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Summary Report of Gregory B. Diette, M.D., M.H.S.

e MAS Analysis Report of Avon Products, prepared by William E. Longo, PhD, dated 15
November 2022.

e MAS Supplemental Report Talcum Powder Analysis of Avon Powder Products, Project
M71560 & M71562, prepared by William E. Longo, PhD, CEO dated 19 November
2022.

e MAS Talcum Powder Analysis of Avon Somewhere Powder, prepared by William E.
Longo, PhD, CEO dated 20 September 2023.

e MAS Talcum Powder Analysis of Avon Split, prepared by William E. Longo, PhD, CEO
dated 21 September 2023.

e MAS Avon Talcum Powder Analysis, prepared by William E. Longo, PhD, CEO dated
21 September 2023.

e MAS Talcum Powder Analysis of Solomon, Beth — Talc Splits, prepared by William E.
Longo, PhD, CEO dated 16 February 2024.

e MAS Analysis Report of Avon Unforgettable Perfumed Talc, prepared by William E.
Longo, PhD, dated 21 April 2017.

e Expert Report of Steven P. Compton, PhD, Investigation of Italian Talc Samples for
Asbestos, dated 01 August 2017.

e Expert Report of Steven P. Compton, PhD, Investigation of Vermont Talc Samples for
Asbestos, dated 23 April 2018.

e Expert Report of Steven P. Compton, PhD, Investigation of Montana Talc (American
International Industries Microtalc 1745) for Asbestos, dated 15 March 2019.

e Expert Report of Steven P. Compton, PhD, Examination of Avon Talcum Powder for
Asbestos Gail Welch Case, dated 29 May 2020.

e Expert Report of Steven P. Compton, PhD, Examination of 907 Talc Powder for
Asbestos, dated 26 January 2024.

e Expert Report of Steven P. Compton, PhD, Examination of Vintage Avon Bunny
Fluffpuff Talc in Rabbit-shaped Puff container for Asbestos, dated 19 May 2023.

e Expert Report of Steven P. Compton, PhD, Examination of Vintage Avon Unforgettable
Talc in Shaker Container for Asbestos, dated 19 May 2023.

e Expert Report of Jennifer S. Pierce, MS, PhD, in the matter of Michael Perry regarding
Avon, Inc., dated 19 June 2024.

e Affidavit of R. Mark Bailey, on behalf of Johnson & Johnson, dated 30 October 2023,
with exhibits 1 through 16.

e MAS Expert Analysis Report of Estee Lauder Products by William E. Longo, PhD, CEO,
dated 16 December 2022.

e Expert Report of R. Mark Bailey, PG, Transmission Electron Microscopy Analytical Test
Report of Johnson & Johnson Baby Powder, dated 06 May 2021.
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Summary Report of Gregory B. Diette, M.D., M.H.S.

Expert Report of R. Mark Bailey, PG, Transmission Electron Microscopy Analytical
results for 3 talc archive batch samples on behalf of Johnson & Johnson, dated 08
September 2021.

MAS 4" Supplemental MDL Report, Analysis of Non-Historical J&J’s Talcum Powder
Consumer Product Containers and J&J Chinese Historical Talc Retain Samples, by
William E. Longo, PhD, CEO, dated 29 April 2024.

MAS Supplemental #2 Expert Report on Below the Waist Application of Johnson &
Johnson Baby Powder by William E. Longo, PhD, Mark W. Rigler, PhD, and William B.
Egeland, MS, PG, dated January 2018.

MAS Expert Report Rev #1 on Talcum Powder Application to Baby and Diaper Change
I1: A Hygiene Study by William E. Longo, PhD, William B. Egeland, MS, PG, and
Martin Bennett, dated 28 June 2019.

MAS Expert Report on Johnson’s Baby Powder Application to Baby and Diaper Change:
A Hygiene Study Supplemental by William E. Longo, PhD, William B. Egeland, MS,
PG, and Martin Bennett, dated May 2020.

Declaration of William Longo, PhD, dated 21 September 2021.

Expert Report of Jennifer Sahmel, PhD, CIH, CSP, FAIHA, on behalf of Vi-Jon, dated 20
June 2024.

Expert Report of Paul A. Nony, PhD, CIH, CSP, on behalf of Estée Lauder, dated 26
June 2024, with References.

Social Security Records of Michael Perry, 1979 through 2000.
Social Security Records of Michael Perry, 1987 through 2023.
Work History Affidavit.

Medical Documents/Materials:

PERRY - MUSC 2.8.23-11.17.23
PERRY - RSFP ROPER 2022-2023
PERRY ROPER 5.19.17-7.1.23
SC-PERRY MUSC radiology link

Perry, Michael - Roper St. Francis (Dx Pathology Report 07.05.23) PERRY_SC_000014-
000015 (3065538)

Admission to Medical University of South Carolina dated 080823
Admission to Palmetto Digestive Health Specialists dated 062623
Cardiac testing

Office notes of Charleston Oncology
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Summary Report of Gregory B. Diette, M.D., M.H.S.

e Office notes of Medical University of South Carolina (reverse chron)
e Office notes of Roper St. Francis Physician Partners

e Pathology reports

e Radiology reports

e Perry, Michael - Dr. Brian M. Lingerfelt (Medical 07.07.23)

e Perry, Michael - Edgepark Medical Supplies (Medical 07.07.23)

e Perry, Michael - Medical University of South Carolina (Pathology)

e Perry, Michael - MUSC (Pathology Report 08.18.23)

e Perry, Michael - MUSC Medical University of S. Carolina (Medical 07.08.23 - 08.18.23
Vol 1)

e Perry, Michael - MUSC Medical University of S. Carolina (Medical 07.08.23 - 08.18.23
Vol 2)

e Perry, Michael - MUSC Medical University of S. Carolina (Medical 07.08.23 - 08.18.23
Vol 3)

e Perry, Michael - MUSC Medical University of S. Carolina (Medical 08.22.23 - 12.26.23
Vol 1-UC)

e Perry, Michael - MUSC Medical University of S. Carolina (Medical 08.22.23 - 12.26.23
Vol 2)

e Perry, Michael - MUSC Medical University of South Carolina (Medical Affidavit
07.08.23 - 08.18.23)

e Perry, Michael - Palmetto Digestive Disease Endoscopy Center (Medical 06.19.17 -
06.26.23)

e Perry, Michael - Palmetto Digestive Disease Endoscopy Center (Medical Affidavit
06.19.17 - 06.26.23)

e Perry, Michael - Pulmonology at MUSC Health Hollings Cancer Center (Medical
07.15.23 - 07.24.23)

e Perry, Michael - Pulmonology at MUSC Health Hollings Cancer Center (Medical
Affidavit 07.15.23 - 07.24.23)

e Perry, Michael - Roper Hospital (Medical 03.01.21 - 06.30.23)

e Perry, Michael - Roper Hospital (Pathology)

e Perry, Michael - Roper St. Francis (Dx Pathology Report 07.05.23)

e Perry, Michael - Roper St. Francis Healthcare (Medical Vol 1 01.11.21 - 07.12.23)
e Perry, Michael - Roper St. Francis Healthcare (Medical Vol 2 01.11.21 - 07.12.23)
e Perry, Michael - Roper St. Francis Healthcare (Medical
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Summary Report of Gregory B. Diette, M.D., M.H.S.

e Admission to Medical University of South Carolina dated 07.24.23.

e Admission to Palmetto Digestive Health Specialists dated 04.10.19.

e Admission to Palmetto Digestive Health Specialists dated 06.05.23.

e Admission to Palmetto Digestive Health Specialists dated 06.19.17.

e Admission to Palmetto Digestive Health Specialists dated 07.12.17.

e Admission to Palmetto Digestive Health Specialists dated 08.09.17.

e Admission to Palmetto Endoscopy Center dated 01.20.14.

e Admission to Roper Hospital dated 06.30.23.

e Office notes of Medical University of South Carolina.

e Pathology reports; 02.25.10.

e Radiology reports; 06.11.17.

e Office notes of Medical University of South Carolina (reverse chron).

e Radiology reports; 12.05.23.

e Radiology Materials — Refer to APPENDIX C for list of studies received on disc format
e 03 disc(s) on 10 May 2024 from Medical University of South Carolina.
e 01 disc(s) on 04 June 2024 from Medical University of South Carolina.
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Summary Report of Gregory B. Diette, M.D., M.H.S.

APPENDIX B: LITERATURE CONSIDERED, REPORTS REVIEWED AND OTHER RELIANCE
MATERIALS.

Abelmann A, Glynn ME, Pierce JS, et al. “Historical ambient airborne asbestos concentrations in
the United States — an analysis of published and unpublished literature (1960s-2000s).”
Inhalation Toxicology. 2015;27(14):754-766.

Acheson ED, Gardner MJ, Pippard EC, et al. “Mortality of Two Groups of Women who
Manufactured Gas Masks from Chrysotile and Crocidolite Asbestos: A 40-year Follow-
Up.” British Journal of Industrial Medicine. 1982;39:344-348.

Agarwal R, Paul AS, Aggarwal AN, et al. “A randomized controlled trial of the efficacy of
cosmetic talc compared with iodopovidone for chemical pleurodesis.” Respirology.
2011;16:1064-10609.

Agency for Toxic Substances and Disease Registry (ATSDR) “Asbestos: health effects.” U.S.
Department of Health and Human Services, U.S. Public Health Service. Agency for
Toxic Substances and Disease Registry. Atlanta, GA. (2008). Available at:
http://www.atsdr.cdc.gov/asbestos/asbestos/health_effects. Accessed: 15 September
2013.

Agency for Toxic Substances and Disease Registry (ATSDR). “Toxicological Profile for
Asbestos: Potential for Human Exposure.” U.S. Department of Health and Human
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AirNow.gov. AirNow Visibility Cameras. Available at:
https://www.airnow.gov/index.cfm?action=airnow.webcams. Accessed: 06 September
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APPENDIX C: RADIOLOGY STUDIES, AS RECEIVED ON COMPACT Discs.

Medical University of South Carolina, 20 studies:

e NM Pulmonary Ventilation Perfusion VQ, Accession Number: 21078587, dated
07/14/2023.

e MRI Brain W WO Contrast, Accession Number: 21076525, dated 07/17/2023.
e MRI Chest W WO Contrast, Accession Number: 21076526, dated 07/17/2023.
e PET CT Skull Base to Midthigh, Accession Number: 21053965, dated 07/18/2023.
e XR Chest 1 View Portable, Accession Number: 21178471, dated 08/08/2023.
e XR Chest 1 View Portable, Accession Number: 21178636, dated 08/08/2023.
e XR Chest AP Portable, Accession Number: 21178863, dated 08/09/2023.

e XR Chest AP Portable, Accession Number: 21182695, dated 08/10/2023.

e XR Chest AP Portable, Accession Number: 21187659, dated 08/11/2023.

e XR Chest AP Portable, Accession Number: 21192101, dated 08/12/2023.

e XR Chest 2 Views, Accession Number: 21194509, dated 08/13/2023.

e XR Chest 2 Views, Accession Number: 21195964, dated 08/14/2023.

e XR Chest 2 Views, Accession Number 21200519, dated 08/15/2023.

e XR Chest 2 Views, Accession Number: 21201843, dated 08/15/2023.

e XR Chest PA and Lateral, Accession Number: 21266398, dated 09/01/2023.

e CT Chest W Contrast, Accession Number: 21290447, dated 09/29/2023.

e CT Chest W Contrast, Accession Number: 21567301, dated 12/05/2023.

e RAD ONC PLANNING, Accession Number: 21555596, dated 01/02/2024.

e RAD ONC PLANNING, Accession Number: 21873777, dated 01/31/2024

e CT Chest W Contrast, Accession number: 21822953, dated 04/29/2024.
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STATE OF SOUTH CAROLINA
COUNTY OF RICHLAND

SARAH J. PLANT and PARKER
PLANT,

Plaintiff,
V.
AVON PRODUCTS, INC., et al.

Defendants.

STATE OF SOUTH CAROLINA
COUNTY OF RICHLAND
KELLY PAYNE CLARK and SHANNON
PAYNE LANCASTER, as Co-Executors of
the Estate of SHELBY LINVILLE
PAYNE, Deceased,
Plaintiffs,
V.

3M COMPANY et al.

Defendants.

N N N

N N N N N N N N N N

N N N

N N N N N N N N N N N N

IN THE COURT OF COMMON PLEAS

FOR THE FIFTH JUDICIAL CIRCUIT
C/A NO. 2022-CP-40-01265

In Re:

Asbestos Personal Injury Litigation
Coordinated Docket

IN THE COURT OF COMMON PLEAS

FOR THE FIFTH JUDICIAL CIRCUIT
C/A NO. 2022-CP-40-01281

In Re:

Asbestos Personal Injury Litigation
Coordinated Docket

ORDER GRANTING IN PART AND DENYING IN PART PLAINTIFFS’ MOTION IN

LIMINE TO EXCLUDE THE TESTIMONIES OF DR. GREGORY DIETTE, DR. DAVID

WEILL & DR. ALLEN FINEGOLD

Plaintiffs in both of the above-captioned cases moved this Court, pursuant to Rules 702
and 403 of the South Carolina Rules of Evidence, for an Order excluding the expert testimonies of
Dr. Gregory Diette, Dr. David Weill and Dr. Allen Finegold. The Court finds that the motion is

well taken and should be, and therefore is, GRANTED IN PART and DENIED IN PART. Each
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of these experts will be excluded from testifying at trial about the cause of mesothelioma in either
Ms. Plant or Ms. Payne. Each of these experts will be excluded from testifying at trial that either
Ms. Plant or Ms. Payne’s mesothelioma was “idiopathic” or “spontaneous” or ‘“naturally-
occuring”. These experts will be permitted to otherwise testify about talc and asbestos to the extent
it falls within their qualifications, disclosure and subject to trial objections to specific questions.

