
1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

PLAINTIFF’S EXHIBIT

LAW OFFICES OF
STEVENS, DRUMMOND & GIFFORD
1910 OLYMPIC BOULEVARD. SUITE 2S0 
WALNUT CREEK. CALIFORNIA 94598 
($10) 944-5550

DAVID A GIFFORD. STATE BAR 55909 
ROBERT G. ENGEL. STATE BAR 155115

Attorneys for Defendant
NORTH AMERICAN REFRACTORIES COMPANY

PARA
ATTY

C&r\
n ------ OTHER■——CLASS ___ FILE

8ECEIVE0 6

APR 0 5 1999

---- MAIL

SUPERIOR COURT OF CALIFORNIA 

COUNTY OF SAN FRANCISCO

IN RE: CASE NO. 828684

COMPLEX ASBESTOS 
LITIGATION

,/

DEFENDANT NORTH AMERICAN 
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 j 

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. j

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 Island; 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-
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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; (c) 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, j 

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; (c) 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

4
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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. "PREMISES" includes, but is not limited to, buildings, 

structures in a refinery, boilers, generators, tract housing, 

commercial buildings and other 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 job 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 INTERROGATORY 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. Yea. December 27,1990.

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

G. Yes.

Pico Rivera Sales 
Office
7831 Paramount Blvd. 
Pico Rivera, CA 
90660

Danville Sales Office 
153 Sun Haven Road 
Danville, CA 94506

Indian Hill Plant 
2201 Michigan Bar Road 
lone, CA 95640

lone Plant
8631 State Highway 124 
P. O. Box 785 
lone, CA 95640

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, etc.).

RESPONSE TO INTERROGATORY 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

IDENTIFY 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 various other corporate 
records.

INTERROGATORY NO. 10 I
I

IDENTIFY the person or persons most knowledgeable about:

A. YOUR acquisition of RAW ASBESTOS and/or ASBESTOS !
i

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 involved 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.

INTERROGATORY NO. 13

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);
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J. Industrial Mineral Insulation Manufacturers Institute;

K. Magnesia Insulation Manufacturers' Association;

L. Magnesia Silica Insulation Manufacturers Association;

M. Mineral Wool Institute;

N. National Insulation Manufacturers Association (NIMA);

0. National Safety Council;

P. New York Academy of Sciences;

Q. Quebec Asbestos Mining Association (QAMA);

R. Refractories Institute;

S. Safe Building Alliance (please answer through date of

your answers);

T. Thermal Insulation Manufacturers Association (TIMA);

U. U. S. Maritime commission;

V. 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;

W. IDENTIFY any such representative of THIS DEFENDANT.

RESPONSE TO INTERROGATORY NO. 13

A. NO.

B. No.

C. No.

D. No.

E. No.

F. No.

G. No.

H. No.
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I. Yes. 1980 - present

J. No.

K. No.

L. No.

M. NO.

N. No.

O. No.

P. No.

Q. NO.

R. Yes. 1951-present

S. No.

T. No.

U. No.

V. 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.

W. 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. The dates during which THIS DEFENDANT was a member;

B. The name(s) of any publication (s) received by THIS 

DEFENDANT from such association or organization;

C. 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. Poison ■ 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
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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. IS

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.
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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 is an 

educational institution) prior to 1973 ever maintained a library 

(or libraries) 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 maintained 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. 19

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 asbestos 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
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THIS DEFENDANT and, if so, state the IDENTITY of the 

custodian of such DOCUMENTS.

RESPONSE TO INTERROGATORY NO. 20 

NO.

INTERROGATORY 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 DOCUMENTS 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
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1 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

s tudy.

E. The IDENTITY of the custodian of such DOCUMENTS. 

RESPONSE TO INTERROGATORY NO. 22

No.

INTERROGATORY NO. 23

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.
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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.

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.
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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, purchased or acquired any 

interest and;

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

RESPONSE TO INTERROGATORY NO. 27

No.

INTERROGATORY 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.
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INTERROGATORY NO. 29

If YOUR answer to any of subparts of interrogatory 2 8 

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;

B. 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.

C. The date(s) such RAW ASBESTOS;

1. Ceased to be produced; or

2. Was recalled from the market, if ever.

D. A description of the chemical composition of such RAW 

ASBESTOS, including the type and/or grade of asbestos;

E. 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;

F. A detailed description of the intended use of such RAW 

ASBESTOS, including any temperature limits for each such 

use;

G. 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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H. IDENTIFY to whom such RAW ASBESTOS has, at any time, been 

sold. As to each such, state:

I. 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 listed below with regard to ASBESTOS-CONTAINING 

PRODUCTS? If so, state the inclusive dates of such activity:

A. Supply;

B. Importing;

C. Distribution;

D. Marketing;

E. Sale;

F. Labeling;

G. Manufacturing;

H. Brokering

RESPONSE TO INTERROGATORY NO. 30 

Yes.

A. Defendant is uncertain as to the meaning of the term

"supply1', 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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F. Yes.

G. Yes.

INTERROGATORY NO. 31

If your answer to any subpart of interrogatory no. 30 

regarding "ASBESTOS-CONTAINING PRODUCTS" is in the affirmative, 

state:

A. The trade, brand name, and/or generic name of each such 

ASBESTOS-CONTAINING PRODUCT MARKETED in any form or 

quantity between 1930 and 1985;

B. The date (s) each such ASBESTOS-CONTAINING PRODUCT was 

first placed on the market, including the date{s) each 

such ASBESTOS-CONTAINING PRODUCT was first MARKETED.

1. On an experimental basis;

2. On a test basis; or

3. For sale.

C. The date{s) each such ASBESTOS-CONTAINING PRODUCT:

1. Ceased to be produced; or

2. Was recalled from the market, if ever.

D. A detailed description of the chemical composition of 

each such ASBESTOS-CONTAINING PRODUCT, including the type 

and/or grade of asbestos and/or asbestos fiber contained 

in each such product and the quantitative percentage of 

asbestos or asbestos fiber in each such product, and all
I

non-asbestos components of the ASBESTOS-CONTAINING j 

PRODUCT, and if the chemical composition changed over 

time, the inclusive dates of each formulation;
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E. 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;

F. A detailed description of the intended use of each such 

ASBESTOS-CONTAINING PRODUCT, including any temperature 

limits for each such use;

G. 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;

H. The name and address of the supplier of the RAW ASBESTOS 

used in each such product and the time period of such 

supply;

I. 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.

J. 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. See attached Exhibits A and B.

E-F. The products were all gunning mixes and castables which 

were used in high temperature refractory applications 

with the exception of the 60 DBRC, which was used in 

certain open-hearth roof 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 DEPENDANTS only)

Did YOU 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;

B. 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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C.

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 j 

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 

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

employees;

4. IDENTIFY and describe the NATURE of the RAW

ASBESTOS or ASBESTOS-CONTAINING PRODUCTS installed, 

removed, handled or disturbed;

5. IDENTIFY from whom the RAW ASBESTOS or ASBESTOS- 

CONTAINING PRODUCTS were acquired.

E. 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

samples 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 alternative, 

attach a copy to YOUR answers to these 

interrogatories.

F. 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 cost 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.

G. 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.

H. 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:

A. IDENTIFY each license by type, date and number;
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B. 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 

j ob 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.

C. 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

34



1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

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 INTERROGATORY 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? If 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 KO. 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.

INTERROGATORY 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.

RESPONSE TO INTERROGATORY MO. 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 Onicote 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 markings 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 

begun 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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1 INTERROGATORY NO. 39

2 Between the years 1930 and 1985, did THIS DEFENDANT purchase

3 or otherwise acquire any ASBESTOS-CONTAINING PRODUCT lines from

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

5 A. Date of purchase or acquisition;

6 B. Terms of purchase or acquisition agreement;

7 C. Either (1) attach all DOCUMENTS evidencing said

8 acquisition, or (2) attach disks containing such date, or

9 (3) describe such DOCUMENTS with sufficient particularity

10 that they may be made the subject of a request for

11 production of documents;

12 D. Trade, brand, and/or generic name of each such.product

13 line so acquired;

14 E. Name of the person or entity from whom YOU purchased or

15 acquired each such ASBESTOS-CONTAINING PRODUCT line; and

16 F. Location of any manufacturing facilities so acquired, and

17 the type of ASBESTOS-CONTAINING PRODUCTS manufactured

18 therein.

19 RESPONSE TO INTERROGATORY NO. 39

20 NO.

21

22 INTERROGATORY NO. 40

23 Between the years 1930 and 1985, did THIS DEFENDANT sell any

24 ASBESTOS-CONTAINING PRODUCT line to another person or entity? If

25 so, state for each such sale:

26 A. Date of sale;

21 B. Terms of sales agreement;

28
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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 sold 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 i 

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 HO. 45

How do YOU contend that THIS DEFENDANT first became aware that 

there is an association between asbestos exposure and disease in 

human beings. j
i

RESPONSE TO INTERROGATORY 45

See Response to Interrogatory Number 44.

INTERROGATORY NO. 46 j

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.H

INTERROGATORY NO. 47 j

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; !

I
C. The IDENTITY of the custodian of such DOCUMENTS. |

i

D. The content of the warning. j
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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 NO. 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. 49

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 been 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 railroad;
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C. The name(s) of such railroad prior to YOUR ownership 

and/or operation;

D. The IDENTITY of the person or entity from whom YOU 

purchased our ownership or operating interest, and the 

date of such purchase;

E. The IDENTITY of the person or entity to whom YOU sold 

your ownership or operating interest, and the date of 

such sale;

F. Whether copies of DOCUMENTS evidencing your 

ownership/operation and/or sale exist;

G. The IDENTITY of the custodian of such DOCUMENTS;

H. 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. SI

Not applicable.

INTERROGATORY NO. 52

If DEFENDANT has ever ownetf 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;

B. The name(s) of such shipyard prior to YOUR ownership 

and/or operation;

C. 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. Whether 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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Interrogatory No. 12

NARCO Witness Jurisdiction Case No. Date Plaintiffs'
Attorney

Edmund S. Wright 
(Pres. & CEO)

Madison Co., IL 86-L-1827 9/7/89 Randall E.
Bono

Richard Wilson 
(District Sales
Manager)

Allegheny Co.,
PA

83-18704 1/22/85 William
Caroselli

George Spahlinger 
(Manager Account 
Representative)

Cuyahoga Co.,
OH

1987-1 1/27/88 Robert
Jennings

George Spahlinger 
(Manager Account 
Representative)

Madison Co., IL 86-L-1827 8/30/89 Randall E.
Bono

Thomas Robbins 
(District Manager)

Madison Co., IL 86-L-1230 5/24/89 Randall E.
Bono

Kim Nelson 
(Manager Health & 
Safety)

Madison Co., IL 86-L-1827 8/30/89 Randall E.
Bono

Curtis Horton 
(Former Industrial 
Hygienist)

Madison Co., IL 86-L-1827 8/30/89 Randall E.
Bono

Donald E. Abrino 
(Human Relations and 
Safety Coordinator)

Madison Co., IL 86-L-1872 8/30/89 Randall E.
Bono

Donald A. Abrino 
(Human Relations and 
Safety Coordinator)

Dallas Co., TX 94-0940-G 9/12/95 Baron & Budd

Donald A. Abrino 
(Human Relations and 
Safety Coordinator)

Baltimore, M.D. 93-076701 3/16/94 Law offices of 
Peter G.
Angelos

Richard A. Landy 
(Director of Research)

Madison Co., IL All
Asbestos
Litigation

7/26/88
s

Fred Baron

Richard A. Landy 
(Director of Research)

Madison Co., IL 86-L-1827 9/7/88 Fred Baron



NARCO Witness Jurisdiction Case No. Date Plaintiffs'
Attorney

Richard A. Landy 
(Director of Research)

Cambria Co., PA 1987-71 4/20/88 Robert Jennings

Richard A. Landy 
(Director of Research)

Kanawha, WV 95-8888 7/7/95 Bruce Carl 
Goldberg

Jay Ehle
(General Counsel)

Baltimore Co.,
MD

93076701 2/8/94 Bruce Hill

___________________

Jay Ehle
(General Counsel)

San Francisco
Co., CA

828684 4/26/94 Eric Wagner

Sue Speck Dallas Co., TX 94-0940-G 9/12/95 Baron & Budd

Mark Rafferty 
(Sales Manager for 
Western Region)

Dallas Co., TX 94-0940-G 9/19/95 Baron & Budd

Mark Rafferty 
(Sales Manager for 
Western Region)

San Francisco
Co., CA

953355
941345
959282
959660

8/31/94 Deborah
Schweizer

Dan Boring Orange County,
TX

A-920.961-C
A-920.967-C
A-930-810-C
A-930-553-C

5/13/94 Ness Motley

Robert Norquist San Francisco,
CA

A-953-355-C
A-941-345-C
A-959-282-C
A-959-660-C

9/1/94 Bayton,
Gisvold &
Harley

Inrry Dilly Cambria County, 
PA

Robert Jennings

Richard Landy Orange County,
TX

A920-961-C 11/96 Glen Morgan

Richard Landy Cameron Co.,
Tx

95-02-773-E 5/97 Lisa Blue



INTERROGATORY wo- 26

Carrier: 
Policy Type: 
Policy Ho.: 
Limits of 
Liability:

Carrier: 
Policy Type:- 
Policy Ho.: 
Limits of 
Liability:

Carrier: 
Policy Type: 
Policy Ho.: 
Limits of 
Liability:

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

Employers Insurance of Wausau 
Comprehensive General Liability 
Q525 00 086405

Bodily Injury 
$300,000 each occurrence 
$300,000 aggregate

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

Employers Insurance of Wausau 
Comprehensive General Liability 
0526 00 086405

Bodily Injury 
$500,000 each occurrence. 
$500,000 aggregate

Emcrt? Pinaai
$500,000 each occurrence 
$500,000 aggregate

Employers Insurance of Wausau 
Comprehensive General Liability 
0527 00 086405

$500,000 each occurrence 
$500,000 aggregate

Property Pannow 
$500,000 each occurrence 
SSOO.OOO aggregate

Employers Insurance of Wausau 
Comprehensive General Liability 
0528 00 086405

Bodily Injury 
$1,000,000 each occurrence 
$1,000,000 aggregate

Property n^magg 
$1,000,000 each occurrence 
$1,000,000 aggregate

. 7/1/74-7/1/75

7/1/75-7/1/76

7/1/76-7/1/77

7/1/77-7/1/78



-irrler:
Policy Type:
Policy Ko.:
Limits of
Liability:

Carrier: 
Policy Typo: 
Policy Mo.: 
Units of 
Liability:

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

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

Employers Insurance of Vausau 
Comprehensive General Liability 
0529 00 Q8640S

goflll Y. IfLlUTY.
SI,000,000 each occurrence
51.000. 000 aggregate

Property Damage •
51.000. 000 each occurrence 
51,000,000 aggregate

Employers Insurance of Vausau 
Comprehensive General Liability 
0520 00 092911

Bodily Injury
51,000,000 each occurrence 
51,000,000 aggregate

Property Damage 
51,000,000 each occurrence . 
51,000,000 aggregate

Employers Insurance of Wausau 
Comprehensive General Liability 
0521 00 092911

Bodily Tttlurv
51:000,000 each occurrence 
51,000,000 aggregate

ErgBtrty Diaiqa 
-51,000,000 each occurrence 

' 51.000,000 aggregate

Travelers Indemnity Co.. 
Comprehensive Liability 
TRL-N5L-137T930-5-81

ggtitlY.Jni.urx
51,000,000 each occurrence

.Property Damage
51.000. 000 each occurrence

Bodily In.1u.rv/ProoertY Damage
55.000. 000 aggregate products &

completed operations

7/1/7S-7/1/79

7/1/79-7/1/M

7/1/80-7/1/81

3/1/31-3/1/82

Retention
S7SO,000 .any one occurrence



.3/1/82-3/1/83Carrier:
Policy Type:
Policy No.:
Limits of
Liability:

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

Travelers Indemnity. Co. 
Comprehensive Liability 
TRI-NSL-137T930-S-82

Bodily Injury
51.000. 000 each occurrence '

Property Qaaioe
51.000. 000 each occurrence

Bodily Irdury/PropertY Damage 
55,000,000 aggregate products 4.

completed operations

Retantlon'
5750,000 any one occurrence

Travelers Indemnity Co. 
.Comprehensive Liability 
TRL-NSL-137T930-S-83

BodllV Injury
51,000,000 each occurrence

Property Damage
51.000. 000 each occurrence

Bodily Injury/Property Damage
55.000. 000 aggregate products &

completed operations

Retention .
5750,000 any one occurrence

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

Travelers Indemnity Co.
'Comprehensive Liability 
TRL-NSL-137T930-5-84

Bodily Tnlurv 
51,000,000 each occurrence

topeny Pamaga
51.000. 000 each occurrence

Bodily In.iurv/Prgpertv Damage
55.000. 000 aggregate products 4

completed operations

Rstenilon
5750,000 any one occurrence

3/1/83-3/1/M

3/1/84-3/1/85



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

Travelers Indeoftity Co. 3/1/85-3/1/86
Coaprehenslve Liability 
TRL'-HSL- 137TS30- 5-85

Bodily Injury
Sl.ooo.ooo each occurrence

Property Dieiot 
51,000,000 each occurrence

Bodily InJurv/Property-Omaoe
57,500,000 Aggregate products & 

coapleted operations

Deductibles 
l- Pollution Incident

Bodily Injury/Proparty Paatoe
5750,000 each occurrence

2. QUitr shm_EellytlM 
Bodily Hilary
5750,000 each occurrence

SMS™™,

(73 7.r$

Carrier: 
Policy Ho: 
Coverage:

Zurich-American Insurance Croup 01/31/69-01/31/72 
GA 86-32-220
55,000,000 each occurence including 
loss and expense.
55,000,000 aggregate for each annual 
period where applicable, including 
both loss and expense.
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EXHIBIT "A"



,',uc«c«vi *

rlARii

Kobert OivUs«m

f.cbet Ch»cl«* W4lt«t*

ttt. Union Oonald Booth

Momelxdorf -Ron*Id Coleman

Caledonia Ton Fyke

"ri11"” ,<>ac 

ACSOCU*
»MTl -C*OOC TKOWCf. 
HA.itcoCA.rr ts rmt nown. 
HARCOCKCTC TROftL 
HAltCOCUM CO.
HAACOllTC
Suren SOS liOT CON c

->» asbexAM-mnl in ffaduci
cua M

Jon. I*, 
me. 21. 
Aug. 7. 
Oee. >1.
MO«. 11. 
Mac. 13 
Juno 2

• 11 - OCt- 1. tin
741 - may U. 1»11*
lid - *“7. * • l’7’ 
11(1 - nay »!• !»”•

oajai-jxm.
Cctrcnrtgc

111
tv
t\
2 V 

1.21V
n

aehocuk
maacocast es rine t*owtx
KAACOCITE 

MAftCOGUM SO-31*

Jam. 14. 1771 - Sep. 1. Ill* I0V
Aug. 7. 1741 - July II. 117* IV
Mov. 7. 1741 - July lie n

Mow. 11. 1944 - Jam. U. mi IV

■of-cotc
oof-fatCii
CM CUM MIX 
CM-t« CUM MIX
kc-cum mix 
KAXCOCUN CH-343 
KAXCOCUN CX-344 
KAKCOCUK CX-344 KM 
KAACOCUM CXD-347 
MAXCOOUH KC-337 
KAKCOGUM HCD-344 
MAXOOGUK F-340 
KAACOCUM FD—345 
MAJtMAC OK CUM tOX 
VO-332 KC CUM
kaxmag co oexc

AEXOCUH

Juno 1, 1744 -
nor. ae. ms - 
July 3. 1243 - 
July 3. 1241 - 
July 3, 1243 -
Mov. 11. 1244 - 
S«y. 34. 1244 - 
Soy. I. 1245 - 
MOV. 11. 1244 - 
MOV. 11. 1244 - 
MOV. 11, 1244 - 
MOV. 11, 1244 - 
MOV. U. 1244 - 
Ayr. IS. 1224 - 
Aug. 17. 1244 
Hltdi, 1270

1172~
1772**
May «. UT1 
Jan. 11. 1277 
1772*'
Jan. IS. 1277 
UTS**
M«v. 2. 1274 
1272**

- 1272**
- 1272**
- Match. 1174
- Jao. 31. 1277
- Mov.. 1774
- 1I7S*"
- rah.. 17*0

IV 
4 V 
IV

1 1/3V 
IV 
IV 
IV 
IV 

1.33V 
IV 
IV 
IV 
IV 
IV 
IV

Unknown, however, 
the encapsulated 
asbestos nt was 
1/13' to 1/4* 
thick, and wax a 
very xatall V of 
the total 
refractory.

Jan. 14, 1271 - Say. 12. 1777 10V

These were discontinued on or before Hay 17, 1977.
These were dlxcontinued prior to 197S.

