn Qne - £ 430 1t £o. o5,
Clroe Dan —d0+ Y huald  SST007,
Clincre Dra = LE ol a2de7 7
TKOS liatunte . /339
Veclsn Butonits Loo7,
¥ MMoroacdivn ploaplaZs (WarPoy) 3.00 7,
Pcldane ASE /3 o Do
/0. a7,

SPECIAL INSTRUCTIONS A Aiit aodesdes S0 it Ay A B
. 7
CONTROL SPECIFICATIONS

SIGNED  fot, A~ A Mean

Research

PIAPNE Y Ny




NARCD CONFONTILAESTRITD..| )

NORTH AMERICAN REFRACTOR!ES COMPANY
MIX INSTRUCTIONS

| PLANT (J}g\.:.&'-a &c\p ‘(\bug— DATE O‘-’~‘s . I"'Tf\c\(ei-!
MIX NO, C‘i’q 3

BRAND (A0 - 239 \ NG Gan
PROCESS S PS \'SQMLJ\ , BURN —
0efn - e G MY SHRINKAGE
EXPERIMENTAL MIX
QR,.-;M ‘3";.-\? ”n Y“Q°l‘
Q§ s —_F A TS e {
CR e -2e Y T
CR.\‘_...M ~ % o~ . 4.0
vajl&u - 4% M 22.¢
uq&—v-’ -% e~ C\.“"'
? MQ'W - oAt M~ 2.5
0. o ASTE 34 @
Gk T < 1 Q
. ' ' .- #———
: /e€ .0 ./;

Zi;PE(;‘;.AL."INSTRUCflONS' ﬂ A}_J Cran w}m J_m _
Lod 2ten O Db tofe % ?'W 4L (L !‘s,mc{j

' CONTROL SPECIFICATIONS +-- .-

—

T Pf dm

- Research

/,7/4
L—




NARCO CONFDENTIAL-RESTRICTED

NORTH AMER{CAN REFRACTORIES COMPANY
MIX_INSTRUCTIONS

PLANT Clrmelodocf. ~/Sasie DATE  Neventn 11,190
BRAND JJARco cof MCD-3¥ MIX NO. 354

PROCESS VW,J‘I-MLAAZ) : SURN

7naqu;41 - irryme. (gf—ah‘;‘ SHR I NKAGE

EXPERIMENTAL MIX

4 te —3%h + Erecds g.07,
Chroven B

- & > >0 naa l, //"3.-'7.

Chraroaer B et A o S XL
a”"“‘:‘- Lt . — Y& peads - 409,
Pevccloae —tf o § Pradde 22.69,
P ~peso mel g5
Peelinne —J0 +SE Il 2.5,
Ptrelos a ASF " 3.0 o
PKOS liatestsn ). 0. A
¥ %mmMW [/(/1./7/,./00,/) 3. 0%

SPECIAL INSTRUCT 1 ONS dhod ptts ,,,.:a mﬁ,fij;;;&._zvs

f@ﬁ@#—o Au_afo ww '*MM)MW

CONTROL SPEC'FICATIONS . - ST LT

v e

S IGNED MJAA@A

Resea cch

HetTebf
Ll




o e s ARCO CONFIDENTIAL RESTRICTED

NORTH AME&ICAN REFRACTORIES COMPANY
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PREFACE

The Occupational Safety and Heualth Act of 1970 cmphasizes the need

for standards to protect the health of workers exposed to an ever

increasing aumber of potential hazards at their workplace. To provide

relevant data from which valid criteria and effective standards can be

deduced, the National Institute for Occupational Safety and Health has

projected a formal system of research, with priorities determined on the

basis of specified indices.

It is intended to present successive reports as research and

epiﬁemiologic studies are completed and sampling and analytic methods

are developed. Criteria and standards will be reviewed periodically to

ensure continuing protection of the worker.

I am pleased to acknowledge the contributions to this first report
on asbestos by members of my staff, and the valuable constructive

conments by the Review Consultants on Asbestos. A lisc of these contri-

butors and reviewers appears on pages iii and iv. The contributions of

others are also acknowledged:

Dohrman H. Byers*
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Safety and Realth
Cincinnati, Ohio

Glen W. Sutton*
Bureau of Occupational

Safety and Health
Cincinnati, Ohio

Andrew D. Hosey¥*
Bureau of Occupational
Safety and Health

Cincinnati, Ohio

Richard E. Kinser
Bureau of Occupational

Safety and Health %
Cincinnati, Ohio

Bobby J. Cuntex, Ph.D.-

Burcau of Occupational
Safety and lealth **

Ciacinnati, Ohio

John L. Holc:z

Bureau of Occupational
Safety and Healch **

Cincinnaci, Ohto




Roger A. Nelson*
Burcau of Occupational
Safety and Health

Cincinnactl, Ohio

Paul GCross, M.D.
Graduate School of Public Healch
University of Pitctsburgh

Morris Kleinfeld, M.D.
New York State Deparctment
of Health

Douglas H. K. Lee, K.D.

National Institute of
Environmental Health Sciences

*former staff

Edward J. Bajer
Occupational Health
Program
Pennsylvania Deparctment of Healch

John C. Lumsden
Norch Carolina State
Board of Healcth

Irving J. Selikoff, W.D.
Mount Sinai Schodl of Hedicine
City University of New York

%.

HMarcus M. Key, M.D.
Director, Natienal stitute
for Occupational Safety and Health

**nov National Institute for Occupational Safecy and Health
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I. RECOMMENDATIONS FOR AN ASBESTOS STANDARD

The National Institute for Occupational Safety and Healch.(NIOSH)
recommends that worker exposure to asbestaos dust im the workplace be
controlled by requiring compliance with the following sections. Coatrol
of worker exposure to the limits stated will prevent asbestosis and more
adequately guard against asbestos-induced neoplasms. The stendard is
agenable to techniques that are valid, reproducible, and availadble to.
industry and governmental agencies. It will be subject to review and

will be revised ss necegsary.

Section 1 - Envirocomental (work place air)

{(a) Concentration

Occupaticnal exposure to airborne asbestos du;: shall be
controlled so chat no worker shall be exposed to more than 2.0 asbestos
fibers per cubic centimeter (cc) of afir based on a count of fibers
greater than 5 micrometers (75 um) in length ((determined by the mem—
brane filter method at 400-450X magnificacion (4 millimeter objective)
phase contrast 1llumination, as described in Appendix I)), determined
as a time-weighced average (TWA) exposure for an 8-hour work day, and
no peak conceuntration of asbestos to which wvorkers are exposed shall

exceed 10.0 fibers/cc 75 um as determined by a minimum eampling time

of fifteen minutes.
(b) Sampling
Procedures for sampling, calibration of equipment, and
analyeis of asbestos samples shall be as provided im Appendix I.
(¢) It 16 recommended that this Section I become effective two

years after promulgation ae a etandard, and that until the date of




publication, the present emergency standard for exposure to asbestos
dust (29 CFR 1910.93a) shall be in cffect. This perfod is believed

necessary to permit installation of necessary enginecering controls,
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" ection 2 - Medical
Medical survaillance is required, except where a variance from the

medical requirements of this proposed standard have been granted, for

all workers who are exposed to asbestos as part of their work eaviromment.
For purposes of this requirement the term 'exposed to asbestos” will b;
interpreted as referring to time-weighted :Qerage exposures above 1 fiber/
cc or peak exposures above 5 fibers/cc. The major objective of such
surveillance will be to easure proper medical management of individuals
who shov evidence of reaction to past dust exposures, either due to

excessive exposures or unusual susceptibility. MNMedical management may range

from recommendations as to job placement, improved work practices, cessatiom

of smoking, to specific therapy for asbestos-related disease or its com~

plications. Medical surveillance cannot be a guide to adequacy of cur;enc
controls when environmental data and medical examinations only cover recent
work experience because of the prolonged latent period required for the
development of asbestosis and neoplasms.

Required components of a medical surveillance program include
periodic measurements of pulmonary function (forced vital capacity (FVC)),
and forced expiratory volume for one second (FEVi), and periodic chest
roentgenograms (postero-anterior 14 x 17 inches). Addftional medical
requirement compounents include a history to describe smoking habits and
details on past exposures to asbestos and other dusts and to determine
presence or absence of pulwmonary, cardiovascular, and gastrofatestinal
symptoms, and a physical examination, with speclal attention to ﬁulmonﬁry

rales, clubbing of fingers, and other signs related to cardiopulmonary

systems.
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Chest roentgenograms and pulmonary function tests will be performed

at the employer's expense, at least every 2 ycars on all employees

exposed ta asbestos. These tests will be wade annually to iadividuals,
(1) who have a history of 10 or more years of employment involving
exposure to asbestos oc, (2) who show roentgenographic findings (such
as small opacities, pleu;al plaques, pleural thickening, pleural cal-
cification) which suggest or indicate pneumoconiosis or other reactions
to asbestos, or (3) who have changes in pulmonary function which {ndicace
restrictive or obstructive lung disease.

Preplacement medical examinations and medical examinations on the

termination of employmeat of asbestos exposed workers are also required.




 Section 3 - Labeling
{a) A wvarning label for asbestos as showm in Figure 1 shall be used.
(b) Numerical designacions indicate the following:
(1) 4= Health Hazard (color code, blue). Inhalation may _
cause asbestosis, pleural or peritoneal mesothelioma, or lung cancer.
(1) O= Fire Hazard (color code, red). Asbegtoe 1s non-flawmable
and has negligible vapor pressure, volatility, flash point, and explosive

limits.

(c) The details of the aumerical hazard rating eystem are found in

Appendix II.
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ASBESTOS

HARMFUL: May Cause Delayed Lung Injury

(Asbestosis, Lung Cancer).

DO NOT BREATHE DUST,

Use only with adequate ventilation and
approved respiratory protective devices.




Scction & - Personal Protective Equipment and Clothing

This section shall apply whenever a variance from the standard sec
in Seetion I L8 granted under provisions of the Occupacional Safety and
Health Act.* Use of respirators can be decided om ;h; basis of time-
weighted average or peak concentration. When che limits of exposure to
asbestos dust prescribed in paregraph (a) of Section 1l cannot be met by
limiting the concentration of asbestos dust in the work environment, an
employer must utilize as provided in subsections {a) and (b) of this
Section a program of respiratory protection and furnishing of protective
clothing to effect the required protection of every worker exposed.

(a) Respiratory Protection

(1) For the purpose of determining the class of respirator

to be used, the employer shall measure the atmospheric conceantration of
airborne asbestas io the wotrkplace when the initial applicacion for variance
is made and thereafter whenever process, worksite, climate or comtrol
chaoges occur which are likely to affect the asbestos concentration. The
employer shall test for respirator f£it and/ov mske asbestos measurements
within the respiratory inlet covering to insure that no worker is being

exposed to asbestos in excess of the atandard eicher because of improper

respirator seleccion or fit.

(11) As noted above, the use of reapirators and protective

clothing can be decided on the basis of either time-weighted average
or peak coacentrations. For determining usage or compliauce, the peak

concentration of 10 fibers/cc is preferable.

*Variance procedures will not be required for emergency and occasional
short-term exposures in excess of the enviromnmental etandard. However,

the usc of respirator equipment as indicated im this Seccion (4) will
be required under conditions in exceas of the standard.
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(144) For aun acmosphere containing not more than 10 fibers/cc
greater than 5 pm ia length over am 8-tour average or more than 50 fibers/cec
over any 15 minute period, a reusable or single ugse filcer-type alr-purifytng
respirator, operating wicth a negative pressure during the inhalation phase
of breathing, approved under the provisions of 30 CFR 14 (Bureau of Miuves
Schedule 21B) or valveless respirators providing equivalent protection
shall be used.

(iv) For an atmosphere containing not wote tham 100 fibers/cc
greater than 5 pm in length over an B-hour average or more than S00 fibers/cc
over any 15 minute perlod, a powered air-purifying positive-preassure res-
pirator approved under the provisions of 30 CFR 14 (Bureau of Mines Schedule
21B) shall be used. .

(v} For an atmosphere containing wore than 100 fibers/cc greater
than 5 pm in length over an 8-hour average or over 500 fibers/cc for any
period in excess of 15 winutes, a type C positive-pressure supplied air
respirator approved under the provisions of 30 CFR 12 (Bureau of Mines
Schedule 19B) shall be used.

(vi) The employer éhall establish a resepirator program in
accordance with ché requirements of the American National Standard for
Respiratory Protection Z88.2--1969. |

(b) Protective Clothing

(1) The employer shall provide each employee subject to

exposure in a variance area with coveralls or simflar full bcdy pro-

tective clothing and hat, which ehall be worn during the working hours

in areas where there is exposure to asbestos dusc.




(41) The employer shall prcvide for maintenance and laundering
of the soiled protective clothing, which shall be stored, transported
and disposed o7 in sealed non-reusable containers marked “Asbestos—Con-
taminated Clothing& in easy—-to-read lettars. R

(111) Protective clothing shall be vacuumed bef#re removal.
Clothes shall not be cleaned by blowing dust from the clothing or shaking.

(iv) If laundering is to be done by & private contractor, the
employer shall inform the coutractor of the potentially harmful effects
of-exposure to asbegtos dust and of safe practices required in the
laundering of the asbestos-soiled work clothes.

(v) Resin-impregnated paper or similar protective clo;hing
can be substituted for fabric type of clothing. -

(vi) 1t 13 recommended that in highly contaminated operations

(such as insulation and textiles) provisions be made for separate change

rooms.
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Section 5 - Apprisal of Employees of Hazards from Asbestos

Each caployee exposed to asbestos shall be apprised of all hazardsg,
relevant symptoms, and proper coaditions and precautions conceruing uge
or exposure. Each exposed worker shall be tnformed of the -taformation
which is applicable to a gpecific product or material containing 5% or
more asbestos (see Appendix IIXI for de;ails of information required).
The information shall be kept on file and readily accessible to the
worker at all piaces of employwment where asbestos materials are manu-
factured or used in unit processes and operations. Ic is recommended,
but not required, that this information be provided for asbestos pro-
cesses and operatlons wvhere the asbestos content is legs than S5X.

Informacion ae specified in Appendix III ;hall be recorded an
U. S. Department of Labor Form OSHA-20, "Material Safety Data Sheetr",
(see page X-3 and X~4), or a sim{lar form epproved by the Occupational

Safety and Health Administration, U. S. Department of Labor.




Section 6 - Work Practices

(a) Asbestos cement, mortar, coatings, grcuc, and plaster shall be

wixed in closed bags or other containers.

(b) Asbestos waste and scrap shall be collected and disposed of 1in

sealed bags or other containers.

(¢) All cleanup of asbestos dust shall be perforwed by vacuum

cleaners or wet cleaning methods. No dry sweeping shall be performed.




Section 7 - Moafctorinp and Recordkeeping Requitrements

Employers will bLe required* to waintain records of environmental
exposure to asbestos based upon the following enviroamental sampling
and recordkeeping schedule, Personal exposure samples will be collected
at least annually by specific maximum-risk work operations from a number
of employees. The first sampling period will be completed within 180
days of the date of this scandard. These selected samples will be
collected and evaluated as both time-~weighted and peak concentration
values. The personal sampling regime shall be ou a quarterly basis
for maximum-risk work areas under che following conditioms:

(a) The environmental levels are in excess of the standard.

(b) There are other conditions existing that necessitate the
requesting of a variance from the Department of Labor.

Records of the type of respiratory protection in use during the
quarterly sampling schedule must also be maintained. Quarterly sampling,
monitoring and recordkeeping will be required only until environmental

levels comply with the standard.

*Except where a variance for monitoring end recordkeeping has been granted.




I1. INTRODUCTION

This report presents the criteria and the standavd Lased thercon
which were prepared to meet the need for preventing occupational diseases
arising from exposure to asbestos dusct. The necessary relevanc data
are made available for use by the Secretary, Department of Health,
Education, and Welfare in accordance with the provision of the Occupational
Safety and Health Act of 1970 requiring the development of cricteria by
"The Secretary, Department of Health, Education, and Welfare...on the

basis of such research, demonstrations, and experiments and any other

information available to hiwm...to effectuate the purposes of this Act.".

vy
"

.-: by providing medical criteria which will assure fasofar as praccicable
that no employee will suffer diminished health, functional capacity, or
life expectancy as a result of his work experience'...

The Nacional Institute for Occupational Safety and Health (NIOSH),
after a review of data and consultations wicth others, formalized a
system for the development of criteria upon which standards can be

established to protect the health of workers from exposure to hazardous

chemical and physical agents. It should be pointed out that any recommended

criteria for a standard should enable management and labor to develop better
engineering coantrols and more healthful work practices and should not

be used as a final goal.

These criteria for a standard for ashestos dust are the first of

the zriteria developed by NIOSH. The criteria and standard speak

only to the processing, wmanufacture, and use of asbestos products

as applicable under the Occupational Safety and Health Act of 1970.

Ii-1




The occupacional safery and healcth aspececs of che mining and milling

of asbestos orcs are covered Ly provisions of the Federal Metal and
Noanmetalllc Mine Safety Aecc (30 US.C. 725 et seq.) under which provisions
the Bureau of Mines has promulgated applicable regulacions. Relevant
data, however, bearing on the safety and healch hazards from exposure

to asbestos dust in the wmining and willing of ores were considered

in this document.

These criteria were developed to assure that the standard based
thereon would, (1) protect against asbescosis and asbestos-induced
neoplasms, (2) be amenable to techniques that atre valid, ceproducible,
and available to industry and official agencies, and (3) be attainable
with existing technology.

The recommended standard is designed primavrily to prevent asbestosis.
For other diseases assoclated with asbestos, there is insufficieat
information to establish a standard to prevent such diseases including
asbestos-induced neoplasms by any all-inclusive limit other chan one of
zero. Nevertheless, a safety factor has been included in arriving at
the concentration level that will reduce the total body burden’and
should wore adequately guard against neoplasms.

Asbestos has been mined, milled, processed, and used for many years,
and as 3 result, a number of workers have experienced significant
accumulacive exposure to asbestos dust over a working lifetime.

It has been recognized that biological monitoring (by periodic chest
roentgenograms) and removal from further exposure after initiatian of

fibrosts, calcification or neoplasia will not absolutely preveant
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ruircael progression of asbestosis or the clinical development of
necplasms. Therefore, it is absolutely essential that a low Levei

of concentfation be set to preclude the initiation of diseases
resulting from exposure to asbestos. And of necessity, any prolonged
delay in the establishment of the st;ndard may require a more
stringent standard in the‘futu:e to assure the reduced total body
burden of employees which is necessary to protect their safety

and healch.
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I11. BIQLOGCIC EFFECTS OF EXPOSURE TO ASBESTOS

Ashestos Is a ganeric term thaC applies to a nuaber of naturally
occurring, hydrated mineral silicates incombustible in air and separable
into filaments. The most widely used in industry in the Uanfted States
fs chrysotile (3Mg0.2510,.2H,0), a fibrous form of serpentine. Other
types include amosice (FeMg)S103); crocidolite (NaFe(S104);.FeS105-H30);
tremolite (C32H35818022(0H)2); anthophyllite (HgFe)7518022(0H)2);
and actinolite (CaO.J(MgFe)O.&SiOZ).

Extent of Exposure

Almost one million tons per year of asbestos are used in the United
States. In 1965, approximately 74 percent of the asbestos produced

was used in the construction industry (532,300 tons) while 26 percent
was used in non-construction industries (187,400 tons). Approximately
92 percent of the half willion tons used in the construction f{ndustry
is firmly bonded, i.e., the asbestos is "locked 1" in such products

as flaor tiles, asbestos cements, and roofing felts and shingles; while
the rewmaining 8 percent is friable or in powder form present in i{insula-
tion materials, asbestos cement powders, and acoustical products.l As
expected, these latter materials generate more airborne fibers than the
firmly bonded products. The 187,400 tons of asbestos used {n non-
construction industries ia 1965 were utilized {n such products as textiles,
friction material including brake linings, and clutch facings, paper,
paints, plastics, roof coatings, floor tiles, and miscellaneous other

products.

Mintnp and milling of asbestos in the United States 1is a small

industry, employing fewver than a thousand workers. The health and safety
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aspects of mining and wmilling operations are not covered uader che

Occupational Safety and llealth Act of 1970.