RELEVANT FACTS

Drs. Diette, Weill and Finegold are medical doctors offered by multiple defendants
including, Avon Inc. (“Avon”), Chanel, Inc. (“Chanel”), Colgate Palmolive, Inc. for Mennen
(“Mennen”), Whittaker Clark & Daniels (“WCD”) and Color Techniques, Inc. to give expert
testimony in both of the above-captioned cases. They intend to opine that both Ms. Plant and Ms.
Payne’s mesotheliomas are not the result of exposure to asbestos, but instead occurred

“spontaneously” or were “naturally occurring”.

APPLICABLE LAW

Rule 702 of the South Carolina Rules of Evidence provides that “[i]f scientific, technical,
or other specialized knowledge will assist the trier of fact to understand the evidence or to
determine a fact in issue, a witness qualified as an expert by knowledge, skill, experience, training,
or education, may testify thereto in the form of an opinion or otherwise.” The trial court must act
as a gatekeeper over scientific evidence and make three preliminary findings before expert
testimony may be admitted. Watson v. Ford Motor Co., 389 S.C. 434, 446, 699 S.E.2d 169, 175
(2010). The Court must find “that expert testimony is necessary to assist the jury in resolving
factual questions, the expert is qualified in the particular area, and the testimony is reliable.” Id.
at 446-47, 699 S.E.2d at 175. “In South Carolina, a trial court minding the Rule 702 gate must

assess not only (1) whether the expert’s method is reliable (i.e., valid), but also (2) whether
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the substance of the expert’s testimony is reliable.” State v. Warner, 430 S.C. 76, 86, 842 S.E.2d
361, 365-66 (Ct. App. 2020), aff'd in part and remanded, 436 S.C. 395, 872 S.E.2d 638 (2022).
A trial court does not abuse its discretion under Rule 702 by excluding the testimony of
medical experts whose conclusions were not supported by the data and experiments upon which
they relied. Id. (citing Gen. Elec. Co. v. Joiner, 522 U.S. 136, 146 (1997)). ““A court may
conclude that there is simply too great an analytical gap between the data and the opinion
proffered.”” Id. (quoting Joiner, 522 U.S. at 146).

Courts evaluating the admissibility of scientific expert evidence “must find the evidence
will assist the trier of fact, the expert witness is qualified, and the underlying science is reliable.”
State v. Council, 335 S.C. 1, 20, 515 S.E.2d 508 (S.C. 1999). In considering the admissibility of
scientific evidence the Court looks at several factors, including: (1) the publications and peer
review of the technique; (2) prior application of the method to the type of evidence involved in the
case; (3) the quality control procedures used to ensure reliability; and (4) the consistency of the
method with recognized scientific laws and procedures. State v. White, 382 S.C. 265, 274, 676
S.E.2d 684 (S.C. 2009) (citing Council, 335 S.C. at 19).

This type of evidence is also subject to attack for relevancy and prejudice. Id. at 19-20,
515 S.E.2d at 517.

a. Drs. Diette, Weill and Finegold may not offer opinions about the cause of Ms. Plant or Ms.
Payne’s mesothelioma.

The Court finds that these doctors have not made an attempt to determine the products at
issue contined asbestos at all. They did not make an attempt to determine the fiber type of asbestos
potentially associated with any talc product at issue in this case. Furthermore, these doctors have
not reviewed any studies relating to the products at issue in this case either purporting to

demonstrate the presence or lack of presence of asbestos in the products or for purposes of
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determining the amount of asbestos released from the normal and expected use of these products.
These doctors do not have any information sufficient to testify in these two particular cases about
the cause of mesothelioma in either Sarah Plant or Shelby Payne.

b. Drs. Diette, Weill and Finegold may offer testimony about talc and asbestos generally,
including testimony about their opinions relative to the rates of ‘“spontaneous” or
“idiopathic” mesotheliomas in women.

The Court does not preclude at this time opinions regarding the rates of mesothelioma
cancer in women which are “spontaneous” or “naturally-occuring”.

CONCLUSION AND ORDER

WHEREFORE after reviewing the evidence submitted and arguments of counsel, both
through the briefs and oral argument, this Court GRANTS IN PART and DENIES IN PART the
Plaintiffs’ Motion to Exclude Drs. Diette, Weill and Finegold. These experts will not be permitted
to testify about the cause of either Shelby Payne or Sarah Plant’s mesothelioma cancer, or testify
that either womans’ cancer was “spontaneous” “idiopathic” or “naturally-occuring”.

AND IT IS SO ORDERED.

This Order memorializes an earlier ruling of Febraury 15, 2023 and acknowledges all

objections made thereto.

[JUDGE’S E-SIGNATURE PAGE FOLLOWS]
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Richland Common Pleas

Case Caption: Sarah JPlant , plaintiff, et al vs Avon Products Inc, defendant, et al
Case Number: 2022CP4001265

Type: Order/Other

So Ordered

Jean H. Toal

Electronically signed on 2023-02-28 16:23:50 page 5 of 5
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Gregory B. Diette, M.D., M.H.S.

02 July 2024

Gregory B. Diette, M.D., M.H.S.
8805 Columbia 100 Parkway
Suite 101

Columbia, Maryland 21045

Ms. Lucy Willson, Esq.

Willcox & Savage, PC

440 Monticello Avenue, Suite 2200
Norfolk, Virginia 23510

RE: Perry, Michael v. Johnson & Johnson, et al.

Dear Ms. Willson,

This supplemental report has been prepared at your request as an updated summary of my
opinions regarding claims that M. Michael Perry developed pleural mesothelioma as a result of
asbestos exposure. | have reviewed the materials, in this case, to determine the potential role, if
any, of cosmetic talcum powder containing products from Johnson & Johnson (“Johnson’s Baby
Powder” and “Shower to Shower”) that were allegedly purchased at Wal-Mart locations, Avon
(“Avon Deep Woods,” “Avon Musk,” “Avon Spicy,” “Timeless,” “Soft Musk,” “Cotillion,”
“Birds of Paradise,” and “Skin So Soft”), Vi-Jon (“Equate”), Estée Lauder Companies (“ELC”
for “White Linen”), Gold Bond and Ammens products allegedly bottled by PTI Union LLC, and
cosmetic talc allegedly produced by IMI-Fabi, LLC, IMI Fabi (USA), LLC and IMI Fabi (Diana)
LLC, allegedly containing asbestos, as a cause of Mr. Perry’s disease. This supplemental report
reflects additional materials that | have received and reviewed since the submission of my initial
report on Mr. Perry on 27 June 2024 and should be read in conjunction with that report.

Please refer to the appendices at the conclusion of this supplemental report for an updated list of
case materials that I have received and reviewed in this matter.
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EXPERT REPORTS.

Peterson, Michael, M.E.M., DABT .1

Mr. Peterson reviewed case materials pertaining to Mr. Perry. It is Mr. Peterson’s opinion that
the scientific evidence does not support that exposure to Gold Bond and Ammen's cosmetic talc
products increases the risk of mesothelioma. Mr. Peterson opined that even if Gold Bond and
Ammen's cosmetic talc did contain trace asbestiform amphibole or serpentine minerals, this
would not materially impact his conclusions. Mr. Peterson further notes that if he assumes that
asbestiform amphibole or serpentine minerals were present in cosmetic talc products, then he
would have to assume that the same non-talc minerals would be present in the cosmetic- and
industrial-type talcs used in animal studies, as well as the talc to which miners and millers were
exposed. He noted that given the negative results of the animal and epidemiology studies, and
assuming that non-talc minerals were present in cosmetic talcs, he reasonably concludes that the
levels were so low as to not increase the risk of mesothelioma. Mr. Peterson noted that this
finding is consistent with risk calculations performed in the regulatory and peer-reviewed
literature using conservative assumptions. Mr. Peterson stated that systematic review of the
relevant scientific and peer-reviewed literature and the evidence from animal toxicology,
epidemiology, exposure, and mechanistic studies of talc, it is his opinion that exposure to Gold
Bond and Ammen's cosmetic talc products could not have increased Mr. Perry's risk of
mesothelioma.

Mr. Peterson also identified possible occupational exposure to commercial amphibole asbestos
during hotel renovations which occurred during his employment at various hotels. He noted that
he was not able to determine the types of asbestos Mr. Perry might have been exposed to during
his employment. Mr. Peterson opined that assuming Mr. Perry was exposed to at least some
commercial amphibole asbestos (amosite and/or crocidolite) during the renovations, these
exposures may have increased his risk of mesothelioma. If these exposures can be ruled out, it is
likely that his mesothelioma occurred spontaneously. Mr. Peterson also noted that there is also
the possibility that Mr. Perry has a genetic predisposition to cancer, as multiple first-degree
relatives were also diagnosed with cancer.

Druschel, Gregory, PhD.?

Dr. Druschel evaluated plaintiffs’ experts’ reports on their findings of alleged asbestiform
amphibole and chrysotile in commercial talc products and other samples assessing the veracity of
the analytical approaches used and if they support positive identification of asbestiform
amphiboles or chrysotile in talc samples. Dr. Druschel evaluated reports regarding Gold Bond
powder products. Dr. Druschel opined that Dr. Longo’s techniques lack sufficient precision, and
are extremely susceptible to false positives for asbestos minerals in a talc matrix. Dr. Druschel
further opined that the scientific evidence presented in plaintiffs’ experts’ reports is inconsistent,
often with a low level of analytical quality, with a lack of precision necessary for the task, often
done so poorly as to render the information useless, and does not support the conclusion, in any
instance, of ashestiform amphibole or chrysotile presence in the samples analyzed.

! Expert Report of Michael Peterson, M.E.M., DABT, on behalf of PTI Union, LLC, dated 27 June 2024.
2 Expert Report of Dr. Gregory K. Druschel, Ph.D., on behalf of PT1 Union, LLC, dated 26 June 2024.
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With regard to the likelihood of trace asbestiform amphiboles or chrysotile associated with the
talc deposits of SW Montana or SW China, Dr. Druschel opined that thermodynamics dictates
amphibole mineralization in impossible at these conditions, tectonics dictates chrysotile
formation is impossible at these conditions. Further, he stated that if trace amphiboles or
chrysotile are found in these samples (and here he noted that analytical work he has reviewed to
date shows NO evidence of either) it is far more likely that small amount of asbestos mineral
came from airborne dusts not related at all to the ore deposits, but rather contamination of the
material sometime between excavation and analysis of the bottles in question.

ASSESSMENT AND CONCLUSIONS.

The allegation in this case is that Mr. Perry has pleural mesothelioma that was caused by
cosmetic talc believed to also contain asbestos. | have assumed that the diagnosis of pleural
mesothelioma is correct. Based on the materials available in this case, Mr. Perry does not have
conditions such as diffuse pleural thickening or bilateral calcified pleural plaques which, if
present, could be compatible with prior asbestos exposure. He does not have asbestosis.

In particular, | assessed the evidence in this case that asbestos as a potential contaminant of
cosmetic talc produced and/or distributed by Johnson & Johnson, Avon, Vi-Jon, Estée Lauder,
Gold Bond, Ammens IMI-Fabi, LLC, IMI Fabi (USA), LLC, and/or IMI-Fabi (Diana) could
have been responsible for causing pleural mesothelioma in Mr. Perry. In this case, there is no
objective evidence available that shows that Mr. Perry had any asbestos exposure from his
alleged use of cosmetic talc produced and/or distributed by Johnson & Johnson, Avon, Vi-Jon,
Estée Lauder, Gold Bond, Ammens, IMI-Fabi, LLC, and/or IMI-Fabi (Diana). There is no
epidemiological evidence that the use of cosmetic talc produced and/or distributed by Johnson &
Johnson, Avon, Vi-Jon, Estée Lauder, Gold Bond, Ammens, IMI-Fabi, LLC, IMI Fabi (USA),
LLC, and/or IMI-Fabi (Diana) causes mesothelioma.

According to the testimony of Mr. Perry, his exposure to Johnson’s Baby Powder was from his
own personal use, his application to his husband, his husband’s application to himself in his
proximity, his mother’s application to herself in his proximity, and his mother’s application
directly to him. Mr. Perry’s exposure to Avon cosmetic talcum powder products was from
playing with his father’s container of powder and from being in proximity to his mother while
she applied powder to herself. Mr. Perry’s exposure to Vi-Jon cosmetic talcum powder products
was from his application to himself and his application to his husband, and his husband’s
application to himself in Mr. Perry’s proximity. Mr. Perry’s exposure to Estée Lauder cosmetic
talcum powder products was from being in proximity to his mother while she applied powder to
herself. Mr. Perry’s exposure to Gold Bond and Ammens cosmetic talcum powder products was
from his own personal use and from applying powder to his shoes. Mr. Perry’s exposure to
cosmetic talc allegedly produced by IMI-Fabi, LLC, IMI Fabi (USA), LLC, and/or IMI Fabi
(Diana), LLC was from talcum powder products since 2001.

Mr. Perry likely had no asbestos exposure from cosmetic talc produced and/or distributed by
Johnson & Johnson, Avon, Vi-Jon, Estée Lauder, Gold Bond, Ammens, IMI Fabi (USA), LLC,
and/or IMI Fabi (Diana), LLC, but even worst-case estimated exposures would have been to a
dose too low to elevate his risk for mesothelioma. It is not plausible that his alleged exposures
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from cosmetic talc produced and/or distributed by Johnson & Johnson, Avon, Vi-Jon, Estée
Lauder, Gold Bond, Ammens, IMI-Fabi, LLC, IMI Fabi (USA), LLC, and/or IMI-Fabi (Diana)
caused his mesothelioma.