♦The prior designation on the original Exhibit A of 'Aatl-Erode* ax an asbestos-containing product was 
an Lncorrect identification. The proper naiae of the asbestos-containing product wax "Anti-Erode 
Trowel*. There were no sales of this product within a 100 aille radius of Kadisen County. Illinois.

♦♦The change of the last date of sale of Aerogun fron the Parber plant does not indicate any additional 
sales of this product within a loo mile radius o£ Madison County, Illinois.

All of the above listed products were Manufactured with chrysotlle asbestos. All of the products, 
except for KARKAG 40 OBXC. were gunning Mixes or castables. The gunning nixes and castables were 
designed by Fred Kuctans and Kobert L. Hess. KARKAG 40 DBKC was designed by Karl o. Scheffer and Fred 
Shroeder. North American did provide to customers upon their specifications a line ot netalclad brick 
with an encapsulated asbestos expansion mat. which North Aaecican designated at Katatag 40 OKAC; however, 
not all netalclad brick contained asbestos. Occssionally, certain customers would specifically request 
asbestos in a metalclad brick other than Uacmag 40 DBKC, but this occurred in less than IVef metalclad 
brick sales. Mo’ metalclad brick with asbestos expansion aats wece sold within 100 miles of Madison 
County. Illinois.

Foe a period of time ending in 1971, this defendant sold Eagle-Picher product! Super 44 and One-Cote 
cement under a relabeling agreement as Stacon and Unlcote. This defendant has » records from which it 
can determine'the details of manufacture, design or composition of these products, (n June. 1944, 
Eagle-Picher informed this defendant it planned to place asbestos warning labels on Super 4< and 
One-Cote and proposed to do cite same for Staton and Unicote which this defendaat agreed. These products 
were sold very infrequently and in smalt quantities.

In March. 1744. this defendant was first informed by manufacturer Kurosaki refractories Company of 
Japan that a Kurosaki slide gate refractory distributed in the United States from nay, 1741 until April, 
1741 by this defendaat contained an encapsulated ceramic mat with a 4.S-2V asbestos component. Tills 
product was distributed on a trial basis in small quantities to only a few of defendant' s' Customers. 
Grantie City Steel Company was the only customer within a 100 mile radius of Had i son County. Illinois to 
receive this product. Granite City aborted its July, 1741 trial of this product after using only six or 
eight of these refractories anti returned all of its remaining purchase order (or refuod. This defendant 
does not know the precise details oC the design oc manufacture of this product at the time it was sold 

th asbestos.
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NORTH AMERICAN REFRACTORIES COMPANY 

MIX 1NSTRUCT I ONS

o at E A k f <te, r

MIX NO. >3*3 

BURN 

SHRINKAGE

PUNT

BRAND

PROCESS $PS- 4-c-^.Jit^ d/t,ur^.

~yrvl^

EXPERIMENTAL HIX

S <4y 55 V.

“«5<s 7*- /o *%

-V* *2^%

<S*2

4.S.5. _SVo

/on %

SPECIAL INSTRUCTIONS

50 Mr, '________________________________________________________________

CONTROL SPEC I FI CAT IONS

SIGNED
Research



foum 11a a
NORTH AMERICAN REFRACTORIES COMPANy/^*^-

Mix Instructions NARCO CQNRDBmAL-RESTRlCTED
Plant WQHtUaORT - 8ASIC 

Brand HARCOGUH CRD-367 

Process PHOSPHATE*BOROED (DRY) 

CHROME OUH KIX

Date

Mix No.

Bum

Shrinkage

APRIL 5» 1368 

522 A

EXPERIMENTAL MIX

CHROME ORE *6+20 HESH 60.cox

CHROME ORE -20*63 MESH 1S.00%

CKRONE ORE -6B MESH 26.672

7K05 ASBESTOS 1.33%

HECTOR BEHTOKITE 6.0«

♦KOKOSODIUH PHOSPHATE (HaH^PO/*) 3.002

PERICLASC ASF 12.002

• 100.002

Special Instructions SHRED ASBESTOS WTO MIX BY KARO TO BREAK UP

LUMPS. ^PURCHASED FROM H08SAKT0 CKEH. CO. AS *H0*0S9D1UK 

PHOSPHATE REGULAR GROUND CODE 1*0,-

Control Specifications
REISSUED FOLLOWtKG RECEIPT 

OP U. S. STEEL, CHICAGO. 

SOUTH WORKS ORDER

Signed
ROBERT L. HESS

REPLACES EXPT'LHIX KO. 322 
(WITKJRAWH 3-10-67) OATED 11-11-66

RESEARCH



NARCO CONFIDENIIAL-fiESIRICID]
NORTH AMERICAN REFRACTORIES COMPANY 

MIX INSTRUCTIONS

PLANT OATE 9///<?<&>/

BRAND A/MLCo&uJ C&/)- 3 V7 MIX NO. 3XX

PROCESS fTA+sk/^Jt.IBURN_____

*U~J >xLjL SHRINKAGE-------- -------------------------------- -------------------------------------------------
EXPERIMENTAL mix

— 2 ^Jo

3-0 / /)■>< a J- i

— ^ S' >y***a&j&A.O.

7/70 3

ASf

tAo. ooj.

AToo %

*7% 

/ 33 Vo 
t/.ov*?*

3.60 V0 

/3s CTO *?o 

/ OD. <n> V,

special Instructions ^
(S

^.coc =v^ Is^Jx. /Zt-^i^-JLziAj dj4.0iss-.nJL Go/ ' /</?<>*,

CONTROL SPECIFICATIONS

//, , j . C -

/fjrbs^ J-
Research

•£{-

SIGNED



MraCONHDmMCialJ
NORTH AMFRI CAN REFRACTORIES COMPANY <~-L

HI X INSTRUCTIONS
PLANT 1/i (T**-^.* ^.eJ ** «- DATE (?u~s . _ ! ~i . <* 4

BRAND (/if) - ^ (NCr GiXr^
A ^ ^—

MIX NO. y *>

PROCESS SPS 8URN —
SLdi«, - cL._ Gt~ \*ftA SHRINKAGE —

EXPERIMENTAL MIX

CJU— - 3'La ? ^
C5L-»"we_ — % -\ ^ f*»v. M
CJUr-^ - 3.u ^ *>(V T-s

ciU— - H% 4-0
—. a a.. q

<U-jLs ■ — ^ -s. S.O t\.<”
? jlJLw — 3-0 -«. «4. \ H-* a. -c

IKS’? 3 4- ^
Q^gX c-t, _» T vCo <*

"“ ■ fee -O */*

SPECIAL INSTRUCTIONS *71,; f iTMIa* \Aa J rr^A*\ n JLl/^Z * fttV-s

(izJ C ' r1\uJiwo Xjfc, £ JU^.f (L; \

Ut_ JU W J.~. Xr^Lv. G_.it

control'specifications •-•••-

-

esearcn

//' i/t /

SIGNEO



NARCO CONRDENM-MSIR1CTED
NORTH AMERICAN REFRACTORIES COMPANY 

MIX INSTRUCTIONS

PLANT — /3- •> X- DATE if,

BRAND jdAftCO 6rQjJ Af<?£~3<A/ MIX NO. 39</

PROCESS - BURN_________________________________

~?Vleu^y. • * <~X ht—J SHRINKAGE

EXPERIMENTAL MIX

3 //i- V"

— ̂  v- «A-<3 /V«a/^ 

—P-O

— <fv- 2-0 ****+X.

—2-0 +-V&'

7/<V.r

. .. * > £»-o ^irx^^L. (diy+Po,/) ..

SPECIAL INSTRUCTIONS \CZZ ^

Ct&b* i.nZt, ,1-1 JL*^' ~ ^ /tci**. TyirvuO*. *.^Ct

CM***—* Qj>. O-O Cjrvti /^o. ■

CONTROL SPECIFICATIONS ' • ‘

S’.* 7.

//.s%

7-*%

«.* %

2X6%

9.s~%

XJ~Z 

3Ao 7*
/.^7. A

3. <3 7q

7OT.O ' ■
____y>^,. <M*.e*. JL >ta

S1GNE0
Research

/i- •!- (.y.
H-



ranm si# • MCOMDENm-MCIEDNORTH AMERICAN REFRACTORIES COMPANT ,U“,tU

Mix Instructions

,*lant

Brand A/eLma*^. ) /^‘3</c

Date «»7 {4^?
Mix No. Z4/ A

Process P A* L

(•SPS) Pua+cA***. IrufL.

Bum

Shrinkage

Pla-L<l£

EXPERIMENTAL MIX

— £ -bf*/ *r/ v.
Pu*-cW T*Af /SK

/tsr 3c 9.

7 Xos / 7o.

/oo%

Special Instructions *****

tfn4 A» y-j.

Control Specifications

«*. Jl . _

/h.6-LSV->p\J { 72

■ 2*—S
_/£ZL-J.X-& In-t-£+-l .

Signed Xl*
RESEARCH

hw- H*. 34V

^ a / a f



COItfflDEMJHl-RESiHcigi
NORTH AMERICAN REFRACTORIES COMPANY 

MIX INSTRUCTIONS

PLANT OATE

8RAN0 A/A-&CO<5rdrJ /?-3</<P 

PROCESS

M»X NO. .?<//

BURN

SHRINKAGE

EXPERIMENTAL MIX

p-*2.

<1 C- ^ v-^-o /tkuA /77.

v- 7 ¥ AT7.

a e. / «•» -a - y^»~wL,

CP^-cl^ 3^7. '

7 /YoS~ /7d

/O’z> *9.

SPECIAL INSTRUCTIONS /hcAjtut.
-^o

•*yi> M*- Ousle/t-JL &j/~

CONTROL SPECIFICATIONS

/3tULa-JL er*j £1)0. B'Po t&U/JL

S ~y~~) -it ^

SIGNEO /Pe-Cuu>j/

Research

/< - , 3-6 <J 
<£A-



Vo AM IK ■

NORTH AMERICAN REFRACTORIES COMPANY

Mix Instructions ISARCO CONflDENTlt-RESTRlCTED;‘Vi. v

Plant li/a-pytjeJ*.^er^_ /<..

Brand a//t4.^ d/i*

Process - ,/.iT rril, —Mjj^yc+^JZ*-

Date /jT

Mix No.

Burn

Shrinkage

Mix
-y,

- Y<r

7'<OS-

/<2 . C

/<2. O

3.o

A A“"

/ ,Q

> &c .<3 -x.

AA^ _<?

Special Instructions ^ - r __^ ^
Y-

Y-. :___/&rr>£ olJJU*

4^/P’>~.. -■VCO.-..

Control Specifications

/»viwt^ i>.. J 4^g - / j"?

cO. O-XiT_____________

ReH«aces Sheet Dated

Approved Reswrcn

Approved
ULcfJ

Operatinz

Approved
~3> j j —

____ Plant



WRCO CONRDEFmAL-RESTRJCIH)
NORTH AMERICAN REFRACTORIES COMPANY

MIX instructions

PLANT ~/5j^clA=. DATE // J<?C</

BRANO A/fi/Zco&uJ MC-339 MIX NO. 3<?3 /?
PROCESS (SAS) BURN___________________________ _

SHRINKAGE

EXPERIMENTAL MIX
^^LO«k4. ^u. -3l/x -r 7 8*0%
CJwrv+n. <32a_<_ ~ 8 *- 20 /AS %

£i\A*+ fr d2/U. !*• /ru*A/

du*. — *Yf Aj t/.O *?o
pu>^c,6.a^i— x±.oV0
Pja^cjAx^jl. - 8 -t-3-O '1.S°? O

Pua*~cAx-*jl -Zo-rLf? a~~Jj 5,^7.

PxsUrcJ..**-*. 4. 4SF
7K OS £l - /-o%

/oo. O

SPECIAL INSTRUCTIONS Z.7& An ~A^JL :,
______ : : : ~7 ; </ .... ......_-•

AA<&. sy\.a*^yyLt~ Qyn> Atn.^^r~‘

CONTROL SPECIFICATIONS

SIGNED
' "— Research

A/nuA£tjZt2<g. 8/'7/&</

/!-, 1-LrY' 
J-tS



FOMm •!( B

Plant *?££* Date %__ /Y/c 2.
Brand MX Fine CfrcuJc /)

Process

NORTH AMERICAN REFRACTORIES COMPANY

MU Instructions MCO (MDENM-RESTiTO

Mix no. ,?r. ?A. 

Burn

Shrinkage

Mix

SMoez/ /Jar 7s /Off)

///t< J £&syisOi4s€r

'7/z M

CZe~^, //a’S~ /3aM

7 ACc S' :' t/.w.)

70 % 

30 ^

s~ %

Special Instructions

j/rt .C&i*c<JLt___ CZa.__ (J AS S-r-fSyLr /SJ/7~

‘t/rHLjrf,
7*“

T
Control Specifications
m/p /Sy JLSc. *X ' ' V^ fassr/yif* 

fsOP / pf Y(=iWr t -3 O & 3\7/ CJU***±t£iZ*C‘-e

tr-TTf P/&S// __________________ _

Replaces Sheet Dated

Signed_________________ Enjinserinj
^7

Approved ? Rtswrai
Approved ^ (J!Lr>fj) Operatinj
Approved )c

iPPa, Plant



NARCO GONflDENM-RETROT
NORTH AMERICAN REFRACTORIES COMPANY 

MIX INSTRUCTIONS

PLANT OATE ^ /76 </
O’

BRANO .■>1 y (L MIX NO. C, /?

PROCESS BURN

SHRINKAGE

EXPERIMENTAL MIX

r

-^7/

7A^jr

-Z.

-<P*

7^7.

<P-^> /•

/ 3>o aU-X)

SPECIAL 1NSTRUCTIONS z*

CONTROL SPEC I FI CAT IONS

ata*EZ-A. /£> /q>£3
■ i/"

SIGNED o^. Z^1 " ^
Research



NORTH AMERICAN REFRACTORIES COMPANY

Mix Instructions HflRCO CONHDEfmAL-RESTRJCTES
Plant < W.

Brand

Date _// /fL3

Mix No. Jxy S’

Process Burn

Shrinkage
V

Mix

77-37) /f ?.
7 /£. * 7.J.

-A -<l & 4.J ^ ^

P lFS~f 3-5

j)c ii ii_

(La&L+JtZ^ 7fcs- (J-v) /.& ?.

Special Instructions cJ.C. */o?7

-----Xj/jrCf/cC ^

------.-$-4*j cMa^s, ’ 3c, A A-JI*. __________________________

Control Specifications
&w- ^v; ace Ps, *;j. 

o/c r'jS* fr M,nJ

heplaces Sheet Dated 

o-^ n / 46/

Signed Enjineednt

Approved 7&^>C'^£'r. jt-cj€e-< Rourcn

Approved Operating

Approved Plant



Form M67 HASH) (MOflMSTRICTH)
NORTH AMERICAN REFRACTORIES COMPANY.

MIX instructions

PLANT PARSER, MO. DATE NOVEMBER 7. ldfil

BRAND

t;
NARCOLITE MIX NO. 326 A

PROCESS BURN

INSULATING CASTABLE SHRINKAGE
M I X

PERLITE (BROUK. 77-37} 18.0 %

STIFF MUD BATS Ik M 27.2

GLEASON CLAY A.F. 10.2

P1F59 FRIT POWDERED 2.3

ROLANDSHUETTE CEMENT 40.5

7K05 AS8EST0S (J-M) 1.8 %

SPECIAL INSTRUCTIONS 8ASED ON W.O. 210 6_____________

THE ASBESTOS SHOULD BE SHREDDED BY HAND INTO MIXER.

CONTROL SPECIFICATIONS 

M/R DRY 230°F 200 PS I MIN. 

C/C DRY 230qF 500 PS I MIN.

APPROVED F. W. SCHROEDER Research

Replaces Sheet Dated APPROVED R. F. WHITFORD " Opera tinq

5/14/57 APPROVED C.,P. WALTERS Plant



IRCfl (MDfflM-RESraCTEB
NORTH AMERICAN REFRACTORIES COMPANY 

HIX INSTRUCTIONS

PLANTv_&n&/fc^ W>__________ DATE /96J
*

BRANO

PROCESS

{hi C.

HIX NO. UJ. 0. /¥lt 
BURN ____________

SHRINKAGE

EXPERIMENTAL HIX

'7o<*w_^C &C./1-' - 7/^T**-*^

W - 2 <2? y^*^'

7Ko5~ ddJ^ttZ^ Q'^)

32.%.

,,Z
wy.

nZ

SPECIAL INSTRUCTIONS 7^0^ O-^s 7Jf&£~ d-duiZis&s S&&. CCd&f^

CONTROL SPECIFICATIONS

~y^//f* S' (3o~x^>oJLlc^

SIGNED

sS- /?>•

7 T' Ras^rcn



NORTH AMERICAN REFRACTORIES COMPANY

.... H7A-

Mix No. 3 36, &____________ ■Brand )J Sb-336,

Process Jj, (tb+j)

|L----------M^L.________ Shrinkage

Burn

EXPERIMENTAL MIX
^iU****** /$**%&* *“ 3 i^«ni >»-/w-

-<9jtL.jC /CC«yaA ̂ L)

ffrSF

7 hSo J~

A'C-Cvi •£, *4« ('/Ja, P6^* J-*

* ■*
f^xjZLe. ~ S-o->*4~ 3- a

t*7%

£.0

#

S’

I

3

/<n> <Z

6.2 S’ ^ A.+Jt+I'.JL,

Speciat Instructions CUjU+XZ. jU^
/^j ^y0 6a r, f^r lye **11/ r?i ■

/>.. CmSP)^ ,/.—»' CvAjl.

Control Specifications *«»-JU^CZ^J C*.j
■ ___________________________________________ '/3Lm!^*^ ♦;

J

1 r

/ry

<&Cc2i.~Sin4r-

XJ~0T-

1 i
/ti-cyi

Signed /Zy-6^JF J.'., £Jc^_^
RESEARCH

Tt-cnJ. /> , ) 1 C 4-



URDU CONflDENnAl-fiESTRICTED

NORTH AMERICAN REFRACTORIES COMPANY 

, MIX INSTRUCTIONS

PLANT /Wcu+i/' Uyucc^j_______ QATE // /?<£ </

BRAND A/A/LCat-isJ MIX NO. 33C

PROCESS /?Uo/lLUL (duj)
«■*

BURN

SHRINKAGE

EXPERIMENTAL MIX

&*Ze> ~3 <11 • 4> *./J

(PolGU {%^ua2u)

/J-f. ■C.jEeTT. c-S.

■* «* • $S^

*J aS~

<*7%

'?• 

3% 

/cm *?*

SPECIAL INSTRUCTIONS jjM^JLJL jU<_ /rfvvUJkJ/ "

-6-«~JL >4j ULyxfiu, aaX&uu*..(U

Aq A’ci/^ ^Lgtcuyjt GtJLe. t ^q" ^

CONTROL SPEC IFI CAT IONS

.. eW uXO. 336 a.!«Zt4

7-27 -6^

SIGNED
Research

,.6/



NSRCO OONRDENTIflL-RESTRlCTH)
NORTH AHERICMLREFR^TORiES COMPAQ

MIX INSTRUCTIONS

PLANT W

BRAND,/? />. f - 0 7/

PROCESS

DATE

MIX NO. A V3 A

BURN

SHRINKAGE

— ao j- yt~ ftnc-fo se 

__ Y ? f’tric./vG €

EXPERIMENTAL MIX

(Sint&s—------------
SZ/SS ff PoHxt**

£*f/c/y 7e*f*<S‘

A Sfierce -S / /CO S~

$ ° ^7-7S

St

eX

3 X

.

/at£7#,/

..- . /*iA fan *y%-
SPECIAL!NSTRUCTIONS S/„s «{./<, A-.,*>d

#/ Asi*C*. ~ _/ _____________________ •' • : - -

CONTROL SPEC IFI CAT IONS 

__________//tfr-e________'

SIGNEO
~ : Research

farr t ft_g /H;< J ?3
/

///3*/cs~

'SiDS^=L 5 19 fc> ra .



»£•>>>•" "-'^^'dLMrSi^&i^i^sSSk^kinoTu jauc’d i cam 'dccaArTno i rc^'rnMP,





NARCO DONF1DENT1AL-RESTR1CIED

PLANT
m/

NORTH AMERICAN REFRACTORIES COMPANY 

HIX INSTRUCTIONS
OtfELi ________ DATE rfrv

BRAND 3, 0, F* - Pfi-TXuH 

PROCESS ____

HIX NO. 5+4
BURN

SHRINKAGE

EXPERIMENTAL HIX

— 4 -hi d/5-sr

—— & —f
f\
r.

37 h

t O 
o"

/3
or~

$. ^ £=>

/(test Try*-?

/3 zJL+LtJ)

-»> ' Yy\jsjL~ <

CONTROL SPECIFICATIONS
iLpiul--.

hj^jrTr^

SIGNED LuW
Research



fomm 11$ a

NORTH AMERICAN REFRACTORIES COMPANY

Mix Instructions m CONHDENTlfll-RESTRlCTED
Plant Date

Brand C, A?