The construction industry has, in recent years, applied asbestos

insulation materials by spraying, a method of applicacion that generates
more airborme asbestos fibers than older conventional methods. This
technique at present utilizes only a small percentage of the total
asbestos produced and {ts use is decreasing.

There are approximately 40,000 field insulation workers in the
United States who are exposed to asbestos dust. The activities of
these workers cause secondary exposures to an esgimated three co Eive
million other building coastruction and shipyard uorkers.2

Since the dust exposure to the individual vorker is extremely
variable and the number of asbestos workers at any one location is
swall, the primary and secondary asbestos dust exposures to all
workers have never been sati{sfactorily e;cimated.

An estimated 50,000 workers are involved in the manufacture of

asbestos-containing products. This figure does not include secondary

manufacture of products which c;ntain asbestos, such as electrical
or thermal insulation, or products which include previously manufactured
components containing asbestos.3
The following information, furnished by the Pennsylvania Division
of Occupational Health, shows the number and varfety of plants using

asbestos 1in which potential exposures can occur. These figures are

based on a survey of a total of 18,433 manufacturing plants in that
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State as of August 22, 1969, and represents about 1.4 percent of all
manufaccturing operations in Pennsylvania. Service facilities such

as garages are not included.

No. of Plants

Insulation, including cutting,

drilling, and tape manufacture 75
Manufacturing and processing 16
Brakes and friction 10
Cement, clay 18
Hiscellaneous* 146

*Gaskets

Signs

Safety equipment

Laminated material -
Paint and roofing materials

Shipbuilding and shipbreaking

Impregnating resin and urethane
Textile

Undercoating material
Ironing board covers
Flooring

TOTAL 265
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Early Historical Reports

The widespread usc of asbestos fibers did not begin until the
last quarter of the nineteeath cencury.2 Qich the increasing use
of asbestos materials and tacreasing reports of asbestos related
disease there developed concern over the role of these minerals
as factors in human disease. Differentiation of the type of asbestos
fiber was not made in most studies related to occupational exposure.
In the United States the exposures of greatest concermn usually involve
more than one type of fiber, although chrysocile predominates. To
tefine our knowledge of the biological actions of asbestos, it 1is
imperative that the character of the exposure as to concentration, size,
aand type of fiber be knownn. At present, d;ta of this complexity are
scanty or often non-existent with respect to human exposure.

The first record of a case of asbestosis was reported in Eangland
by Hontague Murray in 1906.% The first complete description of

asbestosis and of the “curious bodies" seen in lung tissue appeared

in 1927 when CookeS reported on a case of asbestosis and McDonald®

reported on the same and another case. Each author gave reasons for

believing that these '"curious bodjes" originate from asbestos fibers

that reach the lungs.

Many of the people exposed to asbestos dust develop the disease

"asbestosis" if the dust concentration is high or the duration of their

expasure is long. This has been documented by the following studles:

Merewether and Price, 1930; Fulton et al., 1935; aad Dreessen et al.,

1938. In 1918, Hoffman7 reported that it was the practice of

LLI-4




American and Canadian insurance cOompanies aot to {nsure asbestos
workers due to the assumed health-injurious conditions of that indusctry.
In 1917, Pancoast, Miller and Land138 teported on X-ray appearances
of pneumoconiosis in 15 individuals éxposed to asbestos.

Mills'® publicat10n9 in 1930 was the first report on a case of

asbestosis published {in the United States, and in chat same year, Lyach

10

*
and Smith™ reported on "asbestosis" bodles found in the sputum of

asbestos workers. In Merewether's review of asbescosis,11 enqphasis
was placed on the relation of asbestosis to dusty working conditiomns.
The clinlcal aspects of asbestosis are well documented. Cloyne12
discussed the pathology of asbestosis and methods for diagnosing'
asbestos.bodies and asbestosis. Selikoff and Hammondk3 analyzed
1,975 autopsies in three large New York City hospitals and found
asbestos bodies in 942 (47.7Z). Broadly considered, 40 percent
of housewives, 50 percent of "white collar" males, and 50 percent
of "blue collar" males showed asbestos bodies; but males who had
a history of shipyard or construction work had higher fncidence of
asbestos bodles, i.e., 90 of 129 cases or 70 percent. Selikoff's
observations also suggest that asbestos bodies were as frequeantly
present 38 years ago as now. !
Although a large percentage of the lungs of adult urban dueilers
may be found to contain ferruginous bodies (depending on the method

of examination), the significance of this is as yet unknown.

*"Ferruginous bodfes” 1s a more descriptive term. This and other

aspects of the blologic effects of asbestos uti well documented in
the Anngls of the New Yark Academy of Science.
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The core fibers have not been systematically identified to {adicate
how many ire asbestos bodies, and there are Little daca bearing on
possible health effects associated with the low concentratioas of
fibers found in ambfent air.

An abnormality, occurring with unusually greater frequency in
populations exposed to inhalation of asbestos fiber, is that of

localized thickening, or plaques, of the pleura with or without

calcification of the plaques. The role of the asbestos fiber in

this manifestation is not clear.
The medical aspects of exposure to asbestos and the development

of the occupational disease, asbestosis, are characterized by:
(1) A pattemrn of roentgenographic changes consistent with
diffuse interstitial fibrosis of variable degree and, at times, pleural
changes of fibrosis and calcification.
(2) cClinical changes includiné fine rales and finger clubbing.

These may be present or absent in any individuval case.

(3
(4)

Physiological changes coansistent with a lung disorder.
A known history of occupational exposure to airborne asbestos

dust. 1In general, a considerable time lapse between inhalation of

the dust and appearance of changes as determined by X-ray.

The several clinical abnormalities listed above appear to occur
with unusual frequency in those environments where airborme asbestos
fibers, often in assocfation with other substances, exigt. One

of these abnormalicies, a diffuse chronic inflammation and scarring
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of the lung, is cthe one recognized early {n this cencury and tefetred

to as ''asbestosis.”

Epidemiclogical Studies

Harriesl® {n 1968 suggested that first lmpressions would lead one
to believe that only workers continuously exposed to asbestos are at
risk of developing asbestosis, however, a number of trades experiencing
intense intemmittent exposures are also suspect. These other trades
involve work wich asbestos insulation in confined spaces onboard ship.
Work in these trades has been accepted by the Pneumoconiosis Panel of
the United Kingdom as associated with asbestosis. Selikoff,ls however,
in a study of 232 former insulation plant employees teported positive
X-ray findings among individuals having had known exposures to asbestos

as short as one day (Table XXVII).

In the late 1940's a frequency of bronchogenic cancer greater than
that expected on the basis of the general wmale population was manifest
among persons who worked in the manufacture of asbestos ptoducts.16
This excess of bronchogenic cancer was also demonstrated among a group

of workers in the Unfited States exposed to airborne asbestos fibers in

the installation of insulacion.l7'18 Among 632 asbestos insulation

installers observed from 1943 to 1967 there wvere 99 excess deaths (above
that expected on the basis of the U. S. white male population) for

three types of malignancies— bronchogenic (63), gastrointestinal (26)

and all other sites combined (10). Elmes and Simpson19 recently

reported findings of similar magnitude among wen employed as insulatocs

and pipe coverers fn Belfast. Newhouse20 found an excess of lung cancer
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fn a study of over 4,500 male workers employed at an asbestos factory
makiang both textile and insulacion matertals. This excess of lung
cancer was demonstrated among those workers with jobs which entailed
heavy exposure irrespective of the duration of employment. )

More recent observations by Selikoff in the United States indicace
a lung cancer risk for workers exposed to amosite asbestos in the
.production of insulation uatetial.Zl

The possibility that the carcinogenic role of asbestas is solely

thac of a cocarcinogen has been suggested by Hrigh:.z This suggestion

stems from the observation by Selikoff and associatesl’ thac among

370 asbestos insulators, exposure to asbestos dust does not greatly
increase the risk of bronchogenic cancer in the absence of regular
cigarette smoking. More recent observations among this same group
of workers,zz however, demonstrate that this interpretation is largely
a function of sample size as one lung cancer death vs. 0.02 expected
was observed among non-smokers as contrasted with 27 vs. 2.83 expected
among cigarette smokers. Moreover, Decoufle?3 demonstrated that
the excess of lung cancer mortality among several subgroups of retired
asbestos workers could not be explained by cigarette smoking alone.
Concerning mesothelioma, 80 percent of the cases studied in South
Africa and the Uanited Kingdom have been shown to have an occupational
or para-occupational association with asbestos fibers.? In the
United States, Selikoff and co~workers have reported the occurreace
of 14 deachs from mesotheliomas among 532 asbestos insulation workers

studied in retrospect from 1943 to 1968 compared to no deaths which
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would be expected in che same number of similar individuals in che
general population.l7'18 Informatioa is insufficient at this time
to set an exposure standard (other than zero) which would assure
prevention of mesothelioma in all workers, as the disease wmay occur
following a very limited exposure 20-~30 years earlier.

An increased rate of occurrence of mesothelioma of the pleura
or peritoneum was reported in some populations in 1959 and in subsequent
years. The possibility that asbesteos may play a role in this dis-
tribution ‘has been raised. Investigations of the distribution of.
mesothelioma in populations occupationally exposed to aspestos indicate
a strong relationship between exposure to asbestos fiber and the
presence of mesothelioma.18,20,24,25

Neoplasms, such as mesothelioma, may occur wichout radiological
evidence of asbestosis at exposure levels lower than those required
for prevention of radiologically evident asbestosis. This may be of
particular importance when consideration i{s given to short-term,
high levels of exposure, and may result in the development of meso-
thelioma before or after completion of a normal span of work either
in or out of the asbestos induséry.

This is illustrated by several case studies, including two cases
of malignant mesothelioma, one a "family"” and the other a “neighborhood"

case.26 In another "family'" case, a woman washed the overalls of

her three daughters at home; all three daughters worked for an asbestos

company with possible heavy exposures to asbestos.
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The time lapse between onset of exposucre and mesothelioma (n
344 deaths among asbestos insulation workers was studied. Meso-

thelloma developed after a longer lapse of time from onset of exposure
to asbestos than was the case in the development of asbesto;is (Table
xxviir).t3 Knox?? reported & cases of mesotheliowma in men and women

with less thaﬂ 10 years exposure, one with only seven months exposure,

with the latent time for the development of the mesothelioma from 23

to 53 years.

D. L. Cran28 indicated that mesothelioma did occur in cases of

asbestosis, but that in most casgses of mesothelioma that he had seen,
the occurrence of asbestosis was not found. He postulated that cthe
difference being the long periods of exposure required to produce
asbestosis, while mesothelioma could occur long after a short intensive
exposure. The 27 cases of mesotheliowa in children under 19 years

of age indicates the latent time period for development of mesothelioma
may be shorter than first estimated.29 |

Fifteen cases¥ of pleural mesothelioma associated with occupational

exposure were reported im Australia. The relationship between the
mesothelioma development and asbestos was based upon occupational

histories and finding of asbestos bodies in the tissue. In some of

these cases, the relationship to occupational exposure could not
be developed with any degree of certainty, but included patients whose

exposure was as short as six months. No patient was regarded clinically

or vadiologically as suffering from asbestosis; one person had pleural

plaques that were radiologically visible.
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Scumphius.31 betweea 1962 and 1968, found 25 cases of mesochelioma
on Walcheren Island. Of these cases, 22 had been employed ia the shipyavd
trades. Stumphius noted that the shipyard employed about 13000 men. -
This would result in a rate of mesothelioma of approximately 100 per
100,000 males per year. He also noted that the rate for Dutch provinces
with heavy Iindustry is 1.0 per 100,000 per year.3l In the same study,
examination of sputum from 277 shipyard workers showed that 60X had
asbestos bodies. The frequency varied from 39X of those with no
obvious exposure to 100Z among those wirh slight but definite asbestos
exposure.

McEwen>? found that the incidence of mesothelioma i; Scotlaﬁd
was similar to that found in other parts of the United Kingdom and
zonfirmed the association between the development of the tumor and
occupational exposure to asbestos.

In 1968 Stumphius and Heyer33 concluded that asbescos exposure

may lead to asbestosis, to carcinoma of the lungs and digestive tract,

and to mesothelioma. They further stated that there may be no indication

of definite exposure to asbestos. It must be pointed out that a clear

picture of the relationship between the type of asbestos and the
production of asbestosis, neoplasms, and mesotheliomas is not defined

in the exposures reported. In many cases mixed exposures have occurred;

e.g., the cases from the Naval dockyards in Great Britain where exposures

have occurred in unknown amouats to crocidolite and amosite.
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Animal Toxicicy

Experimental Animal Studies. Experimental exposuce of aaimals to

asbestos has been in progress for move than 40 years. During this

time, a precise exéerimencal animal model, from which could be derived

dose-response relationships that could be used in estimating the

appropriate value for a work place air standard has not, yet been reported.
The rvate of development of asbestotic pulmonary fibrosis aad of

induction of pleural mesotheliomas is so slow that the animals die

before onset of the condition. Accordingly, to develop either conditionm,

experimenters have had to use inordinately high exposure levels or
abnormal wmodes of administration or baoth, thus nullifying the animal
model. The classical demonstrations of diffuse pulmonary fibrosis in
guinea pigs with accompanying asbestos bodies by Gardner and Cummings3a
and by Vorwald 55_55.35 became possible only by using fiber levels

of from 1,400 to 5,000/cc (39 willion to 138 million fibers/cubic Foot);

and the uniform production of mesotheliomas in tats by Wagner and

Berry36

was attained only after administering the asbestos by intra-

pleural injection at the extraordinarily high dose of 20 ng.

Stancon.g£.§£.37 were unable, even when alded by chemical means,

to induce neoplasms of any type in a tumor-susceptible strain of rats

at low dosages of asbestos (type unspecified); bht Gross g£_3£.38

did produce in rats malignant pulmonary tumors of several types from
exposute at very high doses (ca. 22,000 fibers/cc 86 mg/w3) of chrysocile

asbestos that had been hammermilled to an f{ncrease in cobalt of 1457%;

aflckel, 82%; and chrowmium, J4Z.
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pDifferences in animal responses to "harsh" and “soft" chrysocile
asbestos were seen by Samich ec 3&.39: granulomatous -and fibrous
pleural adhesions wvere thicker, and pleural mesotheliomas appeared
more rapidly in response to harsh chrysotile. (Harsh chrysocile was

characterized as appearing in thicker bundles and was hydrophobic

whereas the soft chrysotile was hydrophilic).

There are no experimental animal dose-response data that can be used

in estimating a work place air standard for asbestos.

Contributions to Occupational Exposure Standards from Animal Scudies.

Of possible value in estimating occupational exposure limits are data
regarding the relative disease-producing potency of the various forms

and types of asbestos.

Wagner40 found in the three species exposed (guinea pigs, vabbits,

and wonkeys) that amosite produced wore marked iaterstitial fibrosis

than chrysotile and the lesions occurred earlier. No statement on

relative potency of crocidolite could be made because of the impure

nature of the test specimen. On the other hand, amosite was found
by the same investigator36 to be about one-half as potent in the

production of mesotheliomas in rats as chrysotile and crocidolite,
if numbers and rate of production are used as indicators. An incidental
finding was no evidence for difference in effect between natural and

oil-extracted forms of crocidolite, a subject considered as a possible

factor in the induction of asbestos cancers.al

Naturally Qccurring Effects in Lower Animals. No evidence appears

"1 exist chat domestic or wild animals can provide criterfa for standards,
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or for controllinpg ashestos emissions, alchough a few confirmatory

reports have been made raat asbestosis can occur in such animals.

websceréz has demonstrated fibrosis with associated asbestos bodies
and fibers in wild vodents in South Africa, I{n one of a troop of

babonns, and in two donkeys that had either worked {n, or lived around,

crocidolite mines or mills. And Schuster63 reported pulmonary

asbestosis, without asbestos bodies, in a dog that had lived for about

10 years in a london ashestos factory as a rat catcher. The magnitude

or the type of exposure was not reported im any instance.

Factors Influencing Pathogenesis-- Experimental Animal. Experimencal

animal studies have been informative in elucidating the factors that
modify or expnlain the biologic actfon of asbestos. At least six factors
have been investigated: (1) fiber length and bundle size; (2) cytotoxicity;
(3) red cell hemolytic activity; (4) asbestos hydrocarbons; (5) morphologic
changes; a2nd (6) trace metals in asbestos.

(1) Fiber length and bundle size. The relation between length of

fibers and of fibers to motes (nonfibrous particles) and asbestos
induced disease has been one of continuing experimental inquiry.
Gardner and Cummings34 and Gardner%4 found that longer fibers appeared
to have a greater fibrogenic effect, although fibrosis developed in
animals exposed to dusts which were composed of but one to L.5 percent
fibers. The high exposure concentration of 100 mppcf (ca. 3,600
fibers/cc) makes aany decision on the velative potency of fibers vs.

motes virtually impossible; however, when animals were exposed to

short-{iber asbestos dust, although the type and rate of tissue reaction
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were esscentially che same, the extent of f{avolvement was very much

less than cthat of longer fibers. Inasmuch as exposure concentrations
i{n these comparable studies were about the same, the conclusion can -
reasonably be made that longer fibers are more fibrogenic, but that

the motes are not without fibrogenic potential.

In experiments with rabbits, King, Clegg, aund RaeAs using Rhodesian
chrysotile fibers averaging 2.5 pym and 15 um in length, concluded
that the shorter fibers produced generalized interscitial fibrosis,
whereas the longer fibers produced nodular lesions. This finding was
not confirmed by one of the investigators (King) im another anim;l
species.&6 Later repetition of the investigatioas, witg “fine" chrysotile
and amosite (85X and 82.6Z respectively, less than 1 pm in length) by
uagner4° yielded definite fibrosis with both dusts, thus confirming
the original work of Gardner that short fibers or motes have Eibtogegic
potential.

This experimental work has significance for industrial air standards
in indicating the need to support ad&itional research on the "greater
than 5 ym in length' specific requirement and the more general relation
of fiber length to cancer induction, which has never been determined

experimentally.

(2) Cytotoxicity. Both chrysotile and crocidolite were found

to be markedly toxic to guinea pig macrophages ia vicro.47 The fibrous

fraction showed a high, and the particulate, a moderate toxicity,
thys providing evidence in conformity with the relative biologic

potenclies of fibrous and nonfibrous forums found ©n in vivo studies.
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(3) Hemolyuvie Activity. In a similav ef{lowt ro discover the inicig)

stages of biologic activicty of asbesCos, and in particular to account

for the iron-staining character of asbestos bodies, the hemolytic accion

of four asbestos types was determined. Whereas chrysofile proved co

be potently hemolytic, crocidclite, amosite and anthophyllite were either
completely inactive or only \-leak].y.l‘8 No attempt was made, hgwever,
to correlate the greater hemolytic accivity of chrysotile wich the jiron-

staining inteasity of its asbestos bodies telative to those froma other

asbestos forms.

(4) Asbescos liydrocarbons. As chrysotile proved to be most
adsorptive of iron, so was it most adsorptive of benzpyreme; compared
with 100X adsorption for chrysorile, crocidolite and amosic; absorbed
from solution 40Z and 10Z respeccively.49 On this basis, chrysotile
should prove the most potent cocarcinogen of the three forms if ics
action is mediated through exogenous benzpyrene.

This has not been

demoastrated as yet.in humans. A 10X desorption from chrysotile by

serum in three days was demonst:1:at:ec‘.l,l‘9 a condition considered an

essential first step in hydrocarbon carcinogenesis.

(5) Morphologic Changes. Electron wmicroscopy of animal tissues

has greatly enlarged understanding of the processes that occur following

coatact of pulwmonary cells with asbestos. Examination by light, phase,

and electron microscopy by Suzuki and Chux'g[‘9 of subcellular tissue

of hamsters iatratracheally exposed to chrysotile revealed the successive
scteps that occurred in the cytoplasm of certain pulmonary cells.
Particularly informative for the mode of chrysotile action was the

description of the formation and the ultrastruccure of cthe asbegros
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Ledy, and the indicacion that instilled fibervs tend Lo split longitudinally

woich time. The suggesction chat chrysotile breaks up inco short {ragments

on the evidence that the majoricy of the fibers found in the alveolil
wvere less than one-sixth the injected length, one and two ycars lacer,
{s opeu to the alternative interprecation that, inasmuch as longer
parcticles are more readily phagocytosed, what is actually observed

is the rcsidual; smaller, nonphagocytosed chrysotile.so Thus, despite

cthe detailed, in-depth, information furnished by electron microscopy,

no body of knowledge yet exists that permits the assigning of relacive

risk factors to fibers of differing lengcths.