I have not seen evidence in this case of any significant exogenous exposure (including asbestos)
that would raise his risk of developing pleural mesothelioma, though I cannot rule out a
contribution from his claimed occupational exposures. If Mr. Perry did not have significant
exogenous exposure from commercial amphibole asbestos, it is most likely that his
mesothelioma developed spontaneously or was naturally occurring.

It is possible that Mr. Perry had an inherited genetic risk factor for cancer especially given his
young age, and personal and family history of malignancies. However, there is no germline
testing result available to confirm that.

This supplemental report is based on the information available to me at this time. Should
additional information become available, | reserve the right to determine the impact, if any, of
the new information on my opinions and conclusions, to revise my opinions and conclusions if

necessary, and to rebut the opinions of any other experts that formulate an opinion in this matter.

Respectfully submitted,
G DI

Gregory B. Diette, M.D., M.H.S.

Page 4 of 38

02 July 2024
RoA 08058

2L017007dD€20Z#3aSVD - SY3ATd NONINOD - ANVTHIIYA - INd T¢:L v INC #7202 - d371d ATIVIOINOYLO3 13



Summary Report of Gregory B. Diette, M.D., M.H.S.

APPENDIX A: CASE MATERIALS AND OTHER DOCUMENTS RECEIVED.

Legal Documents/Materials:

Summons and Complaint
First Amended Summons and Complaint
Second Amended Summons and Complaint

Plaintiff’s Responses to Defendants’ Master Set of Interrogatories and Requests for
Production (Ex. 2)

Plaintiffs’ Responses to Defendants' Standard Interrogatories
Plaintiffs’ First Supplemental Responses to Defendants’ Standard Interrogatories

Plaintiffs’ First Supplemental Responses to Defendants’ Master Set of Interrogatories and
Requests for Production (Ex. 2)

Depositions:

Video-recorded Deposition of Michael L. Perry, Volume I, taken 10 October 2023, with
Exhibits 1 through 14.

Video-recorded Deposition of Michael L. Perry, Volume 11, taken 11 October 2023, with
Exhibits A through D.

Video-recorded Deposition of Michael L. Perry, Volume I11, taken 12 October 2023.
Video-recorded Deposition of Michael L. Perry, Volume IV, taken 13 October 2023.

Expert Reports & Materials:

Expert Report of Matthew S. Sanchez, on behalf of Johnson & Johnson, dated 06 June
2024.

Expert Report of Matthew S. Sanchez, on behalf of Estée Lauder, dated 06 June 2024.
Expert Report of Alan M. Segrave, PG, dated 17 June 2024.

Expert Report of Christy A. Barlow, PhD, on behalf of Johnson & Johnson, dated 18
June 2024.

Expert Report of R. Mark Bailey, PG, Laboratory Test Results for Avon Pavi Elle
Perfumed Talc, Floral Fantasy, and 2 Odesseys, dated 27 December 2021.

Expert Report of R. Mark Bailey, PG, Montana Talc Report on behalf of Avon, dated 12
June 2015.

Expert Report of R. Mark Bailey, PG, Analysis of Avon Cotillion, dated 17 December
20109.

Expert Report of R. Mark Bailey, PG, Laboratory Test Results for Avon Soft Musk and
Topaze Perfumed Talc, dated 13 October 2021.

Expert Report of R. Mark Bailey, PG, Laboratory Test Results for Avon To a Wild Rose,
dated 19 January 2024.
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e Murphy, Noth Carolina Talc Chart of Documents for Mark Bailey, PG, dated 20 August
2021.

e Expert Report of R. Mark Bailey, PG, on Asbestos in Talc Products from the Fontane
Mine, Val Germanasca, Italy for Avon, dated 12 June 2020.

e Expert Report of R. Mark Bailey, PG, on Asbestos in Talc Products from the
Hammondsville Mine, Vermont, USA for Avon, 16 November 2020.

e MAS Talcum Powder Analysis, Jeannine Henderson- Avon Wild Country, prepared by
William E. Longo, PhD, CEO dated 25 October 2023.

e MAS Analysis of Avon Night Magic Talcum Powder, prepared by William E. Longo,
PhD, and Mark W. Rigler, PhD, dated January 2019.

e MAS Report on Avon Talcum Powder Analysis with both Automated FESEM and
ATEM, dated 12 March 2019.

e MAS Analysis Report of Chinese Talc Research Samples, prepared by William E.
Longo, PhD, CEO dated 16 September 2020.

e MAS Analysis Report of Avon Occur Perfumed Talc, prepared by William E. Longo,
PhD, dated 18 August 2021.

e MAS Talcum Powder Analysis of Avon and Clinique Containers, prepared by William E.
Longo, PhD, dated 05 September 2021.

e MAS Talcum Powder Analysis of Montana Micro-Talc 1745 Retain Samples, prepared
by William E. Longo, PhD, CEO dated 10 June 2022.

e MAS Talcum Powder Analysis of Avon Splits, prepared by William E. Longo, PhD,
CEOQ dated 01 June 2022.

e MAS Talcum Powder Analysis of Historical Avon Splits: Wild Rose 1965, Cotillion
1961, & Persian Wood 1958, prepared by William E. Longo, PhD, CEO dated 01 June
2022.

e MAS Pfizer Treasure Mine Talc Analysis, prepared by William E. Longo, PhD, CEO
dated 01 June 2022.

e MAS Talc Ore Samples Collected from the Eclipse Mine in Death Valley: Analyzed for
Amphibole Asbestos by Transmission Electron Microscopy, prepared by William E.
Longo, PhD, CEO dated 12 June 2022.

e MAS Talcum Powder Analysis of Rita Chapman Avon Powder Containers, prepared by
William E. Longo, PhD, CEO dated 01 June 2022.

e MAS Supplemental Report Avon Talcum Powder Container Analysis for Asbestos,
prepared by William E. Longo, PhD, CEO dated 30 September 2022.

e MAS Talcum Powder Analysis of Avon Powder Products, Project M71387 & M71587,
prepared by William E. Longo, PhD, CEO dated 15 November 2022.

e MAS Talcum Powder Analysis of Avon Powder Products, Project M71560 & M71562,
prepared by William E. Longo, PhD, CEO dated 15 November 2022.
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e MAS Analysis Report of Avon Products, prepared by William E. Longo, PhD, dated 15
November 2022.

e MAS Supplemental Report Talcum Powder Analysis of Avon Powder Products, Project
M71560 & M71562, prepared by William E. Longo, PhD, CEO dated 19 November
2022.

e MAS Talcum Powder Analysis of Avon Somewhere Powder, prepared by William E.
Longo, PhD, CEO dated 20 September 2023.

e MAS Talcum Powder Analysis of Avon Split, prepared by William E. Longo, PhD, CEO
dated 21 September 2023.

e MAS Avon Talcum Powder Analysis, prepared by William E. Longo, PhD, CEO dated
21 September 2023.

e MAS Talcum Powder Analysis of Solomon, Beth — Talc Splits, prepared by William E.
Longo, PhD, CEO dated 16 February 2024.

e MAS Analysis Report of Avon Unforgettable Perfumed Talc, prepared by William E.
Longo, PhD, dated 21 April 2017.

e Expert Report of Steven P. Compton, PhD, Investigation of Italian Talc Samples for
Asbestos, dated 01 August 2017.

e Expert Report of Steven P. Compton, PhD, Investigation of Vermont Talc Samples for
Asbestos, dated 23 April 2018.

e Expert Report of Steven P. Compton, PhD, Investigation of Montana Talc (American
International Industries Microtalc 1745) for Asbestos, dated 15 March 2019.

e Expert Report of Steven P. Compton, PhD, Examination of Avon Talcum Powder for
Asbestos Gail Welch Case, dated 29 May 2020.

e Expert Report of Steven P. Compton, PhD, Examination of 907 Talc Powder for
Asbestos, dated 26 January 2024.

e Expert Report of Steven P. Compton, PhD, Examination of Vintage Avon Bunny
Fluffpuff Talc in Rabbit-shaped Puff container for Asbestos, dated 19 May 2023.

e Expert Report of Steven P. Compton, PhD, Examination of Vintage Avon Unforgettable
Talc in Shaker Container for Asbestos, dated 19 May 2023.

e Expert Report of Jennifer S. Pierce, MS, PhD, in the matter of Michael Perry regarding
Avon, Inc., dated 19 June 2024.

e Affidavit of R. Mark Bailey, on behalf of Johnson & Johnson, dated 30 October 2023,
with exhibits 1 through 16.

e MAS Expert Analysis Report of Estee Lauder Products by William E. Longo, PhD, CEO,
dated 16 December 2022.

e Expert Report of R. Mark Bailey, PG, Transmission Electron Microscopy Analytical Test
Report of Johnson & Johnson Baby Powder, dated 06 May 2021.
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Expert Report of R. Mark Bailey, PG, Transmission Electron Microscopy Analytical
results for 3 talc archive batch samples on behalf of Johnson & Johnson, dated 08
September 2021.

MAS 4" Supplemental MDL Report, Analysis of Non-Historical J&J’s Talcum Powder
Consumer Product Containers and J&J Chinese Historical Talc Retain Samples, by
William E. Longo, PhD, CEO, dated 29 April 2024.

MAS Supplemental #2 Expert Report on Below the Waist Application of Johnson &
Johnson Baby Powder by William E. Longo, PhD, Mark W. Rigler, PhD, and William B.
Egeland, MS, PG, dated January 2018.

MAS Expert Report Rev #1 on Talcum Powder Application to Baby and Diaper Change
I1: A Hygiene Study by William E. Longo, PhD, William B. Egeland, MS, PG, and
Martin Bennett, dated 28 June 2019.

MAS Expert Report on Johnson’s Baby Powder Application to Baby and Diaper Change:
A Hygiene Study Supplemental by William E. Longo, PhD, William B. Egeland, MS,
PG, and Martin Bennett, dated May 2020.

Declaration of William Longo, PhD, dated 21 September 2021.

Expert Report of Jennifer Sahmel, PhD, CIH, CSP, FAIHA, on behalf of Vi-Jon, dated 20
June 2024.

Expert Report of Paul A. Nony, PhD, CIH, CSP, on behalf of Estée Lauder, dated 26
June 2024, with References.

Expert Report of Michael Peterson, M.E.M., DABT, on behalf of PTI Union, LLC, dated
27 June 2024.

Expert Report of Dr. Gregory K. Druschel, Ph.D., on behalf of PTI Union, LLC, dated 26
June 2024.

Social Security Records of Michael Perry, 1979 through 2000.
Social Security Records of Michael Perry, 1987 through 2023.
Work History Affidavit.

Medical Documents/Materials:

PERRY - MUSC 2.8.23-11.17.23
PERRY - RSFP ROPER 2022-2023
PERRY ROPER 5.19.17-7.1.23
SC-PERRY MUSC radiology link

Perry, Michael - Roper St. Francis (Dx Pathology Report 07.05.23) PERRY_SC_000014-
000015 (3065538)
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e Admission to Medical University of South Carolina dated 080823
e Admission to Palmetto Digestive Health Specialists dated 062623
e Cardiac testing

e Office notes of Charleston Oncology

e Office notes of Medical University of South Carolina (reverse chron)
e Office notes of Roper St. Francis Physician Partners

e Pathology reports

e Radiology reports

e Perry, Michael - Dr. Brian M. Lingerfelt (Medical 07.07.23)

e Perry, Michael - Edgepark Medical Supplies (Medical 07.07.23)

e Perry, Michael - Medical University of South Carolina (Pathology)
e Perry, Michael - MUSC (Pathology Report 08.18.23)

e Perry, Michael - MUSC Medical University of S. Carolina (Medical 07.08.23 - 08.18.23
Vol 1)

e Perry, Michael - MUSC Medical University of S. Carolina (Medical 07.08.23 - 08.18.23
Vol 2)

e Perry, Michael - MUSC Medical University of S. Carolina (Medical 07.08.23 - 08.18.23
Vol 3)

e Perry, Michael - MUSC Medical University of S. Carolina (Medical 08.22.23 - 12.26.23
Vol 1-UC)

e Perry, Michael - MUSC Medical University of S. Carolina (Medical 08.22.23 - 12.26.23
Vol 2)

e Perry, Michael - MUSC Medical University of South Carolina (Medical Affidavit
07.08.23 - 08.18.23)

e Perry, Michael - Palmetto Digestive Disease Endoscopy Center (Medical 06.19.17 -
06.26.23)

e Perry, Michael - Palmetto Digestive Disease Endoscopy Center (Medical Affidavit
06.19.17 - 06.26.23)

e Perry, Michael - Pulmonology at MUSC Health Hollings Cancer Center (Medical
07.15.23 - 07.24.23)

e Perry, Michael - Pulmonology at MUSC Health Hollings Cancer Center (Medical
Affidavit 07.15.23 - 07.24.23)

e Perry, Michael - Roper Hospital (Medical 03.01.21 - 06.30.23)
e Perry, Michael - Roper Hospital (Pathology)
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e Perry, Michael - Roper St. Francis (Dx Pathology Report 07.05.23)

e Perry, Michael - Roper St. Francis Healthcare (Medical Vol 1 01.11.21 - 07.12.23)
e Perry, Michael - Roper St. Francis Healthcare (Medical Vol 2 01.11.21 - 07.12.23)
e Perry, Michael - Roper St. Francis Healthcare (Medical

e Admission to Medical University of South Carolina dated 07.24.23.

e Admission to Palmetto Digestive Health Specialists dated 04.10.19.

e Admission to Palmetto Digestive Health Specialists dated 06.05.23.

e Admission to Palmetto Digestive Health Specialists dated 06.19.17.

e Admission to Palmetto Digestive Health Specialists dated 07.12.17.

e Admission to Palmetto Digestive Health Specialists dated 08.09.17.

e Admission to Palmetto Endoscopy Center dated 01.20.14.

e Admission to Roper Hospital dated 06.30.23.

e Office notes of Medical University of South Carolina.

e Pathology reports; 02.25.10.

e Radiology reports; 06.11.17.

e Office notes of Medical University of South Carolina (reverse chron).

e Radiology reports; 12.05.23.

e Radiology Materials — Refer to APPENDIX C for list of studies received on disc format
e 03 disc(s) on 10 May 2024 from Medical University of South Carolina.

e 01 disc(s) on 04 June 2024 from Medical University of South Carolina.
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APPENDIX B: LITERATURE CONSIDERED, REPORTS REVIEWED AND OTHER RELIANCE
MATERIALS.