Process

£sr,j^>

Mix No. »?/<? c-

Burn

Shrinkage
\v-** „ » >

Mix •

- y f- /**>■/ JZS'Z

-/¥ +■ 9r/i ao y

- *■£#

- £ +/*+/ AO Z
- r?H / * Z

<S£>

ct •** 7

3

o> y0

*ym(o^U.)

Special Instructions

tZg

Control Specifications •

Replaces Sheet Dated

iil

Signed Eupnierinj

Approved Rssearoi

A pfprovedf> :,j$4J Operating

Approved \
^T<£u <jv__ .. Plant



roAM h« a

Mix Instructions

Plant ^

NORTH AMERICAN REFRACTORIES COMPANY

Brand <2. /V XT

0iieEmMRiciED

Date^rT-—/—T 7 ' ''
— </ v/

Mix No. 3/og -

Process Burn

<^Aj£_

Shrinkage “ir..

Mix

//

L—-—^ £ z> “

Special Instruotions

- r >-r%

-/y' a /r// AO X

- /r/Y a.

- X

- /r>Y / o X,

5 *Z (^>uujC)

A-V. -I__vZ<3_

Control Specifications '
/<?

Signed Enjlneerliij

Replaces Sheet Dated

C<-£*JjZ_ /G , /f&J 

y3-A j.

Appro'^Jd^TV^ JjGp Operating

Approved \ iz_ Plan!



rOHM M# •

NORTH AMERICAN REFRACTORIES COMPANY'1-;.

Mix Instructions fJARCfl CONROENTlAL-RESTRIflfED

Ptant

Brand /-/ Svi^y

Process

\w^hMaXFZ- ~h~-

£-tx_

Date 3 /fc 3</
Mix No.

(/ 7 » —----------
2T -------

Burn

Shrinkage f ■ ~ —

Mix .

- ?+■ t<£ V /r %

/ <r X — —,
— Y% H /<r A-

i<

- f

</TH

- </fH 

Af=~

7 A* c f~

Special Instructions______________

3c &
juZ

3 /o (?-<*—
4, Xv (a^/^CceCj 

Jl Va (*~<<-*tc£)

■--- L .,.L_j

-f£lsts ! J-S}

Contro! Specifications

Replaces Sheet Dated

/£ /<?63
i >.'(. j

Signed EflEineeflni

Approved Researcn

Approved^ OperaUni

Approved -------------- Plan!

7



NAP CQNRDENM-RESIR1CTH)
NORTH AMERICAN REFRACTORIES COMPANY 

MIX INSTRUCTIONS

PLANT tAj&ymJLac£v**J— ~/3a-Z<o. PATE //

BRAND AJ^(2.Co6e-uJ CM’343 

PROCESS /U*uU#3< fS£S)

MIX NO. <3//

BURN

SHRINKAGE

EXPERIMENTAL MIX
-3*4 ~h£ fr^oaAj

dJ-Jw^rwo- <nc — 8 4- PO tn^-oa-dJ /SVa

6-%u— -Po i-4? n*7.

CM***<r*+*Jk- /HtaJL p-%

^*tsoo-e*J-4t ,*i4 /?-S7^ jd*70'

/dro °}*

SPECIAL INSTRUCTIONS SJLajlJL 60a.J44.4J-va. io^, Jo*.—q yo

<At. CLuJ-tf * O -J-Jop

CONTROL SPECIFICATIONS

SIGNED /b-too.tf' <J. -<1-0 >
Research

/: _ 1 j

f ■:t*/



NARCO CONFIDlIiAL-mciED
NORTH AMERICAN REFRACTOR 1ES COMPANY 

MIX INSTRUCTIONS

PLANT (%.*t^ic. DATE

BRAND *71 GA.-3<Jto MIX NO. ■? J /

PROCESS SPS- (r*~JLUL 

cLi

BURN

SHRINKAGE

C^LA-»v

ASA

3s^70

s %
?-i.S'a}+

/ <7,.

SPECIAL INSTRUCTIONS ok~-uJ-A JT

jy-xg^rs^i:—2^ /era jU-

CONTROL SPEC!FI CAT(ONS

SIGNED c/-.
Research



Form M67

PLANT

NARCO C0NRDENTIAL-RESTR1CTED
MOBTH AMERICAN REFRACTORIES CQMplff£

MIX iNSTunr.TlOtLS

can—

BRAND MIX NO. 327 &

PROCESS BURN

Shn s<2aj-&L^Z**-4 , SHRINKAGE
U M I X

W <^) _ f//

<«s-^ 4 F-.Sc /

1K oF r

F frs<?

fiiljCL - ao (/juutUt.')

SPECIAL INSTRUCTIONS t/J.<j?. o7£>^

^/.S %

*ze v 

/<?•/ 

A*

j?y

/(g.O X

<u

( fi-'jzfj /fxOJiTsiAULs
y

CONTROL SPECIFICATIONS

Vl//S Ha,, ■/te'F.
/ if : . ' . .
Cs >< “_________S'CnOfu^ ■

A

Replaces Sheet Dated 

V^-Vo£ /j ityt?/

APPROVED rr/^Z^v^^^^^Research 
APPROVED ^<uUJ Operating 

APPROVED /? Us fyj^U, volant



1NARCO CONHDENTlftL-RESIRlCTED
NORTH AMERICAN REFRACTORIES COMPANY 

MIX INSTRUCTIONS

PLANT Cf'- DATE ~Us&\dj /

BRAND _____________ MIX HO. 3 £7 A

PROCESS________________________________ BURN .

e+*OCUj-(^ MIX SHRINKAGE____________________________

wy.

32 yD 

// y.

z y. 
//%.

cicy^W^- -IZaJZ' - fH

~Wu>. <*0*1

IK o s (i -f)

/Vo. jL j/^c<*T-isisC4Uj^£*JCiL.

SPECIAL INSTRUCTIONS

CONTROL SPECIFICATIONS 

({jf^+/t. /'// eg, £j- VSt'r S/o- jT^T

'\y)/& AiV-ij. /3t>t*3sr0^id.

Replaces Sheet /
L-^d ^ 'Uu. /r /?r7

J

SIGNED Engineering;

APPROVED > Research

dO-JlAPPROVED Operating

APPROVED )? IIT .PLANT



r OR M 114 •

Mix instructions NARCOCONFlDENTIAL“RESIRlClhU
Date /J*.

NORTH AMERICAN REFRACTORIES COMPANY

•t
Brand £>J>- *<SiT

7T
Mix No. ^TVJl

Process c-h Burn

z»>ev r-*~- £H~iJAj Shrinkage

Mix

^Ajn>e & *J#i£-*s.&srrre- ~Mf y- S’ *,*■**+

~~ & *~£o **-*rs+t

" ’"Vf X£|y

*■
3o ■*-

/<£? *<-

Jt.t^f/y

• isl [ w»+mn*+i»»>«»»

4> ^u

P-U+*-j>£-+£Z. /Z^-^,r P -+' JtL*. 1—Iv_

Control Specifications

>* y r***~L/ / J 5^.

-lo

/2u~*-o-Ji u2*~A- ^ <^g-C

A.______________■_______________

-3^ J ^

Approved . Reaarcn

Replaces Sheet Dated

Z-3 ^VyJrt ^/ y. ^/, j VJ <^)

Approved

* —

Operaline
____ -

Approved sC^f /L--------------------- ^ ^—c—i=I Ilanl



FORM Sll ■ (J

NORTH AMERICAN REFRACTORIES COMPANY
Mix Instructions MRCO CONRDfflMSTRlCTED

Plant

Brand

Process <jr~ - &r~-JUSL

}yu*t£.

Date A7 /ft*

Mix No. J </«l jg

Bum________________________________

Shrinkage

7P6 S' A*

EXPERIMENTAL MIX

“4 i1

A5/=

St %

3c ?. 

/ % 

/CO ^ .

-T%»'yhtryvo _ PJLafU-*ZL C^HirPa?)

Special Instructions * i/ ^

-----------4^ZL _ £<—"—v*—/y^C . S£^d-JL A■

--------------iMt*. ^C» ______________________________:

Control Specifications

A jI

___P^fzJ^ULj ZyjiXl )t*. JfrQ. /f

Signed • ^e^Luy*'/, -> y -
RESEARCH



1HC0 COMflDDIUlfil-RBIRlClED
NORTH AMERICAN REFRACTORIES COMPANY 
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for 6tandards to protect the health of workers exposed to an ever 

increasing number 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 
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are developed. Criteria and standards will be reviewed periodically to 
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I. recommendations for an asdestos standard

The National Institute for Occupational Safety and Health-(NIOSH) 

recommends that worker exposure to asbestos dust In the workplace be 

controlled by requiring compliance with the following sections. Control 

of worker exposure to the limits stated will prevent asbestosis and more 

adequately guard against asbestos-induced neoplasms. The standard is 

amenable to techniques chat are valid, reproducible, and available to 

industry and governmental agencies. It will be subject to review and 

will be revised as necessary.

Section 1 - Environmental (work place air)

(a) Concentration

Occupational exposure to airborne asbestos dust shall be 

controlled so chat no worker shall be exposed to more than 2.0 asbestos 

fibers per cubic centimeter (cc) of air based on a count of fibers 

greater than 5 micrometers (>5 jm) in length ((determined by Che mem­

brane filter method at AQ0-45QX magnification (A millimeter objective) 

phase contrast illumination, as described in Appendix I)), determined 

as a time-weighted average (TWA) exposure for an 8-hour work day, and 

no peak concentration o£ asbestos to which workers are exposed &hall 

exceed 10.0 fibere/cc7 5 jin as determined by a minimum sampling time 

of fifteen minutes.

(b) Sampling

Procedures for sampling, calibration of equipment, and 

analysis of asbestos samples shall be as provided in Appendix I.

(c) It is recommended that thi6 Section I became effective two 

years after promulgation as a standard, and that until the date of
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publication, the present emergency standard for exposure to asbestos 

dusc (29 CFR 1910.93a) shall be in effect. This period is believed 

necessary to permit installation of necessary engineering controls.
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cction 2 - Medical

Medical surveillance 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 environment.

For purposes of this requirement Che Cera "exposed Co asbestos" will be 

interpreted as referring to time-weighted average exposures above 1 fiber/ 

cc or peak exposures above S fibers/cc. The major objective of such 

surveillance will be to ensure proper medical management of individuals 

who show evidence of reaction Co past dust exposures, either due to 

excessive exposures or unusual susceptibility. Medical management may range 

from recommendations as to job placement, improved work practices,- cessation 

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

plications. Medical surveillance cannot be a guide to adequacy of current 

controls when environmental data and medical examinations only cover recent 

work experience because of the prolonged latent period required for the 

development of asbestosls 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 (FEV^), and periodic chest 

roentgenograms (postero-anterior 14 x 17 inches). Additional medical 

requirement components include a history to describe smoking habits and 

details on past exposures to asbestos and other dusts and to determine 

presence or absence of pulmonary, cardiovascular, and gastrointestinal 

symptoms, and a physical examination, with special attention to pulmonary 

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

systems.
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Chesc rocncgcnograms and pulmonary function coses will be performed

ac the employer'a expense, at least every 2 years on all employees 

exposed to asbestos. These tests will be made annually to Individuals,

(1) who have o history of 10 or more years of employment Involving 

exposure to asbestos or, (2) who show roentgenographic findings (such 

as small opacities, pleural 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 indicate 

restrictive or obstructive lung disease.

Preplaceaeat medical examinations and medical examinations on the 

termination of employment of asbestos exposed workers are also required.
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Section 3 - Labeling

(a) A warning label Cor asbestos as shown In Figure 1 shall be used.

(b) Numerical designations indicate the following:

(i) 4“ Health Hazard (color code, blue). Inhalation may

cause ashestosls, pleural or peritoneal mesothelioma, or lung cancer.

(11) 0“ Fire Hazard (color code, red). Asbestos is non-flammable

and has negligible vapor pressure, volatility, flash point, and explosive 

limits.

(c) The details of the numerical hazard rating system are found in 

Appendix II.
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ASBESTOS

HARMFUL: May Cause Delayed Lung Injury

(Asbestosis, Lung Cancer).

DO HOT BREATHE DUST.

Use only with adequate ventilation and 
approved respiratory protective devices.
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Section b - Tersonnl Protective Equipment and Clothing

This section. 6hall apply whenever a variance from the standard sec 

in Scccion I Is granted under provisions of che Occupational Safety and 

Health Act. * Use of respirators can be decided on chc basis of time- 

weighted average or peak concentration. When che limits of exposure to 

asbestos dust prescribed In paragraph (a) of Section 1 cannot be met by 

limiting the concentration of asbestos dust In Che 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

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

to be used, the employer shall measure che atmospheric concentration of 

airborne asbestos in the workplace when che initial application for variance 

is made and thereafter whenever process, worksite, climate or control 

changes occur which are likely to affect Che asbestos concentration. The 

employer shall test for respirator fit and/or make asbestos measurements 

within the respiratory inlet covering to insure that no worker is being 

exposed to asbestos in excess of the standard either because of Improper 

respirator selection or fit.

(ii) As noted above, the use of respirators and protective 

clothing can be decided on the basis of either time-weighted average 

or peak concentrations. For determining usage or compliance, the peak 

concentration of 10 ftbers/cc is preferable.

♦Variance procedures will not be required for emergency and occasional 
short-term exposures in excess of the environmental standard. However, 
the use of respirator equipment as indicated in this Section (4) will 
be required under conditions in excess of the standard.
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(ill) For au acmosphere containing not more than 10 fibers/cc 

greater than 5 jim in length over an 8-hour average or more chan 50 fibers/cc 

over any 15 minute period, a reusable or single use filter-type air-purifying 

respirator, operating vich a negative pressure during the Inhalation phase 

of breathing, approved under the provisions of 30 CPR 14 (Bureau of Hines 

Schedule 21B) or valveless respirators providing equivalent protection 

shall be used.

(iv) For an atmosphere containing not more than 100 fibers/cc 

greater than 5 in lengch over an 8-hour average or more chan 500 fibers/cc 

over any 15 minute period, a powered air-purlfylug positive-pressure res­

pirator approved under the provisions of 30 CFR 14 (Bureau of Mines Schedule 

2LB) shall be used.

(v) For an atmosphere containing more than 100 fibers/cc greater 

than 5 jim in lengch over an 8-hour average or over 500 fibers/cc for any 

period in excess of 15 minutes, 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 shall establish a respirator program in 

accordance with the requirements of the American National Standard for 

Respiratory Protection Z88.2—1969,

(b) Protective Clothing

(i) The employer shall provide each employee subject to 

exposure in a variance area with coveralls or similar full body pro­

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

in areas where there ia exposure to asbestos dusc.
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(ti) The employer shall provide for maintenance and laundering 

of che eolled protective clothing, which shall be stored, transported 

and disposed o' in sealed non-reusable containers marked "Asbestos-Con­

taminated Clothing" in easy-to-read letter*.

(iii) Protective ’clothing shell be vacuumed before removal.

Clothes shall not be cleaned by bloving dust from the clothing or shaking.

(iv) If laundering is to be done by a private contractor, the 

employer 6hall Inform the contractor of the potentially hamful effects 

of exposure to asbestos dust and of safe practices required in the 

laundering of the asbestos-soiled work clothes.

(v) Resin-impregnated paper or similar protective clothing 

can be substituted for fabric type of clothing.

(vl) It is recommended that in highly contaminated operations 

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

rooms.
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Section 5 - Apprise! of Employees of Hazards from Asbestos

Each employee exposed to asbestos shall be apprised of all hatacds, 

reLevant symptoms, and proper conditions and precautions concerning u6e 

or exposure. Each exposed worker shall be Informed of Che -Information 

which is applicable to a specific product or material containing 5Z or 

more aebeetos (see Appendix III for details of information required). 

The information shall be kept on file and readily accessible Co the 

worker at all places of employment 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 operations where the asbestos content is less than 5Z.

Information as specified in Appendix III shall be recorded on 

U. S. Department of Labor Form OSHA-20, "Material Safety Data Sheet", 

(see page X-3 and X-4) , ot a similar form approved by the Occupational 

Safety and Health Administration, U. S. Department of Labor.
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Section 6 - Work. Practices

(a) Asbestos cccaent, mortar, coatings, greut, and plaster shall be 

mixed in closed bags or other containers.

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

sealed bags or other containers.

(c) All cleanup of asbestos dust shall be performed by vacuum 

cleaners or wet cleaning methods. No dry sweeping shall be performed.
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Section 7 - Konlcorinft and Recordkeeping Requirements

Employers vrtLL be requited* to maintain records of environmental 

exposure to asbestos based upon Che following environmental 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 on a quarterly basis 

for maximum-risk work areas under che following conditions:

(a) The environmental levels are in excess of che scandard.

(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 and recordkeeping has been granted.
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II. INTRODUCTION

This report presents the criteria and the standard based thereon 

which were prepared to meet the need for preventing occupational diseases 

arising from exposure to asbestos dust. 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 criteria by 

"The Secretary, Department of Health, Education, and Welfare...on the 

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

information available to him...to effectuate the purposes of this Act."..., 

by providing medical criteria which will assure Insofar as practicable 

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 with others, formalised 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 controls and more healthful work practices and should not 

be used as a final goal.

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

the criteria developed by NIOSH. The criteria and standard speak 

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

as applicable under che Occupational Safecy and Health Act of 1970.

II-l



The occupacionaL safety and health aspects of the mining and milling 

of asbestos ores are covered by provisions of che Federal Metal and 

Nonmetallic Mine Safety Acc (30 US.C. 725 et seq.) under which provisions 

che Bureau of Mines has promulgated applicable regulations. Relevant 

data, however, bearing on che safety and health hazards from exposure 

to asbestos dust In the mining and milling of ores were considered 

In this document.

these criteria were developed to assure that the standard based 

thereon would, (1) protect against asbestosis and asbestos-induced 

neoplasms, (2) be amenable to techniques that are valid, reproducible, 

and available to industry and official agencies, and (3) be attainable 

with existing technology.

The recommended standard is designed primarily to prevent asbestosis 

For other diseases associated with asbestos, there is insufficient 

information to establish a standard to prevent such diseases including 

asbestos-induced neoplasms by any all-inclusive limit other than one of 

zero. Nevertheless, a safety factor has been included in arriving at 

the concentration level that will reduce che total body burden and 

should more adequately guard against neoplasms.

Asbestos has been mined, milled, processed, and used for many years 

and as a result, a number of workers have experienced significant 

accumulative 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 initiation of 

fibrosis, caLclfication or neoplasia will not absolutely prevent
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lutuiit progression of asbestosis or the clinlcaL development of 

neoplasms. Therefore, It Is absolutely essential that a low level 

of concentration be set to preclude the initiation of diseases 

resulting from exposure to asbestos. And of necessity, any prolonged 

delay in the establishment of the standard may require a more 

stringent standard in the future to assure the reduced total body 

burden of employees which is necessary to protect their safety 

and health.
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III. BIOLOCIC EFFECTS OF EXPOSURE TO ASBESTOS 

Asbestos is a generic term that applies to a number of naturaLly 

occurring, hydrated mineral silicates incombustible in air and separable 

into filamencs. The most widely used in industry in the United States 

is chrysotile (3MgO.2SiO2.2H2O), a fibrous form of serpentine. Other 

types include amosite (FeMgJSiOj); crocidollte (NaFefSiOj^.FeSiO^-^O) ; 

tremolite (Ca2Mg5Si3022(OH)2)■ anthophyllite (MgFe)ySigOjit0^2^! 

and actinolite (Ca0.3(MgFe)0.^tSiOj) •

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 million tons used In the construction industry

is firmly bonded, i.e., the asbestos is "locked in" in such products

as floor tiles, asbestos cements, and roofing felts and shingles; while

the remaining 8 percent is friable or in powder form present in insula-

1
tlon materials, asbestos cement powders, and acoustical products. As 

expected, these latter materials generate more airborne fibers than the 

firmly bonded products. The 187,400 tons of asbestos used In non-^ 

construction Industries in 1965 were utilized in such products as textiles, 

friction material including brake linings, and clutch facings, paper, 

paints, plastics, roof coatings, floor tiles, and miscellaneous other 

products.

Mining and milling of asbestos in the United States Is a small 

industry, employing fewer Chan a thousand workers. The health and safety
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aspects of mining and milling operations are not covered under che 

Occupational Safety and Health Act of 1970.

The construction Industry has, in recent years, applied asbestos 

insulation materials by spraying, a method of application that generates 

more airborne asbestos fibers than older conventional methods. This 

technique at present utilizes only a small percentage of the total 

asbestos produced and Its 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 estimated three to five

2
million other building construction and shipyard workers.

Since the dust exposure to the Individual worker Is extremely 

variable and the number of asbestos workers at any one location is 

small, the primary and secondary asbestos dust exposures to all 

workers have never been satisfactorily estimated.