In respect to asbestos bodies, it should be noted that "ferruginous

bodies” produced in guinea pigs in response to ocher fibrous macerial,

fine fibrous glass and ceramic 2luminue silicate vere ideantical in
* structure to that of asbestos bodies,sl thus rendering firm
diagnostic decisions difficult in cases of multiexposures to different

fibrogenic fibers in the electron and light microscopic range.

(6) Trace Metals. Harington and Rc:uzl‘l and later Cralley et 1.52

——

reported large awounts of nickel, chromium, manganese, and iron are
intimately associated with certain forms of chrysotile. On the possibility
that trace metals may be associated with the induction of asbestos,

cancer studies in animals were performed53 which supported the hypothesis
that, in the induction of asbestos cancers, trace metals play an active

cocarcinogenic role aloag wich the exogenously derived carcinogen

benzpyrene, while asbestos plays a passive vrole as a metal carrler.

Correlation of Exposure and Effect

Available information on the relationship of asbescos exposure
aud the visk of asbestosis and/or broachogenic carcinoma is sowmewhat
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cxcensive, indiczating 3 strong association becueern che diseascs and

such exposure under a vacviety of conditions2.15,22,28 and evidence

of dose-response relationship. -
Eancerline and lssociaCessa have recently demonstrated convincing

cvidence Eor an exposure-cresponse relationship bectween asbestos as

measured in terms of million parts per cubic foot years (mppcfyr), and

the risk of malignant and non-malignant respicatory disease., Specifically,

cthe risk of respira:o?y cancer increases from 166.7 (standardized mortality

ratio) at minimal exposures to 555.6, at accumulative exposures in excess

of 750 mppefyr (Table XXX).

Knox et 35.27 suggested that 1in one asbestos planc where environmental
levels varied between 1 and 8 particles/cc>'51mm in length, che risk
to bronchial carcinoma may have been largely eliminated, but that

insufficient data were available to estimate che extent of che risk

that may remain. The different textile operations wére fiberizing,

carding, spinning, weaving, and plastering. When environmental samples

collected by operatfion in 1961 and 1966 vere summed, the averages were
between 4 to 6 fibers/cc. Operational averages were from a low of
2.5 fibers/cc in weaving to a high of 6.5 fibers/ce in cardiag.

In 1968, Balzer and Cooperss reported asbestosis among insulation
workers exposed at levels not exceeding the time-weighted average of
S wppck.

McDonald 35_55.56 reported in May 1971, on 129 primary thoracic
neoplasms {n the workers employed in Quebec chrysotile asbestos amines
and mills out of a total of 9304 former employges; five of these cases

were wesathelioma. The authors concluded that the additional daca
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suppucis evidence of other Studivs L0GT GVen Nedvy ehnpusuid L0 asoestos
in mining and milling carries only modest risk of contraccing lung
cancer and less still of contracting malignant wmesochelioma. hcDonald
ec al. suggest chac any increased risk of respiratory caucer or )
pueuwoconiosis at a dusc-index below 200 wuuld not Le deteccCavle aud
would still be in doubt below 400. At a dust index ;f 200 an euployee
could vork for 40 years at a dust concencration of 5 wppcf. The aucnor
assuwes that che fiber content of che dusc i{s about 10T aud ne staces
that this is equivalent to abouc 12 fibers/cc.

urighc57 pointed out that others have noted tne striking ditfecgences
in che health experiences of workers in miues and wills as cowpared CO
otner workers, specifically in comparison to insulacion operatious,
~ but that he Felc the question was still uuresolved. 1Iu coutrast co
populations exposed to mixed env;tonments, those engagad in tile wining
and willing of asbestos fibers showed no augmented frequency of
broachogenic cancer. 2

Selikoff,ls hovever, indicated that McDoaald‘s "heavily expused"
group had 5 times as much lung cancer as the “ligncly expused" workers.
Furchermore, lung cancer amoang insulation workers way found to Le
about 7 times greater than expected compared to the genecual non-exposed
population.ls A non-exposed group was not reported by HcDonald. 8

Although it has been suggested that the risks associated wich

asbestos exposure may be less in mining tham in ianduscrial operatiéns,

dddiclonal study will be anecessary to confirm if such is tvue, based

upun che comparcison made by Selikoff, L3
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Consideration must be given €o McDonald's analysis of lavels of

exposure of 12 Fibers/cc. At this level, he assumes that some degrce

of ashestosis may occur. The mathematical assumption made to arrive

at this environmental level leaves a great deal co quescion, even
without attempting to relate this information to the asbestos indusctry
in general. Two primary considerations lack the evidence necessary
to make general comparisons of cthese data with other reported work:
the assumption as stated by HcDonald56 that the fiber content of che
dust is 10Z, and the wmethod used to convert from mppcf to fibers/cc
is not explained in the paper. :

Murphy Eg‘gi.sa found chac asbestﬁsis was' 11 times more common
among pipe coverers in new ship coastruction than among a comtrol

group. The asbestosis was first found after 13 years of exposure

or about 60 mppcf years. The prevalence was 38Z7 after 20 years.

The asbestosis was defined by the presence of at least three of the
following signs: (1) basular rales in CU; or wmore sites, (2) clubbing
of the fingers, (3) a vical capacicy of less than 80%Z of the predicted,
and (4) roeantgenography comsistent with moderately advanced, or
advanced asbestosis, and (5) dyspnea on climbing one flight of stairs.
The environwental level was based upon samples collected in an
impinger and all the results were time-weighted average exposures

and these were averaged over several different opectations. Tﬁe
hiighest average concencragiOn was with hand-saw cutting at 10.0 wmppcf
and the lowest average was 0.8 appcf when wixing mwud. The average

of all operations was 5.2 appcf. One-hundred and one warkers were
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Thus, coansiderable evidence exists indicating chat the prevention

or reduction of the occurrence of asbestosis among workers requires

that the concentration of asbestos fibers to which chey are exposed

be reduced.

There is at this time, however, only scant correlation of
epidenmiological data with environmental exposure data upon which 2
definirive standard can be established.

26

Chaupion reported two cases of malignant wmesothelioma in two

wen, 31 and 32 years old, following exposure to asbestos. In the first
case, che only documented exposure of the patient was fron his father,

wno at 68 years of age, had severe asbestosis following employment

as a pipe lagger in Scotland. In this case, no special precautions were

taken to protect the children from contact with the facher's work clothing,
witich was washed at home. The man smoked abour 20 cigaretces per day
for sixcteen years and had a brief history of breathlessness and other

sigus which could have been related to asbestos exposure. The second

case involved a patient who had moved to Asbestos, Quebec, where he
lived for the next 23 years. This patient had worked for 10 years
as an asbestos prospector and had worked for a short period in open-pit

mining. Seven years before his death in 1968, he woved away from the

area snd became a salesman in a department store. The patient smoked

20 to 30 cigavettes per day for 14 years. Ia this case, it was

believed that he was exposed oaly to chrysotilé and primarily in afning

operations. Champlon's two cases seem to support earlier data of

tauily cases wich reasonably short and/or low levels of exposure.
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Murphy et 2&.59 presented data concerning two cases of workers
exposed to asbescos. One casec on biopsy confirmed mesochelioma and
the other case had extensive pleural calcification. Both workers -
had frequently sanded asphalt and vinyl tile floors prior to installation
of new floor covering. A technique to simulate normal work practice ‘
wvas developed and levels of 1.2 and 1.3 fibers/cc 5 um in length
resulted. The authors noted that under other work conditions these
values may be higher. In the case involving mesothelioma, the worker
was 44 years old and had no other history of occupational exposure
to asbestos, although he had worked in a shipyard in a "non-dustcy"

gyroscope repair area from 1945-1947. The repair area would practically

have to be considered a clean room operation in view of the precision
involved in gyroscopic instrument repairs. He had smoked one package

of cigarettes a day bectween the ages of 17 and 30 and had worked from

1948-1967 as a floor tile installer. The second case involved a

6l-year—old worker who had been a floor tile installer for the last

30 years and had smoked one pack of cigarettes per day for the last

45 years. This second patient had no history of other asbestos exposure
different from the first; however, some question may be raised of

a possible neighborhood exposure even 1f it only concerned going to

work. The possibility of such exposure must be considered in view of

the neighborhood case noted by Selikoff,ls Table XXIX.
The possibility of the development of asbestos-related diseases
in floor tile installacion musc be considered, and special attention

must be given to this operation when considering the low levels of
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exposure thac may be related to cthese two cases. If even in actual

_practice, levels were found to be 10 cimes cthose found by cthe investigators,

it would substantiate the low levels of exposure recommended in this

standard. The time interval for sanding as compared to tile installation

must be small, and, if this {s true, then, in facct, any level found
would be very low if based on a time-weighted average exposure. This
increases the weight of consideration that must be given to this
possibly exposed occupational group and the relationship of these low
exposures to asbestos to the development of disease.

Consideration must also be given related to the effect that may
have resulted from exposure to other material in the floor tile. The
level of, and effect of such material as asphalt aand any decomposition
products from sanding must be considered.

Isolated clinical case reports are difficult to interpret in terms
of dose-time response relationship and can only be used to indicate
other possible problem areas and to highlight what may prove to be

practicable areas for further study.
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V. ENVIRONMENTAL DATA

The use cf gebestos has changed wich the addicios of nev preduccs
and with chaanges in the induscrial processes. These changes and 3
growing awareness of the health effects frow exposure of the worker tQ
asbedatosg havé resulced in a changing work eavironment within the asbestos
industry. The lack of enviroumental data for previous years and the
changes 1o cechnology used to collect samples, now and in che past,
have resulted in the avaflabilicy of comparable environmental data for

caly the last few years. Thus, the scant daca and the loag latent perfod

for the development of bronchogenic cancer and mesochelioma do not

permit the establishment of the dose-response relationship at Chis

time. However, as has been indicated, che developuent’of the diseases
has been proven in wvorkers exposed to asbestos and eaviroumental daca
does exist for the last geveral years,

Table XIV shows the average concentration of asbestos fibers to
vhich & number of insulation workers were exposed im 1969. The results
shown are not time-weighted averages, but are averages of concentrations
found for individual exposures during the time samples were collecced
(usually 15, 30, or 60 minutes). Although the average concentratioms
are reasonably low, with the exception of sprayimg, individual exposures

varied from 0 to 100 fibers/cc. The latter occurred during a 60-minuce

period while a workman gprayed asbestos fiber om & turbine.

¥cClure®0 summarized results of g preliminary survey conducted

by the U. S. Department of Labor during the perfod July, 1969, to

Jaouary, 1970, at nine private ehipyards as followa: 37 of 74 samples
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collected durtng various eperattlons of ypraparing and applylng fnsulacion
vere above 2 fiberc/ce (50X) and 19 of 74 were abouc 11 fibers/cc (261).
These were not time-weighted average exposures, but represented average
fiber conceatractions during the sampliag period. Furthermore, none
of these samples represented workers' exposures while tearing out
old fnsulatioo and lagging-—an operation that has been previously found
to produce more dusct than the application of the fLansulation.

A summary of some of the environmental data collected by NIOSH

is presented in Table I through XII. The environmental data presented

in this documest represent ouly that collected in the lasc fev yeacrs
and reported in fibers/cc>5 um as counced by phase contra;c light
microscopy. As pointed out by Ayer 35_3&,61. ;It 18 abviously
impossible to give any single ratio chat would accurately represent

all processes at all tiwmes in each plant." As a result, little

correlation, if any, can be made betveen early data (collected with
an impinger where settled particles were counted) wich current data
{collected with a personmal sampler and counted under a microscope

equibpgd with a 16 mx 10X objective).

These data represent only the levels found during the time the

samples vere actually being taken. The sampling times were usually

betveen 15 minuces to one hour, and should not be considered as time-
wefighted average exposures even though credence could be giveu to
this approach due to the large pumber of saqples collected.

Levels of exposure in the manufacture of asbestos are given in

Table I through XIXI. In a tocal of 7 ssbegtos cement pipe plants,

a range of individual acamples vas from 13.64 1in coupling finishing,

co levels too lov to couat f{n pipe Iofmiug, curfag, pipe finfshing,
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coupling finishiag, packing and wiscellancous aperations (Table I).

1t oliould also be noted in Table I that when consideracion is
given co fecasibilicy of engineering control, fa coupling finishing,
the individual highegt sample was 13.4 and che lowest and second -
lovest samples were zero. Warehousing aad mixing (6.3 f;berslcc>5'pn)
and packing (6.1 fibers/ee>5 um) were the highest means by operation
{(Table 1II), and the lous wvere both 0.4 fibers/ccHS gm. These data
{ndicate the possibility of coatrolling these operations to below
the proposed standards.

These wide ranges of individual samples and meanc by operations
vere also shown in asbegtos friction plants (Tables ILI and IV),.
cement shingle, willboard, and gasket operations (Tabies V and VI),

fosulatioa (Tables IX and X), and from asbestos paper, packing and

asphalt products (Tables VII aand VIII).

In textile operations, while the fndividual low and second lowest
concentrations ;ere, ia all cases, below 1.0 fiber/cc (except fiber
preparation, l.4 fibers/cc), the means by 0per;cions exceeded 2.0
fibers/cc in fiber preparacion (7.4 fibers/cc), carding (6.1 fibers/cc),
spinning (3.7 fibers/cc), and twisting (3.2 fibers/cc). In the gecond
lowest group, all operations except finishing exceeded 2.0 fibers/ecc.
These values, vhen considered with the highesat means and bighes;
individual semples (143.9 fibers/cc in carding and 123.2 {n weaving),
{odicate chat present methods of coatrol practiced in the textile
industry are anot adequate for the standard proposed.

This is probably true in indulatiou operations as well. Even
though levels vere below the level of 2.0 fibers/ccd>5 um, the fandividual

gamples and operational means wvere high.
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v. DEVELOPHMENT OF STANDASWD

Various criteria have bcen used for categorizing the dustiness of
the environment. Recent developments have made {c clear that 3 method
utilizing the capture and direct estimation of fibers af asbestos should
be utilized for environmental measurement of exposure to asbestos. In the
past, in the United States, asbestos fibers were measured by the impinger
method which included counting particles as well as asbestos fibers.

The question still exists as to whether or not different varieties of
asbestos fibers may have varying biological effects. This vill not be
answered until more definitive information {s available on the specific

etiological agent(s) and mechanisms of injury iuvol?gd. The consumption

of asbestos in this country is overvhelmingly in the form of chrysotile.
Where other forms of asbestos are used, such as crocidolice and amosite,

they are often mixed with chrysotile and are encountered alone, mainly

in research and specialty sicuations. It would be extremely difficult

on the basis of current information on bilological effects and industrial

practices to establish and administer separate standards for differeat

types of asbestos.

The question also arises on the validity of basing standards on the

riumber of respirable fibers in the air greater than 5 micrometers in

length. Tt is fully realfzed that the fiber-size spectrum of respirable

asbestos fibers in any particular industrial environment will range
from that of bundles of fibrils in the upper respirable size to those

of the fndivi{dual fibrils in the sub-micron size. The type and grade

of fibers, nature of processiang, and controls in existence will greatly




influence the fiber-size spectrum (fiber Length and diaccter) 4, Ho

piven enviroament. The problem is further complicazed by the tupy .y

definitive information on the biologic cresponse o fibers ol djryapiy,,

sizes. It is known, however, chat the longer fibers show 3 dJoye.,.

sSPpanme
relation to asbestosis, and may have a different behavior and depree ¢

tespouse than the shorter size fibers which may, in the lower wad sap-

micron range, tend to resemble more the physical behavior of non=fiyegy,

tespirable particulates. Since it would not be feasible to huve 4

scandard on the total respirable fibers which would necessitate (|4 vout {ne
use of expensive and time-consuming techniques including electrun wieoscapy

an index of exposure must be selected which, as nearly a; poSsihite Celag eg
to the predominant biologic activity and dose-response of the g1z, SPeC L rum
of fibers wost commonly encountered. It is assumad for the preseng that \
the factor of safety associated with the standard will allow fac Al oreng ex \
in the size spectrum of respirable fibers that may be encountered. \

The British, in evaluating respirable chrysotile fiber exposuvey in \

relacion to the ongoing epidemiologic studies in the textile industvy aug

for the basis of a standard for chrysotile, established as an fnadex or

62
exposure, fibers greater than 5 micrometers in length. A substauncyy)

amount aof inforwation on the biologic effects of asbestos has, aund {n,

being obtained using this parameter of exposure measurement. A vevigwe o
the research in Britain, with concurrence on the raticnale favolvey, made

ic prudent that we use the same definition of index'of—equsure Suwhi el

to base criteria for standards. These criteria should be ve-~evalusxgoy “lien

(1) more definitive information on the biologic respoase of asbescos el tue

the agent(s) and dose~respoanse data on different lengths of fiber g




available, (2} cthe speccvum of fiber lerngths encountered in industry by
types of asbestos and cperations is ascertained, and (3 more precise

epidemiologic data are develeped.

To prevent fibrosis and excessive rates of neoplasia, such as meso-
thelioma, respiratory cancer, and gastrointestinal cancer, a standard for
asbestos dust should be based on 3 concept of dose-response that includes
not only the factor of fiber count times yeatrs of exposure but also that
for total asbestos dust fibers retained over a number of years.

Thus, the effect after several decades of a one-time acute dose of
limited duration which cvervhelms the clearing mechanism, and is retained
in the lungs, may be as harmful as the cumulative effect of che; daily

doses of exposure over many years of work.




#asis for Previous Stardards

The first standatd for controlling exposure to asbestos dust was

recommended by Dreessen et al. in 1938 following a study of 541 employees

in four asbestos textile plants whure massive exposures occ;rred. A
tencative limit for asbestos dust in the textile f{ndustry of 5 million
particles per cubic foot (uwppcf), determined by the f{mpinger Cechﬁique,
was recormended. They found numerous well-marked cases of pneumoconiosis
uhere concentrations exceeded 5 wmppcf, but only three doubtful cases vhere

concentrations were uader 5 mppcf. Rowever, only five persons had been

exposed for more than 10 years to concentrations from 0.Q to 4.9 mppef.
None 6f the 39 persons exposed to concentrations below 2.5 wppcf showed

evidence of asbestosis; but only six of these had been employed more than

five years.

The study by Dreessen et al. had unavoidable limitations such as the
fact that 333 of the 541 employees studied had worked less than five years

in cthese textile wills, only 66 were employed as long as 10 years, and

only 2 for more than 20 years. Furthermore, the average age of these

asbestos textile workers was 32.1 years and only one of the four plants
studied had been in operation for more than 15 years. Thus, the first
standard established was based upon limited data. The authors recognized

the limitations and stated that . . . "5 mppcf may be regarded tentatively

as the threshold value for asbestos-dust exposure until better data are

available."

The American Conference of Governmental Industrial Hygientists'

(ACCIR) Threshold Limit Value (TLV) for asbestos dust was S mppc
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from L94G te 1970.

E£_5£.63 and subsequent {nvestigations by others. In 1968 and 1969,

This limic was based on the scudy by Dreessen

ACGIH published notices of fntended changes to lower the TLV to 12
fibers/ml >5 um in length or 2 mppcf and they published in 1970 and 1971
a st1ll lower limit of 5 fibers/ml>»5 um in length as a notice of proposed
intended change. The conversion of data from mppcf to fibers/ml inm all
asbestos operations can only be done with considerable risk to the validicy
of the results. Lymnch 53_3},66 pointed out in 1970 the need far such
conversion data and that che data reported in 196561 of the 12 fiber/ml
equivalent to 2 mppef relationship was obtained in textile mills and should
not be applied to other product areas. Estimates of risk of disease in
other product areas should be ba;ed on fiber counts since this method yields
2 more direct estimate of airborne asbestos cancentration.