Abelmann A, Glynn ME, Pierce JS, et al. “Historical ambient airborne asbestos concentrations in
the United States — an analysis of published and unpublished literature (1960s-2000s).”
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Acheson ED, Gardner MJ, Pippard EC, et al. “Mortality of Two Groups of Women who
Manufactured Gas Masks from Chrysotile and Crocidolite Asbestos: A 40-year Follow-
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Agarwal R, Paul AS, Aggarwal AN, et al. “A randomized controlled trial of the efficacy of
cosmetic talc compared with iodopovidone for chemical pleurodesis.” Respirology.
2011;16:1064-10609.

Agency for Toxic Substances and Disease Registry (ATSDR) “Asbestos: health effects.” U.S.
Department of Health and Human Services, U.S. Public Health Service. Agency for
Toxic Substances and Disease Registry. Atlanta, GA. (2008). Available at:
http://www.atsdr.cdc.gov/asbestos/asbestos/health_effects. Accessed: 15 September
2013.
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APPENDIX C: RADIOLOGY STUDIES, AS RECEIVED ON COMPACT Discs.

Medical University of South Carolina, 20 studies:

e NM Pulmonary Ventilation Perfusion VQ, Accession Number: 21078587, dated
07/14/2023.

e MRI Brain W WO Contrast, Accession Number: 21076525, dated 07/17/2023.
e MRI Chest W WO Contrast, Accession Number: 21076526, dated 07/17/2023.
e PET CT Skull Base to Midthigh, Accession Number: 21053965, dated 07/18/2023.
e XR Chest 1 View Portable, Accession Number: 21178471, dated 08/08/2023.
e XR Chest 1 View Portable, Accession Number: 21178636, dated 08/08/2023.
e XR Chest AP Portable, Accession Number: 21178863, dated 08/09/2023.

e XR Chest AP Portable, Accession Number: 21182695, dated 08/10/2023.

e XR Chest AP Portable, Accession Number: 21187659, dated 08/11/2023.

e XR Chest AP Portable, Accession Number: 21192101, dated 08/12/2023.

e XR Chest 2 Views, Accession Number: 21194509, dated 08/13/2023.

e XR Chest 2 Views, Accession Number: 21195964, dated 08/14/2023.

e XR Chest 2 Views, Accession Number 21200519, dated 08/15/2023.

e XR Chest 2 Views, Accession Number: 21201843, dated 08/15/2023.

e XR Chest PA and Lateral, Accession Number: 21266398, dated 09/01/2023.

e CT Chest W Contrast, Accession Number: 21290447, dated 09/29/2023.

e CT Chest W Contrast, Accession Number: 21567301, dated 12/05/2023.

e RAD ONC PLANNING, Accession Number: 21555596, dated 01/02/2024.

e RAD ONC PLANNING, Accession Number: 21873777, dated 01/31/2024

e CT Chest W Contrast, Accession number: 21822953, dated 04/29/2024.
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where they exist?

A. Well, sure, as one -- right, because
what you know is that asbestos, as an
environmental exposure, impedes a number of
genes, not only the growth control genes, but
the genes that run the death pathway and other
important genes like that, sure.

Q. We haven't talked about this yet, but
in addition to asbestos being a complete
carcinogen that promotes and initiates cancer
and harms our defenses, do they also just
inherently create more replication, more
opportunities for that error?

A. Yeah, they do. Asbestos initiates
through several different mechanisms,
particularly inflammation and its ability to
attract other cells, causes cell division. I
mean, we've written a whole series of papers in
my laboratory about how asbestos causes those
cells to grow. In fact, the most recent
paper -- I think you were going to show
it -- how asbestos causes scarring and cancer,
we looked at some data that we got on these

animals that inhaled asbestos for a short time
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and looked at the pleura. And the mesothelial
cells were obviously dividing at an increased
rate within 48 hours after exposure, and it
lasted for eight days.

So for -- I mean, these are short-term
experiments, but the answer to your question
does asbestos inhalation help regulate cell
division and increase rates of division, the
answer is yes. And we know, as I showed you,
dividing cells are more likely to become cancer
cells.

Q. Is the rate in which replication occurs
related to how often you would expect a
natural-occurring spontaneous mesothelioma?

A. So because they're so rare, naturally
occurring spontaneous from our endogenous
errors, they occur. Any kind of cancer can be
spontaneous. What controls that is hard to say.
I really can't answer that question very well.

Q. Is the fact that -- let me start off
with more basic questions.

Are certain cancers known to occur
spontaneous or naturally occurring more than

others?
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length, but they -- we show varying fiber lengths. In
other words, there were short fibers and long fibers
binding to the membranes, and interacting with the
membranes. And so, | think that's the point that |
was trying to make right there.

Q. Okay.

And if we turn over to page -- let's see --
page No. 10, paragraph 18.

A. Okay.

Q. "Any form of cancer can occur spontaneously
that is without an external cause," and that would
include mesothelioma, correct?

A. That's right.

Q. And that's, in part, because cells are
replicating. Obviously cells, depending on the organ,
can replicate at a faster rate or a slower rate, but
as they replicate, there are errors, and if they're
not caught, the errors accumulate as mutations,
correct?

A. That's correct.

Q. And an accumulation of mutations from these
internal errors in cell replication can, in some
individuals, result in cancer, correct?

A. That's right.

MS. DEAN: Object to form. Overly broad.
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Gregory B. Diette, MD, MHS
July 03, 2024

STATE OF SOUTH CARCLI NA :

COUNTY OF RI CHLAND
M CHAEL L. PERRY and
LONNI E L. LONG
Plaintiffs,
V.
AVMERI CAN | NTERNATI ONAL
| NDUSTRI ES, et al.,

Def endant s.

IN THE COURT OF COMMON PLEAS
FOR THE FI FTH JUDI Cl AL CI RCU T

C/ A No.
2023- CP- 40- 04072

CERTIFIED COPY

Deposi ti on of

GREGCORY B. DI ETTE, MD, MHS

Vi a Zoom Vi deoconf er enci ng

Wednesday,

July 3, 2024

10: 00 a. m

Reported by:

Adam D. M Il er, Registered Professional Reporter

GPSLLC

AL Bl A gpscalendar@gps.llc ~ 214.347.4781
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Gregory B. Diette, MD, MHS

M. Perry does not have a BAPl gerniine
mut ati on, but he coul d possi bly have anot her

unspecified germine nutation that could play a

July 03, 2024
R Page 46
A | did.
Q Ckay. So that neans, fundanentally,

role in the devel opnent of nesothelioma; is that

accurate?

A Absol utely.

Q Okay. Al right. | know -- again,
|"'mgoing to page 3 now. You note in
M. Perry's past nedical history, one of the
thi ngs that he had had was a col ectony due to
some chronic inflammtion fromthe
diverticulitis; right?

A That's right.

Q You don't have an opinion that the
I nflammati on associated with the diverticulitis
pl ayed any role in causing his nesotheliong;
right?

A | don't believe it did.

Q Ckay. Going down to page 4 of your
report and enpl oynent history -- and this is
M. Perry's enploynent history; correct?

A That's right.

O
6 P Sj GPSLLC

gpscalendar@gps.lic ~214.347.4781
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Gregory B. Diette, MD, MHS
July 03, 2024

Page 102
CERTI FI CATI ON

|, ADAM D. MLLER, Registered
Pr of essi onal Reporter, certify that the
foregoing is a true and accurate transcri pt
of the foregoing deposition, that the
W tness was first sworn by ne at the tine,
pl ace and on the date herein before set
forth.

| further certify that | am neither
attorney nor counsel for, not related to nor
enpl oyed by any of the parties to the action
in which this deposition was taken; further,
that I amnot a relative or enpl oyee of any
attorney or counsel enployed in this case,
nor aml financially interested in this

acti on.

A =2

/s/ Adam D. Ml er
Regi st ered Prof essi onal Reporter
and Notary Public

6 PSE) GPS LLC

U RIASAL o gpscalendar@gps.lic ~214.347.4781
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STATE OF SOUTH CAROLINA IN THE COURT OF COMMON PLEAS

N N N

COUNTY OF RICHLAND CIVIL ACTION NO. 2023-CP-40-04072

MICHAEL L. PERRY AND LONNIE L.
LONG,

In Re: Asbestos Personal Injury Litigation
Coordinated Docket

JOHNSON & JOHNSON DEFENDANTS’
OPPOSITION TO PLAINTIFES’ MOTION

Plaintiffs,

1986 LETTER FROM H. W. SWANSON TO

AMERICAN INTERNATIONAL
INDUSTRIES, ETAL.,

PHILLIPPE DOUILLET

)
)
)
)
VS, ) INLIMINE NO. 19 TO EXCLUDE THE
)
)
)
)
)

Defendants.

Defendants Johnson & Johnson (“J&J”), LLT Management LLC, Johnson & Johnson
Holdco (NA) Inc. (*“Holdco™), and Kenvue, Inc. (“Kenvue”), (collectively “J&J Defendants™)

hereby, oppose Plaintiffs” Motion In Limine No. 19 as follows:

INTRODUCTION

Plaintiffs move to exclude the FDA’s 1986 letter response denying a citizen’s petition to
require a warning label on talc (“1986 FDA Response”™), because they believe it is “false” and
inadmissible hearsay. They are wrong on both fronts.

The 1986 FDA Response, which is reattached here with the FDA’s certificate of
authenticity (Ex. A), has been admitted routinely in trials involving J&J Defendants’ talc products.*
This Court is one of the many courts that has admitted the citizen’s petition before. See Ex. B
2018.11.09 Boyd-Bostic Trial at [1276:3-1278:7]. Plaintiffs’ arguments raise no new facts
requiring a different decision.

ARGUMENT

! Counsel is not aware of any trial court excluding the 1986 FDA Response in a trial involving its
talc products.

RoA_08106
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In the 1986 FDA Response, the FDA rejected a citizen’s request to include an asbestos
warning label on talc after reviewing dozens of studies, concluding that they were “of questionable
reliability.” See Ex. A at 3. The response also states “...that even when asbestos was present, the
levels were so low that no health hazard existed.” See Ex. A at 4. The 1986 FDA Response both
rebuts Plaintiffs’ claims that the defendants had reason to believe that talc was contaminated with
harmful levels of asbestos and reflects on the reasonableness of the J&J Defendants’ decision to
continue selling talc without a warning label. See 2d Am. Compl. 40 (alleging J&J “failed to
warn” its products “contained asbestos™).

Even so, Plaintiffs want to exclude the 1986 FDA Response because Plaintiffs believe it is
“demonstrably false.” Indeed, Plaintiffs spend five pages of their motion arguing about what they
believe certain facts demonstrate. In addition to being wrong, these arguments are properly made
to the jury in attacking the weight (not admissibility) of the document. Plaintiffs also make a
conclusory argument that the 1986 FDA Response is inadmissible hearsay. But they fail to
acknowledge that the response letter offered into evidence has been authenticated, meets an
exception to the hearsay rule, and is offered for purposes other than proving the truth of the matters

asserted.

l. Plaintiffs’ Subjective Belief that the 1986 FDA Response is False Does Not Make
It Unfairly Prejudicial.

The fact the 1986 FDA Response contradicts Plaintiffs’ theory of the case and reflects on
the reasonableness of the J&J Defendants’ conduct, does not make the evidence “unfairly”
prejudicial. As the movant seeking to exclude evidence under Rule 403, Plaintiffs have the burden

to establish this evidence is inadmissible. State v. King, 424 S.C. 188, 200, 818 S.E.2d 204, 210
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(2018). But Plaintiffs merely offer argument supported by their subjective interpretation of the
facts to support their position.

“Evidence is unfairly prejudicial if it has an undue tendency to suggest a decision on an
improper basis, such as an emotional one.” State v. Williams, 430 S.C. 136, 151 (2020) (citing State
v. Wilson, 345 S.C. 1, 7 (2001)). Evidence is not unfair merely because Plaintiffs disagree with the
evidence or its value. And each of the four points Plaintiffs make simply reflects argument properly
considered by the jury in determining the weight of the evidence.?

First, Plaintiffs claims the document is simply wrong, pointing to prior J&J testing
Plaintiffs believe contradicts some of the data the FDA may have relied on in formulating its
response. But the FDA response was based on decades of data and tests conducted by independent
agencies—including the FDA itself. See Ex. A 1986 FDA Response (describing the FDA
surveillance activities which began in the 1970s). Even if Plaintiffs were able to prove the J&J
data was flawed, which they have not, they certainly have not established as a matter of law that
one flawed data set would have changed the FDA’s response in 1986. Regardless, Dr. Goudie’s
“misleading” report is not misleading at all. Plaintiffs allege that J&J Defendants misled the FDA
by failing to provide complete information, including an earlier 1972 report by Dr. Goudie labeled
“Do Not Use this Report/Replaced By Another Version” that reported tremolite in two samples of
Johnson’s Baby Powder. PIfs’ MIL 19 at 3. Plaintiffs fail to inform the Court about a follow-up
letter that explains the earlier reports of tremolite could not be substantiated under the light
microscope, which required an update to the testing report. See Ex. C 11/15/72 letter to Dr. Goudie

(DX7052). At best, the earlier report creates a fact dispute potentially relevant to determining the

2 In listing the reasons Plaintiffs believe the 1986 Response Letter is false, Plaintiffs’ brief purports to list five
separate reasons, but skips the fourth one. See PIfs” MIL 19 at 5-6 (skipping from the “third” point to the “fifth”
point).
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weight of the final report. Plaintiffs also accuse J&J Defendants of using a slide in another trial to
“falsely claim” the FDA’s conclusions, despite the fact the language of the slide was taken verbatim
from the FDA’s own language in the 1986 FDA Response. See PIf. Mtn. at 4.