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

asbestos-containing products. This figure does not Include secondary 

manufacture of products which contain asbestos, such as electrical 

or thermal Insulation, or products which include previously manufactured 

components containing asbestos.^

The following information, furnished by the Pennsylvania Division 

of Occupational Health, shows the number and variety of plants using 

asbestos in which potential exposures can occur. These figures are 

based on a survey of a total of 18,439 manufacturing plance in that
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Stace as of August 22, 1969 , and represents about 1.4 percent of all 

manufacturing operations In Pennsylvania. Service facilities such 

as garages are not included.

No. of Plants

Insulation, including cutting,
drilling, and tape taanufacture 75 

Manufacturing and processing 16 

Brakes and friction 10 
Cement, clay 18 
Miscellaneous* 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 use of asbestos fibers did not begin until the

2
last quarter of the nineteenth century. With the increasing use 

of asbestos materials and increasing 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 concern visually involve 

more than one type of fiber, although chrysotile predominates. To 

refine our knowledge of the biological actions of asbestos, it is 

imperative that the character of the exposure as to concentration, sire, 

and type of fiber be known. At present, data of this complexity are 

scanty or often non-existent with respect to human exposure.

The first record of a case of asbescosis was reported in England 

by Montague Murray in 1906.^ The first complete description of 

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

in 1927 when Cooke^ reported on a case of asbestosis and McDonald*’ 

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

believing that these "curious bodies" 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 

exposure is long. This has been documented by the following studies: 

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

1938. In 1918, Hoffman^ reported that It was the practice of
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American and Canadian insurance companies noc to insure asbestos

workers due Co the assumed health-injurious conditions of chat industry.
0

In 1917, Pancoast, Hiller and Landis reported on X-ray appearances 

of pneumoconiosis In 15 individuals exposed to asbestos.

9
Mills' publication In 1930 was the first report on a case of 

asbescosls published in the United States, and in chat same year, Lynch 

and Smith^ reported on "asbescosls" bodies* found in the sputum of 

asbestos workers. In Merewether's review of asbescosls emphasis

was placed on the relation of asbescosls to dusty working conditions.

12
The clinical aspects of asbestosls are well documented. Cloyne 

discussed the pathology of asbestosls and methods for diagnosing 

asbestos.bodies and asbestosis. Selikoff and Hammond^ analyzed 

1,975 autopsies in three large New York City hospitals and found 

asbestos bodies in 9A2 (47.7%). 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 incidence of 

asbestos bodies, i.e., 90 of 129 cases or 70 percent. Selikoff's 

observations also suggest that asbestos bodies were as frequently 

present 38 years ago as now.

Although a large percentage of the lungs of adult urban dwellers 

may be found to contain ferruginous bodies (depending on the method 

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

^'’Ferruginous bodies" is a more descriptive term. Thia and other 

aspects of the biologic effects of asbestos ore well documented in 
the Annals of the New York Academy of Science.
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The core fibers have not been systematically identified to indicate 

how many fre asbestos bodies, and there ace Little data bearing on 

possible health effects associated with the Low concentrations of 

fibers found In ambient 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, asbestosls, are characterized by:

(1) A pattern of roentgenographic changes consistent with 

diffuse interstitial fibrosis of variable degree and, at times, pleural 

changes of fibrosis and calcification.

(2) Clinical changes including fine rales and finger clubbing. 

These may be present or absent in any individual case.

(3) Physiological changes consistent with a lung disorder.

(4) A known history of occupational exposure to airborne asbestos 

dust. In 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 airborne asbestos 

fibers, often in association with other substances, exist. One 

of these abnormalities, a diffuse chronic inflammation and scarring
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of the lung, ts chc one recognized early In this century and ccfcrred 

co as "asbestosls."

EpidemlologlcaL Studies

Harries^** In 1968 suggested that first impressions would lead one

to believe chat only workers continuously exposed to asbestos are at

risk of developing asbestosls, however, a number of trades experiencing

Incense intermittent exposures are also suspect. These other trades

Involve work with 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 asbestosls. Sellkoff,^ however,

in a study of 232 former insulation plant employees reported 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 male population was manifest

among persons who worked in the manufacture of asbestos products.^

This excess of bronchogenic cancer was also demonstrated among a group

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

17 18
the installation of insulation. ' Among 632 asbestos insulation

installers observed from 1943 to 1967 there were 99 excess deaths (above

chat expected on the basis of the U. S. white male population) for

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

and all other sices combined (10). Elmes and Simpson^ recently

reported findings of similar magnitude among men employed as insulators

20
and pipe coverers In Belfast. Newhouse found an excess of lung cancer
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la a study of over 4,500 male workers employed at an asbestos factory 

makiag both textile and insulation materials. This excess of lung 

cancer was demonstrated among chose workers with Jobs which entailed 

heavy exposure irrespective of the duration of employment.

More recent observations by Selikoff in Che United States indicate

a lung cancer risk for workers exposed to amoslte asbestos in the

21
production of insulation material.

The possibility that Che carcinogenic role of asbestos is solely 

that of a cocarcinogen has been suggested by Wright.^ This suggestion 

stems from the observation by Selikoff and associates^ that 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,22 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, Decoufle2^ 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 United Kingdom have been shown to have an occupational 

or para-occupational association with asbestos fibers.2 In the 

United States, Selikoff and co-workers have reported the occurrence 

of 14 deaths from mesotheliomas among 532 asbestos insulation workers 

studied in retrospect from 1943 to L968 compared to no deaths which
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would be expected in che same number of similar individuals in the 

general population.^Information is insufficient at this time 

to set an exposure standard (other than zero) which would assure 

prevention of mesothelioma in all workers, as che disease may 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 asbestos may play a role in this dis­

tribution has been raised. Investigations of the distribution of- 

mesothelioma in populations octupationally exposed to asbestos indicate 

a strong relationship between exposure to asbestos fiber and the 

presence of mesothelioma.18,20,24,25

Neoplasms, such as mesothelioma, may occur without 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 is 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 che asbestos industry.

This is illustrated by several case studies, including two cases

of malignant mesothelioma, one a ’’family" and the other a "neighborhood"

26
case. 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.

111-9



The time Lapse between onset of exposure and mesothelioma In 

344 deaths among asbestos insulation workers was studied. Meso­

thelioma developed after a longer lapse of time from onset of exposure

to asbestos chan was the case In the development of asbestosis (Table 

ic 27
XXVIII). Knox reported 4 cases of mesothelioma in men and women 

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

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

to 53 years.

28
0. L. Cran indicated that mesothelioma did occur in cases of 

asbestosis, but that in most cases of mesothelioma that he had seen, 

the occurrence of asbestosis was not found. He postulated that the 

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 mesothelioma in children under 19 years 

of age indicates the latent time period for development of mesothelioma 

may be shorter than first estimated.^

Fifteen cases of pleural mesothelioma associated with occupational 

exposure were reported in 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 cadlologically as suffering from asbestosis; one person had pleural 

plaques that were radiologically visible.
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Scumphius,bewcan 1962 and 1968, found 25 cases of mesochelioma 

on Walcheren Island. Of these cases, 22 had been employed in the shipyard 

crades. Scumphius noted that the shipyard employed about 3000 men.

This would result in a rate of mesothelioma of approximately 100 per 

100,000 males per year. He also noted chat the rate for Dutch provinces 

with heavy industry is 1.0 per 100,000 per year.In the same study, 

examination of sputum from 277 shipyard workers showed that 601 had 

asbestos bodies. The frequency varied from 391 of those with no 

obvious exposure to 1001 among those with slight but definite asbestos 

exposure.

32 '
McEwen found that the incidence of mesothelioma in Scotland

was similar to that found in other parts of the United Kingdom and

confirmed the association between the development of the tumor and

occupational exposure to asbestos.

In 1968 Stumphius and Meyer^ concluded that asbestos exposure 

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

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

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

picture of the relationship between Che cype 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 amounts to crocidolite and aroosite.
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Animal Toxicity

Experimental Animal Studies. Experimental exposuce of animals to 

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

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

dose-response relationships chat could be used in estimating the 

appropriate value for a work place air standard has not. yet been reported.

The race of development of asbestotic pulmonary fibrosis aad of 

induction of pleural mesotheliomas is so slow chat the animals die 

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

experimenters have had to use inordinately high exposure levels or 

abnormal modes of administration or both, thus nullifying the animal 

model. The classical demonstrations of diffuse pulmonary fibrosis in 

guinea pigs vich accompanying asbestos bodies by Gardner and Cummings3*1 

and by Vorwald ec al.33 became possible only by using fiber levels 

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

and the uniform production of mesotheliomas in rats by Wagner and 

Berry-*** was attained only after administering the asbestos by intra­

pleural injection at the extraordinarily high dose of 20 mg.

37
Stanton et al. were unable, even when aided by chemical means, 

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

at low dosages of asbestos (type unspecified); but Gross tt al.'*8 

did produce in rats malignant pulmonary tumors of several types from 

exposure at very high doses (ca. 22,000 fibers/cc 86 mg/m3) of chrysocile 

asbestos that had been hammermllled to an increase in cobalt of 145%; 

nickel, 82%; and chromium, 34%.
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Differences in animal responses to "harsh" and "soft" chrysocile 

asbestos were seen by Smith ec a_L.^: granulomatous -and fibrous

pleural adhesions were 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 Studies.

Of possible value in estimating occupational exposure limits are data 

regarding the relative disease-producing potency of the various forms

and types of asbestos.

AO
Wagner found in the three species exposed (guinea pigs, rabbits, 

and monkeys) that amosite produced more marked interstitial fibrosis 

chan 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 investigator^ 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.^

Naturally Occurring Effects in Lower Animals. No evidence appears 

■o exist chat domescic or wild animals can provide criteria for standards,
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or Cor controLling asbestos emissions, although a few confirmatory

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

/ •*
Webster has demonstrated fibrosis with associated asbestos bodies 

and fibers in wild rodents in South Africa, in one of a troop of 

baboons, and in two donkeys that had either worked in, or lived around, 

crocidolite mines or mills. And Schuster^ reported pulmonary 

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

10 years in a London asbestos factory as a rat catcher. The magnitude 

or the type of exposure was not reported in any instance*

Factors Influencing Pathogenesis— Experimental Animal. Experimental 

animal studies have been infomacive in elucidating the factors that 

modify or exolain the biologic action of asbestos. Ac least six factors 

have been investigated: (1) fiber length and bundle size; (2) cytotoxicity;

(3) red cell hemolytic activity; (A) asbestos hydrocarbons; (5) morphologic 

changes; and (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 Cummings^ and Gardner**^ 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 1.5 percent 

fibers. The high exposure concentration of 100 mppcf (ca. 3,600 

fibers/cc) makes any decision on the relative potency of fibers vs. 

motes virtually impossible; however, when animals were exposed to 

short-Cibct asbestos dust, although Che type and race of tissue reaction
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were essentially che same, che extent o£ involvement was very much 

less chan chat of longer fibers. Inasmuch as exposure concentrations 

in these comparable studies were about che sane, che 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, and Rae^ using Rhodesian 

chrysotile fibers averaging 2.5 yat and 15 Jim in length, concluded 

that the shorter fibers produced generalized interstitial fibrosis, 

whereas che longer fibers produced nodular lesions. This finding was 

not confirmed by one of the investigators (King) in another animal 

species.^1® Later repetition of the investigations, with “fine" chrysotile 

and amosite (85Z and 82.6Z respectively, less than 1 jut in length) by 

Wagner^® yielded definite fibrosis with both dusts, thus confirming 

che original work of Gardner that short fibers or motes have fibrogenic 

potential.

This experimental work has significance for Industrial air standards 

in indicating che need to support additional research on che "greater 

than 5 jia 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 crocldolite were found 

to be markedly toxic to guinea pig macrophages in vitro.^ The fibrous 

fraction showed a high, and the particulate, a moderate toxicity, 

thus providing evidence in conformity with the relative bioLogic 

potencies of fibrous and nonfibrous forms found 9n in vivo studies.
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(3) Hemolytic Activity. I n a similar effort ro discover che initial 

stages of biologic activity of asbescos, and in particular to account 

Cor the iron-scairving character of asbestos bodies, the hemolytic accion 

of four asbestos types was determined. Whereas chrysocile proved to 

be potently hemolytic, crocidolite, amosite and anthophyllite were either 

completely inactive or only weakly.^® No attempt was made, however, 

to correlate the greacer hemolycic accivity of chrysotiLe'wich the iron- 

staining intensity of Its asbescos bodies relative to those from other 

asbestos forms.

(4) Asbescos Hydrocarbons. As chrysocile proved to be most 

adsorptive of iron, so was it most adsorptive of benzpyrene; compared 

with 1002 adsorption for chrysocile, crocidolite and amosite absorbed 

from solution 402 and 102 respectively.^ Qn this basis, chrysotile 

should prove the most potent cocarcinogen of the three forms if its 

accion is mediated through exogenous benzpyrene. This has not been 

demonstrated as yet- in humans. A 102 desorption from chrysotile by 

serum in three days was demonstrated,^ a condition considered an 

essential first step in hydrocarbon carcinogenesis.

(5) Morphologic Changes. Electron microscopy of animal tissues 

has greatly enlarged understanding of the processes that occur following 

contact of pulmonary cells with asbestos. Examination by light, phase, 

and electron microscopy by Suzuki and Churg^ of subcellular tissue 

of hamsters incratracheally exposed to chrysocile revealed the successive 

steps that occurred in th<» cytoplasm of certain pulmonary cells. 

Particularly informative for the mode of chrysotile accion was the 

description of the formation and the ulcrascruccure of the asbestos
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b°dy , and the i.ndicaci.00 chat Instilled Cibccs tend to split longitudinally 

w«.ch dove. The suggestion chat chrysotile breaks up inco shore fragments 

on the evidence chat Che majority of the fibers found in the aivcoLi 

were less chan one-sixth che lnjecced length, one and two years Lacec, 

is open to che alternative interpretation that, inasmuch as longer 

particles are more readily phagocytosed, what is actually observed 

is che residual, smaller, nonphagocytosed chrysotile.^® Thus, despite 

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

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

risk factors to fibers of differing lengths.

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

bodies" produced in guinea pigs in response to other fibrous material, 

fine fibrous glass and ceramic aluminum silicate were Identical in 

- structure to chat of asbestos bodies,^ thus rendering firm 

diagnostic decisions difficult in cases of multiexposures to different 

fibrogenic fibers in the electron and light microscopic range.

(6) Trace Metals. Haringcon and Roe41- and later Cralley et al.^2 

reported large amounts of nickel, chromium, manganese, and iron are 

intimately associated with certain forms of chrysotile- On the possibility 

chat trace metals may be associated with che induction of asbestos, 

cancer studies in animals were performed^ which supported the hypothesis 

thac, in the induction of asbestos cancers, trace metals play an active 

cocarcinogeciic role along with the exogenously derived carcinogen 

benzpyrene, while asbestos plays a passive role as a metal carrier. 

Correlation of Exposure and Efface

Available information on the relationship of asbestos exposure 

ai.d the risk of asbestosis and/or bronchogenic carcinoma is somewhat

111-17



extensive, indicating a strong association between che diseases and 

such exposure under a variety of conditions^ » 15,22,28 an<j evidence 

of dose-response relationship.

Enterline and associates^** have recently demonstrated convincing 

evidence for an exposure-response relationship between asbestos as 

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

the risk of malignant and non-raaiignaot respiratory disease. Specifically, 

che risk of respiratory cancer increases from 166.7 (standardized mortality 

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

of 750 mppcfyr (Table XXX).

Knox et al. suggested that in one asbestos plant where environmental 

levels varied between 1 and 8 particles/cc> 5 jm in length, the risk 

to bronchial carcinoma may have been largely eliminated, but that 

insufficient data were available to estimate the extent of the risk 

chat may remain. The different textile operations were fiberizing, 

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

collected by operation in 1961 and 1966 were 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/cc in carding.

In 1968, Balzer and Cooper^ reported asbestosis among insulation 

workers exposed at levels not exceeding the time-weighted average of 

5 mppef.

McDonald jit alreported in May 1971, on 129 primary thoracic 

neoplasms in the workers employed in Quebec chrysotile asbestos mines 

and mills out of a total of 9304 former employees; five of these cases 

were mesothelioma. The authors concluded chat the additional daca
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miijioi'CS evidence of ocher studies m-'sc «vv;ri Heavy (..xpusui.w i.o asoesLos 

in mining and milling carries only modest risk. of contracting lung 

cancer and less still of contracting malignant aesocholioma. hcDonald 

ec al. suggest chac any Increased risk of respiratory cancer or 

pneumoconiosis ac a dust-index below 200 would not lie detectable and 

would still be in doubt below 400. At a dust index of 200 an employee 

could work for 40 years at a dust concentration of 5 mppcf- The author 

assumes chat che fiber content of the dusc Is about 10Z and he states 

that this is equivalent to abouc 12 fibers/cc.

Urighc^ pointed out that others have noted the striking differences 

in che health experiences of workers in mines and mills as coupe red co 

ocner workers, specifically in comparison co lnsulaclon operations, 

but that he felt the question was still unresolved, lu contrast co 

populations exposed to mixed environments, chose engaged in cue udning 

and milling of asbestos fibers showed no augmented frequency of 

bronchogenic cancer.

Selikoff,^ however, indicated that McDonald's "heavily exposed" 

group had 5 times as much lung cancer as che “lightly exposed" workers, 

furthermore, lung cancer among insulation workers was found co be 

abouc 7 times greater than expected compared to the general non-exposed 

population.^ A non-exposed group was not reported by McDonald.^

Although it has been suggested that the risks associated with 

asbestos exposure may be less in mining than in industrial operations, 

additional study will be necessary Co confirm if such is true, based 

upon che comparison made by Selikoff.^
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Consideration must be jivcn co McDonald's analysis of levels of 

exposure of 12 fibers/cc. A.c this level, he assumes chat some degree 

of asbestosis may occur. The mathematical assumption made to arrive 

at this environmental level leaves a great deal to quescion, even 

without attempting to relate this information to the asbestos industry 

in general. Two primary considerations lack the evidence necessary 

to make general comparisons of chese data with other reported work: 

the assumption as stated by McDonald^ that che fiber content of the 

dust is 10Z, and the method used to convert from rappcf to fibers/cc

is not explained in the paper.

58
Murphy et. al. found that asbestosis was’ 11 times more common 

among pipe coverers in new ship construction than among a control 

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

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

The asbestosis was defined by the presence of at least three of the 

following signs: (1) basular rales in two or more sites, (2) clubbing

of the fingers, (3) a vital capacity of less chan 80Z of Che predicted, 

and (4) roentgenography consistent with moderately advanced, or 

advanced asbestosis, and (5) dyspnea on climbing one fLight of stairs. 

The environmental level was based upon samples collected in an 

impinger and all the results were time-weighted average exposures 

and chese were averaged over several different operations. The 

highest average concentration was with hand-saw cutting at 10.0 mppcf 

and the lowest average was 0-.8 mppcf when mixing mud. The average 

of all operations was 5-2 mppcf. One-hundred and one wockers were
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Thus, considerable evidence exists indicating chat the prevention 

or reduction of the occurrence of asbesosis among workers requires 

that the concentration of asbestos fibers to which they are exposed 

be reduced.

There is at this time, however, only scant correlation of 

epidemiological data with environmental exposure data upon which a 

definitive standard can be established.

Champion^ reported two cases of malignant mesothelioma in two 

wen, 31 and 32 years old, following exposure to asbestos. In the first 

case, the 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 father's work clothing, 

which was washed at home. The man smoked about 20 cigaretces per day 

for sixteen years and had a brief history of breathlessness and other 

signs 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 moved away from the 

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

20 to 30 cigaretces per day for 14 years. In this case, It was 

believed that he was exposed only to chrysotile and priaacLLy in mining 

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

tauily cases^ wlch reasonably short and/or low levels of e.'tposure.
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Murphy c_t al. presented data concerning two cases of uorkers 

exposed to asbestos. One case on biopsy confirmed mesothelioma 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 , 

was developed and levels of 1.2 and 1.3 fibers/cc^5 jms 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-dusty” 

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 between 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 if it only concerned going to 

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

the neighborhood case noted by Selikoff,1^ Table XXIX.

The possibility of the development of asbestos-related diseases 

in floor tile Installation must be considered, and special attention 

must be given to this operation when considering Che low levels of

59
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exposure chac may be related to these two cases. If even in actual 

practice, levels were found to be 10 times those found by the 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 is true, then, in fact, 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 and 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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IV. ENVIRONMENTAL DATA

The use cf osbeacos has changed with che addlcloo of new pcoducc^ 

and with changes in che industrial processes. These change* an^ * 

growing awareness of che health effects froa exposure of the worker co 

asbestos have resulced in a changing work environment within che asbestos 

industry. The lack of environmental data for previous years and the 

changes In technology used to collect samples, now and In che past, 

have resulted in the availability of comparable environmental data foe 

only the last few years. Thus, the scant data and che long latenc period 

for the development of bronchogenic cancer and mesothelioma do not 

permit the establishment of the dose-response relationship ac this 

time. However, as has been indicated, the development of the diseases 

ha3 been proven in workers exposed to asbestos and environmental data 

does exist for the last several years.