In 1968, the Committee on Hyglenic Standards of the British Occupa-~
-tional Hygiene Society (BOHS) after reviewing medical evidence, results
of studies made by the asbestos industry in the United Kiﬁgdom, and
epldemiological data from the United States, published Hygienic Standards
for Chrysotile Asbestos Dusc.62 It stated:

“l. As long as there is any airborne chrysotile dust in the work

eaviroument there may be some small risk to health. Nevertheless, ‘it
should be realized that exposure up to certain limits can be tolerated

for a lifetime without incurring undue risks.

"2. The committee believes that a proper and reasonable objective

would be to reduce the risk of contracting asbestosis to 1 percent of

those who have a lifetime's exposure to the dust. By ‘asbestasis®




thiis committee mecans the cacrliest demonstrable ecffects oa che lungs
due to asbescos.

"It 1is probable chat che risk of being affected to the extent
of having such early clinical signs will be less than Ll percent for
an accumul;ted exposure of 100 fiber years per cn3 or 2 fibers/cm3

for 50 years, & fibers per ch for 25 years or 10 fibers per cm3 for

10 years.

"3. It is recommended that exposures which lie in cerctain ranges

of dustiness be designated by categories according to the following

scheme:
CONCENTRATION AVERACED3OVER

DUST CATEGORY 3 MONTHS (FIBERS/cm™)
Negligible 0-0.4

Low g.5-1.9

Medium 2.0-10.0

High Over 10.0

4.

The levels are expressed in terms of the number of fibers
per cm” greater than 5 um in length as determined with the standard
membrane filter method.

Any other method can be used provided it is

accompanied by appropriate evidence relating {ts results to those

which would have been obtained with the standard wembrane filter method.
“S. When it s necessary to work intermittently in a 'high dustc'

area an approved mask should be worn, provided that the concentration

3
is no wmore than 50 fibers per cm a higher standard of respivatory

protection should be provided such as a'pressure—fed breathing apparatus




‘‘Additional Recommandations

*l. It is trecowmended that where practicable an up-to-date employ-

ment record card be kept of every person which tndicates, every calendar
quarter, the category or categories in which he or she has been ewmployed

and in which he or she is recommended to work.

2. All employees exposed to risk should be medically examined

before employment. Periodic examinations should be wmade thereafter,

aanually.

“Notes:

"These hygfeaic standards are subject to review in the light of new

evidence and improved methods of measurement. :

“The standards are, in out opinion, the best that can be drawn from

the existing data. These data are scanty and based on factory experience

of coatinuous exposure during working hours. Due cauytion should be

exercised in applying these standards to other patterns of exposure. As

far as possible the dust exposures have been estimated conservatively and,
in particular, in the period 1933-1950 the average hours of work were
substantially greater than 40 per week.

"It 1s hoped to supplement the existing data in due course, when the

standards will, 1f necessary, be modified. These standards will be

*
formally reviewed ia three years."

In an unpublished paper, Williams, Baier, and Thomas compiled data

from the Penasylvania Departmenc of Health files on exposure levels at

*As of 1/6/72 their standards as effective in May 1970 had not been

revised. Per telephone conversation with Dr. S. Holmes, Secretary to
the Asbestosis Research Council.




various texiile processing ogerations in two plants. Their data {nclydeg
dust concentrations from 1930 through 1967 in onec plant and from 1948
through 1968 in the second planc. Even'though controlled exposures were,
for the most part, below 5 mppcf and in many cases below the 1968 ACGIH
Notice of Intended Change to 2 umppcf, 64 cases of asbestosis were reported
from these two asbestos textile plants. The authors conclude that:
"If asbestosis 1is to be prevented, airborne asbestos dust must be
stringeatly controlled in the working environment. From these data

a

TLV of 3 mppcf would provide inazdequate protection and the proposed 2 mppcf

way not be substantiated."
Gee and Bouhuys,65 in December, 1971, pointed out that on the basis
of “reasonable probability," decisions must be made to control exposure
to asbestos rather than from a precise definition of dose-response relatior

ship, and “the preseant threshold limit value for asbestos should be lowerec

far below some recent proposal."




. S. Emerpgency Siandar.?

The prescnt emergency stdadavd for exposure co asbestos dusc

(29 CFR 1910.93a) published in che Frderai Regiscter, Vol. 136, No. 234,

page 23207, December 7, 1971) Is 2s follows:

“The B-hour time-weighted uaverage zivborne concentration of
asbestos dust to vhich employees are exposed shall not
exceed 5 fibers per ailliliter greater than 5 microans in
length, as determined by the membrane filter mechod at
400~450X magnificacion (4 willimerer objective) phase
contrasc illuminacion. Conceniraticns asbove 5 fibers per
millil{ter but, not to exceed 10 fibers per mill{ilicer,

may be permitcted up to s rozzl of 15 ninutes in an hour for
up to 5 hours in an 8-hour dav."

The 1971 ACGIH tentative threshold limit value is 5 fibers/wl _

> 3 ym in length. Both are higher than the British standard of 2

fibers/cc by at least a factor of 1.5 times.




Basis for Recommended Standard

The number of studies that have collected both environmental and
mcdical data and with a significant number of exposed uork}rs is not
sufficient to establish a meaningful standard based upon firm scientific
data.

The requirement to protect the worker exposed to asbestos is

defined in a number of studies outlined in this document. The general

recognition of the increasing number of cases of asbestosis, bronchogenic

cancer, and mesothelioma indicates the urgent need to develop a standard

at the present time.

NIOSK recognizes that these data are fragmentary ind, as a tesult, a

safety factor must be included in any standard considered. On this

‘basis the research that did iunclude both environmental and medical data,
or where a standaxrd or limit_had been proposed, was given a careful and
detailed study to determine its particular coantribution to the developmen
of a national standard.

66

The development of a standard for asbestos dust in Great Britain

and the evaluation wmade by the British Occupational Hygiene Society

62,66

(BOHS) Sub—committee on Hygiene Standards for Asbestos, wvhich

¢onsidered data to reduce the risk of asbestosis, was given great weight

in the development of this asbestos standard. The BOHS fitted the data

available to a dose-response curve and the conclusion was drawn that an
accumulated’ exposure of 100 fiber-yearslcn? would reduce early climjcal
sigus to less than 1X. This would be 2 fiberslcm3 for SO }eats of

67
exposure or 4 fibers/cm3 for 25 years. According to Roach, “The
British Occupational Hygicecne Society Standards Sub-committec oo Asbeeco:

expressed the view that a proper and reasonable objective would be co

reduce expogures to below this level and thereby reduce the riek of
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contraccing asbesctosis to less thaa 1% of chose who have a3 lifctime

exposure to the dust. For such workers, who may possibly work for

50 yecars, che long-term average concentraction to which chey are

exposed would need to be less than 2 fibers/cu3. For others, who _
will be exposed to asbestas dust in air for shorter periods, the
long-term average concentration need not be so low, a&s long as their

exposure will amount to less chan 100 fiber—years/cmj,"

It is recognized that the British standard is based upon daca
not as precise as desired, but it does offer a mechanism for com-
parison wich the ACCIH TLV and after three years of use no change
has been recommended. The British standard was primarily based uéon

a study of 290 men employed for 10 years or longer between 1933-1966

in an asbestos textile mill. The enviroanmental dust conceatrations to

which different workers had been exposed were estimated to have varied

from 1 to 27 fibétslcmB.- The risk-exposure relationships were developed

based upon basal rales and X-ray chamges. In this study, basal rales

were considered the key symptom since all workers exhibiting X-ray

changes also exhibited basal rales.

In reviewing the values on the basis of the 100 fiber—years/cm3
proposed by the British Bygiene Standards Coumittee, the followiag

comparisons caa be made between the British Standard and the Emergency

U. S. Standard. Each standard is normalized to 100 fiber-years to account

for differences in the working lifetime of the average asbestos worker.

The Emergency U. S. Standavd is based upon the ACGIH TLV which, in turm,

68
is based upon an exposure time of 30 years to 5 fibers/ml”> 5 um in lengch




3
and the Bricish, 50 vears of exposure acv 2 fibers/em > 5 ym 1n lengeh,

In summary:

U. S. Emergency
Bricish

ACCIH
2 fibers/ce . S fibers/wl
Fiber-
yrs/cc 100 150

The validity of chis type of comparison has already been questioned

in this document, i.e., the “K" factor used to change ACGIM impinger

61,64
data to fiber counts. 1

However, on cthis basis, data suggest that the ACFIH value 1is
higher than the British value.

In addition to consideration of the Brictish data, the comparison
of Brirish and ACGIH data suggests that the 30-year exposure value
for a U. S. Standard should be about 3 fibers/cc 5 ym in length in
order to assure that less than 1% of the workers exposed are at risk
of developing the earliest clinical siguns of asbestosis.

Hovever, additional consideration must be given to the concepts of

carcinogenesis as they relate to the determination of a standard for

asbestos exposure. Any carcinogen (inictiator) wust be assumed, until

otherwise proven, to have discrete, dose-dependent, irreversible and
additive effects to cells that are transmissible to the cell progeny.
Thus, initiation of malignancy following single small exposures ta

asbestos is possible, but of a low probability. With frequent or

chronic exposure and a low dose-rate, the probability of imitiacion

of malignancy is facreased. Yet, even under optimal conditions of

cell proliferaction (in the presence of promotors) these malignant
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tans{ormaclons do not lead to inscantancous cancer, buc rcmain
insidious for a number of years (latent).

Ia protracted exposure, some of the total accumulated exposure is
“wasted" (or irrelevant) as far as the initiator of cancer is con- )
cerned. Exposures {n excess of the minimal initiation dose con-~
ceivably may shorten the latent period to sowme extent by substituting
for other contributing Eactors that would have eventuzlly been effectual
in converting tlie latent tumor into a frank malignancy. Analytic

methods used in the epidemiology of asbestos-induced cancers are

unable to discriminate between the initiating dose and subsequent (wasted)

exposure.

Consideraction must also be given to the concept that an inverse

relactionship exists between dose-rate and the latent period. As

the dose-rate becomes progressively lower, the latent period may

approach or exceed the life span of exposed individuals.

Adherence to these concepts would argue toward reducing asbestos

exposure substantially below those levels currently demonstrated to

be assoclated with the disease. Such a course of action {s counelstent

with the Surgeon Generzl's ad hoc Committee on Evaluation of Low Levels
of Environmental Chemical Carcinogens statement that, “for carcimogenic
agents, a safe level for man cannot be established by application of
our present knowledge." |

Work ﬁraccices in industries should be encouraged to develop'uo%k

practice standards by the consensus method so that the lowest feasible

environmental levels can be obtained. The Eollowing work practice

standards arc included in the cmergency scandard for asbestos and are

{ncluded in che recommended standard:
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(a) Asbestos cement, mortar, coatings, grout, and plascer shall

Le mixed fn closed bags or other containers.

(L) Asbestos waste and scrap shall be collected and disposed of
fa sealed bags or other containers. -

(c) All cleanup of asbestos dust shall be performed by vacuum
cleaners or by wet cleaning methods. Wo dt& sweeping shall be
performed.

The need in industry for a proper precautionary label for asbestos
and for other hazardous materials associated with the mining, produetion,
and use of chemfcal compounds has existed for a number QE years. The
development of a labeling system for use as an occupational hazard
varning system overlaps iato so many other labeling areas, e.g.,
transportation of chemicals, fire fighting, use by the military, etc.,
that {t would be necessary either to develop a separate eystem for use
io relation to occupational exposures only, or to combine all the
present systems into one.

The addition of one more labeling system compounds the multi-
labeling requirement presently imposed on industry and creates one
mofe labeling system the worker must recogaize. Combining all systems
into one requires the coordination of many governmental, prafessional,
trade, manufacturing, and international and local organizations. Time
required to accomplish thie task is prohibitive in relation to the

requirement for the fwmediate development of an occupational health

standard for asbestos. As a resulc, NIOSH recommends as an interim

system the adoption, with modification, of the system for the Identi-
fication of che Fire Hazards of Materials of the Natlional Fire Pro-

tecciaon Assoclation and the Guide to Precautionaty Labeling of
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Hazardous Chemicale of the Manufacturing Chemiecg Aseéocifacion.

It i8 recognized that cthie syctem may not be the woet appropriate
cystem and way require additional development éo permit the worker,
himself, to use it to idencify the hazarde to which he is exposed
and to learn the necessary precautions to aesure him safe working )

conditions. (See Appendix II for the details and modification of

the labeling system),




Summaty of the Dasis (or cthe Recommended Scandard

The recommendation for an environmental scandard ot asbestos is
based upon healcth consideracions and limited cnginccr;ng fecasibilicy
data. The overriding considerations are the healch effects.

Evidence indicates that past and curreat standards for fiber
concentrations in the working places vhere asbestos fibers occur, though
undoubtedly contributing to reduction of the severity and frequency of
asbestosis, have not provided complete protection from exposure to
asbestos, necessicating development of a new standard.

Consideration was given to previous reports and stuéies, recent
data, and the present "state-of-the~-art.” It is recognized that addit{ional
data would be desirable to support an asbestos standard, but because of
immediace need for worker protection, it is necessary to make a

recoumendation based on available studies and data. The following

coustraints i{n applicability of research data were considered in the

development of the recommendations:

(a) Few epidemiological studies or clinical reports with supporting

environmental data are available in the exposure range that must be

considered.

(b) Enviroumental data on practically all studies were collected
only over the last few years and/or they were collected by other
techniques and expressed in térms other than fibers/cc.

(<)

The environmental samples were expressly collected in many cases

for control purposes rather than for research and, as a result, meaningful

evaluations caannot be made.




(d) There is a lack of data vo deline vich any degree of precisfon
the threshold of development of ncoplasms resulting from exposure to

asbestos and the reclationship of the latent period becween exposure and

development of neoplasms. -
The standard recommended in this document {s sim{lar co.thé scangard
adopted by Her Majesty's Factory Inspectorate ia 196966 (scill in effect
as of December 29, 1971), and more stringent than the recent U. S.
Ewergency Standard. It is felt to be feasible technologically for the
control of the exposure to the worker and effective biologically for
protection of the worker against asbestos-induced diseases.
Considerations of carcinogenesis indicated the need for a ne;sure
of prudence. As a result of this ractionale, a factor ;as added to
reduce the time-weighted average exposure to 2.0 fibers/cc> 5 um. A
ceiling value of 10.0 f{bers/ec> 5 um that was not to be exceeded was
included to reduce the possibility of the short-term heavy exposures to
asbestos that have been reported ‘to cause mesothelioma. In additiom,
this should reduce the likelihood of diseases (malignant and non~malignant)

resulcing frow exposures in excess of 30 years or with very long latent

perfods.
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VI. COMPATIBILITY WITH EMISSION STANDARDS
The preoposed national cmission standard for asbesctos was published

in the Federal Repister, Vol. 36, No. 235, pages 2342-2343 (40 CFR 61.20-

61.24) by the Eaviroamencal Protection Ageacy. The emissioa staadard
will be applicable toAasbestos mines, mills; bullding structures, or
facilities within wvhich manufacturing or fabricatiag operacions involving
the use of commercial asbestos; buildings or structures vhich have been
or will be coustructed or wodified using asbestos insularioa produccs;
roadway f;cilicies vhich would be surfaced or resurfaced using asbescos
tailings.

The standards are based upon information derived from many sources,
including health effect level;,meceoroiogy, technical analysis of coatrol
capability, and consideration of economic impact. The overriding
cousideracions are health effects. These standards are based upon
specific operatiocns and physical conditions and are limited in general
to emissions to the atmosphere.

1. Emissions shall not exceed those which would be emicted
from operations 1f proper engineering control had been installed ({.e.
fabric filter, cyclone gas cleaning devices).

2. Visible emissions of particulate

3. Spraying of asbestos

4. Use of asbestos for surfacing or resurfacing of roads.

The use of procedural standards and vigible emissions as the
basis for evaluation for compliance with the sCa;dq;d are desfgaed

to minimize emisgicn'to the atmosphere. EPA determined that there
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i no suicable cechnique (or zampitng and analysis of asbestos {qn
ambient air or emission gases. This decermination vas made as ounly
limiced informatioa had been developed from amcasuring fibers in
community alr. The use of high volume samplers for collectioun of
samples and counting by light microscopic techniques similar to
industrial hygiene methods has shown only gmall aumbers of fibers
in urbaan ateas.69

Ic vas felt that these values vere lov vhen compared to occupational
health experience and values to fewv too use vith confidence b9

As a2 result cthere is no direct compzrison possible betveen the
proposed national emissfion staudards for asbegtos and the rec0mmendea
criteria for occupational exposure except to say that the levels of
exposure to the genmeral public on a 24-hour day, 7 days a week, basis
would be lowver, as would be expected, than occupational standards
based on an 8-hour day, 40-hour vork veek.

The Illinofs Pollution Control Board on November 30, 197170
published a notice of proposed final drafc of emission standards

for asbestos that can be more easily related to the recommended occupational

standard than those proposed by EPA. Illinois includes a provision

that, "After June 30, 1972, a factory, plant or enterprise which
eagages in the processiog or maoufacturing of any asbestos-containing
product shall discharge no visible emission of particulate watter
from such manufacturing or processing into the ambient air and shall

cmit no couceatratious of asbestos fiber in excess of 2 fibers per

cubic ceatimeter of atir."
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The mcthod of councing che asbestos [1bers s thac proposed Ly

71
et al aud sim{lar co the technique proposed fin Appendix L of

Edwards et al.

this rtreporc. Thic proposed Illinois scandard places a cefling value
of 2 fibers/cc on cmissions frow processing on manufaccuring of
asbestos containing products. Io the explanation of the revision

of the proposed Illinois regulatfioan they state:

“IV. Parc V, controlling manufacturing sources, ie

changed to require an emiscion aetandard of 2 fibers per
cubic¢ centimeter and no vigible emissions. While some
testimony indicated the difficulty in wmeasuring cocapliance
with a gumerical emission standard, overall the evidence
establishes both the need (protectfioun against the great
proportioun of fnvisible fiber) and the esse of measurenment
of such a criterion. A “no visible emission" standard has
been added to the numerical standard to simplify enforcement
against exceptionally dirty emfssion sources. A grace period,
until June 30, 1972, has been added to permit acquisition

of the necessary control equipment to attain the emiesicn
standard."”

This air qualicy standard {s, as it should be, more restrictive thac
an occupational standard due to differences iu exposure time.
This proposed occupatiocnal standard would seem to be compatible

vith the proposed emission standard and each should complement the

other {n the control of asbestos exposure.




10.

11.

14.

15.

l6.

VIL. REFERENCES

leadry, N. W. The Ccology, Occurrences, and Hajor Usee of AsbesCos.
Aon. N. Y. Acad. Sci., Vol. 132, Art. 1, pp. 1-766-1965.

Wright, G. D. Asbestos aad Health fu 1969. Am. Rev. Resap. Dic.,
Vol. 11, pp. 467-479, 1969. -

Asbestos position paper, DHEW, USPHS, BOSH, 1969,

. Report of the Departmeatal Coumittee on Compensgtion
for Iadustrial Diseases. C. D, 3495, 3496. HMSO, 1970.

Cooke, W. E. Pulmonary Asbestosis. Bric. Hed., Vol, 2, pp. 1024-1025,
1927.

MeDonald, S. Histology of Pulmonary Asbestogic. Brit. Hed. J.,
Vol. 2, pp- 1025-1026, 1927,

Hoffman, F. L. Hortality from Respirstory Diseases ian Dusty Trades

(Inorganic Dusct). Bull. ¢. S., Bur. Labor Statistics, No. 231,
pp. 176-180, 1918. . : )

Pancoasc, H. K., T. G. Miller, and H. R, M. Landis. A Roentgenologic
Scudy of the Effects of Dust Inhalation Upoo the Lungs. Trane. Assoc.
o, Physic., Vol. 32, pp. 97-108, 1917.

Hills, R. G. Pulmonary Asbestosis; Report of a Case. HNiunesota Hed.,
Vol, 13, pp. 495-499, 1930.