Similarly, like Plaintiffs’ mischaracterization of Dr. Goudie’s report, Plaintiffs’
representation to the court that asbestos has been found in Johnson’s Baby Powder “over 400
times” is misleading. See J&J Defendants’ MIL No. 5 (requesting exclusion of Plaintiffs’ “Decades
of Evidence” summary chart). Plaintiffs’ “Decades of Evidence” chart is replete with their
counsel’s cherry-picked selection of words from the underlying records presented in a summary
fashion—without context—to push the false narrative that there are decades of evidence of
asbestos in J&J Defendants’ products. For instance, at least nine entries refer to samples taken
from parts of talc mines that never made it into the finished product, while one entry relates to test
results of non-talc rock samples. Id. at 4-5 (detailing flaws in the Decades of Evidence chart). At
least forty entries do not relate to cosmetic talc products sold by J&J Defendants. Id. And the
“source” documents supporting the chart even include expert reports prepared by Plaintiffs’
counsel for litigation—not independent, objective evidence of asbestos contamination. Id. at 2.

Plaintiffs” argument raises a factual dispute impacting the weight the jury should place on
the evidence.

Second, Plaintiffs argue the letter was based on insufficient data. This is yet another jury
argument that does not amount to unfair prejudice. The procedure for citizen petitions is similar to
that of many other informal agency adjudications. Petitioners supply a detailed factual and legal
statement, “including all relevant information and views on which the petitioner relies.” 21 C.F.R.
§ 10.30(b) (2021). Any “interested person may submit comments” on a public docket, which

becomes part of the petition’s formal record. 21 C.F.R. § 10.30(d) (2021). And, after careful
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consideration and independent review, FDA issues a response, either approving or denying the
petition, dismissing it as moot, or providing a “tentative” explanation “indicating why the agency
has been unable to reach a decision,” such as the “need for additional information.” 21 C.F.R. 8§
10.30(e) (2021). FDA’s petition responses are deeply researched and scientifically grounded
regulatory documents that bring to bear the agency’s full multidisciplinary expertise. See, e.g.,
Serono Lab’ys, Inc. v. Shalala, 158 F.3d 1313, 1320 (D.C. Cir. 1998) (holding that FDA’s denial
of a citizen petition “rests on the ‘agency’s evaluations of scientific data within its area of
expertise,” and hence is entitled to a ‘high level of deference’”) (citation omitted). Plaintiffs’
criticisms about the length of some of the studies or how J&J later represented the FDA Response
Letter again goes to the weight of the evidence—not its admissibility.

Third, Plaintiffs claim the letter was an “inside job” because one person at the FDA
allegedly had decided to deny the petition before the official publication. But even if one
individual had made an early decision, it would not amount the fraud Plaintiffs claim. In fact, the
FDA has never found any fraudulent activity related to the 1986 Response Letter nor accused the
J&J Defendants of fraud on the FDA. The response letter has never been recanted and a warning
label never required.

Fourth, Plaintiffs claim that the FDA’s 2019 test finding trace amounts of asbestos in one
bottle of Johnson’s Baby Powder somehow renders the FDA’s response letter from thirty-three
years ago false and misleading. A random sampling in 2019 does not diminish the value of the
1986 FDA Response which reflects both on the quality of talc in the U.S. market at and before the
response was issued, as well as the state of the scientific knowledge about the detection of asbestos

in talc. The mere fact that the FDA found asbestos in one bottle of talc thirty-three years after this
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letter, when Defendants were using different talc mines, is a weight argument; it is not an argument
that should govern the exclusion of clearly relevant evidence.

Plaintiffs” motion includes biased argument reflecting counsel’s personal theories about the
1986 FDA Response. The FDA has never found the studies it relied on to be falsified, nor has it
ever claimed the J&J Defendants (or the CTFA) committed fraud on the FDA. The motion to

exclude should be denied.

1. The 1986 FDA Response to the Citizen Petition Is Not Inadmissible Hearsay.

Plaintiffs also wrongly claim that the 1986 FDA Response is inadmissible hearsay.

First, as reflected in the certified copy attached here, the FDA Response letter is over thirty
years old, fitting neatly with the ancient documents exception to the hearsay rule. S.C.R.E. 803(16)
(“Statements in a document in existence twenty years or more the authenticity of which is
established.”).® The letter itself and the material contained therein exceed the 20-year threshold.
Notably, the basis for the ancient documents exception also address the substantive issue Plaintiffs
have with the FDA denial of the citizen’s petition. The Court of Appeal of South Carolina noted
“[t]he same trustworthiness that age lends for the purpose of identification is present as to contents.
If parties have acted in a manner inconsistent with contents of the document, the fact is subject to
proof and an issue of fact is raised.” Johnson v. Pritchard, 302 S.C. 437, 444, 395 S.E.2d 191, 195
(Ct. App. 1990).

Second, the 1986 Response Letter will be offered for a variety of reasons in addition to the
truth of the matter asserted. For instance, Plaintiffs allege that J&J Defendants failed to include a

warning on their product, that they knew that harmful levels of asbestos were in talc, and that they

3 Additionally, as a domestic public document under seal, that also comes with a notarized affidavit, the document is
self-authenticating under S.C.R.E Rule 902 (1) & (8).
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recklessly and wantonly continued to sell their product—without a warning label. Plaintiffs seek
punitive damages against the J&J Defendants for this conduct. But the fact that the FDA issued a
response letter refusing to require a warning label on the product and finding that, even if trace
levels of asbestos were present it would not be harmful, goes directly to the reasonableness of J&J
Defendants’ decision to continue selling its product without a warning label. Thus, the fact that
the FDA conducted an investigation and issued a conclusion finding no significant risk and no
need for a warning, whether or not the FDA'’s findings later proved to be accurate, is relevant to

resolving Plaintiffs’ claims against the J&J Defendants.

This document has been admitted routinely. This Court admitted this document in the Boyd
Bostic Il trial. See Ex. B 2018.11.09 Boyd-Bostic Trial at [1276:3-1278:7]. It was admitted in the
Lee Trial that Plaintiff’s counsel tried in Oregon against Defendants. See Ex. D 2024.05.23 Lee
Trial [2665:20-2666:21]. It was even admitted in the Garcia trial where trial counsel in this case
for both Plaintiffs’ and defendants appeared. See Ex E 2024.03.22 Garcia trial [127:7-16].

Plaintiffs’ motion should be denied.

CONCLUSION

For the foregoing reasons, the Defendants respectfully requests that the Court deny

Plaintiffs’ Motion in Limine No. 19.

Respectfully submitted,

NELSON MULLINS RILEY & SCARBOROUGH LLP

By: /s/ Blake T. Williams

C. Mitchell Brown

S.C. Bar 012872
mitch.brown@nelsonmullins.com
Blake T. Williams

S.C. Bar 100794
blake.williams@nelsonmullins.com
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Columbia, South Carolina

July 24, 2024

Yasmeen Ebbini

S.C. Bar 104681
yasmeen.ebbini@nelsonmullins.com
1320 Main Street, 17th Floor
Columbia, SC 29201

(803) 799-2000

Kimberly G. Bueno — Pro Hac Vice
kim.bueno@butlersnow.com
Christopher R. Cowan — Pro Hac Vice
chris.cowan@butlersnow.com
BUTLER SNOW LLP

1400 Lavaca Street, Suite 1000
Austin, TX 78701

(737) 802-1800

Amy M. Pepke — Pro Hac Vice
amy.pepke@butlersnow.com
BUTLER SNOW LLP

6075 Poplar Avenue, Suite 500
Memphis, TN 38119

(901) 680-7200

Attorneys for Defendants Johnson & Johnson, Inc.; LLT

Management, LLC, formerly known as LTL Management, LLC;
Kenvue, Inc.; and Johnson & Johnson Holdco (NA), Inc.
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. " DEPARTMENT OF HEALTH & HUMAN SERVICES Public Health Service
s

£
I

Food and Drug Administration
Rockville MD 20857

AFFIDAVIT
John G. Wright, first duly sworn, deposes, and says:

1. I am, Administrative Proceedings Specialist, Division of Dockets Management, Office of
Management, United States Food and Drug Administration.

2. In this capacity | have custody of official records of the United States Foed and Drug
Administration.

3. Enclosed is a reproduced certified copy of documents requested by LexisNexis CourtLink
classified by the FDA as FOIA Request 2015-9061.

4. Copies of the administrative record are part of the official records of the United States
Food and Drug Adminlstration. .

I a

Wigm, JD

County of Montgomery
State of Maryland

Subscribed and sworn to before me this _4" day of December, 2015

) e
Yook
Yafta Fldr?nc’e Yarjah, Notary Public
My Commission Expires q.] I&’?—ol ¥
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Hhilll Dotd1let
One Holyoke Lane
Stony Brovk, New York 11790

5 "'Re: Docket No. &3P-0404
M &v MIII!C:

This vespands to your November 8, 1983, petition requesting that cosmetic
tale be l1sheled with mn asbestoe mm!.m statement:, information on asbestos
particle size, and the proportion of tale imprities in the product.

You assert that, because the mining of tale almost invarisbly includes the
mining of asbeston as well, cosmetic talc may contain significant ssounts
of asheston particles that present m inhalation hazard to humsns. Also,
v cite references tn substantiate that siegnificeant amomts of ashestos
have been foud In comercial telc sanples, that asbestos inhalation is
hazerdots tv humane, and thar ashestos contmsinanrs in tale wlll produce
taxicological vesponses when irhaled.

FIA recognizes that ssbestos inhaletion over extended perioda is hazardous
tn himera. The szercy la also swspe thar some cosmstic tale produced in
the 19608 and early 1970s dd contain asbestiform minerals. However, your
petition has not persuaded vs thet the cosmetic talc thet is presently
being produced: containg significant avonts of asbest!form minerals.

Doxing the early 1970s, FDA becape comcerned sbout the possibility thar
cormetic tale did contain significant saoumts of this material. The agency
recelved several reports shour such contsmination. However, at that time,
the analytical procedures for determining ssbestos in tslc were not fully
developed, and most of the mnalyticsl work wae conducted without scientifie
agrecment as to which methods were well-aulted for the ldent{ficstion of
asbestiform minerala in tale. Consequently, FIA considered 211 analytical
results o be of questionable relisbility. This sasessment proved to be
correct because manry questions wers tly vaised sbout results
reported in the literature in the early (see enclosed copy of
National Buresu of Stanrdards Special P&ﬂ:li,cation 506 entitled ‘
"™Miaidentification of Asbestos in Talc"). PRecmwe of the questionsble
nature of the salytical resulra, the agency was rot able to assess
reliably the levels of asbestiform minerals In cosmeric tale then In the
narketplace.

L3P~04 oY

RoA_08117

PON/

2L017007dIO€20Z#3aASVYD - SYATd NONINOD - ANVTHOIY - INd 9%:G ¢ INC #720Z - A4 ATIVOINOYLDO3 13 _



Mr. Faillippe Dondllet - Pane 2

Under thess circusatances, FDA decided that the most appropriate actions
rhat it could talke to protect the public health would be to meke the
reports public snd O request assistance from the affected industry in
developite scceptable analytical procedures. This approach apparently has
lad to considerable {mprovesent in the quality of this talc.

After FDA ook these actions, mary cosmetic mamufacturers begm to anzlyze
their ralc for asbeatiform minerals ae pert of their quality contrel
prograss, s tale soppliers beman to #ell higher pority talca to the
commetic indwtry. By 1976, asbeatos snalyticsl methodology wes
sufficiently developed that the Cosmetic, Toiletry, snd Pragrance
Associsrion (CI¥A) could {ssus a specification (copy enciosed) for cossetic
tale. This specification required that such tale be free of fihrowm
awmphibole (e.g., asbestos in the form of asbestiform tremolite) ueing a
CTIPA method of analysis that is capable of detacting 0.5 percant of
smphibole ssbestos. This specification contributed to the contined

improviment of comsmetic tale quslivy.

Tn addition, FIA surveillance activities that wers conducted in the latter
portion of the 1970 showed gthat the guality of cometic tale had
significontly {mpeoved, and that even vhen asbestos was present, the levels
were 0 low that mo health hiazmv existed, Our sclentists recently
revriewed dats from these muvelllace activities and concluded that the
risk from a worst-case estimate of exposvre to ashestos from cosmetic tale
would be less than the risk from envirormental baclground lewels of
expostre to asbestos (non-oocupational esposura) over a lifetine,

Consequently, we find that there {8 no basim at this time for the agency to
omelude that thers {3 a health hazard attributshle to sshestos in coseetic
tale, Witheur evidence of such & hazard, the agency concludes that there
fs o need to require z waming Tshel on commetic tale.