Table XIV shows the average concentration of asbestos fibers to 

which a number of insulation workers were exposed in 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 concentrations 

are reasonably low, with the exception of spraying, individual exposures 

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

period while a workman sprayed asbestos fiber on s turbine.

McClure**® summarised results of a preliminary survey conducted 

by che U. S. Department of Labor during che period July, 1969, to 

January, 1970, at nine private shipyards as follows: 37 of 7A samples
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collected during various operations of preparing and applying insulation 

were above 2 flberc/cc (SOZ) and L$ of 74 were about 12 fl'bers/cc (261) . 

These were not tlac-welghtcd average exposures, but represented average 

fiber concentrations during Che sampHag period. Furthermore, none 

of these samples represented workers' exposures while tearing out 

old insulation and lagging—an operation that has been previously found 

to produce more dusc chan the application of the Insulation.

A summary of some of che environmental data collected by NIOSH 

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

in this document represent only that collected in che lasc few years 

and reported In fibers/cc>5 >un as counted by phase contrast light 

microscopy. As pointed out by Ayer et al.^, "It is obviously 

impossible co give any single ratio chat would accurately represent 

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

correlation, if any, can be made beeveen early daca (collected with 

an impinger where settled particles were counted) with current data 

(collected with a personal sampler and counted under a microscope 

equipped with a 16 mm 10X objective) .

These data represent only che levels found during the time the 

samples were actually being taken. The sampling times were usually 

between 15 minutes to one hour, and should aot be considered as time- 

weighted average exposures even though credence could be given to 

this approach due to the large number of samples collected.

Levels of exposure in the manufacture of asbestos are given in 

Table I through XIX. In a tocal of 7 asbestos cement pipe plants, 

a range of individual a amp les was from 13. 4 in coupling finishing, 

to Lcvclo too low to count in pipe forming, curing, pipe finishing,
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coupling finlshlag, pa.ck.ing and miscellaneous operations (Table I).

It ohould also be noted in Table I chat when consideration is 

given co feasibility of engineering control, in coupling finishing, 

the individual highest sample was 13.4 and che lowest and second 

lowest samples were zero. Warehousing and mixing (6.3 flbers/cc>5 jaa) 

and packing (6.1 flbers/ec>5 >in) were the highest means by operation 

(Table II) , and the lows were both 0.4 fibers/cc^ jn. These data 

indicate the possibility of controlling these operations to below 

Che proposed standards.

These vide ranges of individual samples and means by operations 

were also shown in asbestos fricclon plants (Tables III and IV), 

cement shingle, millboard, and gasket operations (Tables V and VI), 

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

asphalt products (Tables VII and VIII).

In textile operations, while the individual low and second lowest 

concentrations were, in all cases, below 1.0 fiber/cc (except fiber 

preparation, 1.4 fibers/cc), the means by operations exceeded 2.0 

fibers/cc in fiber preparation (7.4 fibere/cc), carding (6.1 fibers/cc) , 

spinning (3.7 fibers/cc), and twisting (3.2 fibers/cc). In che second 

lowest group, all operations except finishing exceeded 2.0 fibers/cc. 

These values, when considered with che highest means and highest 

individual samples (143.9 fibers/cc in carding and 123.2 in weaving), 

indicate chat present methods of control practiced in the textile 

industry are not adequate for the standard proposed.

This is probably true in insulation operations as well. Even 

chough levels were below the level of 2.0 fibcrs/cc>5 Am, the individual 

camples and operational means were high.
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V. DEVELOPMENT OF STANDARD

Various criccria have been used for categorizing Che dustiness of 

the environment. Recent developments have made it clear that a method 

utilizing the capture and direct estimation of fibers of 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 quescion still exists as to whether or not different varieties of 

asbestos fibers may have varying biological effects. This will not be 

answered until more definitive information is available on che specific 

etiological agent(s) and mechanisms of injury involved. The consumption 

of asbestos in this country is overwhelmingly in the form of chrysocile. 

Where ocher forms of asbestos are used, such as croeldolice and amosite, 

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

in research and specialty situations. It would be extremely difficult 

on the basis of current information on biological effects and industrial 

practices to establish and administer separate standards for different 

cypes of asbestos.

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

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

length. It is fully realized 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 individual fibrils in che sub-micron size. The type and grade 

of fibers, nature of processing, and controls in existence will greatly
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influence the fiber-site spectrum (fiber length and diameter) i,, ,lllv 

given environment. The problem is further complicate by the l«vv ,,(• 

definitive information on the biologic response to fibers of dj|'(tMVtu 

sizes. It is known, however, chat the longer fibers show * doK,._(espoour 

relation to asbesCosts, and may have a different behavior and decree ot- 

response chan the shorter size fibers which may, in the Lower mid sub- 

micron range, tend to resemble more the physical behavior of 

respirable particulates. Since it would not be feasible to have 

standard on the total respirable fibers which would necessitate tin- rout tno 

use of expensive and cime-consuming techniques including electron 

an index of exposure must be selected which, as nearly as possible, relate - 

to the predominant biologic activicy and dose-response of the size spectrum 

of fibers most commonly encountered. It is assumed for the present iie«t 

the factor of safety associated with the standard will allow for an'i v,-. 

in the size spectrum of respirable fibers that may be encountered.

The British, in evaluating respirable chrysotile fiber exposures in

relation to the ongoing epidemiologic studies in the textile industry and

for the basis of a standard for chrysotile, established as an index ot

62
exposure, fibers greater chan S micrometers in length. A subsennrini 

amount of information on the biologic effects of asbestos has, mul is. 

being obtained using this parameter of exposure measurement. a. review of 

the research in Britain, with concurrence on the rationale Involved, made 

ic prudent that we use Che same definition of index-of-exposur* on v.-uirh 

to base criteria for standards. These criteria should be re-evaluated when 

(1) more definitive information on the biologic response of asbestos luclud 

the agent(s) and dose-response data on different lengths of fiber i$
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available, (2) che Fpcccirum of fiber lengths encoun.ccrcd in industry by 

type? of asbestos and operations is ascertained, and (3; more precise 

epidemiologic data are developed.

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 a concept of dose-response that includes 

not only the factor of fiber count times years 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 overwhelms the clearing mechanism, and is retained 

in the lungs, may be as harmful as the cumulative effect of lower daily 

doses of exposure over many years of work.
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<<asts Cor Previous Standards

Tlic first standard Cor controlling exposure to asbestos dust was 

recommended by Dreessen c^t al^ in 1938 following a study of 541 employees 

in four asbestos textile plants where massive exposures occurred. A 

tentative limit for asbestos dust in the textile industry of 5 million 

particles per cubic foot (mppcf), determined by the tmpinger technique, 

was recorrmended. They found numerous well-marked cases of pneumoconiosis 

where concentrations exceeded 5 mppcf, but only three doubtful cases where 

concentrations were under 5 mppcf. However, only five persons had been 

exposed for more than 10 years Co concentrations from 0.Q to 4.9 mppcf.

None of che 39 persons exposed to concentrations below 2.5 mppcf 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 Chat 333 of the 541 employees studied had worked less than five years 

in these textile mills, only 66 were employed as long as 10 years, and 

only 2 for more Chan 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 Hygientl&ts' 

(ACCIH) Threshold Limit Value (TLV) for asbestos dust was 5 mppcf
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from 1946 Cc 1.970. This limit was based on cite study bv Drccssen

ec al.^ and subsequent investigations by others. In 1968 and 1969,

ACGIH published notices of intended changes to lower the TLV to 12

f ibers/tnl > 5 pta in length or 2 mppcf and they published in 1970 and 1971

a still lower Unit of 5 fibers/ml *>5 pm in length as a notice of proposed

intended change. The conversion of data from mppcf to fibers/ml in all

asbestos operations can only be done with considerable risk to the validity

64
of the results. Lynch et al. pointed out in 1970 the need for such 

conversion data and that the data reported in 1965**^ of the 12 fiber/ml 

equivalent to 2 mppcf relationship was obtained In textile mills and should 

not be applied to other product areas. Estimates of risk of disease in 

ocher product areas should be based on fiber counts since this method yields 

a more direct estimate of airborne asbestos concentration.

In 1968, the Committee on Hygienic Standards of the British Occupa­

tional Hygiene Society (BOHS) after reviewing medical evidence, results 

of studies made by the asbestos industry in the United Kingdom, and

epidemiological data from the United States, published Hygienic Standards

62
for Chrysotile Asbestos Dust. It stated:

"1. As long as there is any airborne chrysotile dust In the work 

environment 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 Co 1 percent of 

chose who have a lifetime's exposure to the dust. By 'asbestosis'
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this committee means Che earliest demonstrable effects on the lungs 

due to asbescos.

"It Is probable chat che risk of being affected to the extent 

of having such early clinical signs will be less than L percent for

an accumulated exposure of 100 fiber years per cm3 or 2 fibers/cm3

3 3
for 50 years, 4 fibers per cm for 25 years or 10 fibers per cm for

10 years.

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

of dustiness be designated by categories according to the following 

scheme:

DUST CATEGORY

Negligible
Low
Medium

High

CONCENTRATION AVERAGED OVER 
3 MONTHS (FIBERS/cm3)

0-0.4 
0.5-1.9 
2.0-10.0 
Over 10.0

"4.

3

The levels are expressed in terms of the number of fibers 

per cm-' greater than 5 jjm in length as determined with the standard 

membrane filter method. Any other method can be used provided it Is 

accompanied by appropriate evidence relating its results to those 

which would have been obtained with the standard membrane filter method.

"5. When it is necessary to work intermittently in a 'high dust' 

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

is no more chan 50 fibers per cm a higher standard of respiratory

protection should be provided such as a pressure-fed breathing apparatus



"Additional Recommendations

"1. It is recommended that where practicable an up-CO-date employ­

ment record.card be kept of every person which Indicates, every calendar 

quarter, the category or categories in which he or she has been employed 

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 made thereafter, 

annually.

"Notes:

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

evidence and improved methods of measurement.

"The standards are, in our opinion, the best, that can be drawn from 

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

of continuous exposure during working hours. Due caution 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 chan AO per week.

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

standards will, if necessary, be modified. These standards will be 

formally reviewed in three years."*

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

from the Pennsylvania Department of Health files on exposure Levels at

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

revised. Pec telephone conversation with Dr. S. Holmes, Secretary to 
the Asbestos is Research Council.



various textile processing operations in cwo planes. their daca Included 

dusc concentrations from 1930 through 1967 in one plane and from 1948 

through 1968 in the second plane. Even chough controlled exposures were, 

for the most part, below 5 tappef and in many cases below the 1968 A.CGIH 

Notice of Intended Change to 2 mppcf, 64 cases of asbestosis were reported 

from these two asbestos textile plants. The authors conclude that:

"If asbestosis is to be prevented, airborne asbestos dust must be 

stringently controlled in the working environment. From these data a 

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

may not be substantiated."

Gee and Bouhuys,^ in December, 1971, pointed out that on the basis 

of "reasonable probability," decisions must be made to concrol exposure 

to asbestos rather than from a precise definition of dose-response relation 

ship, and "the present threshold limit value for asbestos should be lowerec 

far below some recent proposal."
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i). S. Cracr|*er,cv r.’

The present emergency scandard for exposure co asbestos dusc

(29 CFR 1910.93a) published In chc Federal Register, Vol. 36, No. 234,

page 23207, December 7, 1971) is as follows:

"The 6-hour time-weighted average airborne concentration of 

asbestos dust to which employees are exposed shall not 
exceed 5 fibers per milliliter greater than 5 microns in 
length, as determined by Che membrane filter method at 
400—450X magnification (4 millimeter objective) phase 
contrast illumination. Concentrations above 5 fibers per 
milliliter but, not co exceed 10 fibers per milliliter, 
may be permicced up to a total of 15 minutes in an hour for 
up to 5 hours in an 8-hour day."

The 1971 ACGtH tentative threshold limit value is 5 fibers/ml 

y 5 jim in length. Both are higher than the British standard of 2 

fibers/cc by at least a factor of 1.5 times.
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Basis for Recommended Scandard

The number of studies that have collected both environmental and 

medical data and with a significant number of exposed workers 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.

NIOSH recognises that these data are fragmentary knd, as a result, a 

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

'basis the research that did include both environmental and medical data, 

or where a standard or limit had been proposed, was given a careful and 

detailed study to determine its particular contribution to the developmen 

of a national standard.

66
The development of a standard for asbestos dust in Great Britain

and the evaluation made by the British Occupational Hygiene Society

62,66
(BOHS) Sub-committee on Hygiene Standards for Asbestos, which

considered 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

3
accumulated'exposure of 100 fiber-years/cm would reduce'early clinical

signs to less than IX. This would be 2 flbers/cm^ for 50 years of

3 67
exposure or A fibers/cm for 25 years. According to Roach, “The

British Occupational Hygiene Society Standards Sub-committee on Asbeeco:

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

reduce expoaure6 to below this level and thereby reduce the riGk of
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conecac:ing asbcscosts to less chan 12 of chose who have a lifetime 

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

50 years, the long-term average concentration to which they are 

exposed would need to be less chan 2 fibers/cm^. For others, who 

will be exposed to asbestos dust in air for shorter periods, the 

long-term average concentration need not be so low, as long as their 

exposure will amount to less than 100 fiber-years/cm^."

It is recognized that the British standard is based upon data 

not as precise as desired, but it does offer a mechanism for com­

parison with the ACCIH TLV and after three years of use no change 

has been recommended. The British standard was primarily based upon 

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

in an asbestos textile mill. The environmental dust concentrations to 

which different workers had been exposed were estimated to have varied 

from 1 to Z7 fibers/cm . The risk-exposure relationships were developed 

baaed upon basal rales and X-ray changes. 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/cm^ 

proposed by the British Hygiene Standards Committee, the following 

comparisons can 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. Standard is based upon the ACCIH- TLV which, in turn,

68
is based upon an exposure time of 30 years to 5 fibers/mO 5 urn in lengch ,
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and the British. 50 years of exposure at 2 fibcrs/cra > 5 urn in lengch 

In summary:

U. S. Emergency
British __________ ACCIH

2 flbers/cc 5 fibers/ml

Fiber-
yrs/cc 100 150

The validity of this type of comparison has already been questioned

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

. r.w 61.64
data to fiber counts.

However, on this basis, data suggest that the ACCIH value is 

higher than the British value.

In addition to consideration of che Bricish data, the comparison 

of Bricish and ACCIH data suggests that the 30—year exposure value 

for a U. S. Standard should be about 3 fibers/cc 5 pm in length in 

order to assure that less than 1Z of the workers exposed are at risk 

of developing the earliest clinical signs of asbestosis.

However, additional consideration mu9t be given to che concepts of 

carcinogenesis as they relate to the determination of a standard for 

asbestos exposure. Any carcinogen (Initiator) must 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 to 

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

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

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

celL proliferation (In che presence of ptomotors) these malignant

V- L2



fans CotmacLons do not load to Instantaneous cancer, but remain 

insidious foe a number of years (latent)-

In protracted exposure, some of the total accumulated exposure Is 

"wasted'' (or Irrelevant) as far as the initiator of cancer is con­

cerned. Exposures in excess of the minimal initiation dose con­

ceivably may shorten the latent period to some extent by substituting 

for other contributing factors that would have eventually been effectual 

in converting tlVe 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.

Consideration must also be given to the concept that an inverse 

relationship 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 associated with the disease. Such a course of action is consistent 

with the Surgeon General's ad hoc Committee on Evaluation of Low Levels 

of Environmental Chemical Carcinogens statement that, "for carcinogenic 

agents, a safe level for man cannot be established by application of 

our present knowledge."

Work practices in industries should be encouraged to develop' work 

practice standards by the consensus method ao that the lowest feasible 

environmental levels can be obtained. The following work practice 

standards arc Included In the emergency standard for asbestos and are 

Included In the recommended standard:
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(a) Asbestos cement, mortar, coatings, grouc. and pLastcr shall 

be mixed in closed bags or other containers.

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

in sealed bags or ocher containers.

(c) All cleanup of asbestos dust shall be performed by vacuum 

cleaners or by wet cleaning methods. Mo dry sweeping shall be 

performed.

The need in industry for a proper precautionary label for asbestos 

and for other hazardous materials associated with the mining, production, 

and use of chemical compounds has existed for a number of years. The 

development of a labeling system for U6e as an occupational hazard 

warning system overlaps into so many other labeling areas, e.g., 

transportation of chemicals, fire fighting, use by the military, etc., 

that It would be necessary either to develop a separate system for use 

in 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 

more labeling system the worker must recognize. Combining all systems 

into one requires the coordination of many governmental, professional, 

trade, manufacturing, and international and local organizations. Time 

required to accomplish this task is prohibitive in relation to the 

requirement for the immediate development of an occupational health 

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

system the adoption, with modification, of the system for the Identi­

fication of the Fire Hazards of Materials of the National Fite Pro­

tection Association and the Guide Co Precautionary Labeling of
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Hazardous Chemical* of Che KanufacturIng Chemises Association.

Ic Is recognised that chls system may noc be the mo6t appropriate 

system and may require additional development to permit the worker, 

himself, to uae it to identify the hazards to which he is exposed 

and to learn the necessary precautions to assure him safe working 

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

the labeling system).
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Summary of the Oasis Cor chc Recommended Standard

The recommendation for an environmental scatxdard Cor asbestos is 

based upon healch considerations and limited engineering feasibility 

data. The overriding considerations are the healch effects.

Evidence indicates that past and current standards for fiber 

concentrations in the working places where asbestos fibers occur, though 

undoubtedly contributing to reduction of the severity and frequency of 

aabescosls, have not provided complete protection from exposure to 

asbestos, necessitating development of a new standard.

Consideration was given to previous reports and studies, recent 

data, and Che present "state-of-the-art." It is recognized chat additional 

data would be desirable to support an asbestos standard, hue because of 

immediate need for worker protection, it is necessary to make a 

recommendation based on available studies and data. The following 

constraints in 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) Environmental data on practically all studies were collected 

only over the last few years and/or they were collected by other 

techniques and expressed in terms other than fibers/cc.

(c) The environmental samples were expressly collected in many cases 

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

evaluations cannot be made.
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(d) There is a lack, of data to define wicli any degree of precision 

the threshold of development of neoplasms resulting from exposure to 

asbestos and the relationship of the latent period boeween exposure and 

development of neoplasms.

The standard recommended in Chis document Is similar co the standard 

adopted by Her Majesty's Factory Inspectorate in 1969**^ (sctll In effect 

as of December 29, 1971), and more stringent than the recent U. S.

Emergency Standard. It is felt to be feasible technologically for the 

control of the exposure to the vorker and effective biologically for 

protection of the worker against asbestos-induced diseases.

Considerations of carcinogenesis Indicated the need for a measure 

of prudence. As a result of this rationale, a factor was added to 

reduce the time-weighted average exposure to 2.0 fibers/cc> 5 urn. A 

veiling value of 10.0 fibers/cc> 5 um that was not co be exceeded was 

included to reduce the possibility of the short-term heavy exposures to 

asbestos that have been reported to cause mesothelioma. In addition,

Chis should reduce the likelihood of diseases (malignant and non-malignant) 

resulting from exposures in excess of 30 years or wich very long Latent 

periods.
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VI. COMTATIUILITY WITH EMISSION STANDARDS

The proposed national emission standard for asbescos was published 

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

61.24) by che Environmental Protection Agency. The eralssloa standard 

will be applicable to asbestos mines, mills; building structures, or 

facilities within which manufacturing or fabricating operations involving 

the use of commercial asbestos; buildings or structures which have been 

or will be constructed or modified using asbestos insulation produces; 

roadway facilities which would be surfaced or resurfaced using asbescos 

tailings.

The standards are based upon Information derived from many sources, 

including health effect levels, meteorology, technical' analysis of control 

capability, and consideration of economic impact. The overriding 

considerations are health effects. These standards are based upon 

specific operations and physical conditions and are limited in general 

to emissions to the atmosphere.

1. Emissions shall not exceed those which would be emitted

from operations if proper engineering control had been, installed (i.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 visible emissions as the

basis for evaluation for compliance with the standard are deatgaed 

to minimize emission’to the atmosphere. EPA determined chat there

VI-L



lc no suitable technique for ::a.-api!ii}; and analysis of asbestos in 

ambient air or emission gases. This determination was made as only 

Limited information had been developed from measuring fibers in 

community air. The use of high volume samplers for collection of 

samples and counting by light microscopic techniques similar to 

industrial hygiene methods has shown only small numbers of fibers 

in urban areas.^

It vas felt chat these values uere lev vhen compared to occupational 

health experience and values to few coo use vlth confidence.^

As a result there is no direct comparison possible betveen the 

proposed national emission standards for asbestos and the recommended 

criteria for occupational exposure except to say chat the levels of 

exposure to the general public oa a 24-hour day, 7 days a week., basis 

would be lower, as would be expected, than occupational standards 

based on an 8-hour day, 40-hour work week.