Lyach, K. M., and W. A. Smith. Asbestosis Bodies in Sputum and Lung.
J. Am. Med. Assoc., Vol. 95, pp. 659-661, 1930,

Herevéthet, E. R. A. A Memoraadum on Asbestosis.

Tubercle, Vol. 15,
pp. 69-81, 109-118, 152-159; 1933-34.

Gloyne, S. R. The Morbid Anatomy and Histology of Asbestosia,
Tubercle, Vol. 14, pp. 445-651, 493-497, SS50-558; 1932-33.

Seldkoff, I. J., and C. E, Hammond. Asbestos Bodies in the New York
City Population in Two Periods of Time., Internat. Conf. of Pneumoconiosis,
Johannesburg, pp. 47-53 (April-May), 1969.

Harcles, H. M. Asbestos Harzards im Naval Dockyards.

Ann. Occup. Hyg.,
Vol. 11, pp. 135-145, 1968. .

Seldkoff, I. J. Mouat Sicail School of Medicime, Cicy Uaiversity of
Nev York, persocual commuunicatiom, 1971.

Doll, R. Hortality from Lung Cauncer in Agbestos Workers. Bric. J.

" 'uad. Med., Vol. 12, p. 81, 1955.

VLII-1




17.

18.

19.

20.

21.

22.

23.

24.

25,

26.

27.

28,

29.

30.

Selikoff, I[. J., E. C. Hammond, and J. Churg. Asbestos Exposure,
Smoking and Neoplasia. J. Am. Mecd. Assoc.. Vol. 204, p. 106, 1968,

Selikoff, I. J., J. Churg, and E. C. Hammoand. Asbestos Exposure
and Neoplasia. J. Am. Med. Assoc., Vol. 188, p. 22, 1964.

Elwes, P. C., and J. J. C. Simpson. Insulation Workers in Belfast

3. Mortality 1940-66. Bric. J. Ind. Med., Vol 28, pp. 226-236,
1971.

Newhouse, M. L. A Study of the Mortality of Workers in Asbestos
Factory. Brit. J. Ind. Med., Vol. 26, pp. 294-301, 1969.

Selikoff, I. J. Mortality Experience of Amosite Asbestos Factory

Workers. Presented at 1V Intermational Conference on Pneumoconiosis
(IL0), Bucharest, 1971.

Selikoff, I. J., E. C. Haomond, and J. Churg. Hortality Experience
of Asbestos Insulation Workers. Pro. Internat. Conf. Pneumoconiosis,
Department of Mines, Republic of South Africa, pp. 97-103, 1969.

Decoufle, P.

Morralicy Patterns of a Group of Retired Asbestos
Workers.

Doctaral Thesis, University of Pitcsburgh, 1970.

Knox, J. F., R. S. Doll, and I. D. H1ill. Cohort Analysis of Changes
in Incidence of Bronchial Carcinoma in a Textile Asbestos Factory.
Ann. N. Y. Acad. Sci., Vol. 132, Art. 1, pp. 526-535, 1965.

Mancusa, T. F., and A. E. El~Attar. Carcinogenic BRisk and Duraticn
of Employment Among Asbestos Workers. FProceedings of the 2nd

International Conference on the Biological Effects of Asbestos,
1968.

Champioa, P.

Two Cases of Malignant Mesothelioma after Exposure
to Asbestos.

Amer. Rev. Resp. Dis., Vol. 103, pp. 821-826, 1971.

Knox, J. F., S. Howes, R. Doll, and I. D. Kill. Mortality from
Lung Cancer and Other Causes Among Workers in an Asbestas Textile
Factory. Brit. J. Ind. Med., Vol. 25, pp. 293-303, 1968.

Cran, D. L.
Dockyards"
1968.

Discussion of Paper, “Asbestos Hazards in Naval
Harries, H. M. Ann. Occup. Hyg., Vol. 11, p. 144,

Crundy, G. W. National Cancer Institute, Washington, D.C.,
personal communication.

M{lne, J. Fifteen Cases of Pleural Mesothelioma Associated with
Occupatlional Exposure to Asbestos fa Vietoria. Hed. J. Ausc.,
Vol. 2, pp. 6069-673, 1969.

viI-2




Jz.

33.

34.

35.

36.

37.

39.

40.

41.

42.

43.

446,

Stumphius, J. Cpidemiology of Hesotheliama on Walcheren [sland.
Bric. J. Lnd. Med., Vol. 28, pp. 59-66, 1971.

McEwen, J., A. Flalayson, A. Mair, and A. A. M. Cibson. Mesocthelioma
in Scotland. ODric. Med. J., Vol. 4, pp. 575-578, 1970.

Stumphius, J., and P. B. Meyer. Asbestos Bodies and Mesothelioma.
Ann. Occup. Hyg., Vol. 11, pp. 283-293, 1968..

Cardner, L. U., and D. E. Cummings. Studies on Experimental

‘Pneumokoniosis VI Inhalation of Asbestos Dust. J. Ind. Hyg.,

Vol. 13, pp. 65-81, 97-114, 1931.

Vorwald, A. J., T. M. Durkan, aand P. C. Pratt. Experimencal Studies

of Asbestos. A. M. A. Arch. Ind. Hyg. Occup. Hed., Vol. 3, pp. 1-43,
1951. ’

Wagner, J. C., and G. Berry. Mesotheliomas in Rats Following

Inoculation with Asbestos. Brit. J. Cancer, Vol. 23, pp. 567-581,
1969.

Stanton, M. F., R. Blackwell, and E. Miller.
Carcinogenesis with Asbestos.
pp- 236-244, 1969.

Experfmencal Pulmonary
Am. Ind. Hyg. Assoc. J., Vol. 30,

Gross, P., R. T. P. deTreville, aad M. N. Haller. Expevimental
Aspestosis—— The Development of Lung Cancer in Rats with Pulmonary

Deposits of Chrysotile Asbestos Dust. Arch. Eanvir. Hlth., Vol. 15,
pp. 343-355, 1967.

Smith, W. E. et al. Comparison of Biologic Responses to Harsh

and Sofc Chrjggfzie Asbestos. Submitted to Arch. Envir. Hlth.
for publicacion.

Wagner, J. C. Asbestosis in Experimental Animals. Brit. J. Iad.
Med., Vol. 20, pp. 1-12, 1963.

Hariogton, J. S., aad F. J. C. Roe. Studies of Carcinogenesis of
Asbestos Fibers and Their Natural O{ls., Ann. N. Y. Acad. Sci.,
Vol. 132, Art. 1, pp. 439-450, 1965.

Webster, 1. Asbestosis in Non-experimental Animals in S. Africa.
Nature, Vol. 197, p. 506, 1963.

Schuscer, N. H. Pulmonary Asbestosis in a Dog. J. Path. Bact.
Vol. 34, pp. 751-757, 1931.

CGardner, L. U. Chrysotile Asbestos as an Indicator of Subtile

Differences in Animal Tissues. Am. Rev. Tuberc., Vol. 45, pp 762-766,
1941. .

vIX-3




45.

46.

47,

48.

49.

50.

S51.

52.

53.

54.

55.

56.

57.

58.

. Insoluble Particulates.

King. E. J., J. W. Clegg, and V. M. Rae. The Efchc of Asbestos,
and of Asbescos and Aluminum on the Lungs of Rabbics.

Thorax,
Vol. 1, pp. 188-197, 1945.

Smith, J. M., 1. D. P. Wooton, and E. J. King. Experimentil
Asbestosis in Rats. The Effect of Particle Size and of Added
Alumina. Thovax, Vol. 6, pp. 122-136, 1951.

Parrazi, E., B. Pernis, G. C. Secchif, and E. C. Vigliani. Studies

on "in vicro" Cytotoxicity of Asbestos Dusts. Hed. Lav., Vol. 59,
pp. 561-576, 1968.

Secchi, C. S., and A. Rezzonico. Hemolytic Activity of Asbestos
Dusts. Med. Lav., Vol. 59, pp. 1-5, 1968.

Suzuki, Y. and J. Churg. Structure and Development of the Asbestos
Body. Arch. Path., Vol. 55, pp. 79-91, 1969.

Scokinger, H. E. Lobar Deposition and Retention of Inhaled

Arch. Ind. Hyp. Occup. Med., Vol. &,
pp- 346-353, 1951. .

Davis, J. d. G., P. Cross, and R. T. P. deTreville.
Bodies" in Guinea Pigs.
1970.

“Ferruginous
Atvch. Path., Vol. 89, pp. 364-373,

Cralley, L. J., R. G. Keenan, and J. R. Lyach,
in the Manufacture of Asbestos Textile Products.
Assoc. J., Vol. 28, pp. &52-461, 1967.

Exposures to Metals
Am. Ind. Hyg.

Dixon, J. R., D. B. Lowe, D. E. Richards, L. J. Cralley, and H. E.
Stokinger. Role of Trace Metals in Chemical Carcinogenesis:
Asbestos Cancers. Cancer Res., Vol. 30, pp. 1068-1074, 1970.

Enterline, P., P. Decoufie, and V. Henderson. A Study of che

Dose-Response Relationship Between Asbestos Dust and Lung Caancer.
Unpublished Maanuscript.

Balzer, J. L., and W. C. Cooper.

The Work Environment of Insulating
Workers.

An. Ind. Hyg. Assoc. J., Vol. 29, pp. 22-227, 1968.

McDonald, J. C., C. E. Rossiter, G. Eyssen, and A. D. McDonald.
Mortality in the Chrysotile Producing Industry of Quebec: A
Progress Report Presented at IV International Conference on
Poneumoconiosis (ILO), Bucharest, 1971.

Wright, G. W. Saint Luke's Hospital, Cleveland, Otfo, personél
communication, 1970.

Murphy, R. L. 0., G. C. Ferris, Jr., W. A. Burgess, J. Wocrcester,

and E. A, Caensler. Effects of Low Concentratlons of Asbestos,
N, Eng. J. HMed., Vol. 285, pp. 1271-1278, 1971.

VIL-4




59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69:

70.

71.

72.

the Asbestos Regulatioas, 1969.

Controls.

Mucphy, R. L., D. W. Lavine, F. J. AlBazzaz, J. !. Lynch, and
W. A. Burgess. ~Floor Tile Inscallation as 4 Sourca of Asbastos

Exposure. Am. Rev. Resp. Dis., Vol. 104, pp. 576-580, 1971.

McClure, Bureau of Labor Standards, U. S. Department of Labor,
personal communication, 1970.

Ayer, H. E., J. R. Lynch, aad J. H. Fanney. A Compatrisoan of
Impinger and Membrane Filter Techniques for Evaluating Adc Samples

in Asbestos Plaats. Ann. N. Y. Acad. Sci., Vol. 132, pp. 274-287,
1965.

Lane, R. E. et al. Hygiene Standard for Chrysotile Asbestos
Dust. Ana. Occup. Hyg., Vol. 11, pp. 47-49, 1968.

Dreessen, W. C., J. M. Dallavalle, J. I. Edvards, J. W. Miller,

and R. R. Sayers. A Study of Asbestosis in the Asbestos Textile
Industry. Public Health Bulletin Wo. 241, 193§. '

Lynch, J. R., H. E. Ayer, and D. L. Johnson.
of Selected Asbestos Exposure Indices.
Vol. 12, pp. 598-604, 1970.

The Interrelationship
Am. Ind. Hyg. Assoc. J.,

Gee, B., and A. Bouhuys. Action on Asbestos-- Editorial.

New
England J. Med., Vol. 285, pp. 1317-1318, 1971.

. Standard for Asbestos Dust Concentration for Use with

Department of Employwent and

Productivicy Her Majesty's Factory Inspectorate. Technical Note
13, 1970.

Roach, S. A. Hygiene Standards for Asbestos.

Ann. Occup. Hyg.,
Vol. 13, pp. 7-15, 1970.

. Documentation of the Threshold Limit Values for Substances

in the Work Room Air, ACGIH, 3rd Edition, 1971.

Asbestos-- The Need for and Feasibility of Air Pollution
Nat. Acad. Sci., Washingtéan, D. C., 1971.

Notice of Proposed Final Draft: Asbestos Regulationms.

Illinois Pollution Control Board, 1971.

Edwards, G. H., and J. R. Lynch. The Method Used by the Public
Health Service for Enumeration of Asbestos Dust on Mewbrane~

Filters. Ann. Occup. Hyg., Vol. 11, pp. 1-6, 1968.

Lynch, J. R., H. E. Ayer, and D. L. Johnson.
Exposure to Afrborne Mineral Fibers.
Hyg. Assoc. Conf., Deaver, 1969.

The Measurvement of
Presented at the Am. Ind.

VII~5




73.

74.

75.

76.

Ayer, H. E., and J. BR. Lynch. HMoces and Fibers in the Alr of
Asbestos Processing Plants and Hygienic Criceria for Airborne
Asbestos. Proceedings of an International Symposium Organized
by the British Occupational Hygiene Society, pp. SL1-522, 1965,

Lynch, J. R., and H. E. Ayer. Measurement of Asbestos Exposure.
J. Occup. MHed., Vol. 10, pp. 21-24, 1968.

Lynch, J. R. and H. E. Ayer. MHeasurement of Dust Exposure in
the Asbestos Textile Industry. Am. Ind. Hyg. Assoc. J., Vol. 27,
pp. 431-437, 1966.

Keenan, R. G., and J. R. Lynch. Techniques for the Detection,
ldentification and Analysis of Fibers. Am. Ind. Hyg. Assoc.
J., Vol. 31, pp. S87~-597, 1970.

vIL-6




VIIL. APPENDIX L

Air Sampling Methods

63
In the scudy of asbestosis conducted by Dreessen et al. widget

impinger count data uere used as an estimate of dust exposure. All of )
the dust particles seen, both grains and fibers, were counted since too
few fibers were seen to give an accurate megsurement. The resultiag

count concentration was a measure of overall dust levels rather than a
specific measurement of the asbestos concentration. This method was
satisfactory at that time since exposures were massive and the control
measures ilnstalled to reduce overall dust levels also reduced cthe asbestos
dust levels.

As dust levels wvere reduced, it became necessary to measure the

blologically appropriate atrribute of the dust cloud.

At equal levels
overall dustiness, the concentration of asbestos could vary considerably

from textile manufacture (75-85Z) to ipsulation (5-15%). Furthermore,

1f the 1imit were lowered below the 5 mppcf used previously and dust
counts taken by the impinger technique, 1t would be necessar& to consider
the effect of background dust, which could be as high as 1 mppcf.

A number of methods for measurement of asbestos dust coucentrations

have been ugsed in the NIOSH epidemfclogical study of the asbestos product

industry.73'74'75’76 Based on these data, the preferred index of asbestos

exposure 1s the concentration of fibers longer than S5 ym counted on

. 71,72
membrane filters st 430X with phase cootrast L{lluminatioa. This

index is utilized in the method adopted as the standard field sampling

method by the Public Health Service.
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Fibers longer thaa 5 um in length are counted {n preference to countCing
all fibers secen fa ovder to minimize observer/microscope resolving pover
variabilicy. Furthermore, the British define a “fibre” as a particle,
"of length between 5 ym and 100 pm and having a 1engch—co—bréldch tatio

of at least 3:1, observed by transwmitted light by means of a microscope
at a magnification of approximately SOOX."'62

Although the British have refrained from standardizing on a single
method of measurement, recent measurements have been performed by a
method essentially identical to the fiber—count method described in
decail belov, and the British hygiene standards for use with cheir

62
asbestos regulations are stacted in these terms.

Principles of Sampliag

A dust sampling procedure must be designed so chat samples of
actual dust concentrations are collected accurately and consisc;ntly.
The results of the analysis of these samples will reflect, reslistically,
the concentratiouns of d@sc at the place and time of sampling;

In order to collect a ssmple representacive of airborne dust, which
is likely to enter the subject's respiratory system, it is necessary to
position a2 collection apparatus near the nose and mouth of the sub;ect
or 1iu his ‘“breathing zone".

The concentration of dust in the air to which a worker is exposed
will vary, depending upon the nature of the operation and upon the

type of work performed by the operator and the position of the operator

relacive to the source of the dust. The amount of dust inhaled by a

worker can vary daily, secasonally, and with the weather. In order co
obtaln representative samples of workers' expoaures, Lt {e& necessary

to collect samples under varying conditions of weather, on different
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" ys, and at different cimes ducring a shifc.

The percentage of working time spent on di{ffereuz cesks will affect
che conceantcation of dust the worker inhales since the differenc tasks
usually result in expoeure to different concentrations. The pertcencage

can be determined from work schedules and by observation of work routines.

The daily average veighted exposure can be determined by using the

following formula:

(Hours X conc. task A) + (Hours X conc. teask B) + etc.

8 Houtks (or actual hours worked)

The concentration of any air contaminant resultiog from aan fndustrial

operation also varies with time. Therefore, a longer sampling time vill

better approximate cthe actual average.

-

With the following recommended sampling procedure, fc is possible to
" ~llect samples at the workers' breathing zones for periods from & to 8
hours, thus permitting the evaluation of average exposures for a half or

full 8-hour shift--a desirable and recoumended procedure. Furthermore,

dust exposures of a more normal work pattern result from the use of

personal samplers. In evaluating daily exposures, samples should be

collected as near as possible to workers®' breathing zomes.

Collecting Sample

-

The method recommended in this report for taking samples and counting

fibers is based on a modification of the membrane filter method described

71
by Edwards and Lynch.
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The sample should be collected on a 27-millimecec Millipore cype AAx
filter mounted in an open-face [ilcter holder. The holder shpuld be
fastened to the worker's lapel and air drawm through cthe filcer by
means of a battery-powered personal sampler pump siamilar co those
approved by NIQSUH under the provisions of 30 CFR 74. The filters are
concain;d lg plastic filcer holders and are supported on pads which
also aid in controlling the distribution of air through the filter.
To yield a more uniform sample deposit, the filter-holder face-caps
should be removed. Sampling flow rates frow 1.0 liter per ainuce (lpm)
up to the maximum flow rate of the personal sampler pump (usually not
over 2.5 lpm} and sampling time from 15 minutes to eight hours are
acceptable provided the following restraints are considered:

(a) In order to obtain an accurate estimate of the aumber of
fibers the statistical error resulting from the random
distribution of the fibers must be kept to an acceptably
lov level. Since fiber counts follow a Poisson distribu-

tion, a count of 100 fibers in a saméle would have a
standard deviation of IUU or 10 fibers or + 10Z. Thus

the 957 confidence limits would be approximacely 2 standard
deviations or + 20X. Since the 37 om filter has an effec-
tive collecting area of 855 mnz and the projected field
area of the Porton reticle is 0.00S mmz, each field rep-
reseants 1/171000 of the sample. Based on chis ratio the
following number of fields.musf be counted to me;sure the
vatrious limics {o various sampling times:

*Mention of commercial products does not constitute endorsemeat by

the Public Health Service or U. S. Department of Health, Education
and Welfare.
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yawm!

M.

10
15
30
90
so0
240
240
480

- g Time Flow Race

S

%-‘

Nuaber of Ficlds for 100 Fibers
0.2 fibecrs/ml 1.0 fibers/ml

10 fibera/ml

4350
2860
1430
1000
500
260
180
180

N NN

(b) Do not count a field containing over 20 fibers because

435
286
143
100

in addition to the fibers being counted, there are also

present a number of grains, vhich interfere with che

accuracy of the count.

Based on these restraints, {.e., number of fields to be

counted and maxiwmum number of fibers per field, acceptable

sampling parameters for the various limits are underlined

in the above table.

The following conclusions may be drawm from this analysis:

@)

least 15 minutes and preferably 30 minutes.

(2) The 2.0 fiber/cc limit may be-evaluated over

periods of from 90 to 480 minutes.

The short-~term 1imit should be for a period of at

As many fields as required to yleld at least 100 fibers should

be counted.
the maximum 100.

Mounting Sample

In general the minimum number of fields should be 20 and

The mounting medium used in this method {s prepared by diesolving

0.05 g of membrane filter per wl of 1:1 solution of dimethyl phthalate
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and dicthyl oxalate. The index of refraction of the medium thus prepared

1s ND = 1.47.