FIA should nlen point out that, In reviewing yan petition, we found
seversl problems with the informetion on which you relied. The publication
“Aabeatiform Impunities in Coowercisl Taloum Powders,” shich you cite In
vour petition, appears 1o contain A mmber of aignificmt errora that lead
e to question the accurscy of the findingas that were veported. For your
information, we have enclosed a copy of s June 8, 1973, rebutenl of this
publication that wee written by the Chief Minerclogist of the Colorado
School of Mines Regearch Institute in Golden, Colorade. Alsc, your
petition’s 1978 book veference to the M. Sinsi School of Medicine findings
is too cld to veflect present contamination levels., Further, we sre mot
convinced that the Me. Sinel findings pertained to cosmetic talc, Your
refereonce states that common commercial tales were analyzed, but it does
not. specify shather these commercial talca were industrisl grade rr
cosmetic tale.,

RoA_08118

ﬁ’ .

0Z - A3714 ATTVQINOH LSBT

2L017007dO€20Z#3aASVD - SY3ATd NONINOD - ANVTHIIY - INd 97:G ¢



o L

Mr. Billlippe Dxdllet - Page 3

for all of theses ressomn, your petition {s denied. This denial is without
prefudics to the future filirg of a petition on this matter, accampanied by
all relevent data in support of the petition.

Sincerely yours,

,é}d{u}w

a.cting Associate Coamissioner
for Regulatory Affairs

Erclomires
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cc: HEC-1
HEC-200 ({#G-86-182)
HFC-220 (Rogers/file)
HFF -1
HFF-100
HFF-152
HFF-300
3027
HFF =310
HFF-440
GCF-1 (Horton/Derfler)
HFA-224
RFA-305 :
Prepared: JRTaylor:5/15/86
Initialled: JRTaylor:5/15/86, 6/5/86
EJXCampbell :5/15/86, 6/5/86
HIEiermam:5/16/86, 6/9/86
JaWerminger:5/19/86
WGFlaum: 5/29/86, 6/9/86
IRlake:5/20/86, 6/12/86
RJLenshan: 5/29/86, 6/10/86
IBBrock:6/10/86
RWG111:6/12/86
F/T: JRTaylor:sag: 6/4/86
Concurred :EBrisson:6/27 /86
Retype:RLSpencer;cdk:6/27 /86:disk- 26 (#1.32)
Revised : PSDerfler:7/3%/86
Retype:RLSpencer :odk:7/7 /86
Concurred 1 Merfler:7/8/86
Reviged : Concurred: LHorton: 7:9/86
F/T:RiSpencer:bka:7/10/86
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C . . CTFA Specification
i TALC COSMETIC
- Isued: B-1-42
Revised 3-25-87
B30
1077
COSMETIC TALC
CTFA Apopieo Neme:
TALC

DEFINITION: Cosmetic Talc Is an essentially while, odoriess. fine powder, ground trom naturally occurring rock ore.,

It consists typically of 80% hydrateo magnesium silicate, having the ideal formula Mg,[81,0,0).(CH),.
with tne remainder consisting of naturally associaled minerals such as caicite, chlorite. oolomite, kaolin and mag-
nesite. and comaining no detectable fibrous, asbestos minerals.

TEST SPECIFICATION METHOD
Color . oo As specified by the buyer and showing no Heat 1to 2 g at 200°C
change after heating for 5 minutes
Odor ..o As specified by the buyer
ioentification i Positive:
1. Ciose match to CTFA Spectrum—IR CTFAG 3-1
with no indication of foreign materials
OR
2. (Aternate) Close match to X-ray ASTM D 834-74
Powder Diffraction File No. 18-770,
published by ASTM, showing the most
intense refiections at d values about
98.35, 1.53and 4.58 A
£« As specified by the buyer
Lustre ......... i Do.
Water-Solublelron ............. Passes test USP XIX, page 487
ScreenTest c....oviiiiiinnen 100% through 100 mesh CTFAC -1
: 98% minimum through 200 mesh
Finer grades: as specified by the buyer
Warer Soluble Substances ...... 0.1% maximum USP XIX, page 487
See test for "Reaction and
Soluble Substances”
Acid Soluble Substences ...... . As specified by the buyer CTFAE 321
6.0% maximum
Loss of lgnition ......... Ve 5.0% maximum USP XIX, page 487
Arsenic (85 AS8) ....vviiiaiiinns 3 ppm maximum CTFAF 1-1, Parts I-Aand |l
Lead(asPb) ........coiiiuinen 20 ppm maximum CTFAF 241, Parts I-FA and |l
Fibrous Amphibole ............. None detected CTFAJ 4-1
(Aghestiform Tremolite et al)
Free Crystalline Silicg........... As specified by the buyer CTFAJ 5-1 (DTA}
(Quartz) Alternate: CTFA J 6-1(X-ray)
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Kational Bureav of Standards Special Publication 506. Proceedings of the Worksho¥ ,32
Ashestos: Definitions and Measurement Methods held at HBS, Gaithersburg, MD, July 18- ”
1977. {1ssued MNovember 1978) . b

MISIDENTIFICATION DF ASBESTOS IN TALL
Jerome §. Krause

{olorado School of Mines Research Inztitute
Golden, Cotorado B04AC)

and
William H. Ashton

Johnson & Johnson
Raritan, Hew Jersey O0BBGS

Abstract

Both optica) microscopy and x-ray diffraction (XRD} are widely used
to detect minerals associated with tale. Opiical microscopy can
tdetermine the morphology of a particle, but cannot always Tully fdentify
the specific mineral. Although XRD is an excellent screening technigue
for the detection of minerals associated with talc, the method can
misidentify minerais due to interferences, interpretive errors, and the
inability to determine morphaiogy.

Methods for reduction or eliminetion of these problems include
special technigques of sample preparation and x~ray diffeaction, combined
with microscopic examination (both optical and slectron).

Key Words: Amphiboles; asbestos; chierite; electron microscopy; fiber:
worphelogy; opticel microscopy; x-ray diffraction; talc.

Introduction

There are many ways to analyze and study any naturally eocourring material. The
conclusions reached will often vary widely depending or the expertice and specific interest
of the investigator. That situation sums up the present status of “asbestos"; it is alse
the status of minerats which are associated with "asbestos"; and it is becoming the status
of ather minerals which can be naturally associated with talc,

Populer methods of analysis can give the wrong znswer -~ namely that asbestos is
present when it certainly is not. That problem (misidentification)  is not so much one of
limitations of the methods, but rather one of misinterpratstion of data, and failure to
recognize the minerslogical background required to certify mineral purity, for example,
when analyzing sheet silicates for asbestos. Unfortunately, one majn factor fs that
asbestos has now developed vardiable definitions, depending on whether the point of view s
mineralogical, industrial, medical, or regulatory. The medical definition {5 wmost
concerned with whether or npot the particies are biclogically ective; the industrial
definition is dependent upon Tiexibility and wesvability; the mineralogical defipition
upon trystaliography; and the reguiatory definition upon size and aspect ratio,

The word “asbestos® stems from anclent Greek and has always referred to & very
fibrous industrial mineral product. Since asbestos has historically related to a wineral
exploited as an important industrial commodity, we think e combined mineralogical and
industrial definition should take precedence [7,2]). Other presentations during this

Figures in brackets indicate the literature references at the end of this paper.
339
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workshop have amply covered the aspects of asbestos terminology, a&nd 1t is not our {ntent
te provide comprehensive caverape of that subject. ~Cur primary objective is o review

some of the basic principles of analysis, and to point out problem areas where
jdentification of "asbestos" has been abused. ,

7

Analysis Methods and His‘iden‘t‘lficntiou of Asbestos

It is usefy) to categorize the various analytical methods which have been wpplied 1o
tale to highlight inherent principles which lead to misidentifying asbestos as being
present, We offer the following genera) comments on the three principle determinative
properties (chemical composition, morphology, structure}.

Chemical Composition

It 45 wel) known that every mineral has & specific chemical composition, and that
each mineral has an fdeal theorstical chemical formula (contiguration). Unfortunately,
sany investigators overlook the fundamental point that chemical composition does not
fdentify a specific mineral. A simple example will bring that point inte focus:

A pearl, an oyster shell, a slab of marble, a plece of chalk, and the
minerals aragonite and calcite are obvicusly differgnt materials, and
yet each will be identified as calcium carbonate, That is to say,
chemical analyses wiil identify them a1l as the same substance, where
everyone knows that a pear! is not a piece of chalk.

The same situation exists in certain phases of asbestos analysis. For example,
chrysot{le, antigorite, lizardite, sepiolite, chlorite, and talc are all hydrous magnesium
silicates. But a Meerschaum pipe {sepiolite) is certainly not chrysptile asbestos in
spite of the fact that chemical analysis alone could lead to that misidentification.

Accordingly, chemistry alone does not jdentify a minerz}, nor do those sophisticated
instrumental methods which are based on chemical principles, such as:
Wet Chemical Analysis
Classical {graviwmetric, volumetric)
Instrumental (atomic absorption, flame emisgfon)

Microprobe (electron and fun)
Emission Spectrograph

Mass Spectrograph

X-Ray Fluorestence

Morphology

Although the shape of a mineral particle is one of the key characteristics in the
identification of a mimeral, shape mione cannot be the sole determinant of a specific
mineral species. There are hosts of minerals in different mineral classes whose partitles
have the same shape. They exist across the spectrum of all classes of minerals and the
possibilities ave beyond comprehension. Even if we 1imit ourselves to miperals which otcur
in the true fibrous state, we would estimate there are up to 100, There have
been instances where nonasbestos particies have been misidentified as chrysotile in talc
because shape alone was the index used.

Methods based on morphaiogy $nciude:

Optical Microscopy
Automated Image Analyzers
Electron Microscopy (SEM and TEM)

EL1]
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o ' Structure ’ ©)
re . The configuration of atoms in the crystal lattice of a mineral does not necessime. O

neral species. The atomic arvangement at the molecular level does not a)
g:ﬁmm‘,ﬂgﬂiu t.he‘pcxt.er-nﬂ visible physical form. That is to say that methods based'y
molgmar structure can wmisigentify & minera]. For example, chrysctile asbestos §
clsseified with the sheet silicates because of “its crysial structure arrangement, bul JUNGH
certainly does not sccur in fiat sheets Yike the micas or its sibling, antigorite.

w
¥g ' Methods of fdentification which relate to molecular structure are:
ie

Infrared Spectroscopy

Differential Therma) Analysis
: X=ray Diffraction

'? Electron Diffraction
t .
l In general then, no single property defines a mineral, ant no single method which
depends on one property can identify a specific mineral.
Conversely, methods which depend on a single factor or characteristic of a mineral
can give misidentifications.
Twoe Popular Methods
m Optical microscopy and x-ray diffraction methods regquire some additional discussion
n ?rimarﬂy because they have received widespread attention by industry and government
- aboratories as possible menitoring techniques,
d Although . bath these methods are fundawental to the science of mineralogy and are

highly reliable in the hands of experts, complications arise when shoricuts are taken in
the professional procedures.

Optical Microscopy

SVO - SY3'1d NOWINOD - ANVTHOIYH - INd 9¥:G ¥7¢ INC 202 - A5

When an experienced optical mineralpgist or crystzliographer fdentifies a mineral with
a petrographic microscope, he can come to a remarkably accurate concluston. The reason [T
for high accuracy is thet not one but several specific properties are determined, such as o
refractive indices, extinction angie, birefringence, and opticikl orientation. Specific o
training and wide mineralogical batkground are required to get the right answer,

7dO€EC0cH

In contrast, current optical methods in federal regulatory proposals relating to 3
asbestos presume that asbestos is presant §n the first place. The analyst then merely @
observes the miperal particle for sire/shape. Conseguently, those methods which depend O
solely on aspect ratio give misidentification. They misidentify the presence of asbestos O
by such simple oversights as Tooking at 2 plateiet on edge and counting it as an asbesti-
, form particle. It is not necessary to elaborite on the other shortcomings of those
. methods in view of the recent MBS report on the analysis of BD {ndustrial talcs [3)
) evaluating that methodology. The same shortromings were also recently corrohorated in 2
l study conducted by Harvard University and RI0SH [4].

However, there are a few rare cases where abnormal crystal habit can be misieading
and subtly can Tead to a misidentification. Optical mitroscopy is most vulnerable to this
type of misidentification. For example, taic normally occurs as micaceous plates, but
rare acicular talc does exist, and one must be very careful to avoid misidentifying the
rarg occurrence as asbestos, As an exampie, our XRD examination of an industrial acicular
talc sample has fdentified the presence of significant amphibole (probably tremolite).
However, when the material was subjected to thorough petrographic examination ft was found
to be composed of free grains of columnar amphibole and acicular talc and composite talc-
amphibole. The significance dis that an erroneous conclusion could be reached by
misidentifying such a rare talc variety as asbestos, if only aspect retio and simple
optical microscopy were used.

e
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Thus, simple optical microscopy can detmine‘ihe'mrpholomf of a particle, but if
used &lone it cannot always fully identify the specific mineral observed.

¥~Ray Diffraction

Although x-ray diffraction (XRD) is a valuvable technique, it cennot determine the
physical shape of & miperal particle, and for that reason it cannot determine whether or
not & sample s asbestos. Furthermore, it cannot distinguish between two mineral
varfeties in the same minerzl class 4n cases such as the asbestos minerals and their
nonasbestiform analegues. It is surprising that such 2 basic shortcoming continues to be
overlooked by responsible {nvestigators alleging to have identified asbestos by XRD.

One result of the inability of powder XRD to differentiate between the asbestiform
and nonaghbestiform wvarieties of a minersl is the potentia) error of prejudging an XRD
detected phase to be the asbestiform wariety. For example, preparing calibration
standards of mixtures of talc plus chrysotile could have the effect of causing »
serpenting peak in an unknown sample to be prejudged as the asbestiform variety, i.e,,
chrysotile. A mixture of talc spiked with the serpentine mineral chrysotile will give the
same XRD psttern as a mixture of talc spiked with the very common platy serpentine mineral
antigorite. "It sthould be abvicus that an unknown talc showing a serpentine peak tannot be
preiu%gea or branded as containing chrysotile asbestos wunder such circumstances.
Unfortunstely, the literature has articles by regsponsible authors who have overlooked that
error in logic [5,6,7]. .