The Illinois Pollution Cootrol Board on November 30, 1971?® 

published a notice of proposed final drafe of emission standards 

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

standard than those proposed by EPA. Illinois Includes a provision 

that, "After June 30, 1972, a factory, plant or enterprise which 

engages in the processing or manufacturing of any asbestos-containing 

product shall discharge no visible emission of particulate matter 

from such manufacturing or processing into the ambient air and shall 

emit no concentrations of asbestos fiber in excess of 2 fibers per 

cubic centimeter of air."-
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The method of countlag chc asbestos fibers Is cHac proposed by

Eduards al.. ^ aud similar to die technique proposed Ln Appendix l of

th is report. XhiG proposed Illinois scandard places a eel Ling value

of 2 fibers/cc on emissions from processing on manufacturing of

asbestos containing products. Ia Che explanation of the revision

of the proposed Illinois regulation they state:

"IV. Parc V, controlling manufacturing sources, is 
changed to require an emission standard of 2 fibers per 
cubic centimeter and no visible emissions. While some 

testimony Indicated the difficulty In measuring compliance 

with a numerical emission standard, overall Che evidence 
establishes both the need (protection against the great 

proportion of Invisible fiber) and the ease of measurement 
of such a criterion. A "no visible emission" standard ha*; 

been added to the numerical standard co simplify enforcement 

against exceptionally dirty emission sources. A grace period, 
until June 30, 1972, has been added co permit acquisition 
of the necessary control equipment to attain the emission 
standard."

This air quality standard 16, as it should be, more restrictive chat 

an occupational standard due co differences in exposure time.

This proposed occupational standard would seem to be compatible 

with the proposed emission standard and each should complement the 

other in the control of asbestos exposure.
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VIII. APPENDIX l

Air Sampling Hethods

63
In the scudy of asbescosis conducted by Dreessen. e£ a_l. midget 

Impinger count data were 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 measurement. The resulting 

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 installed to reduce overall dust levels also reduced che asbestos 

dust levels.

As dust levels were reduced, it became necessary to measure the 

biologically appropriate attribute of the dust cloud. At equal levels

overall dustiness, the concentration of asbestos could vary considerably 

from textile manufacture (7S-85Z) to ipsulatlon (5-15X). Furthermore, 

if the limit were lowered below the 5 mppcf used previously and dust 

counts taken by the impinger technique, it would be necessary to consider 

the effect of background dust, which could be as high as 1 mppcf.

A number of methods for measurement of asbestos dust concentrations

have been used in the NIOSH epidemiological study of the asbestos product

industry,^^Based on these data, the preferred index of asbestos

exposure is the concentration of fibers longer than 5 jim counted on

71 72
membrane filters at 43QX with phase contrast illumination. ’ This 

index is utilized in the method adapted as the standard field sampling 

method by the Public Health Service.

VIII-1



Fibers longer than 5 in length arc counted In preference to counting

all fibers seen In order to minimize observer/mlcroscopc resolving power

variability. Furthermore, the British define a "fibre" as a particLe,

"of length between 5 jim and 100 yn and having a lengch-co-breadth ratio

of at Least 3:1, observed by transmitted light by means of a microscope

62
at a magnification of approximately 500X."'

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

detail below, and the British hygiene standards for use wich their

62
asbestos regulations are seated in these terms.

Principles of Sampling

A dust sampling procedure must be designed so that samples of 

actual dust concentrations are collected accurately and consistently.

The results of the analysis of these samples will reflect, realistically , 

the concentrations of dust at the place and time of sampling.

In order to collect a sample representative of airborne dust, which 

is likely to enter the subject’s respiratory system, it is necessary to 

position a collection apparatus near the nose and mouth of the subject 

or la 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 che position of the operator 

relative to the source of the dust. The amount of du6C Inhaled by a 

worker can vary daily, seasonally, and with the weather. In order to 

obtain representative samples of workers' exposures, it is necessary 

to collect samples under varying conditions of weather, on different
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vs, and ai different times during a shift.

The percentage of working time spent on different tasks will effect 

the concentration of dust the worker inhales since the different tasks 

usually result in exposure to different concentrations. The percentage 

can be determined from work schedules and by observation of work routines.

The daily average weighted exposure can be determined by using the 

following formula:

(Hours X cone, task A)_______+_______(Hours X cone, task B) + etc.
8 HOtiSs (or actual hours worked)

The concentration of any air contaminant resulting from an industrial 
»

operation also varies with time. Therefore, a longer sampling time will 

better approximate che actual average.

With the following recommended sampling procedure, it is possible to 

'llect samples at the workers' breathing zones for periods from 4 to 8 

hours, thus permitting the evaluation of average exposures for a half or 

full 8-hour shift—a desirable and recommended procedure. Furthermore, 

dust exposures of a more normal work pattern result from the use of 

personal samplers. In evaluating dally exposures, samples should be 

collected as near as possible to workers' breathing zones.

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 

by Edwards and Lynch. ^
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The sample should be collected on a 37-miHiraecer Hilltporc cype AA* 

filter mounted in an open-face filter holder. The holder should be 

fastened to the worker's lapel and air drawn Chrough Che filter by 

means of a battery-powered personal sampler pump similar co those 

approved by NIOSU under the provisions of 30 CFR 74. The filters are 

contained in plastic filter 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 from 1.0 liter per minute (1pm) 

up to the maximum flow cate of the personal sampler pump (usually not 

over 2.5 1pm) 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 number of 

fibers the statistical error resulting from the random 

distribution of the fibers must be kept to an acceptably 

low level. Since fiber counts follow a Poisson distribu­

tion, a count of 100 fibers In a sample would have a 

standard deviation of lOU or 10 fibers or + 10Z. Thus 

the 95Z confidence limits would be approximately 2 standard

deviations or + 20Z. Since the 37 mm filter has an effec-

2
tlve collecting area of 855 mm and the projected field

2
area of the Porton reticle is 0.005 cm , each field rep­

resents 1/171000 of the sample. Based on this ratio the 

following number of fields must be counted to measure the 

various limits in various sampling times:

*Mentlou of commercial products does not constitute endorsement'by 
the Public Health Service or U. S. Department of Health, Education 
and Welfare.
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aoi g Time
Hi. wtis

Flow Race
Lpo

Number
0.2 fibers/ml.

of Fields for 100 Fibers
2.0 fibers/ml 10 flbero/ml

10 2 4350 435 91

15 2 2860 286 58
30 2 1430 143 29

90 1 1000 100 20-

90 2 500 50 10

240 1 260 26 7

240 2 180 18 4

4B0 1 180 18 4

(b) Do not count a field containing over 20 fibers because

In addition to the fibers being counted, there are also 

present a number of grains, which interfere with the 

accuracy of the count.

Based on these restraints, i.e., number of fields to be 

counted and maximum number of fibers per field, acceptable 

sampling parameters for Che various limits are underlined, 

in the above table.

The following conclusions may be drawn from this analysis:

(1) The short-term limit should be for a period of at 

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.

As many fields as required to yield at least 100 fibers should 

be counted. In general the minimum number of fields should be 20 and 

the maximum 100.

Mounting Sample

The mounting medium used in this method is prepared by dissolving 

0.05 g of membrane filter per ml of 1:1 solution of dimethyl phtholate
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and dlcchyl oxalate. the index oC refraction of the medio® thus prepared 

is ND * 1.47.

to prepare a sample for microscopic examination, a drop of the 

mounting medium is placed on a freshly cleaned, standard (25 mm X- 75 m), 

microscopic slide. A wedge-shaped piece with arc length of about 1 cm is 

excised from the filter with a scalpel and forceps and placed dust-side-up 

on the drop of mounting solution. A Mo. 1-1/2 coverslip, carefully cleaned 

with lens tissue, is placed over the filter wedge. Slight pressure on 

the coverslip achieves contact between it and the mounting medium. The 

sample may be examined as soon as the mount is transparent. The optical 

homogeneity of the resulting mount is nearly perfect, with only a slight 

background granularity under phase contrast, which disappears vithia 

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 a A-nna "high-dry" achromatic objective is suitable for this deter­

mination. 10X eyepieces, one 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 counted and total asbestos fibers longer than 5 pm are 

recorded. Any particle having an aspect ratio of Chcee or greater is 

considered a fiber.
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The following formulae are used co determine che number of fibers/ml:

(1) Filter area (mm2) * K

Field area (ouO

(2) Average net count X K « Eibers/ml 
Air volume sampled (ml)

For example, assume che following: area of Che filter used was

855 mm2» councing area of one field under the Porton reticle was 0.005 mm2; 

average net count per field of 20 fields was 10 fibers; and sample was 

collected at 2 liters per minute for 90 minutes: Then:

855mm2 - 171,000 (K)
0.005 mm2

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 

uoie of air which is measured. Therefore, the accurate calibration of 

a sampling device is essential to che correct interpretation of an instru­

ment’s indication. The frequency of calibration is somewhat dependent on 

che 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 jus.t 

been repaired or received from a manufacturer. 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 in the field and after they have been used to collect a 

large number of field samples. The accuracy of calibration is dependent 

on Che type of instrument used as a reference. The choice of calibra- 

clon instrument will depend largely upon where che calibracion Is Co be 

-••rformed. For laboratory testing, a 1-liter burette or wet“Cesc meter 

atiould be used. In the field, a rotameter is the most convenient
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Instrument used. The. actual sec-up will be the same for all of these 

lnscrumencs. The calibration instrument will be connected in sequence 

to the filter unit which will be followed by the personal sampler pump.

In this way, che calibration instrument will be at atmospheric pressure. 

Connections between units can be made using Che same type of cubing used 

In Che personal sampling unit. Each pump must be calibrated separately 

for each type of filter used, if, for example, it has been decided

to use a filter with a different pore size. The burette should be set up 

so that the flow is coward Che narrow end of Che unit.

Care must be exercised in the assembly procedure to insure adequate 

seals at Che joints and that che length of connecting cubing be kept at 

a minimum. Calibration should be done under the same conditions of 

pressure, temperature and density &s will be encountered. The rotameter 

should be used only in the field as a check if the diaphragm or piston 

pumps are noc equipped with pulsation dampeners. The pulsating flow 

resulting from these type pumps causes the rotameter to give results 

which 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, Marriott's bottle, o* dry- 

gas meter. The burette and wet—test meter were selected because 

of their accuracy, availabilicy, and ease of operation.
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IX. appendix II

NUMERICAL HAZARD RATING SYSTEM

The numerical hazard racings given Co produces foe each caccgory 

of hazard shall be in accordance with Che following crlcerla. Figure 

2 graphically illuscrates the hazard identification syscem.

Health hazards shall be raced as follows:

The health hazard racing of a material shall be determined by 

evaluating the potential for exposure and the relative toxicity of che 

most toxic ingredient of a compound or mixture. For this evaluation, 

che following relative toxicity criteria* for absorbed or exposure dose 

will be used:

Commonly Used 

Term

Extremely toxic

Highly toxic

Moderately toxic

Slightly toxic 
or practically 

non-toxic

Relatively
harmless

LD^q Simple Oral 
Dose Rats mg/kg

41

1.1 to 50- 

50.1 to 500

501 to 15,000

Inhalation A-hr. 
Vapor Exposure, 
Rats Mortality of 
2/6 to 4/6 ppm

410

11 to 100 

101 to 1000

1,001 to 100,000 

100,000

LD^q - Skin 
Rabbits mg/kg

IS

5.1 to 43 

44 to 340

350 to 22,600 

22,60015,000

Degree 4: Extremely Hazardous.

Materials, which on very short exposure, can cause death or major 

permanent injury, even though prompt medical treatment were given, 

including those which are coo dangerous to be approached without specialized

*(Reference: A.I.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 equipment, such as seif-contained breaching apparatus or a 

hose mask with blower, and impervious clothing. This racing includes:

(a) Carcinogens

(b) Materials capable of producing sensitization

(c) Extremely toxic materials which can penetrate ordinary protective 

clothing.

(d) Extremely hazardous materials, when under normal conditions give off 

gases that are extremely coxic or corrosive through inhalation or by 

contact with or absorption through any body surface.

Degree 3: Highly Hazardous.

Materials which on short exposure can cause serious temporary or 

residual injury, even though prompt medical treatment were given, including 

chose requiring protection from all bodily contact. This rating includes:

(a) Materials giving off highly toxic combustion products

(b) Materials giving off highly toxic gases or vapors, under normal 

conditions

(c) Materials corrosive co living tissue or highly coxic by skin absorption

Degree 2: Hazardous.

Materials which on continued exposure can cause temporary incapa­

citation or possible residual injury unless prompt medical treatment 

is given. This eating includes:

(a) Materials giving off moderately toxic combustion products

(b) Materials which either under normal conditions or under fire conditions 

give off moderately toxic vapors lacking warning properties.

Degree 1: Slightly hazardous.

Materials, which on exposure at normal conditions, would cause 

irricacton but only minor residual injury even if no treatment is given.
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-Tl'is tacliig Includes:

ia) Materials which under fire conditions give eff slightly toxic or 

irrlcaclng combustion produces

(b) Materials which on die skin could cause irticacion without 

destruction of tissue 

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 

ressure and normal ambient temperature or which are readily dispersed 

in air, and which will burn readily. This degree should include: 

Gaseous materials: Cryogenic materials; any liquid, or gaseous material

which 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 qf their phy&ical form or environmental 

conditions can form explosive mixtures with air and which are readily 

dispersed in air, such as duGts of combustible solids and mists of 

flammable or combustible liquid droplets.

Degree 3.

Liquids and solids that can be ignited under almost all ambient 

temperature conditions. Materials in thi6 degree produce hazardous
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atmospheres uich air under almost all ambicnc temperatures, are readily 

ignited under almost all conditions. This degree should include:

Liquids having a flash point below 73*F (Z2.8*C) and having a boiling 

point at or above 100’F (37.8*C) and chose liquids having a flash point 

at or above 73*F (22.8’C) and below 100*F (37.8*C). (Class IB and Class 

1C flammable liquids);

Solid materials In the form 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 bum 

rapidly and create flash fire hazards, such as cotton, sisal and hemp;

Solids which burn with extreme rapidity usually by reason of 

self-contained oxygen (e.g., dry nitrocellulose)';

Materials which ignite spontaneously when exposed to air.

Degree 2;

Materials that must be moderately heated or exposed to relatively 

high ambient temperatures before ignition can occur. Materials in this 

degree would not under normal conditions form hazardous atmospheres with 

air, but under high ambient temperatures or under moderate heating may 

release vapor in sufficient quantities to produce hazardous atmospheres 

with air. This degree- should include:

Liquids having a flash point about 100*F, but not exceeding 200*F; 

solids and semlsollds which readily give off flammable vapors.

Degree i.

Materials that must be preheated before ignition can occur.

Materials In this degree require considerable preheating, under all 

ambient temperature conditions, before ignition and combustion can occur.
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Tills degree should tncLudc:

Materials which will burn In air when exposed to a temperature of 

1500*F for a period of five minutes or less;

Liquids, colids and scaisollds having a flash polnC above 200*F; 

this degree includes most ordinary combustible materials.

Degree 0.

Materials that will not burn. This degree should Include any 

material which will not burn in air when exposed to a temperature of 

1500*F for a period of five minutes.

Reactivity hazards shall be rated as follows:

Degree A.

Materials which are readily capable of detonation or of explosive

-decomposition or explosive reaction at aormal temperatures and pressures.

jihis degree should include materials which are 6entltive 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 Initiating 

source or which must be heated under confinement 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 confinement.

Degree 2.

Materials which are normally unstable and readily undergo violent 

chemical change but do not detonate. This degree should include materials 

Ich can undergo chemical change with rapid release of energy et normal
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cermpcracurcs and pressures or r.ii r.s:i undergo violent chemical change 

at elevated ccmperacures and pressures. It should also include chose 

materials which 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 with 

water with some release of energy bur noc violently.

Degree 0.

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 yields oxygen to support combustion or which reacts 

readily to oxidize fuels or other combustible materials.

Corrosive Material. Acids, alkali or other material that will' cause 

severe damage to living tissue or to other material it contacts.

Water Reactivity Hazard (Use No Water). Any material that may be a 

hazard because of its specific reactivity with water.
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COLOR AND DIMENSION

Color- format tor NEPA No, 704M designations arc snown above.' 
■The colors Indicated sh;dl acceptably match in .shade the 
applicable color ct FED-STD-SftG as follows.:

Color Class

Black ITOnfs
Red 111. 05
White 17S75
Yellow insnn
Blue 151011

Dimension:: of (lie symbol ami LAPI warning combination shall be 
optional but. of such size and location a:: to be readily visible and 
legible.

TIics symbol and vvarniny; shall lie applied by stenciling, painting, 
pviuti11, lithographing, with fadf:-ro:b::y.«nl materials.



X. APPENDIX m

MATERIAL SAFETY DATA SHEET

The following items of Information which are applicable to a specific 

product or material containing 5Z or more of asbestos shall be provided 

In the appropriate section of the Material Safety Data Sheet or approved 

form. If a specific Item of Information Is Inapplicable (l.e. flash point)' 

Initials “n.a." not applicable should be Inserted.

(1) The product designation In the upper left hand corner of both 

front and back to facilitate filing and retrieval. Prlnc In upper case 

letters in as large print possible.

(11) Section I. Marne and Source

(A) The name, address and telephone number of the manufacturer or 

supplier of the product.

^B) The trade name and synonyms for a mixture of chemicals, a basic 

structural material, or for a process material; and the trade name and 

synonyms, chemical name and synonyms, chemical family, and formula for a 

single chemical.

(lit) Section II. Hazardous Ingredients.

(A) Chemical or widely recognized common name of all hazardous 

ingredients.

(B) The approximate percentage by weight or volume (indicate basis) 

which each hazardous ingredient of the mixture bears to the whole mixture. 

This may be indicated as a range of maximum amount, l.e., 10-20Z V; 10Z 

max. W.
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(C) Basis for toxlcicy Cor each hazardous material such as established 

OSHA standard (TLV), tn appropriate units and/or LDjq. showing amount and 

■node of exposure and species or LC^q shotting concentration and species.

(lv) Section HI. Physical Data

(A) Physical properties of the total product Including boiling point 

and melting point In degrees Fahrenheit; vapor pressure, In millimeters of 

mercury, vapor density of gas or vapor (air « 1), solubility in water. In 

parts per hundred parts of water by weight; specific gravity (water * 1); 

percent volatile. Indicate if by weight or volume, at 70* Fahrenheit; evap­

oration rate for liquids (indicate whether butyl acetate or ether «= 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 mixture 

of chemicals, Including flash point, in degrees Fahrenheit; flammable limits, 

in percent by volume in air; suitable extinguishing media or agents; special 

fixe fighting procedures; and unusual fire and explosion hazard information.

(vi) Section V. Health Hazard Data.

(A) 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, incompatibility, hazardous decomposition 

products, and hazardous polymerization.

(viii) Section VII. Spill or Leak Procedures.

(A) Detailed procedures to be followed with emphasis on precautions to 

be taken In cleaning up and safe disposal of materials leaked or spilled.

This includes proper labeling and disposal of containers containing residues,
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contaminated absorbancs, etc.

(lx) Sccclon VIII. Special Protection Information.

(A) Requirements foe personal proCecclve equipment, such as respirators, 

eye protection and protective cloching, and vencilaclon such as local ex­

haust (at sice of product use or application), general, or ocher special 

types.

(x) Section IX. Special Precautions.

(A) Any other general precautionary information such as personal 

protective equipment for exposure to the thermal decomposition products 

listed in Section VI, and to particulates formed by abrading a dry coating, 

such as by a power sanding disc.

(xi) The signature of the responsible person filling^ out the data sheet, 

his address, and the date on which it is filled out.

(xii) The NFPA 704M numerical hazard racings as defined in section

(c) (5) following. The entry shall be made immediately to the right of the 

heading "Material Safety Data Sheet" at the top of the page and within a 

diamond symbol preprinted on Che forms.
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IDUCT DESIGNATION

(

mTERIAL SAFETY
data sheet

Form Approved 
Budget Bureau No. 
Approval Expires 
Form No. OSHA

SECTION I SOURCE AND NOMENCLATURE
UFACTURER'S NAME EMERGENCY TELEPHONE NO.

RESS (Number, Street, City, State, ZIP Code)

IE NAME AND SYNONYMS CHEMICAL FAMILY

4ICAL NAME AND SYNONYMS FORMULA

SECTION II HAZARDOUS INGREOIENTS

.C MATERIAL
APPROXIMATE
OR MAXIMUM 
% WT. OR VOL.

ESTABLISHED
OSHA

^50 ^50

STANDARD ORAL PERCUT. SPECIES CONC.