To prepare a sample for microscopic examinatioa, a drop af che
mounting wedium {s placed on a freshly cleaned, standard (25 mn % 75 wm),
mlicroscopic slide. A wvedge-shaped piece vith arc length of about 1 cam is
excised from the filter with a scalpel and forceps and placed dust-side~up

on the drop of wmounting solution.

with lens tissue, 1s placed over the filter wvedge. Slight pressure on

the coverslip achieves contact between it and the mounting medium. The
sample may be examined as soomw as the mount is traansparent. The optical
homogeneity of the resulting mount is nearly perfect, uith only a slight

background granularity under phase contrast, which disappears within

one day. The sample should be counted within two days after mounting.

Evaluation

The filter samples mounted in the manner previously described are
evaluated in terms of the concentration of asbestos fibers greater

than 5 pm in length. A microscope equipped with phase-contrast optics

and 2 4-mm "high-dry" achromatic objective is suitable for this deter-
mination. 10X eyepieces, oune of which contains a Porton or other
suitable reticle at the level of the field-limiting diaphragm, should

be used. The left half of the Porton reticle field serves to define

the counting area of the field. Twenty fields located at random on the

sample are councted and total asbestos fibers longer than 5 ym are

recorded. Any particle having an aspect ratio of three ov greater s

counsidered a fiber.
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The [alloving Cformulae are used to detevrmine the number of fibers/ml:

(1) Filcer acea (mm®) . K
Field atea (mm<)

(2) Average net couat X K = fibers/ml
Ait volume sampled (ml)

For example, assume the following: area of the filter used was
8595 mmz, counting area of one field under the Porton reticle was 0.005 unz;

average net count per field of 20 fields was 10 fibers; and sample was

collecced at 2 licers per minute for 90 minutes: Then:

855am? = 171,000 (K)
0.00S muz

10 fibers x 171,000 = 9.5 fibers/ml
2,000 ml/min x 90 min

Calibration of Personal Sampler

The accuracy of an analysis can be no greater than the accuracy of the
.ume of air which is measured. Therefore, the accurate calibration of

a sampling device is essential to the correct interpretation of an instru-

ment's indication. The frequency of calibration is somewhat dependent oa

the use, care, and handling to which the pump is subjected. Pumps should

be calibrated if they have been subjected to misuse or if they have just

been repaired or received from a manufaccturer. If hard usage is given

the instrument, more frequent calibration may be necessary.
Ordinarily, pumps should be calibrated in the laboratory both before
they are used {n the field and after they have been used to collect a

large number of field samples. The accuracy of calibration is dependent

on the type of lnstrumeat used as a reference. The choice of calibra-

tion instrument will depend largely upon where the calibracfion is to be

~»rformed. For laboratory testing, a l-liter burette or wet—test weter

stiould be used. TIan the fifeld, a rotameter {s the most convenienc
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instrument used. The actual sec-up uill be the same for all of these
inscruments. The calibration instrument will be connected in sequence

to che filter unit which will be followed by the personal sampler pump.
In this way, the calibration {nstrumenc will be ac atmospheric pressure.
Connections between units can be made using the same type of tubing used
in the personal sampling unit. Each pump must be calibrated separately
for each type of filter used, 1if, for example, 1t has been decided

to use a filter wich a different pore size. The burette should be set up
so that the flow {s toward che narrow end of the unit.

Care must be exercised in the asseably procedure to insure adequate
seals at the joints and that che length of conne?:ing cubing be kept at
a winimum. Calibration should be done under the same conditioas of
pressure, temperature and density as will be encountered. The rotameter
should be used only in the field as a check if the diaphragm or piscon
pumps are notC equipped with pulsation dampeners. The pulsating flow
resulting from these type pumps causes the rotameter to give resulcs
vhich are not as accurate as that obtained with a burette or wet-test
meter. Calibration can be accomplished with any of the other standard
calibrating instruments, such as spirometer, Mariiott‘'s bottle, or dry-
gas meter. The burette and wet-test meter were selected because

of their accuracy, availabilicy, and ease of operation.

VILI-8




IX. APPENDIX LT

NUMERICAL HAZARD RATING SYSTEM

The numerical hazard ratings given to products for cach category
of hazard shall be in accordance with the following criteria. Figure .
2 graphically 1llustrates the hazard identificaction system.

Health hazards shall be rated as follows:

The health hazard rating of a material shall be determined by
evaluating the potential for exposure and the relacive toxicity of che

most toxic ingredient of a compound or mixture. For this evaluacion,

the following relative toxicity criteria* for absorbed or exposure dose

will be used:

Commonly Used LDS Simple Oral Inhalation 4-hr. LDgg - Skin
Term Dose Rats mg/kg Vapor Exposure, Rabbics mg/kg
Rats Mortality of
2/6 to 4/6 ppm
Extremely toxic <) 210 L5
Highly toxic 1.1 co 50. 1l to 100 5.1 to 43
Moderately toxic 50.1 to 500 - 101 to 1000 44 to 340

Slightly toxic
or practically

non-toxic 501 to 15,000 1,001 te 100,000 350 co 22,600
Relatively
harmless 15,000 100,000 22,600

Degree 4: Extremely Hazardous.

Materfals, which on very short exposure, can cause death or major
perzaaent injury, even though prompt medical treatument were given,

including those which are too dangerous to be approached without specialized

*(Refereace: A.L.H.A. Quarterly, Vol. 15, No. 2, June 1954. “Safe Handling
Procedures for Compounds Developed by the Petro Chemical Industry,” p. 141.)
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protective equipuwent, such as self~contained breathing apparatus or a

hose mask with blower, and impervious clocthiang. This rating includes:

(a) Carcloogens

{(b) Mactcrials capable of producing sensitizacion

(c) Excremely toxic materials which can penetrate ordinary protective
clothing.

(d) Extremely hazardous materials, when under normal conditions give off
gases that are extremely toxic or corrosive through inbalation or by
contact with or absorption through any body surface.

Degree 3: Highly Hazardous.

Materials which on short exposure can cause serfous temporary ot

residual iajury, even thuugﬁ prompt wedical Creacment were givea, including
those requiring protection from all bodily contact. This rating includes:
(a) Macertals giving off highly toxic combustion products

(b) Materials giving off highly toxic gases or vapors, under normal

condicions

(c) Materials corrosive to living tissue or highly toxic by skin absorption

Daegree 2: Hazardous.

Materials vhich on continued exposure can cause temporary incapa-

citacion or possible residual injury unless prompt medical treatment

is given. This rating includes:
(a) Macerials giving off woderately toxic combustion products
(b) Materials which either under mormal conditions or under fire conditions

give off moderately toxic vapors lacking uitning properties.

Degree 1: Slightly hazardous.

Macerials, wvhich on exposure at normal conditions, would cause

irricacion but only minor residual {njury even {f no treatment ig given.
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This racing tncludes:

\2) Macerials which under (ire conditions give cff slightly toxic or
irricacing combustion products

(b) Macerials which on the skin could cause irticacion without
destruction of ctissue

Degree 0: Harmless.
Materials which on exposure by skin contact, inhalation, or

ingestion are relatively harmless or which under fire conditions offer

no hazard beyond that of ordinary combustible materials.

Flammability hazards shall be rated as follows:
Degree 4. )

Materials which will rapidly or completely vaporize at atmospheric

cessure and anormal ambient temperature or vhich are readily dispersed

ia air, and which will burn readily. This degree should include:
Gaseous materisls: Cryogenic materials; auy liquid or gaseous material
vhich is a liquid while under pressure and having a flash point below
73°F (22.8°C) and having a boiling point below 100°F (37.8°C). (Class
1A flammable liquids.)

Materials which on account of their physical form or eavironmeantal
conditions can form explosive mixtures with air and which are readily

dispersed in air, such as dusts of combustible golids and mists of
flammable or combustible liquid droplets.

Degree 3.

Liquids and solids that can be fgnited under almost all ambient

-temperature condicioas. Materials {o thie degree produce hazardous




atmospheres vith air under almostc all ambient teaperatures, are readily
igniced under almosct all conditiouns. This degree should include:
Liquids having a flash point bLelow 73°F (22.8°C) and having a boiling
point at or above 100°F (37.8°C) and those liquids having a glash point
at or above 73°F (22.8°C) and below 100°F (37.8°C). (Class 1B and Class
1C flammable liquids); .

Solid materials in the forw of coarse dusts which may burn rapidly
but which generally do not form explosive atmosphere with air;

Solid materials in a fibrous or shredded form which may burm
raplidly and create flash fire hazards, such as cocton, sisal and hemp;
Solids which burn with extreme rapidity usually by reason of

self-cantained oxygen (e.g., dry nitrocellulose);

Materials which ignite spontaneously when exposed to air.

Degree 2.

Haterfals that wmust be moderately heated or exposed to relatively
high ambient temperatures before ignition can occur. HMHatertals fn this
degree would not under normal couditions form hazardous atmospheres with
air, but under high ambient temperatures or under moderate heating may
release vapor in sufficient quantities to produce hazardous acmosphe;es
with air. This degree should {nclude:

Liquids having a flash point about 100°F, but not exceeding 200°F;
solids and semisolids which readily give off flammable vapors.

Degree 1.

Materials that must be preheated before ignition can accur.

Macerials in this degree require considerable preheating, undec all

ambient temperaturc conditions, before tgaition and coabustion can occuc.
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This degreec should include:
| Macerials which will Luvn in atr when exposed to a tempcrature of
1500°F for a period of five aminutes or less;

Liquids, colids and scmisolids having a flash pointC above 200°F;

this degree fincludes most ordinary combugtible waterials.

Degree O.

Macerials that will not burn. This degree should include any

wmaterial which will not burn in air when exposed to a temperature of

1500°F for a period of five minutes,

Reactivity hazards ehall be rated as follows:
Degree 4.

Haterials which are readily capable of detonation or of explosive
-decomposition or explosive reaction at normal temperatures and'presaures.
shis degree should include materials which are sentitive to mechanical
or localized thermal shock at normal temperatures and pressures.

Degree 3 ’

Materials which are capable of detonation or of explosive
decomposition or explosive reaction but which require a strong fnitiating
source or which must be heated under coufinement before initiation. This
degree should include materials which are sensitive to thermal or
mechanical shock at elevated temperatures and pressures or which react
explosively with water without requiring heat or coufinement.

Degree 2.

Materials vhich are normally unstable and readily undergo viclent

chemical change but do oot detonate. This degree should fanclude wmacerials

fch can undergo chemical change with rapid release of ewmergy et normal
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termperatures and pressures of whiSh can snjecge violent chemical change
at clecvated temperatures anéd pressurzs, It should also include chose
materials vhich may react violently with water or which may form poten-
tially explosive mixtures with water.
Degree 1.

Materials which are normally stable, but which may react wich
water with some release of energy but not violently.
Degree O.

Materials which are normally stable, even under fire exposure

conditions, and which are not reactive with water.

Specific hazards:

Oxidizing Material. A substance as chlorate, permanganate, peroxide,

or a nitrate that ylelds oxygen to support combustion or which reacts

readily to oxidize fuels or other combustible materials.

Corrosive Material. Acids, alkall or other material thet will cause

severe damage to living tissue or to other material it coatacts.

Water Reactivity Hazard (Use No Water). Any material that may be a

hazard because of its specific reactivity with water.
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Fipure 1, Hazavd Kdentificntion System
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COIL.OR AND DIAMENSION

Color format for NEPA Na, 704M designations are sinown above.”
‘The celors indicated shadl peceplably mateh in shade the
applicable color ¢f FED-STD-505 as follows:

Color Class
Blick 17008
Red 11105
White 17875 .
Yellow 13538
Dive 16102
Dimensions of (he symbol sind LAY winning combination shall be
optional but of such sizc aud lozatie: i {0 be readily visible wd
legrible,

The symbel ang wavnings shusl be appiicd Uy slanciling, painting,

peinting, litigreaphing, widh fade-resizoat maderials,
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X. APPENDIX iII

MATERLAL SAFETY DATA GHEET

The followving {tems of inforwation vhich are applicable to & specific
producc or material concaiuning SI or wmore of asbestos shall be provided
in the appropriate section of the Material Safery 6::; Sheet or approved
form. 1If a specific item of information is inapplicable (i.e. flash point)
inicials “n.a." not applicable should be fuserted.

(1) The product designation in the upper left hand cormer of both
front and back to facilicate filing and rectrieval. Princ {n upper case
letters in as large print possible.

(11) Section I. Name and Source
(A) The name, address and telephone number of the manufacturer or
supplier of the product.

" ’B) The trade name and synonyms for & mixture of chemicals, a basic
structural material, or for a process material; aand the trade name and
synonyms, chemical oname and synonyms, chemical famfly, and formula for a
single chemical. |

(111) Section II. Hazardous Ingredieats.
(A) Chemical or widely recognized common usme of all hazardous
ingredients.
(») Tﬁe spproximate percentage by weight or volume (indicate basis)
vhich each hazardous ingredient of the mixture bears to the whole mixture.

This may be {ndicated as & range of maximum amount, i.e., 10-20X v; lOZ

max. W.




)

Basis for coxtcicy for each hazardous material such as establ{shed
0SHA standard (TLV), fa appropriate units and/or LDSO‘ shovwing amount and
mode of exposure and speciles or Llg, shouing conceatration and species.

(iv) Section III. Physical Data )

(A) Physical properties of the total product including boiling point
and melting point in degrees Fahrenheit; vapor pressure, in millimeters of
meccury, vapor density of gas ot vapor (air = 1).'solubility in vater, in
parts per hundred parts‘of water by weight; specific gravity (wvater = 1);
percent volatile, indicate 1f by wefght or volume, at 70* Fahrenheit: evap-
oration rate for liquids (indicate whether butyl acetate or echer = 1); and
appearance and odor.

(v) Section IV. Fire and Explosion Hazard Data.

(A) Fire and explosion hazard data about a single chemical or a wmixture
of chemicals, including flash point, in degrees Fzhrenheit; flammable Limits,
in percent by volume {n air; suitable extinguishing media or agents; spegial
fire fighting procedures; and unusual fire and explosion ﬁazard information.

(v1) Section V. Healch Hazard Data.

(4a)

Toxic level for total compound or mixture, relevant symptoms of
exposure, skin and eye irritation properties, principle routes of absorption,
effects of chronic (long-term) exposure and emergency and first aid procedures.

(vii) Section VI. Reactivity Data.

(A) Chemical stability, incompatibilicy, hazardous decomposition
products, and hazardous poélymerization.

(vi11) Section VII. Spill or Leak Procedures.

(A) Detailed procedures to be followed with emphas{s on precautions to

be taken in cleaniag up and safe digpoeal of maccrials leaked or apilled.

This includes proper labeling and dfeposal of contafners containing residues,
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contaminaced absorbants, ecc.

(1x) Secction VIII. Specifal Proteccion Informacion.

(&) Requiremengs for personal protecctive equipment, such as respiracors,
eye protection and protactive cloching, and vencilation such as local ex-

haust (at sice of product use or application), general, or octher special

cypes.

(x) Section IX. Special Precautions.

(A) Any other general precadkionary inforwation such as personal
protective equipment for exposure to the thermal decomposition products
listed in Section VI, and to particulates formed by ab;ading a dry coating,
such as by a power sanding disc.

(x1) The signature of the responsible person filling ouc the data sheet,
his address, and the date on which it is filled out.

(x1L{) The NFPA 704M numerical hazard ratings as defined in section
(¢) (5) following. The entry shall be made iumediately to the right of the
heading "Material Séfety Data Sheet" at the top of the page and within a

diamond symbol preprinted on the forms.




JDUCT DESIGNATION

-

MATERTAL SAFETY

DATA SHCET

Forw Approved

Budget Burcau No.

Approval Expires
Form No. OSIHA

SECTION I

SOURCE ANO NOMENCLATURE

UFACTURER'S NAME

EMERGENCY TELEPHONE NO.
RESS {(Number, Street, City, State, ZIP Code)
JE NAME AND SYNONYMS CHEMICAL FAMILY
AICAL NAME AND SYKONYMS FORMULA
SECTION II HAZARDOUS TNGREDIENTS
APPROXIMATE ESTABLISHED LDSO LCSO
‘C MATERIAL OR MAXTMUM OSHA
4 WT. OR VOL. STANDARD ORAL | PERCUT. | SPECIES | CONC.
SECTION III PHYSICAL DATA
ING POINT °r. | VAPOR PRESSURE mm Hg.
ING POINT °r. | VAPOR DENSITY (Air=1)
(FIC GRAVITY (H,0=1) EVAPORATION RATE ( =1)
IILITY IN WATER Pts/100 pts H,0 VOLATILE 4 vol. 4 Wt.
\RANCE
DOR
SECTION IV FIRE AND EXPLOSION HAZARD DATA
{ POINT FLAMMABLE UPPER
(EXPLOSIVE)
D USED LIMITS LOWER

IGUISHING

L .« +RE FIGHTING

DURES

AL FIRE AND
SION HAZARDS




PRODUCT
DESIGNATION

SCCTION Vv HEALTH HAZARD OATA -

N

TOXIC
LEVEL CARCINOGENTC

PRINCIPLE ROUTES . SKIN AND EYE
OF ABSORBTION - IRRITATION

RELEVANT SYMPTOMS
OF EXPOSURE

EFFECTS OF
CHRONIC EYPOSURE

EMERGENCY AND
FIRST AID
PROCEDURES

SECTION VI REACTIVITY DATA

CONDITIONS CONTRIBUTING
TO INSTABILITY

CONDITIONS COWTRIBUTING
TO HAZARDOUS POLYMERIZATION

INCOMPATABILITY
(Materials to Avoid)

HAZARDOUS DECCMPOSITION
PRODUCTS

SECTION VII SPILL OR LEAK PROCEDURES

STEPS TO BE TAKEN IN
CASE MATERIAL IS
RELEASED OR SPILLED

WASTE DISPOSAL
METHOD

SECTION VIII SPECIAL PROTECTION INFORMATION

VENTILATION REQUIREMENTS

PROTECTIVE EQUIPMENT (Specify TyT
LOCAL EXHAUST EYE

MECHANICAL (General) GLOVES

SPECIAL RESPIRATOR

OTHER PROTECTIVE

EQUIPMENT

SECTION IX  SPECIAL PRECAUTIONS

PRECAUTIONS TO BE
TAKEN IN HANDLING
AND STORAGE

"PHER PRECAUTIONS

Signature Address

Date




TABLE [

CEMENT PIPE PLANTS
NUMBER OF PLANTS =~

INDIVIOUAL SAMPLES 3Y OPERATION AND SAMPLE SILE

SAMPLE SI2E SECOND SAMPLE SI2E SECOND SAMPLE SILE
HICKEST FROM WHICH HICHEST FROM WHICH LOWEST FROX WHICH
OPERATION INDIVIDUAL INDIVIDUAL PLANT INDIVIDUAL INDIVIDUAL PLANT INDIVIDUAL INDIVIDUAL
SAMPLE SAMPLE SAPLE SAMPLE SAMPLE SAMPLE
DRAWN DRAMWY DRAWNM
Warehousfng & Mixing 7.0 2 0 5.4 2 Y 0.2 b}
Pipe Porning 1.7 § 4] J.é 3 N 0.1 §
Curtog 2.8 3 0 2.1 13 1 0.1 f
Pipe Minishing .4 10 3 4.0 s Q 0.0 6
Coupling Finfehfag 13.4 ) v 10.$ ? 2 0.0 16
Epoxy 4.7 3 N 2.1 : [ 1] 0.} 3
Packing 6.1 1 Q 2.5 7 2 0.1 13
1.7 9 2 1.4 9 ’ 0.1 ’

NMincellancous

L - ALl aamples expressed aa ffbers > $u/cc counted by the standard method recosmmended In this document.

(Lateat Avatlable NIOSH Data Collected during tha Yeata 1969 through 1970).