For research purposes only, single crystal XRD can provide information as to whether
or not the specimen could be asbestos. However, due to the d&ifficulty of handling minute
specimens, single crystal XRD is inadequate for particies smaller than about 20 x 5 pm,
and, of course, i5 @lso inadequate for routine monitoring procedures.

Amphiboles

Each of +the five amphibole minerals, anthophyilite, cummingtenite~grunerite,
riebeckite, tremolite, and actinolite has an asbestiform variety, namely anthophyllite
asbestos, amosite, crocidolite, tremolite asbestos, and actinolite asbestos, respectively.
Tremolite asbestos is quite rare, and actinolite asbestos is so rare that a recent NIDSH
project to prepare reference standard minerals has been unable to locate a source of pure
actinolite asbestos [8].

The amphiboles (named Trom the Greek “amwphibolos,"” meaning ambiguous) are
characterized by similar crystal stiructure and wide variation in chemical composition and
appearance. A1l amphiboles have XRD patterns which are similar, and zre characterized by
having their {110} or (210) diffraction peaks occur within 20,22 of each other {Table 1,
Figure 1). Reliable identification of individual amphibole species is difficult in the
absence of confirming composition data.

Examination of Table 1 and Figure 1 {1luystrates that atlempted identification of a
specific amphibole on the basis of d g OF gy has gond potential for being in error.
For example, selection of Joint Committee on Powder Diffraction Standards (JCPDS) card
13~437 as being definitive of tremolite presents serious problems. Twenty-nine agditional
JCPOS amphiboles have their (T110) or (210) peaks within #0.1°26 of this tremolite (110)
peak at 10.58°28. Identification of an amphibole as tremplite on the basis of a peak at
10.56%20 is obviously an identification with very low reliability. In other words, a peak
a'r.hthaii 1ur.::tion is not necessarily the mineral tremolite since it could be one of 29
other minerals.

342
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if ! Table 1, mzi?ﬂei:iﬁig“ Ho's,, d“w? or 6(2.‘0) peak position, and

L .
) JCPDS card # . I 28{cy) - I Name. )
7 -
e - 23-118 8.58() 16,31 100 prieskaite =
54 i 10-456 8.55{1 10.35 100 richterite —
> 20-734 8.53( 10.37 70 mboziite m
r ' 20-378 8.52{1 10.38 100 deshkesanite ,
e - 14-633 B.51(1 10.3% 70 arfyedsonite )
' 21-149% B.51{1 10.3¢ 55 hornblende S
19=4567 B8.50(1 10.4% 180 farropargasite, syn B
* 20-882 8.50(1 10.4 65 richterite, syn e
D . 23-665 B. 4803 10.43 &5 rizhterite, calcian, syn .
n ' 23-664 B.47{1 10.44 ’ 35 edenfte, sodian, syn »
a 23-667 8.47(1 10.44 45 richterite, calcian, syn g
' . 23663 8.46(1 10.46 40 eckermanite, calcian, syn >
€ ) 8-434 B.45(1 10,47 &0 hornblende T
1 13-499 8.45(} 10.47 100 magnesioriebeckite <
e 2D-656 B,45{1 10.47 100 magnesioriebeckite -
. 20-470 B.A5(1 10.48 100 erossite =
t 23-666 8.44{1 10.48 4y tremolite, sodian, syn Q
20-459 8.43(1 10.4¢ 100 hastingsite C
23-1405 8.43() 10.49 80 edenite Z
r 23-1406 8.4301 10.43 40 paragasite . (@]
€ . - 20-1310 g8.43(1 10.48 4D tremolite, syn '
‘ . 10-428 r B.QZ{‘I 10,51 100 richterite, Tivor, syn 8
23-603 B.42(1 16.51 160 tirpdite =
. 10431 B.41{} 10.52 80 edenite, fluor, syn =
. 13-1061 5.40(1 106.53 100 riebeckite o)
20-48" B.40(1 10.83 100 hornbjende z
20-1390 8.40(1 10.83 a0 winchite e
’ 23-302 8.40(1 10,52 106 cummingtonite, mangoan m
B 15-1063 8.38(1 10.54 0 richterite >
. . 13-437 B.38{1 10.56 100 tremoiite \
1 17+478 B.38() 10.56 65 keersutite 0
& ' 23495 B.38{1 10.56 80 sckermanite &
.330 B.37(1 10.57 100 tremolite, fluor, syn m
17-750 8.36(1 10.68 25 richterite, ferrian R
B 1 20-386 8.35{1 10.59 40 eckermanite, syn S
¢ 22-53) 8.35(1 10.5¢ 30 Jjoesmithite o
y 16~401 6.33(2 10.62 70 anthophyllite, magnesian, syn O
' 17725 8.33(1 10.62 100 grungrite N
e 17-745 £.330 10.62 100 grunerite 3
20-37¢ B, 31{1 1D.65 100 erossite 3
17726 8.30(1 10.66 100 cummingtontite N
3 20-484 8.29(1 10.67 100 richterite
. 13-506 8.27{2 30.70 80 gedrite
1 23-679 g.27(1 10,70 90 glaucophane
! §-455 8.26(2 0.7 55 anthophy1lite
! 20~453 B.26!1 10.7) 100 ¥laucophane
“ 11~253 B.23(2 10.7%8 100 errogedrite
¢ 23-310 a.20(1 10,79 75 richterite, ferrdan
g 13-401 8.11{2 10.81 100 holmquistite

2 16)) or (2102,
Maximum 426{Cy) = 10.91° - 10,31° = 0.6°

“Table 1 11lustrates the very close proximity of the (210) or {110) XRD peak of a2l
smphiboles, showing the inability io identify s specific amphibole on the basis of
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Figure 1. Anphibole d(na or "{z:n) - peak positions (26 for Cuk ) and relative intensity,

An additional problem further affecting the relisbility of identification by XRD is
the effect of shift in peak position caugsed by slight mispositioning of the sample swrface
in the instrusent. For example, 2 100 pn mispositioning of the specimen surface wiii
result in a shift of approximately 0.6-0.7 & in d-spacing &t low 28 angles [9). A slight
shift in the position of the peak (from & different amphibele or mispositioning of the
sample surface, for example) could go umnoticed, resulting in misigentification of an
amphibole that is not even present.

In order to conclusively identify an amphibole by XRD, 4t is necessary to have an
essentially complete diffraction pattern. In order to obtain such an XRD pattern, the
sample must have a relatively high amphibole content and the pattern must be acquired with
2 time-consuming siow scan. Acquisition and interpretation of such patterns is time-
tonsuming, and discourages proper appifcation of the full procedure, especially for
routine monitoring where large numbers of samples require analysis, Shortened procedures,
such as single peak ddentification of aphiboles, provide govd opportunity
for misidentification. The shortened procedure of single peak fdentification was apparently
used in & 1872 paper {71, where our examination of some of the same samples disagreed with
identifications of serpentine, tremolite~actinolite anthophyllite, and anhydrite.
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Chlorite-Serpentine

Chlorite is one of the most common accessery minerals found associated with talcs, “%8%
The chiorite group of wminerals are somewhati analopous to amphibeles in that they exhibit a °

wide Vvariation in chemical composition and 211 have a similar crystal structure. The
diagnostic iﬁﬂor&te basal XRO peaks {0D1), (D0Z), and (OD4) are characteristic, amd sccur
at about HHA, 7A, and 3.BA, respectively. As in the case for the amphiboles, specific
identification of a particular chlorite species by XRD is difficult. The XRD problam with
chioritic tales is that the serpentine first order basal peak overlaps the chlorite (002)
peak, and the corresponding serpentine second order basal peak overlaps the chlorite (004)
peak, Generally, however, the chiorite (004) and serpentine second order peaks are separate
encugh to allow uhambiguous determination of the presence of both phases when present in
adequate amounts to give definable peaks. Tables 2 and 3 and Figures 2, 3, and 4 are
compiiations of JCPDS datz for the positions of the {004) basal peak for chlorites and
{002), {D04), or (0012) basal peak for serpentihes, respectively.

Table 2. Chlorite JCPDS Card No's., d(504) peak positions, and
relative intensity.

JCPDS &
card # A 28(Cy) 1 Name
10-183 3.60 28.73 100 penninite
20-673 3.60 24,73 90 knmererite,
16~351 , 3.5¢ 24.80 70 chiorite b
12-18% 3.57 24,94 85 kotschubeite
7-160 3.58 24,87 60 kotschubgite
18-744 3.56 25.01 80 ¢iinochiore
7-77 3.558 25.03 50 sheridanite
16-362 3.585 25.08 B0 chlorite la
18.75% 3.55 25.08 55 sutioite
22.712 3.88 25.08 A% nimite
7-165 3.545 25.12 60 grochauite
778 3.547 25.15 60 thuringite
74971 3.541 28.1% 80 diabantite
12-242 3.54 25.16 160 {euchtenbergite
7-76 3,537 25.18 50 ripidolite
13-29 3.53 25.23 80 thuringite
7-166 3.523 25.28 50 daphnite
12-243 3.52 25.30 82 aphrosiderite
211227 3.82 25,30 100 thuringite
3-87 3.4% 25.52 100 thuringite
* 8118y

Table 2 1Vlustrates variation in position of the chlorite d(ao4} XRD peak.

Tabie 2 should be compared with Table 3 to see that the chlorite and

- serpentine XRD peaks overlap and interfere with each other, Identification
and gquantification of serpentine in the presence of chlorite is extremely
difficult at best.
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Figure 2. Chlorita de,n.y — peak posftions and relative intensity. The data of Table 2 are presented in graphical form
showing the variation fn position of the d(mﬂ IRD peaks for different chlorites. Selection of JCPDS card
16-362 as diagnoestic for chiorite can obviously reselt in misidentification.
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: Table 3. Serpentine, Kaolinite, Halloysite, and Dickite JCPDS Card Nos., Yot
i peak position, miller index (hk1), and relative intensity.
+ . O 3
: JCPDS . >
' Card # A 28{Cu) I hkl Serpentines <
‘: . M
i 18-779 3.67 24,25 80 (002) lizardite, ¥ =
X 9-444 3.66 24.32 100 (0012) antigorite, 60 O
: 21-543 3.65 24.39 0 (004) chrysotile, 24 N
! 7417 3.63 24.52 300 (102) antigorite, 6M R
} 11-386 3.62 24.59 60 {002) lizardite, 10, aluminian €
| 21-963 3.6 24.66 &  (002) antigorite, 64 R
! 12-583 3,56 25,01 B0 (0012) antigorite, 60, aluminian
: 13-4 3.56 25,01 70 (0012) antigorite, 60, aluminian o
; 7-339 3.55 25.08 100 (002) berthierine =
H 11-388 3.55 25.08 100 (0012) antigorite, 60, syn Y
: 7-315 3.52 25.30 100 (002) berthierine z
l 9-493 3.52 25,30 100 (004) amesite JZ>
K O
}l Kaolinites 9
[ 6-221 3.58 24.87 100+ (002) kaolinite, 1Md =
i 14-164 3.579 24.88 80 {002) kaolinite, 1T ©
{ 12-447 3.56 25.01 5D (002) kaolinite, 1T o
; 7
: Halloysite m
. 0O
‘ 9-453 3.63 24.52 90 (002) halloysite, dehydrated _ 5
: .
' N
, Dickite S
; l0-48 3.8 20.87 100+ (004) dickite 2¥, S
: — N
! Chlorite 26 Range: 24,73 - 25,52 §
i N
j Table 3 i1lustrates variation in position of XRD peaks of serpentine, kaolinite,
halloysite, and dickite. The XRD patterns of these minerals interfere with each

) other and with chiorite (see Table 2).
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Figure 3. Pesk positions and relative intensities. The data of Table 3 arv presented in graphical form to fllustrate the
var{ation #n position and interferring overlap of XRD peaks of serpentine, kanlinite, halloysite, and dickite.
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Figurs 3. Peak positions and relative intensitfes. The data of Tables 2 and 3 are presented cosbined, filustrating
the problems of XRD identification when chlorite and serpentine, and possibly kaslinite, halloysite, or
dickite are alse present,
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Thre: essential features are demonstrated in Tables 2 and 3, and Figures &, 3, and 4;

1. The diagnostic peaks show considerable variation in the position in
which they occur (A28=0,79° for chlorites and 1.05% for serpentines),

2.  The ehlorites and serpentines overlap and interfere with each other.

3. Basal peaks of the clay minerals kaolinite, halloysite, and dicki‘_te
overlap the positions of the chlorite and serpentine peaks, and wil)
interfere when present.

The significante of the chlerite-serpentine interferente is increased by the fact
that chlorite is a very common accessory mineral associated with talcs, whereas serpentine
is much less commonly associated.

In spite of the chlorite-serpentine problem, numerous investigators have performed
XA0 identification and/or quantification of serpentine in chloritic tales. I s obvious
te us that they have mistdentified asbestos as being preseat by overlooking the
chlorite/serpentine interference and by misconcluding that a chlorite peak was serpentine.

Gther Mathods
Infrared Spectroscopy (IR)

The infrared absorption spectrum of a material results from vibrationzl and bending
frequencies of various atomic bonds within the structure. For example, 3i~0 stretching
frequencies preduce similar IR peaks Tor all silicate miperals. As 2 result, IR spectra
are not particularly useful for identifying the minerals present in & mixture, and the
methed certainly is not cepabie of determining whether or not a detected minersl s the
asbestiform variety.