SECTION III PHYSICAL DATA

INC POINT °F. vapor pressure mm Hg -

ING POINT °F. VAPOR DENSITY (Air=l)

CFIC GRAVITY (H20<L) EVAPORATION RATE ( =1)

3ILITY IN WATER Pts/100 pts H2° VOLATILE % Vol. % Wt.

\RANCE
)DOR

SECTION IV FIRE AND EXPLOSION HAZARD DATA -

5 POINT FLAMMABLE
(EXPLOSIVE)

LIMITS

UPPER

)D USED LOWER

(GUISHING

L ^ J.RE
■DURES

FIGHTING'

AJL FIRE AND 
SION HAZARDS



jPRODUCT 
| DESIGNATION

SECTION V HEALTH HAZARD DATA

TOXIC
LEVEL_________________

PRINCIPLE ROUTES 
OF ABSORBTION

RELEVANT SYMPTOMS 
OF EXPOSURE

EFFECTS OF 
CHRONIC EXPOSURE

EMERGENCY AND 
FIRST AID 
PROCEDURES

CARCINOGENIC

SKIN AND EYE 
IRRITATION

________________ SECTION VI REACTIVITY DATA

CONDITIONS CONTRIBUTING
TO INSTABILITY________________________________________________

CONDITIONS CONTRIBUTING 
TO HAZARDOUS POLYMERIZATION

INCOMPATABILITY 
(Materials to Avoid)

HAZARDOUS DECOMPOSITION 
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
LOCAL EXHAUST

PROTECTIVE EQUIPMENT (Specify Typ 
EYE

MECHANICAL (General) GLOVES

SPECIAL RESPIRATOR

OTHER PROTECTIVE
EQUIPMENT

SECTION IX SPECIAL PRECAUTIONS
PRECAUTIONS TO BE 
TAKEN IN HANDLING 
AND STORAGE________

'THER PRECAUTIONS

S i (^nature_______________ ________________ __________ Address

Date



TABLE I

CEMENT PIPE PLANTS 
HUMBER OF PLANTS • 7

INDIVIDUAL SAMPLES »Y OPERATION AND SAMPLE SUE

OPERATION
HI CHEST 

INDIVIDUAL 
SAMPLE

SAMPLE SIZE 
FROM WHICH 

INDIVIDUAL 
sample
DRAWN

PLANT

SECOND
NICHEST

INDIVIDUAL
SAMPLE

sample size
FROH WHICH 

INDIVIDUAL 
SAMPLE 
DRAWN

PLANT

SECOND
LOWEST

INDIVIDUAL
SAMPLE

SAMPLE SIZE 
FROM WHICH 
INDIVIDUAL 

SAMPLE 
DRAWN

slant
LOWEST , 

INDIVIDUAL 
SAMPLE

SAMPLE Sill 
FROM VHtCH 
INDIVIDUAL 

SAMPLE 
DRAWN

PLANT

Wtrehouelnj A Mlxln| 7.0 2 0 3.A 2 0 0.2 3 p 0.2 k 0
Pipe Poralo* 3.7 A 0 3.A 3 H 0.1 A 0 0.0 A M
Curioi 2. A 3 0 2.1 13 IB 0.1 k z 0.0 A p

Pipe Mcii*hlnj A.A 10 z A.O 3 Q 0.0 A N 0.0 10 2

Csupllm Plolehlni 13.A 7 I' 10. J 7 z 0.0 1< P 0.0 11 KK
IfOXJ A.7 1 N 2.1 A SI 0.3 3 z 0.1 4 11

?4CVlng 6.1 1 <) 2.3 1 z 0.1 13 0.0 13

SiflCcllAncou* 1.7 9 Z 1, A 9 p - 0.1 9 p 0.0 9 z

1 - All eemplce expreeeed t« fiber* >£u/cc counted by the etenderd method recomended In thle document. 
(Leteat Available NIOSIt Oete Collected durlnj the Teen 1969 throujh 1970).



TABLE II

ASBESTOS CEMENT PIPE PLANTS 

NUMBER OF PLANTS - 7

MEANS BY OPERATION AND SAMPLE SIZE ( )

OPERATION HIGHEST PLANT
SECOND
HIGHEST PLANT

SECOND
LOWEST PLANT LOWEST PLANT

Warehousing 4 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) P

Curing 2.0 (3) 0 0.9 (15) BB 0.4 (4) Z 0.3 (6) P

Pipe Finishing 1.7 (10) 2 1.3 (5) Q 0.6 (9) AA 0.5 (6) N

Coupling Finishing 5.3 (7) 2 3.8 (4) 0 0.6 (21) AA 0.5 (16) P

•poxy 4.7 CD N 1.1 (6) BB ' 0.6 (6) P 0.3 (1) AA

'neking 6.1 (1) Q 1.1 (7) Z 0.7 (6) BB 0.4 (13) AA

Miscellaneous 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 nr

INDIVIDUAL SAMPLES BY OPERATION AND SAMPLE SIZE

ASBESTOS FRICTION
NUMBER OF PLANTS - 5

OPERATION

HIGHEST
INDIVIDUAL
SAMPLE

SAMPLE SIZE 
FROM WHICH 
INDIVIDUAL 

SAMPLE 
DRAWN

PLANT
SECOND
HICHEST
INDIVIDUAL
SAMPLE

SAMPLE SIZE 
FROM WHICH 
INDIVIDUAL 

SAMPLE 
DRAWN

PLANT

SECOND
LOWEST
INDIVID.
SAMPLE

SAMPLE SIZE 
FROM WHICH 
INDIVIDUAL 

SAMPLE
DRAWN

PLANT
lowest
individual
sample

sample size
FR0K WHICH 
INDIVIDUAL 

SAMPLE
DRAWN

PLANT

fixing, Coatlog 4 Extruding 32.4 16 S IS. 4 16 S 0.1 7 K 0.1 7 H

oralng IS. 2 3 u 9.2 4 S 0.3 6 H 0.1 6 H

ot Praaalog 7.3 5 s 6.0 5 s 0.2 7 K 0.1 7 K

Jklnj 7.4 S s 7.3 3 s 0.5 2 M 0.1 2 H

rinding a Sanding 20. 3 6 T 16.6 16 s 0.1 10 H 0.1 10 H

:tclng 1 Drilling 14.4 22 s 14.4 22 s 0.4 12 H 0.1 7 H

ndlng 1 Riveting «.? 4 H 1.5 4 H 0.2 1 T 0.1 1 M

apection -i Packing 11.1 4 S 9.9 13 K 0.1 13 H 0.1 13 K

dcellincoua 6.4 » H 6.4 9 H 0.1 5 T 0.1 9 H

1 - All aaaplaa axpreaaed aa flbera >$u/cc counted by the etinderd aethod 
reconaended In thlt document. (La teat available NIOSH Data collected ' 
during Cha yaara I960 through 1971).



TABLE V

INDIVIDUAL SAMPLES BY OPERATION AND SAMPLE SIZE

ASBESTOS CEHEVT SHINCLE, KILL BOARD AND CASKET
NUMBER OF PLANTS - 3

OPERATION

KICHEST
INDIVIDUAL
SAMPLE

SAMPLE SIZE 
FROM WHICH 
INDIVIDUAL 

SAMPLE 
DRAWN

PLANT

SECOND
HIGHEST
INDIVIDUAL

SAMPLE

.SAMPLE SIZE 
FROM WHICH 
INDIVIDUAL 

SAMPLE 
DRAWN

PLANT

SECOND
LOWEST
INDIVID.
SAMPLE

4AMPLE SIZE
FROM WHICH 
INDIVIDUAL 

SAMPLE
DRAWN

PLANT
LOWEST
INDIVID.
SAMPLE

SAMPLE SIZE 
TRON WHICH 
INDIVIDUAL

sample
DRAWN

i LA.1T

Warehouslng 1.4 3 R 0.4 3 R 0.2 3 R 0. I 1 V

Mixing 14.4 15 R 9.3 4 u 0.5 4 V 0. 3 15 A

forcing 4.4 18 R 3.7 3 W 0.1 11 R 0.0 ia ft
Curing 1.5 1 R 1.4 2 V 0.4 1 u 0. 2 2 f

finishing 3.4 17 R 4.4 17 R 0.1 7 V 0.1 7

?icklng 3.S 4 R 1.1 2 w 0.2 2 w 0.1 4 l

Ml.cell.neoui 1.4 2 W 1.2 4 R 0.9 2 w 0.4 4 A

1 - All .ample* exprtiaad a* Iibtra ^p^j/cc counted by th« atandard Method 
recommended In chi* documtnt. (Latett *v*ll«bl* NIOSH d*c« collected 
durln| the yeera 1944 through 1970).



TABLE IV

ASBESTOS FRICTION PLANTS 

NUMBER OF PLANTS - 5 

MEANS BY OPERATION WITH SAMPLE SIZE ( )

2nd 2nd
OPERATION HIGHEST PLANT HICHEST PLANT LOWEST PLANT LOWEST PLANT

Mixing, Coating 6 Extruding 11.0 (16) S 5.3 (2) H 4.3 (2) U 1.9 (7) M

Forming 6.0 (3) U 3.6 (4) S 0.5 (2) T 0.5 (6) H

Hot Pressing 4.9 (5) s 1.5 (2) U 1.4 (4) M 0.7 (7) H

Baking 5.4 (5) s 3.7 (1) U 0.6 (2) M 0.4 (2) H

Crlnding & Sanding 6.3(4) u 5.2 (16) S 2.7 (7) M 1.1 (10) H

Cutting 6 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) H

Inspection 6 Packing 5.1 (4) S 3.7 (3) U 1.0 (4) M 0.9 (7) T

Ml sccl l.incous 2.2 (9) II 1.4 (1) M 0.0 (3) U 0.5 (5) T

1 - All samples expressed as fibers >^u/cc counted by the standard method recommended
In this document. (Lacest available NIOSH data collected during the years 1968
through 1971).



TABLE VI

■ASBESTOS CEMENT SHINGLE, MILLBOARD AND GASKET 
NUMBER OF PLANTS - 3 

•MEANS BY OPERATION AND SAMPLE SIZE ( )

•2nd ‘2nd
OPERATION -HIGHEST -PLANT HIGHEST PLANT LOWEST 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) V 1.4 (2) R 0.4 (1) w

Finishing 1.9 (17) R 1.5 (2) W 1.0 (7) V

Packing 1.2 (4) 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 >5^/cc counted by che standard
method recommended in this document. (Latest available NIOSH
data collected during che years 1966 through 1970).



TABLE VII

ASBESTOS PAPER, PACKINC, AND ASPHALT PRODUCTS

INDIVIDUAL SAMPLES BY OPERATIONS AND SAMPLE SIZE*

PRODUCT AREA
INDIVIDUAL

HIGH OPERATION
INDIVIDUAL

LOW

Asbestos Paper 10.9 Asbestos Mixing 0.0

Asbestos Packing 18.9 Weaving 0.1

Asbestos Asphalt 16.3 Dry Mixing 0.0
Products

* 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 
HICH, LOW FOR INDIVIDUAL SAMPLES WERE DETERMINED.

1 - All samples expressed as flbcrs ?■ 5^/cc counced by the standard mechod
recommended In this document. (Latest available NIOSH data collected
during the years 1966 through 1970).

OPERATION

Wood Mixing 
Paper Making

Braiding
Mixing & Calender 
Forming
Cutting & Trimming

Dry Mixing 
Wet Mixing 
Forming 
Flniahing
Inspection & Packing



TABLE VIII

ASBESTOS PAPER, PACKING AND ASPHALT PRODUCTS 

MEANS BY OPERATIONS AND SAMPLE SIZE*

HIGH LOW
PRODUCT AREA MEAN OPERATION MEAN OPERATION

Asbestos Paper 3.4 Asbestos Mixing 0. 7 Miscellaneous

Asbestos Packing 13.6 Weaving 0.2 Mixing 4 Calender

Asbestos Asphalc 
Products

2.4 Dry Mixing 0.2 Forming
Finishing

*IN THESE THREE ASBESTOS PRODUCT AREAS, INSUFFICIENT DATA PREVENTS TABULATING ENVIRONMENTAL LEVELS INTO HICHESTS, 
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 - AH samples expressed as fibers > 5/i/cc counted by the standard method recommended'
in this document. (Latest available NIOSH data collected during the years 19-66
through 1970).



TABLE IX

INDIVIDUAL SAHPLES BY OPERATION AND SAMPLE SIZE

.SAMPLE SIZE

ASBESTOS INSULATION PLANTS
NUMBER OF PLANTS - 3

OPERATION

HICNEST
INDIVIDUAL
sample

FROM WHICH 
INDIVIDUAL 

SAMPLE 
DRAWN

*LANT
SECOND
HICHEST
INDIVIDUAL
SAMPLE

SAMPLE SIZE 
FROM WHICH 
INDIVIDUAL 

SAMPLE 
DRAWN

PLANT
SECOND
LOWEST
INDIVID.
SAMPLE

SAMPLE SIZE 
FROM WHICH 
INDIVIDUAL 

SAMPLE 
DRAWN

PLANT LOWEST
INDIVID.
SAMPLE

SAMPLE SIZE 
FROM WHICH 
INDIVIDUAL 

SAMPLE
DRAWH

PLANT -

.“.Ulng Its.9 11 X 149.7 11 X 0.4 3 CD 0.2 7 R

Toraing 134.4 39 X 111.2 39 X 0.0 10 R 0.0 10 ft
'urlnj 23.5 5 X 19.9 5 X 1.5 1 DO 0.1 1 CC

'iniihlng 208.4 26 X 97.3 26 X 0.1 4 CC 0.1 11 R

.iiptcilon 4 Packing 92.3 15 X 73.6 15 X 0.1 11 R 0.0 11 CC

lacellaneoua 42.3 24 X 37.5 24 X 0.1 4 CC 0.1 4 CC

1 - AH aaaplea exprcaied aa llbtra ^Sjj/cc counted by the atandard nethod recomended 
In (Mt document. (Lattat avallabl* HI OSH data collected during the yeara 19 66 
through 1971).



TABLE X

ASBESTOS INSULATION PLANTS 

NUMBER OF PLANTS - 5 

MEANS BY OPERATION AND SAMPLE SIZE ( )

OPERATION HIGHEST PLANT
2nd

HIGHEST PLANT
2nd

LOWEST PLANT LOWEST PLANT

Mixing 74.4 (11) X 46.3 (7) Y 4.1 (?) 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) Y 1.0 (11) R 0.9 (4) CC

Inspection & Packing 22.8 (15) X 11.0 (19) Y O'. 5 (1) R 0.3 (11) CC

Miscellaneous 16.6 (24) X 2.7 (5) Y 2.6 (4) DD 0.2 (4) CC

1 - All samples expressed as fibers >5/i/cc counted by the standard tnechod
recommended in this document. (Latest available NIOSH data collected
during the years 1966 through 1971).



TABLE XI

UTEST SURVEY RESULTS

ASBESTOS TEXTILE 
NUMBER OF PLANTS - 8

INDIVIDUAL SAMPLES BY OPERATION AND THE SAMPLE SIZE INDIVIDUAL SAMPLE HAS TAKEN FROM

FIBERS/ee 5u

OPERATION

KICKEST
INDIVIDUAL

SAMPLE

SAMPLE SIZE 
FROM WHICH 
INDIVIDUAL 

SAMPLE
DRAWN

PUNT
SECOND
HICHEST
INDIVID.
SAMPLE

sample size
FROM WHICH 
INDIVIDUAL 

SAMPLE
DRAWN

PLANT
SECOND
LOWEST
INDIVID.
SAMPLE

SAMPLE SIZE 
FROM WHICH 
INDIVIDUAL 

SAMPLE
DRAWN

PUNT LOWEST
1HDIVID.
SAMPLE

sample sue 
FROM WHICH 
INDIVIDUAL 

SAMPLE
DRAWN

PLANT

Tiber Preparation 120.3 12 B 40.9 4 A 1.4 9 K o.< 9 K

C»rdlng 10.9 30 B 72.2 30 S 0.7 22 K 0.4 40 J

Spinning 40.9 36 X 28.7 43 B 1.0 36 K 0.4 43 1

Twitting 31.1 7 A 25.3 8 K 0.5 8 X 0.2 8 c

Winding 18.4 24 B 17.9 40 X 0.1 40 X 0.0 40 K

Hetvlog 123.2 51 B 38.5 25 A 0.1 50 X 0.1 50 X

Rope, Wick, Brtid 1 Cord U.O 3 D 10.3 3 D 0.1 4 X 0.1 3 0

flnlihlng ' 5.6 3 C 3.8 28 B 0.2 28 B 0.1 21 8

Mitcclltoeout 37.0 2 A 22.7 2 A 0.1 45 X 0.1 45 K



I

TABLE XIII

ASBESTOS CONCENTRATION* BY OPERATION 
FOR INSULATION WORKERS

trine Con­ Actual Previous Recalculated
struction No. of Arithemetic Recalculated Time-Weighted Time-Weighted
lepair Samples Means Mean*** Average*** Average***

refabrication 7 30.4 8.7 ) )
Dplication 25 6.2 2.6 ) )
ixir 19 21.2 6.4 ) )
•net. 18 0.6 0.6 9.2 ) 1.8

c Ouc 14 31.5 8.3 ) )
inishing 19 0.3 0.3 ) )

ight gnd Heavy
ndustrial
onstruction

refabrication 23 10.1 6.6 ) )
pplication 36 3.1 2.4 ) )
ixing 17 4.7 2.9 ) 4.2 )
eneral 19 1.6 1.1 ) )
ear Out 10 12.8 7.1 ) )
inishing 16 0.9 0.9 ) )

Fibers /ml > 5fj in length
* Summarized from data ...
** Personal communication, March 1970 from Balzer & Cooper



TABLE XII

LATEST SURVEY RESULTS 

ASBESTOS TEXTILE PLANTS 

NUMBER OF PLANTS - 8

MEANS BY OPERATION WITH SAMPLE SI2E 
FIBERS/CC >5u

( )

OPERATION HIGHEST PLANT
SECOND

HIGHEST PLANT
SECOND
LOWEST PLANT LOWEST PLAN'

Fiber Preparation 22.3 (4) A 20.3 (12) B 7.6 (9) K 7.4 (5) J

Carding 27.3 (10) A 26.4 (30) B 7.1 (22) K 6.1 (14) C

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) C

Winding 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) C 1.1 (3) E

Rope, Wick, Braid & Cord' 7.1 (3) D 3.5 (2) J •2.6 (4) A 1.3 (4) X

Miscellaneous 29.9 (2) A 9.7 (2) C 2.5 (4) J 0.2 02) F.

Finishing 2.5 (3) G 1.8 (2) C 1.3 (28) B 0.1 (5) E



TABLE XIV

ASBESTOS CONCENTRATION BY OPERATION*, 1969

Average asbestos fiber levels

Personal Area Samples
Samples Distance

Work praedeeEnvironmental conditions Fibers/ml Fibers/mlfrom Source
01

Asbestos cement High ceiling room. 2.4 .45
Louvre venting

02
Asbestos cement Low ceiling room. 2.6 - -

Poor ventilation
03

Asbestos cement Access tunnel 6.1 — ~

04
Asbestos cement Power house. Low Ceiling, . 3.9 2.5 3-5’

poor ventilation *

Cutcing calcium sill- Table and hand saws, in 1.2 - _

cate, block, pipe 01 power house - open

,'utting calcium sill- Same - in industrial 4.1 _ __

cate, block & pipe 02 building. Cood ventilation.

Cutting calcium sill- Apartment house boiler room. 11.5 _

cate block & pipe No ventilation. Work 3"-18" 
from breathing zone.

Cutcing calcium sill— Limited ventilation 9.4 1.6 3-4'
cate block & pipe 04

Spraying insulation Turbines in power plant - 47.7 19.5 3'
very high ceiling, good 
ventilation.

28.0 6*

Fibers/ml > 5>i in length 

Notes:
1. Conditions usually variable: Cement mixed dry — applied wet; rapid changes in

local ventilation; composition of material may vary; number of men on job may 
vary.

2. Average of counts (excluding spray insulation) : >5 fibers/ml = 64.5Z;
5-12 fibers/ml *= 25.5Z; 712 fibers/ml 10.0%. ^2)

3. Information prepared by Reitze, Nicholson, and Holaday.



TABLE XV

ASBESTOS PLANT Z - CEMENT PIPE 

PERSONAL SAMPLES - SECULAR TRENDS 

MEANS BY OPERATION AND SAMPLE SIZE

OPERATION MEAN

1967
No. OF
SAMPLES MEAN

1971
NO. OF 
SAMPLES

Warehousing & Mixing 6.2 4 2.3 2

Pipe Porming 2.1 15 1.8 4

Curing 1.3 8 0.4 4

Pipe Finishing 5.0 6 1.7 10

Coupling Finishing 12.8 9 5.3 7

Epoxy 2.6 2 0.9 5

Packing 1. 7 6 1.1' 7

Miscellaneous 0.5 9

1 - All samples expressed as fibers ;► 5p/cc by the standard mechod recommended in chis document

2 7 Information prepared from NIOSH data.