SAPLE SilE
LOWEST FROM WdlCH
RLANT  INDIVIDUAL  INDIVIDUAL  PLANT
SNEPLE SAMPLE
DRAWN
14 0.2 3 Q
0 0.0 6 M
2 0.0 3 ]
N 0.0 10 3
? 0.0 ) M
] 0.1 ¢ n
AA 0.0 13 A
] 0.0 ] )




ASBESTOS CEMENT PIPE PLANTS

TABLE II

NUMBER OF PLANTS = 7

MEANS BY OPERATION AND SAMPLE SIZE ( )

SECOND SECOND
OPERATION HIGHEST PLANT HIGHEST PLANT LOWEST PLANT LOWEST PLANT
Warehousing & Mixing 6.3 (2) 0 2.7 (4) N 0.7 (5) AA 0.4 (3) P
Pipe Forming 2.2 (3) N 1.8 (4) 2 0.5 (6) AA 0.3 (&) )4
Curing 2.0 (3) 0 0.9 (15) BB 0.4 (4) z 0.3 (6) P
?{pe Finishing 1.7 (109) 2 1.3 (5) Q 0.6 (9) AA 0.5 (8) N
Coupling Finishing 5.3 (7) 2 3.8 (4) 0 0.6 (21) AA 0.5 (16) P
‘poxy 4.7 (1) N 1,1 (§) BA 0.6 (6) P 0.3 (Y1) AA
'acking 6.1 (1) Q 1.1 (7) 2 0.7 (6) 30 0.4 (13) AA
Uscellaneous 0.5 (9) 2 0.5 (6) BB 0.4 (9) P 0.2 (3) Q

1 - All samples expressed as fibers>5u/cc counted by the standard mechod

recommended in this document. (Latest Available NIOSH Data Collected during

the years 1969 through 1970).




TABLE 11T

ASBESTOS FRICTION
NUMBER OF PLANTS - §

INDIVIDUAL SAMPLES 3Y OPERATION AND SAMPLE S1ZE

SAHMPLE SIZE SAMPLE SIZE SECOND SAHPLE SI2E SAPLE SIE
FROM WHICH SECOND FROM WHICH LowEST FROK WHICH LOVEST FROY WHICH
NICHEST INDIVIDUAL  PLANT HIGHEST INDIVIDUAL  PLANT INDIVID. INDIVIDUAL PLANT  INDIVIDUAL  IHDIVIDUAL PLANT
INDIVIDUAL SAMPLE INDIVIDUAL  SAMPLE SAMPLE SAMPLE SAMPLE SAMPLE
OPERATION SAMPLE DRAWN SAMPLE DRAWN DRAWN DAAWN
{1xlng, Coating & Excruding 32.4 16 $ 18.4 16 s 0.1 1 N 8.1 1 H
‘oratng 16.2 3 v 9.2 4 s 0.3 § H 0.1 3 H
ot Pressing 7.3 5 ] 6.0 [} $ 0.1 ? K 0.1 ! '
sking 2.4 $ s 7.3 [} s 0.5 ? X 0.1 2 H
‘inding & Sendlng 20,3 [} T 16.6 16 $ 0.1 10 H 0.1 10 X
ieedng b Drilltag 4.4 22 s 14.4 12 $ 0.4 12 ¥ 0.1 ? N
nding & Riveting 8.7 [ L} 1.5 4 H 0.2 1 T 0.1 i L}
peceion 4 Packing 11.1 4 ] ’.9 13 N 0.1 13 L] 0.1 1 X
scellaneous [} H 6.4 9 ] 0.1 b T 0.1 ! LI

1 = ALl aamples axpressed as ftbers D %u/ecc counted by the atandard mathod
tecommended in thie document, (Latesc available NIOSH Dsta collected *

during the years 1968 through 1971).




TABLE V

ASBESTOS CEMENT SHINCLE, MILL BOARD AND CASKET

NUMBER OF PLANTS = 3

INDIVIDUAL SAMPLES BY OPERATION AND SAMPLE SIZf

SAMPLE SI28 SAMPLE STZE $AMPLE SIZ2E
FROM WHICH SECOND FROM WHICK SECOND FROM WilCH SAMPLE SI2E
KIGHEST INDIVIDUAL HICHEST INDIVIDUAL LOWEST INDIVIDUAL LOWEST FRON WHICH
INDIVIDUAL SAMPLE PLANT INDIVIDUAL SAMPLE PLANT INDIVID. SAMPLE PLANT INDIVID,  INDIVIDUAL TLANT
OPERATION SAMPLE DRAKN SAMPLE DRAWN SAMPLE DRAWN saeLt SAGLE
DRAWN
Warehousing 1.4 3 A 0.4 b ] A 0.2 3 3 0.1 1 v
Mixtng 16.6 15 R 9.5 6 U} 0.5 3 v 0.3 15 3
Foraing 6.4 18 R 3.2 3 W 0.1 18 3 0.0 18 r
Curtng 2,5 2 R 1.6 2 v 0.4 1 W 0.2 2 [
Fintshing 5.4 by 3 4.4 17 3 0.1 ? v 0.1 ? ¥
Packing 3.8 4 )3 1.1 2 W 0.2 2 W 0.1 ¢ L
Miscellaneous 1.4 b4 W 1.2 4 3 0.9 2 ] 0.6 3 ]

1 = All seoples expressad as llbcra:>;alcc counted by the standard method

recommended fn thie document.

during the years 1966 through 1970).

(Latest available NIOSH dasca collected




TABLE IV

ASBESTOS FRICTION PLANTS

NUMBER OF PLANTS = 5

MEANS BY OPERATION WITH SAMPLE SIZE (

)

OPERATION HICHEST  PLANT méggsr PLANT Lo:r::lgr PLANT  LOWEST  FPLANT

Mixing, Coating & Extruding 12,0 (16) s 5.3 (2) H 4.3 (2) U 1.9 (1) M
Forming | 6.0 (3) U 3.6 (4) s 0.5 (2) T 0.5 (8)
Hot Pressing 4.9 (5) S 1.5 (2) v 1.4 (4) M 0.7 (N H
Baking 5.4 (5) S 3.7 (1) u 0.6 (2) M 0.4 (2) H
Crinding & Sanding 6.3 (4) U 5.2 (16) S 2.7 (1) M 1.1 (10)  #
Cutting & Drilling 14.4 (1) U 7.7 (22) s 0.9 (7) T 0.6 (7) M
Bonding & Riveting 2,8 (4) H 0.2 (1) T 0.1 (1) M
Inspection & Packing 5.1 (4) S 3.7 () u 1.0 (4) M 0.9 (7) T

2.2 (9) 1t 1.4 (1) M 0.8 (3) U 0.5 (5) T

Miscellancous

1 - All samples expressed as fibers >Su/cc counted by the standard method recommended
(Latest avaflable NIOSH data collected during che years 1968

in this document.
through 1971).




TABLE VI

'ASBESTOS CEMENT SHINGLE, MILLBOARD AND GASKET
NUMBER OF PLANTS = 3
‘MEANS BY OPERATION AND SAMPLE SI2E ( )

OPERATION HIGHEST -PLANT HIESSST PLANT LosggT PLANT LOWEST PLANT
Warehousing 0.7 (3) R 0.1 (1) v
Mixing 4.4 (6) W 3.8 (15) R 1.8 (1) v
Forming 2.6 (3) W 1.3 (18 R 0.9 (6) v
Curing 1.5 (2) V1.4 (2) R 0.4 (1) W
Finishing 1.9 (17) R 1.5 (2) W 1.0 (7) v
Packing 1.2 (&) R 0.7 (2) W 0.5 (2) v
Miscellaneous 1.2 (2) W 1.0 (4) R 0.9 (1) v

1 ~ All samples expressed as fibers > 5u/cc counted by the standartd
method recommended in this document. (Latest avaflable NIOSH

data collected during the years 1966 through 1970).




TABLE VI
ASBESTOS PAPER, ?ACKING, AND ASPHALT PRODUCTS

INDIVIDUAL SAMPLES BY OPERATIONS AND SAMPLE SIZE*

INDIVIDUAL INDIVIDUAL
PRODUCT AREA HIGH OPERATION LOW OPERATION
Asbestos Paper 10.9 Asbestos Mixing 0.0 Wood Mixing
Paper Making
Asbestos Packing 18.9 HWeaving 0.1 Braiding
Mixing & Calender
Forming
Cutting & Tricming
Asbestos Asphalt 16.3 Dry Mixing 0.0 Dry Mixing
Products Wet Mixing
. Forming

Finishing
Inspection & Packing

* IN THESE THREE ASBESTOS PRODUCT AREAS, INSUFFICIENT DATA PREVENTS TABULATING
ENVIRONMENTAL LEVELS INTO HICHEST AND LOWEST INDIVIDUAL SAMPLE CATEGORIES BY
OPERATION. BASED ON A SMALL NUMBER OF PLANTS FOR EACH PRODUCT AREA, ONLY THE

HIGH, LOW FOR INDIVIDUAL SAMPLES WERE DETERMINED.

1 - All samples expressed as fibers > 5u/cc counced by the standard mecthod
recommended in this document.  (Latesc avaflable NIOSH daca collected

during the years 1966 through 1970). .




TABLE VIII
ASBESTOS PAPER, PACKING AND ASPHALT PRODUCTS

MEANS BY OPERATIONS AND SAMPLE SIZE#

RIGH LOW
PRODUCT AREA HEAN OPERATION MEAN OPERATION
Asbestos Paper 3.4 Asbestos Mixing 0.7 Miscellaneous
Asbestos Packing 13.6 Weaving 0.2 Mixing & Calender
Asbescos Aaphalt 2.4 Dry Mixing 0.2 Forming

Products Finishing

*IN THESE THREE ASBESTOS PRODUCT AREAS, INSUFFICIENT DATA PREVENTS TABULATING ENVIRONMENTAL LEVELS INTO HIGHESTS,
LOWEST MEAN CATEGORIES BY OPERATION. BASED ON A SMALL NUMBER OF PLANTS FOR EACH PRODUCT AREA, ONLY THE HICH

MEAN AND LOW MEAN WERE DETERMINED.

1 - ALl samples expressed as fibers >35u/cc counted by the standard method recommended’
in this document. (Latest available NIOSH data collecced during the years 1966

through 1970).




TASLE 1X

ASBESTOS INSULATION PLANTS
NUMBER OF PLANTS -~ §

TNDIVIDUAL SAMPLES BY OPERATION AND SAMPLE SIZE

SAMPLE SIZE
FROM WHICH SAMPLE SI2E SAMPLE SIE SAMPLE St2E
INDIVIDUAL SECORD FROM WHICH SECOND FROH WHICH FAOH WHICH
HICHEST SAMPLE PLANT KIGHEST INDIVIDUAL PLANT  LOWEST INDIVIDUAL  ppaNT LOWEST INDIVIDUAL PLANT -
INDIVIDUAL PR INDIVIDUAL SAMPLE INDIVID, SAMPLE INDIVID. SAPLE
OPERATION SAMPLE SAMPLE DRAWN SAMPLE DRAWN SAMPLE DMWN
Mixing 188.9 11 X 1489.2 14 X 0.4 J oD 0.2 ? R
Toralng 13404 39 X 111.2 i} X 0.0 10 3 0.0 .10 R
luring 23.5 5 X 15.9 5 X 1.5 1 Do 0.1 1 cc
*fatshing 208. 4 26 X 92.3 26 X 0.1 4 cc 0.1 11 X
nspection & Packing 92.) 15 X 13.6 15 X 0.1 11 X 0.0 11 ce
42.3 24 X 7.5 24 X 0.1 4 (o 0.1 4 cc

‘tacellaneous

1 - All sasples expreased as fibera »Su/ce counted by the stendard method recommanded

in this document,
through 1971).

(Lacest available NIOSH dats collecced during the years 1966




TABLE X
ASBESTOS INSULATION PLANTS
NUMBER OF PLANTS = §

MEANS BY OPERATION AND SAMPLE SIZE ( )

OPERATION " HIGHEST PLANT leggEST PLANT _Lg:}g.?‘l‘ PLA}JT LOWEST PLANT
Mixing 74,4 (11) X 46.3 (7) Y 4,1 (7) R 1.7 (2) cc
Forming 50.6 (39) X 25.2 (32) Y 0.7 (10) R 0.2 (7) cc
Curing 14.4 (5) X 1.5 (1) DD 0.1 (1) cc
Finishing 39.5 (26) X 15.0 (17) ¥ 1.0 (11) R 0.9 (4) cc
Inspection & Packing 22.8 (15) X 11.0 (19) Y 0.5 (1) R 0.3 (11) (o]
Miscellaneous 16.6 (24) X 2.7 (5) Y 2.6 (4) DD 0.2 (4) cc

1 - All samples expressed as fibers >Su/ce counted by the scanéard method .
recommended in this documenc. (Latest avaflable NIOSH data collecced

during the years 1966 through 1971).




TABLE X1

LATEST SURVEY RESULTS

ASBESTOS TEXTILE
NUMBER OF PLANTS - 8

INDIVIDUAL SAMPLES BY OPERATION AND THE SAMPLE SIZE INDIVIDUAL SAMPLE WAS TAXEN FROM

FIBERS/ee  Su

SAMPLE SIzZ SAMPLE SI12E SAMPLE SIIE SAMPLE Sl2¢
FRONM WHICH SECOND FROM WHICH SECOND FROM WHICH FROM WKICH
RICHEST INDIVIDUAL PLANT  HICHEST INDIVIDUAL PLANT  LOWEST INDIVIDUAL PLANT LOWEST INDIVIDUAL PLANT
INDIVIDUAL SAMPLE INDIVID, SAMPLE LNDIV1D. SAMPLE INDLIVID. SAPLE
OPERATION SAMPLE DRAWN SAMPLE DRAWN SAMPLE DRAUN SAMPLE DRAWM
Ftber Preparation 120.3 12 ] 40.9 4 A 1.4 4 X 0.4 9 X
Cardiog 143.9 30 B 12.2 30 2 0.7 22 X 0.4 40 J
Spinning 40.9 36 X 28.7 &3 B 1.0 36 K 0.4 «) 3
Twiscing 31.1 ? A 25.3 [} K 0.3 [ ] X 0.2 8 ¢
Wiading 18.4 24 B 17.9% 40 X 0.1 40 K 0.0 4«0 K
Weaviog 123,2 b 24 3 30.5 25 A 0.1 50 X 0.1 50 K
Rope, Wick, Braid & Cord 11.0 k] D 10.3 3 b 0.1 4 K 0.1 ] ]
Finishing 5.6 b] ¢ 3.9 18 b 0.2 b 3 0.1 1 8
Miscellaneous 7.0 2 A 220 2 A 0.1 « X 0.1 u3 N




irine Con-

TABLE XIII

ASBESTOS CONCENTRATION* BY OPERATION
FOR INSULATION WORKERS

Actual Previous Recalculated
struction No. of Arithemetic Recalculaced Time-Weighted Time-Weighted
lepairv Samples Means Mean** Average*** " Averagekkk
refabrication 7 30.4 8.7 ) )
splication 25 6.2 2.6 ) )]

{xdir 19 21.2 6.4 ) )

anert. 18 0.6 0.6 9.2 ) 1.8
¢ Ouc 14 1.5 8.3 ) )

inishing 19 0.3 0.3 ) )

ight and Heavy

ndustrial

onstruction

refabrication 23 10.1 6.6 ) )

pplicatrion 36 3.1 2.4 ) )

ixing 17 4.7 2.9 ) 4.2 ) 2.2

eneral 19 1.6 1.1 ) )

ear Out 10 12.8 7.1 ) )

inishing 16 0.9 0.9 ) )

Fibers/ml >34 in length

*
k&

Summarized

from data

4
Personal communicacion, March 1970 €rom Balzer & Cooper( )-




TABLE XII

LATEST SURVEY RESULTS

ASBESTOS TEXTILE PLANTS

NUMBER OF PLANTS = §

MEANS BY OPERATION WITH SAMPLE SIZE (

FIBERS/CC > 5u

)

SECOND SECOND

OPERATION HIGHEST PLANT HIGHEST PLANT LOWEST PLANT LOWEST PLANT
Fiber Preparation 22.3 (4) A 20.3 (12) B 7.6 (9) X 2.4 (5) J
Carding 27.3 (10) A 26.4 (30) B 7.1 (22) K 6.1 (14) G
Spinning 12.5 (36) K 10.9 (11) A 5.8 (11) c 3.7 (2) J
Twisting 14.5 (7) A 10.7 (19) B 4.8 (4) c 3.2 (8) ¢
HWinding 9.7 (12) A 5.9 (24) B 2.8 (10) J 2.0 (5) G
Weaving 12.4 (25) A 10.0 (16) J 2.5 (11) ¢ 1.1 (3) E
Rope, Wick, Braid & Cord 7.1 (3) D 3.5 (2) J 2.6 (4) A 1.3 (&) X
Miscellaneous 29.9 (2) A 9.7 (2) G 2.5 (&) J 0.2 (2) F
Finishing 2.5 (%) G 1.8 (2) c 1.3 (28) B 0.1 (5) E




TABLE X1V

ASBESTOS CONCENTRATION BY OPERATION*, 1969

Average asbestos fiber levels

Personal Area Samples

Samples Distance
Work praccice Environmental conditiouns Fibers/ml Fibers/ml

from Source
(3%
Asbestos cement High ceiling room. 2.4 .45 2°
Louvre venting
92
Asbestos ceament Low ceiling room. 2.6 - -
Poor ventilation
£3
Asbestos cewment Access tunnel 6.1 - -
f4
Asbestos cement Pouer house. Low Ceiling, . 3.9 2.5 3-5'

poor ventilation
Cutcing calcium sili- Table and hand saws, in

1.2 -
cate, block, pipe #1 power house ~ open

utting calciun sil4- Same - {n industrial 4.1
cate, block & pipe 2 building. Good ventilation.

Cutting calcium sili- Apartment house boiler room. 11.5
cate block & pipe Ko ventilation. Work 3“-18"
from breathing zone.

Cutting calcium sili- Limited ventilacion 9.4 1.6 3-4
cate block & pipe #4
Spraying insulation Tucrbines {in power plant - 47.7 19.5 3’
very high ceiling, good 28.0 6
ventilation.

Fibers/ml > Su {n length

Notes:

1. Conditions usually varfable: Cement mixed dry - applied wet; rapid chaages in
local ventilatioan; composition of material way vary; number of men on job may

vary.

2. Average of couats (excluding spray insulation): >5 fibers/ml = 64.5%;
5-12 fibers/ml = 25.5%1; >12 fibers/wl = 10.0X.

J.

5
Informacion prepared by Reftze, Nicholson, and Holaday.( )




TABLE XV
ASBESTOS PLANT Z ~ CEMENT PIPE
PERSONAL SAMPLES - SECULAR TRENDS

MEANS BY OPERATION AND SAMPLE SIZE

1967 1971

No. OF NO. OF

OPERATION MEAN SAMPLES MEAN - SAMPLES
Harehouaing & Mixing 6.2 4 2.3 2
Pipe Porming 2.1 15 1.8. 4
Curing 1.3 8 0.4 4
Pipe Finisghing 5.0 _ 6 1.7 10
Coupling Finishing 12.8 . 9 5.3 7
Epaxy 2.6 - 2 0.9 5
Packing 1.7 6 1.1 ?
Miscellaneous 0.5 9

1 - All samples expressed as fibers > Su/cc by che standard method recommended in chis document.

2 - Ioformation prepared from NIOSH data.




TABLE Xvi
ASBESTOS PLANT S ~ FRICTION
PERSONAL SAMPLES ~ SECULAR TRENDS

MEANS BY OPERATION WITH SAMPLE SI2E

1966 1969 1971
NO. OF NO. OF NO, OF
OPERATION MEAN SAMPLES MEAN  SAMPLES MEAN  SAMPLES
Mixing, Coating & Extruding 7.5 24 8.0 6 11.0 16
Forming 5.7 7 0.5 3 ‘ 3.6 4
Hot Pressing 13.1 15 1.8 3 4.9 5
Baking 9.1 1 2.6 4 5.4 5
Grinding & Sanding 10.8 - 34 4.7 10 5.2 16
Cutting & Drilling 11.0 31 2.8 8 7.7 22
Bonding & Riveting ‘
Inspeccion & Packing 9.6 21 1.9 5 5.1 4
6.7 6 1.8 10

Miscellaneous Friction

1 - All samples expressed as fibers >5 u/cc by the Standard Method recommended in this document.

2 - Informacion prepared from NIOSH data.




TABLE XVII
“ASBESTOS CEMENT SHINGLE, MILLEOARD AND GASKET
PERSONAL SAMPLES - SECULAR TRENDS

MEANS BY OPERATION AND SAMPLE SIZE

PLANT W
1967 1970
NO. OF NO. OF
OPERATION MEAN SAMPLES MEAN SAMPLES
Warehousing 8.9 4
Mixing 8.3 ' 14 4.4 [
Forming 1.8 36 2.6 3
Curing 0.4 1
Fintahing 4.3 35 1.5 7
Packing 2.5 22 0.7 . 2
Miscellaneous 2.3 13 . 1.2 2

1 -~ All samples expressed as fibera >5 u/cc by the Standard Method recommended in this document.

2 - Information prepared from NIOSH data.




TABLE XVIII
ASBESTOS, INSULATION PLANT X

PERSONAL SAMPLES - SECULAR TRENDS

THERMAL PIPE
MEANS BY OPERATION WITH SAMPLE SIZE
1967 1970 1971

_ NO. OF NO. OF NO. OF

OPERATION MEAN SAMPLES MEAN SAMPLES MEAN SAMPLES
Mixing 163.0 5 36.2 3 74.4 11
Forming 33.3 18 25.7 ki 50.6 39
Curing 2.5 1 31.0 1 14.4 5
Finishing 44.6 k| 34.8 4 39.5 26
Inapection & Packing 16,7 7 17.9 3 22.8 15
13.8 2 16.6 24

Miscellaneous

Office Worker

1 - All samples expressed as fibers »5_u/cc by the Standard Method recommended in this documenc.

2 ~ Information prepared from NIOSH data.




TABLE XIX
ASBESTOS, INSULATION PLANT Y
PERSONAL SAMPLES ~ SECULAR TRENDS
THERMAL PIPE

MEANS BY OPERATION WITH SAMPLE SIZE

1967 1970 1921

NO. OF NO. OF NO. OF .

OPERATION MEAN SAMPLES MEAN  SAMPLES MEAN  SAMPLES
Mixing 107.0 k! 27.7 2 46.3 I
Forming 98.9 12 24,1 13 25.2 32

Curing

Finishing 32.2 4 16.8 2 15.0 17
Inspection & Packing 13.3 2 13.0 8 11.0 19
21.0 14 2.7 5

Miscellaneous

1 - All samples expressed as fibers >5 u/cc by the Standard Method recommended fn this document.

2 - Information prepared from NIOSH data.




TABLE XX
ASBESTOS TEXTILE PLANT A
PERSONAL SAMPLES - SECULAR TRENDS

MEANS BY OPERATION WITH SAMPLE SIZE

1964 1966 1970
NO. OF. NO. OF NO. OF
OPERATION MEAN SAMPLES MEAN SAMPLES MEAN SAMPLES
Fiber preparacion 13,6 6 9.6 4 22.3 4
Carding 14.5 4 52.2 7 27.3 10
Spinning 11.8 2 15.3 9 10.9 1
Twiscing 5.4 7 9.2 8 14,5 7
Hinding 9.5 5 13.8 4 9.7 12
Heaving 5.6 11 17.2 15 12.4 25
Rope, Wick, Braid & Cord 0.2 6 6.9 2 2.6 4
Finishing 5.7 2 7.5 1 29.9 2
Hiscellaneous

[}

l - All samples expressed as fibers »5 u/cc by the Standard Mechod recommended in this document.

2 ~ Information prepared from NIOSH daca.




TABLE XXI

ASBESTOS TEXTILE PLANT J

PERSONAL SAMPLES ~ SECULAR TRENDS

MEANS BY OPERATION WITH SAMPLE SIZE

1965 1967

NO. OF NO. OF NO. OF

QOPERATION MEAN SAMPLES MEAN SAMPLES MEAN  SAMPLES
Fiber preparation 6.4 7 15.7 3 7.4 5
Carding 8.1 - 17 12.6 11 7.8 40
Spinning 7.9 14 27.4 11 3.7 2
Twiscing 7.3 20 17.7 9 6.9 35
Winding 3.4 k! 2.8 © 10
Weaving 5.6 47 6.8 12 10.0 16
Rope, Wick, Braid & Cord 3.5 2
2.5 4

Miscellaneous

1 - All samples expressed as fibers 5 u/cc by the Standard

2 - Information prepared from NIOSR dacta.

Mechod recommended in this document.




TABLE XX11

ASBESTOS CEMENT P1PE
PEACENT OF SAMPLES LZSS THAN ON ZQUAL TO 2 PIRERS/CC,
§ PIBERS/CC AND .10 FIBEAS/CC LONGER THAN Su IN LENGTH,
BY. PLANT AND OPEZRATION
( ) = NO. OF SAMPLES
AEPRESENTS PIDERS LONCER THAN Su

PLANT o PLANT O PLANT P PLANT Q PLANT 2 PLANT AA PLAYS B

CPERATION 12 185 xlo g2 s %10 12 X5 X110 12 %8 110 12 18 110 12 1.3 110 1! i3 110

“arehousing & Mixing 25 100 100 0 o 100 100 100 100 100 100 )00 50 100 100 100 100 100 30 100 100
{4} (2) (3) (%) (0 (3) (%

?1pe Toraing ’ 33 106 100 kb 100 100 100 100 100 100 100 100 15 100 100 160 100 100 100 100 100
. (3 (8 %) (2) %) (&) {an

Zuring 100 100 100 67 100 100 100 100 100 100 100 100 100 ¢ 100 100 100 100 100 9 108 100
) ($)] (8) (1) (4) (§9) (s

‘{pe Fintahing 100 100 100 100 100 100 100 100 100 86 100 100 70 100 100 100 100 100 100 1060 100
€3] (4) O W (o) )] 9

‘oupling Fintshing 100 100 100 23 50 100 100 100 100 80 100 100 43 5 n 100 100 100 30 100 100
(%) ) (16) £)) &) (1) 10)

poxy 0 100 100 100 100 100 100 100 100 - - - 100 100 100 100 100 100 8) 100 100
o)) (1) (&) (%) (1) )

seking 100 100 100 100 100 100 - - - )] 0 100 86 100 100 100 100 100 100 100 100
() ) (1) . (€3] (1)) (8)

‘scellaneous . - - - - - 100 100 100 100 100 100 100 100 100 100 too 100 100 100 100
€)] ($) (" () (8)

Not Appifcsble




OPERATION

Mixing, Coating & Excruding

Forming

Hot Pressing

Baking

Grinding & Sanding
Cucting & Drtlling
Bonding & Rivecing
Inspeccing & Packing
Hiscellaneous

~ Not applicable

242
0

100

100

100

90

50

75

54

67

PLANT H
<5

50
(2)

100
(6)

100
)

100
(2)

100
(10)

75
(12)

75
(4)

69
(13)

78
(9

X10
100

100

100

100

100

83

100

100

100

TABLE XXIII

ASBESTOS FRICTION PLANTS
PERCENT OF SAMPLES LESS THAN OR EQUAL TO 2 FIBERS/CC,
5 FIBERS/CC, AND 10 FIBERS/CC LONGER THAN §u
BY PLANT AND OPERATION
( ) = NUMBER OF SAMPLES

PLANT H PLANT § PLANT T
A2 ¢S X0 X2 A5 X410 2 1S
71 86 100 13 19 44 - -
(7) (16)
- - - 7% 75 100 100 100
(4) (2)
S0 100 100 0 40 100 - -
(4) (5)
100 100 100 0 40 100 100 100
(2) (5) (2)
57 8 100 13 56 94 88 88
(7) (16) (8)
100 100 100 s 32 64 86 100
{7 (22) (7)
100 100 100 - - - 100 100
(1) ’ (1)
100 100 100 50 50 75 86 100
(4) (4) (7)
100 100 100 - - - 100 100
(1) ’ (5)

100

88

100

100

100

100

Xq2

67

100

100

PLANT U
1

50
(2)

67
(3)

100
(3]

100
()

25
(4)

0
(1)

67
(1)

100
(1)

210
100 -

67

100

100

100

100

100




OPERATION

Harehouaing

Mixing

Forming

Curipg

Finiehing

Packing
Miscellaneous

~ Not Applicable

TABLE XX1V
ASBESTOS CEMENT SHINGLE, MILLBOARD AND CASKET

PERCENT OF SAMPLES LESS THAN OR EQUAL TO 2 FIBERS/CC,

5 FIBERS/CC, AND 10 FIBERS/CC LONGER THAN Sp
BY PLANT AND OPERATION
( ) = NUMBER OF SAMPLES

PLANT R PLANT U
12 I45 140 12 X5 1410
100 100 100 100 100 100
(3) (1)
53 67 93 67 100 100
(15) (3)
83 94 100 100 100 100
(18) (6)
50 100 100 100 100 100
(2) (2)
71 94 100 86 100 100
(12) €]
75 100 100 100 100 100
(4) (2) :
100 100 100 100 100 100
(4) (1)

%42

50

33

100

71

100

100

PLANT W

<5

67
(6)

100
(3

100
(D

100
(7)

100 .

(2)

100
(2)

140

100

100

100

100

100

100




OPERATION

Mixing

rorming

Curing

Fin{ahing

Inspection &
Packing

Miacellancous

- Not spplicable

X2
57

50

82

100

PLANT R
145

71
9

90
(10)

100

(11)

100
(1)

2410

86

100

100

100

5 FIBERS/CC, AND L0 FIBERS/CC LONGER THAN Su

X¢2

13

21

TABLE xxv

ASBESTOS INSULATION PLANTS
PERCENT OF SAMPLES LESS THAN OR EQUAL TO 2 FIBERS/CC,

BY PLANT AND OPERATION
( ) = NUMBER OF SAMPLES

PLANT X
%<5

0
(11)

0
(39)

0
(s)

12
(26)
27
(15)

46
(24)

X<10

18

15

40

15

40

54

x42

40

PLANT Y

%S5 1do
0 0
(7)
8 13
(32)
6 29
(17)
16 - 63
(19)
100 100
(5)

X2

100

100

100

100

100

100

PLANT CC
X¢5

100
(2)

100
M

100
(1)

100
(4)
100
(11)

100
(4)

100

100

100

100

100

100

A<2

67

100

100

40

(3]

50

PLAKRT DD
1<

6)
(3)

100
(5)

100
(1)

100
(s)
100
(8)

100
(4)

140

67

100
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TABLE XXVI

BESTOS TEXTILE PLANTS

PERCENT OF SAMPLES LESS THAN OR EQUAL TO 2 FIBERS/CC,
5 FIAERS/CC, AND 10 FIBEAS/CC LONGER THAN Su
8Y PLANT AND OPERATION
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1
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DURATION
or

MPLOYMENT

DAY OR
LESS

7 DAYS

L *xs

]

3 MOS

i

6 MOS

12 M08

- 2 YRS

t

5 YRS

- 14 YRS

TABLE XXVII

Duration of employment and known exposure to
Asbestos and the development of X-ray findings
of Asbestosis in 212 employees of an Asbestos
Insulacion Factory, employed sometime in 1941~
1645 and examined in 1969-1970.

X-RAY ASBESTOSIS

TOTAL 0 t 1+ 2+
7 3 0 4 0
13 4 3 5 1
15 5 3 6 i
35 6 s 23 1
35 8 3 19 s
31 5 3 15 5
48 7 5 25 8
36 3 8 6 6
12 1 0 5 4
232
ALL EMPLOYEES INCLUDED. EXPOSURES VARIED FROM

“NONE" (OFFLCE) THROUGH THAT OF MANAGEMENT,

ERGINEERING AND SHIPPING, TO THAT OF PRODUCTION
EMPLOYEES.

- Personal Communication Dr. Ixving Selikoff, January, 1971.




.

Cause of Death

Lung cancer
Mesothelioma
G. I. cancer

Asbestosis

All other cancer

All other causes

TOTAL

l - Personal communication Dr.

TABLE XXVIII

Lapsed period from onset of exposure in 344
deaths among exployees of an asbescos
insulation factory, employed at some time
in 1941-194S ang followed to 1970.

Years from Onset

04 59 10-1¢ 15-19 20~24 25+
0 3 8 14 16 18
0 0 0 0 2 2
1 1 6 3 4 3
0 2 1 8 8 5
1 3 9 7 6 S

26 28 _30 52 42 30

28 37 54 84 78 63

Irving Selikoff, January, 1971,

TOTAL

59

18
24

31

208

344




TABLFE. XXIX

SUMMARY OF & CASE NISTORIES OF EXPOSURE TO
ASBESTOS AND SUBSEQUENT DEVELOPMENT OF MESOTHELIOMA

.ace
ex

ccupational Hiscory
Before asbestos exposure
Asbestos exposure
Duration of exposure

Type of Hork

Afcer asbestos exposure

Type of asbescos

Respirator protection

:sothelioma History
Age at death

ie.
stological diagnosis
Lapsed period since
exposure
Duration of illness

Concurrent asbestosis

Swoking history

Juration of smoking
history (years)

~ Personal communicatfon

None
Unknown

Engineer

Unknown

Chrysocile-
amosite-
crocidolite

Nane

74
Peritoneal &

Pleural
Biphasic

25 years
13 weeks
Pleural
Calcifica-

tion

0

Dr. Irving

Scudent
6 veeks

Pipe Insulacion
Housewife

Chrysotile-
anmosice

None

41
Ri{ght Pleural

(Biphasic) epi-
thelial & fibroug

21 years
S weeks

GCrade I by X~Ray

40

24

SeFikoff - Jaauary,

None
3 years

Neighborhood
exposure

Bookkeeper-£floo
manager

W

Chrysotile-
anosite

RA

30
Pleural
Biphasic
Pleowmorphic
19 years
1 year

Nane

20

5 years
Stopped in 1965

1971.

None

Unknown - a3t
leasc several vrs
Family exposurte

Housevife

Améstte

RA

52

Lefr Pleural

Unknown

2 years

Fone by X-Ray

NA




TABLE XXX

Observed and Expected Deaths Through December 31, 1969 by Cause and Dust Exposure
Score, for 291 Males who Worked Primarily {n Non-Asbestos Production and
Maintenance Service Jobs and for 1464 Males who Worked Primarily in Asbescos
Production and Maintenance-Service Jobs and Retired Ducring 1941-1967, Showing
Standardized Mortality Ratios (SMR's)

Accumulative exposure to asbestos {n mfllfon parts per cubic foot years (mppefyr)

Cause of Death and Internatfona] Limited Exposure < 125 123-250 250-500
List Number Oba, Exp., SMR | Obs. Exp., SMR Obs, Exp. SMR Obs., Exp. SMR
ALl Causes 114 129.9  87.8 365 344.8 105.8 {162 139,8 115.9 | 184  156.7 117.4*
All Cancer (140-205) 22 22.3 98.6 74 56.3 131.4% 23 23.6 97.4 52 26,4 192.1*
Digestive System (150-159) 9 8.2 109.8 27 21.9 123.3 5 8.9 56.2 19 10.0 190.0+
Lung, Bronchus, Trachea
& Pleura (162-163) 8 4.8 166.7 18 10.7 168.2 11 k.3 224.5%] 16 5.4 296,34
All Ocher Cancer 3 9.3 531.8 29 23.7 122.4 7 9.8 71.4 17 11.0 90.9
Cerebral Vascular Lesions 15 14.8 101.4 31 41.4 74,3 14 16,2 86.4 15 18.2  82.4
(330-1334)
All Heart Disease (400-441) 46 60,8 75.6 | 168 161.2 104.2 72 65.5 109.9 15 73.3 102.)3
Coronary Heart Diseasa
(420) 39 48,9 80,1 129 124.8 103.4 59 52.2 113.0 55 $7.8  95.2
All Octher Hearc Dfisease 7 12.1  57.8 39 36.4 107.1 13 13.3  92.2 20 15.5 129.0
Diseases of the Respiratory 10 7.7 129.9 26 19,0 162.5*% | 11 80 132.5 17 8.9 191.04
System (470-527) .
Pneumoconiosis & Pulmo- 5 - - 8 - - ] - - 8 - -
nary Fibrosis (523-525)
All Octher Causes 22 24,5 89.8 66 66.6 99.1 42 26.5 158.5* 25 29.9 81.6 l

* SMR significancly different from 100 at 5% level.

Source:
DeCoufle and Vivian Henderson (Unpublished Manuseript)

A Study of cthe Dose-Response Relationship Between Asbestos Dust and Lung Cancer by Philip Enterline, Pierre




TABLE XXX (contipued)

Cause of Death and International 500~750 >1750
List Number Obs, Exp. SMR Obs, Exp. SHMR Obsa, Exp. SMR Obs., Exp, SHMR
All Gauaes 77 50.2  153.4% [34 26,2 129.8
All Cancer (140-205) 18 8.7 206.9* | ¢ 4.5 200.0
Digestive System (150-159) 6 3.3 181.8 2 1.7 112.6
Lung, Broanchus, Trachea
4 Pleura (162-163) 9 1.8  500.0% | 5 0.9 555.6
All Other Cancer 3 3.6 83.3 2 1.9 105.3
Cerebral Vascular Lesions 5 5.6 89.3 3 3.0 100.0
(330-334)
All Hearc Disease (400-443) 36 23,5 183.2* (11 12.3 89.4
Coronary Heart Disease
(620) 24 13.8 127.6 8 9.9 80.8
All Other Heart Disesse 12 4,7 255.3% | 23 2.4 125.0
Diseases of the Respiratory 11 2.8 2392,8* | 6 1,5 600,0%
System (470-527) ’
Pneumoconiosis & Pulmo- 8 - - 5 - -
nary Fibrosis (523,525)
All Other Causes ? 9.6 72.9 2 4.9 40.8

ASMR significancly di{fferent £rom

100 at 57 level,

& LL SVLANDN ArCRPS PTKL 131~ 1994483700
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C. State the dates, port and pier involved for each
occasion;

D. Either (a) attach all DOCUMENTS evidencing the
information sought in this interrogatory and its subparts
to your answers to these interrogatories, or (2} attach
disks containing such data, or (3} describe such
DOCUMENTS with sufficient particularity that they may be
made the subject of a request for production of
documents.

RESPONSE TO INTERROGATORY NO. 53

No.

DATED: March 15, 1999 STEVENS, DRUMMOND & GIFFORD

DAVID A. GIFFORD///I
Attorneys for

Defendant NORTH AMERICAN
REFRACTORIES COMPANY

47




In Re: Complex Asbestos Litigation
SFSC 828684

VERIFICATION

I, JOHN W. STRATMAN, have read the foregoing Amended
Responses to Plaintiffs’ Standard Interrogatories to All
Defendants.

I am General Counsel of North American Refractories Company
and am authorized to make this Verification for that reason. The
matters stated in the foregoing document are true to the best of
my knowledge, information and belief based upon reliable
information made known to me and documents reviewed by me or at
my direction.

I declare under penalty of perjury under the laws of the

State of California that the foregoing is true and correct.

o 258 g2,

‘L/ Lo R —-
JOHN W. STRATMAN
General Counsel

NORTH AMERICAN
REFRACTORIES COMPANY

A




PROOF OF SERVICE BY MAIL

I hereby declare under penalty of perjury pursuant to the laws
of the sState of California that I am a citizen of the United
States, over the age of 18 years, and not a party to the within
action. My business address is 1910 Olympic Boulevard, Suite 250,
Walnut Creek, Californmia 94596. I am readily familiar with the
business’ practice for collection and processing of correspondence
for mailing with the United States Postal Service. On the date set
forth below, I served the following:

DEFENDANT NORTE AMERICAN REFRACTORIES COMPANY’S AMENDED
RESPONSES TO PLAINTIPFS’ STANDARD INTERROGATORIES TO ALL DEFENDANTS
in said action by placing a true copy thereof enclosed in a sealed
envelope, postage prepaid, in the United States mail at Walnut
Creek, California, addressed as follows:

Clarence Mamaril, Esq.

Brayton, Purcell, Curtis & Geagan
P. O. Box 2109

Novato, CA 94948

Harry F. Wartnick, Esqg.

Wartnick, Chaber, Harowitz,

Smith & Tigerman

101 California Street, Suite 2200
San Francisco, CA 94111-5802
Christopher E. Grell, Esqg.

The Monadnock Building

685 Market Street, Suite 540
San Francisco, CA 94105

Dated: April 1, 1999 %ﬂ/}/j%fw

%§¥garet Thuman