TABLE XVI

ASBESTOS PLANT S - FRICTION 

PERSONAL SAMPLES - SECULAR TRENDS

MEANS BY OPERATION WITH SAMPLE SIZE

OPERATION MEAN

1966
NO. OF 
SAMPLES

1969
NO. OF

MEAN SAMPLES MEAN

1971
NO. OF 
SAMPLES

Mixing, Coating A 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

Crinding & Sanding 10.8 34 4.7 10 5.2 16

Cutting A Drilling 11.0 31 2.8 8 7. 7 22

Bonding & Riveting

Inspection & Packing 9.6 21 1.9 5 5.1 4

Miscellaneous Friction 6.7 6 1.8 10

1 - All samples expressed as fibers >5>t/cc by the Standard Method recommended In this document.

2 - Information prepared from NlOSH data.



TABLE XVII

ASBESTOS CEMENT SHINGLE, MILLBOARD AND GASKET 

PERSONAL SAMPLES - SECULAR TRENDS

OPERATION

MEANS BY OPERATION AND SAMPLE SIZE

PLANT W

1967
NO. OF

MEAN SAMPLES

19 70

MEAN
NO. OF 
SAMPLES

Warehousing 8.9 4

Mixing 8.3 14 4.4 6

Forming 1.8 36 2.6 3

Curing 0.4 1

Finishing 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 fibers ?Sjdcc by Che Standard Mechod recottwended 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 SAMPLI

Mixing 163.0 5 36.2 3 74.4 11

Forming 33.3 18 25.7 3 50.6 39

Curing 2.5 1 31.0 1 14.4 5

Finishing 44.6 3 34.8 4 39.5 26

Inspection 6 Packing 16.7 7 17.9 3 22.8 15

Miscellaneous 13.8 2 16.6 24

Office Worker

1 - All samples expressed as fibers 75cc by the Standard Mech od recommended in chis documei

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 1971

OPERATION MEAN
NO. OF 
SAMPLES MEAN

NO. OF 
SAMPLES MEAN

NO. OF . 
SAMPLES

Mixing 107.0 3 27.7 2 46.3 7

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

Miscellaneous 21.0 14 2.7 5

1 - All samples expressed as fibers >5^u/cc by Che Scandard Method recommended in this document.

2 - Information prepared from NIOSH data.



TABLE XX

ASBESTOS TEXTILE PLANT A 

PERSONAL SAMPLES - SECULAR TRENDS 

MEANS BY OPERATION WITH SAMPLE SIZE

OPERATION

1964
NO. OF

MEAN SAMPLES

1966
NO. OF

MEAN SAMPLES

1970
NO. OF 

MEAN SAMPLES

Fiber preparation 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 11

Twisdng 5.4 7 9.2 8 14.5 7

Winding 9.5 5 13.8 4 9.7 12

Weaving 5.6 11 17.7 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

Miscellaneous

1 - All samples expressed as fibers >5 /Vcc by the Standard Method recommended In this document.

2 - Information prepared from NIOSH data.



TABLE XXI

ASBESTOS TEXTILE PLANT J 

PERSONAL SAMPLES - SECULAR TRENDS 

MEANS BY OPERATION WITH SAMPLE SIZE

1965 1967 1971

OPERATION MEAN
NO. OF 
SAMPLES MEAN

NO. OF
SAMPLES MEAN

NO. OF 
SAMPLES

Fiber preparation 6 .4 7 15.7 5 7.4 5

Carding 8.1 17 12.6 11 7.8 40

Spinning 7.9 14 27.4 11 3.7 2

Twisting 7.3 20 17.7 9 6.9 35

Winding 3.4 3 2.8 10

Weaving 5.6 47 6.8 12 10.0 16

Rope, Wick, Braid 6 Cord 3.5 2

Miscellaneous
.

2.5 4

1 - All samples expressed as fibers >5 /xjcc by the Standard Method recommended in this document

2 - Information prepared from NIOSH dace.



TABLE xxn

ASBESTOS ClHERT PIPE
PERCENT Of SAMPLES USS THAN Of EQUAL TO 2 PIEERS/CC, 

5 PtSERS/CC AND.10 FIBERS/CC LOHCER THAN 5u IH LEMCTK, 
BY. PLANT AND OPERATION 

( ) • NO. Of SAMPLES
REPRESENTS PIECES

OPERATION IJ
PLANT 
IJ

H
I_10 I_2

PLANT 0 
15 X_10 2_2

PLANT P 
X_1 1,10

-*rehoufln| 1 Klxlftt 25 100
CO

100 0 0
(2)

100 100

Li
 O o 100

Pipe foralni 11 100
O)

100 21 100
(4)

100 100 100
(4)

100

Surlni 100 100
(1)

100 <7 100
(J)

100 100 100
(4)

100

■lpc flnlihlnt 100 100
(6)

100 100 100
(4)

100 100 100
(4)

100

oupllnt Plnlihlnj 100 100
(4)

100 2 S 10
(0

100 100 100
(14)

100

poxy 0 100
(1)

100 100 100
(1)

100 100 100
(4)

100

.icMr.t 100 100
(*)

100 100 100
(1)

100 ” ' -

: sccllineout - - - - - - 100 100
(»>

100

Not Applicable

LONCTR THAN Ju

PLANT q plant 2 PLANT AA it
IJ X_J I_10 2_2 1_J I JO X_2 1_5 I JO XJ 15 1 10

loo 100 100 JO 100 100 100 100 100 10 100 100
(4) (2) (J) (5)

100 100 100 75 100 100 100 100 100 100 100 100

(1) «) (4) (10>

100 100 100 100 <• 100 100 100 100 100 11 100 100

(1) (4) (J) 0 5)

to 100 100 70 100 100 100 100 100 100 100 100

(J) (10) <») (1)

40 100 ioo o J? 71 100 100 100 90 IOO 100

(J) (1) (21) (10)

_ 100 100 100 100 100 100 82 IOO 100
O) (1) u>

0 0 100 (6 100 100 100 100 IOO 100 100 100

(1) • (1) (ID (4)

100 100 100 100 100 too 100 IOO 'ioo 100 100 10O

O) (») (4) (i)



table xxrn

ASBESTOS FRICTION PLANTS
PERCENT OF SAMPLES LESS THAN OR EQUAL TO 2 FIBERS/CC, 

5 FIBERS/CC, AND 10 FIBERS/CC LONCER THAN So 
BY PLANT AND OPERATION 

( ) - NUMBER OF SAMPLES

OPERATION *£2
PLANT

J<5
H

1^10 xa
PLANT

2<5

Mixing, Coadng & Excruding 0 50
(2)

100 71 86
(7)

Forming 100 100
(6)

100 - -

Hot Pressing 100 100
(7)

100 50 100
(4)

Baking 100 100
(2)

100 100 100
(2)

Crinding & Sanding 90 100
(10)

100 57 86
(7)

Cucting & Drilling 50 75
(12)

83 100 100
(7)

Bonding 4 Riveting 75 75
(4)

100 100 100
(1)

Inspecting 4 Packing 54 69
(13)

100 100 100
(4)

Miscellaneous 67 78
(*)

100 100 100
(1)

1<10 *£2
plant s 

*£* 1^10 *5.2
PLANT

1<5
T

2 <10 *£2
PLANT li

100 13 19
(16)

44 - - - 0 50
(2)

100

■ 75 75
(4)

100 100 100
(2)

100 67 67
0)

67

100 0 40
(5)

100 - - - 100 100
(2)

100

100 0 40
(5)

100 100 100
(2)

100 0 100
(1)

100

100 13 56
(16)

94 88 88
(8)

88 0 25
(4)

100

100 5 32
(22)

64 86 100
(7)

100 0 0
(1)

0

100 “ - - 100 100
(1)

100 - - -

100 50 50
(4)

75 66 100
(7)

100 0 67
(3)

100

100 - - - 100 100
(5)

100 100 100
(1)

100

- Noc applicable



TABLE XXIV

ASBESTOS CEMENT SHINGLE, MILLBOARD AND GASKET 
PERCENT OF SAMPLES LESS THAN OR EQUAL TO 2 F1BERS/CC, 

5 FIBERS/CC, AND 10 FIBERS/CC LONCER THAN 5u 
BY PLANT AND OPERATION 

( ) - NUMBER OF SAMPLES

PLANT R PLANT U PLANT W
OPERATION *<2 Z<5 *<10 *<2 xp *<10 *4 Z^5 *<10

Warehousing 100 100
(3)

100 100 100
(1)

100 - - -

Mixing 53 67
(15)

93 67 100
(3)

100 50 67
(6)

100

Forming S3 94
(18)

100 100 100
(6)

100 33 100
(3)

100

Curing 50 100
(2)

100 100 100
(2)

100 100 100
(1)

100

Finishing 71 94
(17)

100 86 100
(7)

100 71 100
(7)

100

Packing 75 100
(4)

100 100 100
(2)

100 100 100 . 
(2)

100

Miscellaneous 100 100
(4)

100 100 100
(1)

100 100 100
(2)

100

- Not Applicable



TABLE XXV

ASBESTOS INSULATION PLANTS
PERCENT OF SAMPLES LESS THAN OR EQUAL TO 2 FIBERS/CC,

OPERATION *±2
PLANT R 

X<5 1110

Mixing 57 71
(7)

66

ronaing 90 90
(10)

100

Curing - - -

Finishing 82 100
(11)

100

Inspection 6
Packing 100 100

(1)
100

Miscellaneous - - -

5 FIBERS/CC, AND 10 FIBERS/CC LONCER THAN
BY PLANT AND OPERATION

( ) - NUMBER OF SAMPLES

PLANT X PLANT Y
X<2 X<5 X<10 *±5 XclO

0 0 18 0 0 0
(11) (7)

0 0 15 0 9 13
(39) (32)

0 0 40 «. „
(5)

8 12 15 6 6 29
(26) (17)

13 27 40 0 16 • 63
(15) (19)

21 46 54 40 100 100
(24) (5)

PLANT cc PLANT DD
X<2 *5.5 U10 xl2 X<5 r. _do

100 100 100 67 67 67
(2) (3)

100 100 100 100 100 100
(7) (5)

100 100 100 100 100 100
(1) (1)

100 100 100 40 100 100
(4) (5)

100 100 100 63 100 100
(11) (8)

100 100 100 50 100 100
(4) (4)

- Not applicable



TABLE XXVI

ASBESTOS TEXTILE RLaXTS
REACENT OF SAMELES LESS THAN OK EQUAL TO 2 FtlERS/CC, 

3 FIIEK5/CC, AND 10 FIIEM/CC 10XCEK THAN $g 
1Y RUNT AND DURATION 

( ) - HUHJER OF SAMFLES

OPEAATtOK
TLAKT A

Xj IJ XJO
FLANT 1

XJ X_1 XJO X_l
RIANT C 

2_J X_10 X_2
RLANT 0 

XJ XJO ij
RLANT

15
t

XJO XJ
RLANT C 

IJ X_10
1

IJ
RLANT J 

IJ IJO XJ
RLANT
IJ

r.
XJO

Tiber Preparation 0 0
(4)

25 0 1)
(12)

31 0 0
(3)

13 0 0
(3)

33 - * * 0 0
(1)

50 20 40
(3)

10 22 44
(9)

47

Cardiff 0 0
(10)

10 0 1
(30)

40 0 0
(4)

73 20 40
(10)

60 * - • 14 37
(1*)

71 13 31
(40)

10 13 36
(12)

77

Sp inning 0 t
(11)

36 5 26
(43)

?? 0 36
(ID

91 0 13
(16)

44 - - - 0 33
(4)

100 0 100
(2)

100 3 14
(36)

42

Mm lag 0 0
(7)

29 0 11
(19)

51 0 )3
(4)

100 13 30
(1)

73 - - “ 31 73
(*)

1O0 6 24
(35)

19 23 31
(1)

50

Winding t 1)
(11)

JO 25 54
(24)

13 0 60
(5)

top 4} 71
(7)

16 - - “ 60 100
(3)

100 40 90
(10)

100 40 3)
(<•01

71

Weaving 4 n
(23)

(A 16 31
(53)

16 36 100
(in

100 1 33
(24)

11 *? 100
(3)

100 1 30
(12)

100 0 23
(16)

36 26 76
(50)

94

• 73 100 100
Aop«i wick, Irald

1 Cord JO )J
(A)

100 40 100
(5)

100 - - - 33 33
(3)

33 - - • * ‘ ' 0 100
(2)

100

10

(4)

91 100

Mlflcelltcteoua 0 0
(2)

0 11 4/
(3)

100 - - - 0 50
(6)

13 100 100
(2)

100 0 30
(3)

50 30 100
(4)

100

43

(43)

ioo 94

rsnlihtog - - - 12 100
(21)

100 50 100
(1)

100 - - - 100 100
(3)

100 67 67
(2)

100 (1)

• HOC Applicable



TABLE XXVII

Duration of employment and known exposure co 
Asbescos and the development of X-ray findings 
of Asbestosis in 232 employees of an Asbescos 

Insulation Factory, employed sometime in 1941- 
19&5 and examined in 1969-1970.

X-RAY ASBESTOSIS

DURATION
OF

MPLOYMENT TOTAL 0 - 1+ 2+

DAY OR 7 3 0 4 0
LESS

- 7 DAYS 13 4 3 5 1

- 6 'XS 15 5 3 6 i

- 3 MOS 35 6 5 23 1

- 6 MOS 35 8 3 19 5

- 12 MOS 31 5 3 15 5

- 2 YRS 48 7 5 25 8

- 5 YRS 36 3 8 16 6

- 14 YRS 12 1 0 5 4
232

ALL EMPLOYEES INCLUDED. EXPOSURES VARIED FROM 
''NONE" (OFFICE) THROUGH THAT OF MANAGEMENT, 
ENGINEERING AND SHIPPING, TO THAT OF PRODUCTION 
EMPLOYEES.

- Personal Communication Dr. Irving Selikoff, January, 1971.



TABLE XXVIII

Lapsed period from onset: of exposure in 364 
deaths among employees of an asbestos 

insulation factory, employed at some time 
in 1941-1945 and followed to 1970.

Tears from 0nser
Cause of Deach 0-4 5-9 10-14 15-19 20-24 25+-
Lung cancer 0 3 6 14 16 18
Mesothelioma 0 0 0 0 2 2 m

G. I. cancer 1 1 6 3 4 3 s
Asbestosis 0 2 1 8 8 5
All other cancer 1 3 9 7 6 5 St

All ocher causes 26 28 30 52 42 30
TOTAL 28 37 54 84 78 63 a

TOTAL

59

4

18

24

31

208

344

1 - Personal communication Dr. Irving Selikoff, January, 1971.



table xxrx

SUMMAT.K OF 4 CASE UiSTORIES OF EXPOSURE TO 
ASBESTOS AND SUBSEQUENT DEVELOPMENT OF MESOTHELIOMA

ace
ex

ccupational History 
Before Asbestos exposure 
Asbestos exposure 
Duration of exposure

Type of Work.

Afcer asbestos exposure

Type of asbestos

Respirator protection

•■sothclioma History 
Age it death

It.

geological diagnosis

Lapsed period since 
exposure

Duration of illness 

Concurrent asbestosis

Smoking history

Duration of smoking 
history (years)

U
M

None

Unknown

Engineer

Unknown

Chrysocile-
anosite-
crocidolite

: None

74

Peritoneal & 
Pleural 
Biphasic

25 years

13 weeks

Pleural
Calcifica­
tion

0

Pipe Insulation [Neighborhood 
exposure

u
P

Scudent 

6 weeks

u
M

None 

3 years

Housewife

Chrysotile-
amosice

u
F

None

Unknown - at 
least several yrs 
Family exposure

None

41

Right Pleural

(Biphasic) epi­
thelial & fibrous

21 years 

5 weeks 

jerade I by X-Ray

40

24

[Bookkeeper-f looij 
manager

Chrysocile- 
smosite

NA

30

Pleural

Biphasic 
Pleomorphic

19 years 

1 year 

None

20

5 years 
Stopped in 1965

Housewife

Amoslte

NA

52

Left Pleural

Unknown 

2 years 

ftone by X-Ray

NA

Personal communication! Or. Irving Seillkoff - January, (1971.



TABLE XXX

Observed end Expected Death* Through December 31, 1969 by Causa and Dust Exposure 
Score, for 291 Males who forked Primarily in Non-Asbestos Production and 

Maintenance Service Jobs and for 1464 Males who Worked Primarily in Atbescoi 
Production and Maintenance-Service Jobs and Retired During 1941-1967, Showing 

Standardized Mortality Ratios (SMR's)

Accumulative exposure to asbeatos in million part* per cubic foot years (rappefyr)
Cause of Death and Internationau Limited Exposure < 125 125-250 250-500

List Number Oba. Kxp* SMR Oba. Exp. SMR Oba. Exp. SMR Oba Exp. SMR

All Causes 114 129.9 87.8 365 344.8 105.8 162 139.8 115.9 164 156.7 117.4*

All Cancer (140-205) 22 22.3 98.6 74 56.3 131.4* 23 23.6 97.4 52 26.4 197.1*
Digestive Syscem (150-159) 
Lung, Bronchus, Trachea

9 8.2 109.8 27 21.9 123.3 5 8.9 56.2 19 10.0 190.0*

6 Pleura (162-163) a 4.a 166.7 18 10.7 168.2 11 4.9 224,5* 16 5.4 296.3*

All Other Cancer 5 9.3 53.8 29 23.7 122.4 7 9.8 71.4 17 11.0 90.9

Cerebral Vascular Lesions 
(330-334)

15 14.6 101.4 31 41.4 74.3 14 16.2 86.4 15 18.2 82.4

All Heart Disease (400-443) 
Coronary Heart Disease

46 60.a 75.6 168 161.2 104.2 72 65.5 109.9 75 73.3 102.3

(420) 39 48.9 80.1 129 124.8 103.4 59 52.2 113.0 55 57.8 95.2

All Other Heart Disease 7 12.1 57.8 39 36.4 107.1 13 13.3 97.7 20 15.5 129.0

Diseases of the Respiratory 
Systtm (470-527)

10 7.7 129.9 26 19,0 162.5* 11 80 137.5 17 8.9 191.0*

Pneumoconiosis & Pulmo­
nary Fibrosis (523-525)

5 8 3 8

All Other Csuses 22 24.5 89.8 66 66.6 99.1 42 26.5 156.5* 25 29.9 63.6

* SHR signiflcantly different from 100 at 5% level.
Source: a Study of che Dose-Response Relationship Between Asbestos Dust and Lung Cancer by Philip Enterline, Pierre

DeCoufle and Vivian Henderson (Unpublished Manuscript)



TABLE XXX (continued)

Cause of Death and International 500-750 >750
Lise Humber Obs. Exp. SMR Obs. Exp. SKR Obs. Exp. SMR Obs. Exp. SKR

All Causes 77 50.2 153.4* 34 26.2 129.8

All Cancer (140-205) 18 8.7 206.9* 9 4.5 200.0
Dlgescive Syatem (150-159) 6 3.3 181.8 2 1.7 117.6
Lung, Bronchus, Trachea

4 Pleura (162-163) 9 1.8 500.0* 5 0.9 555.6

All Ocher Cancer 3 3.6 83.3 2 1.9 105.3

Cerebral Vaecular Lesions 5 5.6 89.3 3 3.0 100.0
(330-334)

All Hearc Disease (400-443) 36 23.5 153.2* 11 12.3 89.4
Coronary Hearc Disease
(420) 24 13.8 127.6 8 9.9 80.8

All Other Hearc Disease 12 4.7 255.3* 3 2.4 125.0

Diseases of the Respiratory 11 2.8 392.8* 0 1.5 600.0*
System (470-522)

Pneumoconiosis 6 Pulao- 8 - “ 5 **
nary Fibrosis (523,525)

All Other Causes
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ J.

7 9.6 72.9 2 4.9 40.8

*SMR significantly different from 100 at 5X level. • n •Mjmwdo m<f«irTict un- mi««si/ic■



1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

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. S3

NO.

DATED: March 15, 1999 STEVENS, DRUMMOND & GIFFORD

By:
DAVID A. GIFFORD//// 
Attorneys for 
Defendant NORTH AMERICAN 
REFRACTORIES COMPANY
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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.

DATED:

General Counsel 
NORTH AMERICAN 
REFRACTORIES COMPANY



PROOF OF SERVICE BY MAIL

I hereby declare under penalty of perjury pursuant to the laws 

of the State 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, California 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 NORTH AMERICAN REFRACTORIES COMPANY'S AMENDED 
RESPONSES TO PLAINTIFFS' 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, Esq.
Wartnick, Chaber, Harowitz,
Smith & Tigerman
101 California Street, Suite 2200 
San Francisco, CA 94111-5802

Christopher E. Grell, Esq.
The Monadnock Building 
685 Market Street, Suite 540 
San Francisco, CA 94105

Dated: April 1, 1999