Differential Thermal Analysis (DTA)

The rearrangement or decomposition of wmineral crystal structures due to therma)
heating s & cheracteristic aond reproducible reaction. It follows that OTA can ideatify
specific minerals in a mixture but the method is not capable of determining morphoiogy.
Therefore, any DTA data which might point to the presence of a serpentine mineral could
lead to misidenfying chrysotile asbestos in & talc when the mineral could well be a
normally occurring platy antigorite having the same DTA pattern.

Electron Microscopy

Electron microscopic techniques of identification of mshestos have been amply covered
in other presentations during this workshop. We do not dintend to cover that subject
again, but rather to point out some areas where asbestos can be misidentified.

The high magnification ettainable with electron microscopy 15, in itself, inadeguate
a5 the sole index of mineral identity. For example, chrysotile is often identified by the
presence of a hollow centrsl core and streaked electron diffraction spots. But the c¢lay
mineral haljoysite also crystalidzes in that form and will produce a simiiar elsciron
diffraction pattern. Therefore, in the absence of exact chemical composition, halloysite
can be misidentified as asbestos. Similar care must be exercised to avoid misfdentifying
other fibrous clay wmiperals as asbestios, e.g., atiapulgite and alphs sepicifte. In
addition, talc ribbons can bz mistsken to be asbestos, especially when some talics have
particles which o1l up into spiral tubes giving the appearance of & chrysotile particile.

Selected area electron diffraction is rovtinely used to identify a mineral particle
as amphibole. Hany investigstors simply observe the electron diffraction pattern §n the
rnicroscope and decide on the basis of general pattern geometry whether or not the particie
is an amphibole. This can lead to misidentification, since numerous other minerals can
give electron diffraction patterns with amphibole patiern geometry [10,11]. Carefu)
weasurement of an electron diffraction pattern is reguirved in order to identify the type
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of mineral which produced the pattern, Chepipa) composition is further required in orde
to have a chance at identifying the particular species when the mineral is & member of 2
cemplex group such as the amphiboles. Dtherwise, misidentification will result,

Cosmetic Talc Free from Aspestos ,

In the lnited States, we have x self~rebulating assccistion Known as the losmetic
Toiletry and Fragrance Association. In certifying the purity of the tales which they use,
they are aware that no singie wathod can identify ashestos and their most recent spec-
{fication for cosmetic tale [17] combines tws methods (XRD and optical microscopy) for
monttoring their types of talc.

The rationale is that 2 tale is first exswmined by XRB, and if even the sma)lest
amount of amphibele s indicated, then the test proceeds into optical microscopy using a
dispersion staining technigue 1o determine whether or not the material centains
asbestiform particles in the amphibole group.

Summary

This paper has categorized the main methods which have been used for detection of
asbestos in tales. The basit principles of the various method: were categorized to explain
how #sbestos has been and can be misidentified in tale. Generally, misidentifications
arise by jumping to a conclusion from & single mineral characteristic, when, in fact, many
characteristics ave required Lo fully identify & minera) species and/or its varjety.

Both optical microscopy mnd KRD required a more detailed review than other methods
since they have received the most attention from a monitoring point of view.
r

This review is presented with the hope that our guidelines will enable analysts to
avoid the misidentification of asbestos in falcs.
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Discussion

A, WILEY: You said that instantaneous recognition of SAD patterns is difficult. Could
you give some examples as to what kind of confusions could exist in this? L(an you tonfuse
anph}tn]ﬂ; with serpentine or amphibole with tale, or iy that kind of & gross mistake
possible

J. KRAUSE: Those kinds of mistakes probably would not genmerally happen §f wou ave
looking at pyroxenes or olivipe, Electron diffraction is not one of my areas of real
expertise, but I think that you could poessibly get feldspars that would give confusing
patterns, depending upon their orientation in the microscope, .

L. MADSEN: . We are psing all the methods that have been talked about today for identi-
Tication for asbestos materials and do not in any way Vimit ourselves to fiber length and
agpect ratios. ,

J. WAGMAN: 1 would like to comment that it 45 possible by w-ray diffraction and
through 2 special technique to identify and measure the presence of asbestos fibers even
when they are in the presente of their non-fibrous counterparts. Aboul two vears ago this
was demonstrated in a Study which we supporied at the Naval Research Laboratory in which
samples were pre-~treated so that fibers were first aligned and then the x-ray diffraciion
fntensities measured at two differant orfentations with respect to the x-ray beam and in
this way the intensity due to the pon~fibrous counterparts could be subtracted from the
total diffraction intensities.

KRAUSE: You were putting the fibers in some specific preferred orientatisn in the
sample and then looking for those orientations by XRD.

WAGMAN: That s correct, and this had the advantage of not only making pessible
cerrections, that is correcting for the non-fibrous material present, but alseo it greatly
enhances the detectability for the fibers themselves.

2L017007dD€20Z#3aASVD - SY3AT1d NONINOD - ANVTHIIY - INd 9%:S ¥¢ INC 720 - d3711d ATIVIINOYLO3 13

KRAUSE: Is this method being currently used?

WAGHMAN: This §5 a method whose feasibility was demonstrated and there are two publica-
tions on this in the Titerature, Actually our objective was to apply this method to
wirborne samples, which is 8 much wore difficult application incidently, I should think
than in the case of talc, The problem here is a preparative problem in that an ajr sample
usually has a lot of organic material, sticky material present which interferes with the
ability to orient the Tibers. This {5 a preparative problem which will have to be ovarcome.
Butml should think that in the case of talc samples you probably would not have that
problem.
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Meeting with Bowling Green State University
Geological Staff

A paper entitled "Asbestosform Impurities in Commercial Talcum FPowders,"

published in the January 1972 issue of The Compass of Sigma Gamma

Epsilon (Vol. 49, No. 2) stated that 18 commercial talcum powders exam-
ined contained from 4% to 46% asbestiform minerals. The average asbesti-
form content was 18%. The data in this paper has subseguently beer guoted
and bas been a source of inquiry by interested individuals both in and outside
of government agencies. The amount of asbestiform minerals reported is so
large that the data could initiate costly FDA hearings on the matter. Since
our generel observations at the Research Institute relative to asbestiform
minerals in talc are at such a lerge variance tothose reported in the paper,

-~ an investigation of the paper was undertaken. To date we have reviewed the

paper and have discussed the data with the authors. The people involved in
the investigation were W. T. Czneer and Dr. Jerry Krause of the Research
Institute and Dr. Maynard Slaughter of the Colorade School of Mines.

REVIEW OF THE PAPER

A review of the paper suggested that 2 number of errors are present. Some
of these apparent errors may be illustrated by the following table which
appeared in the paper:

: RoA_08136
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Table I

Qualitative Mineral Analyses by A-ray Diffraction

Sample Asbestosform Minerals . Anhy- Clay  Misec.
Number Talc {Serp. Trem-Act. Anth.} Carbonates drite (Mica) Ming, *

1 x X x x x b 4

A 4 x x x x

3 h'e % X x x

4 x X X X ® x = b4

5 b4 X b4 b4 X x

6 X x x X x x bd

T x X b4 x b

8 x X % x 4 x % x

g X r X X x
10 x X X x x
11 x x x b4 x x
12 x p 4 X x x.
13 X X x X x x
14 X X x x x x
15 X X X x x x
16 X x x
17 x x x % x x
18 X X x X x x

*Additives and inert minerals and compounds.

Accordimg to this table, asbestiform minerals were identified by X-ray dif-
frac tion. By the method of X~ray diffraction used, one could only expect to
identify mineral groups to which asbestiform minerals belong. Numerous
common non-asbestiform minerals also occur in these groups.

A differentiation is shown for tremolite~actinolite and anthophyliite. It is not
likely that these minerals could be differentiated by the X-ray methods used.

The mineral anhydrite (CaSOy) is also reported by X-ray diffraction for all
except three of the samples. We have never found anhydriie in any talc sam~
ples examined at the Research Institute. Furthermore, from the standpoint
of geological occurrences and rock genesls, one would not expect to find
anhydrite associated with tale. With these factors in mind, a study was made
to determine how one may possibly make an identification of anhydrite in tale.

RoA_08137
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It soon became apparent that a talc k-beta diffraction peak was being inter-
preted as belonging to anhydrite. A filter is used to s¢creen out K-beta
radiation in X-ray diffraction analysis. However, the filter is not 100%
efficient and some of the k-beta passes through the filter and can lead to
erroneous interpretation.

The table also shows serpentine as one of the asbestiform minerals identified
by X-ray diffraction for most of the semples. This is nusuelly based on the
occurrence of a 7-angstrom peak. However, chlorite also gives a 7-angstrom
peak and chlorite is a common constituent of talc. A differentiation of the two
minerals can usually be made based on other diffraction peaks. Since chlorite -
is & common constituent of talc and none was reported for the 18 samples, it
is likely that chlorite was misidentified as serpentine.

Table Il was presented in the paper and shows gquantitative mineral analyses
by petrographtc microscopzc techniques.

Table IT

Quaxtitative Mineral Analyses by Petrographic Microscope
(Volume Percent)

2L017007dD€20Z#3aASVYD - SYATd NOWINOD - ANVTHIIY - INd 9%:G ¥¢ INC 720Z - A3 4 ‘

. Percent Percent Percent
Sample Talc Carbonate Asbestosform
Number Flakes Grains Minerals

1 3 5 22

A 92 *tyace B

3 #HT9 trace 21

4 57 20 23

5 82 trace to 1 18

é .72 i3 15

7 89 5 6

8 61 - 5 34

9 80 4 16

10 92 4 4

11 . 86 trace 14

12 76 20 4

i3 . 48 b 46

14 90 4 6
- 15 74 4 22
16 80 trace 20

17 70 6 24

18 76 trace 24
#L,.ess than 1 percent. *%Includes muscovite,

- RoA_08138
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If is perhaps significant that no anhydrite was observed by microscopic
techniques even though it was reported in 15 of the 18 samples by X-ray
diffraction. It is perhaps alsc significant that no gpecific asbestiform
minerals were reported in Table II ~~ only a total perceni of asbestiform
minerals. This led us to suspect that any grain with a high length to thick-
ness ratio observed under the microscope would be classified as asbesti-
form, This could lead to the misidentification of the edges of talc plates
and of talc shards as asbestiform minerals.

DISCUSSIONS WITH THE AUTHORS

QOf the three authors, two were graduate students (Snider and Pfeiffer) at

the time the paper was written. J. Mancuso is on the Geology Department
staff and acted as advisor for the research and the paper. Snider is pres-
ently with the Michigan Geological Survey in Mt, Pleasant, Michigan, and
Pieiffer is a geolagist for Texace in Midland, Texas. We discussed the
paper with Mancuso in Bowling Green and held telephone conversations with
Snider and Pfeiffer, We made it clear to these people that the data presented
in their paper could lead to very serious charges against the products. They.
readily agreed that their data could easily have errors, and if so it would
save them much possible embarrassment at & later date by correcting their
errors now.

Apparently the paper was submitted for publication {0 fill an issue of the
journal which was being devoted entirely to the Bowling Green Geology Depart~
ment. Apparently a Dr. I, I. Oster (a fruit fly expert in the Biology Depart-
ment) told them that he had been conducting experiments related to the
injection of tale products int¢ mice for the purpose of determining the effects
of the injections upon the mice. He requested that the Geology Department
meake mineralogical determinations of the asbestiformn minerals in the talce
products. None of the three authors bad had any previous experience with telc
mineralogy, but they decided that it would be a suitable subject for a paper.
Our discussions yielded the following significant results. .

1. Al three authors rea;:lily admitted that they did a "rush-job." About 2
weeks was spent in gathering data for the paper.

2. They agreed that asbestiform minerals cannot be identified by X-ray dif-
fraction. X~ray diffraction is capable only of identification of a mineral
group which contains both asbestiform and non-asbestiform minerals.

3. They admitted that they did not adequately check the "talc edge effect”

which could lead to the misidentification of talc plate edges as asbestiform
minerals by microscopic analysis.

I ‘ ROA_08139 e L LR ;:__.-I;,_.-.;'_-_-__
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4. They did not take into account the possible presence of chlorite in
the talc and could have well misidentified chlorite as serpentine (which
of course includes chrysotile).

5. Relative to the identification of anhydrite, they admitted that they prob-
ably migidentified a k-betz falc peak.

6. They counted oniy 100 grain s for their quantitative microscopic analy-
ses. Though their data is presented in terms of volume percent they
neither measured the size of the grains counted nor considered the dif-
ference in the volume of z fiber as opposed to a plate. We pointed out
that the statistics involved are totally unacceptable.

7. They admitted that they probably made many errors in conducting the
project and seem anxious to rectify them before there is a possible
accounting with the FDA or some other agency.

8. The following list identifies the talc products examined in the Bowling
Green Study.

2.0¥007dD€202#ASVYD - SYI1d NOWINOD - ANV IHOIY - Wd 9%:S vZ InC ¥202 - a31id AL

Sample _ Quoted %

Ne. Brand Name Asgbestiform Minerals

1 Mennen Talc Powder 22

2 J &J Baby Powder B

3 Corn Silk ’ .21

4 Estee Lauder 23

5 Cuticura (South Africa) 18

6 Coty-Muquist de Boio 15

7 April Showers (N.Y.} 6

8 Remington Shave Talc 34

9 Cashmere Bouguet 16

10 Irmmprevu . 4

11 Avons Sachete Oceur 14

12 + Heaven's Scent 4

13 Excalibur Spray (Avon) : 46

14 Loves Fresh Lemon 6

is Mennens Baby Magic ) 22

16 Ammens Medicated Powder {(ZnO) 20

17 ZBT Baby Powder 24

i8 = Cuticura {U.S.A.) 24
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9, About a year ago Howard Jack, who was with the American Geological
Institute at the time, requested and got the list of various brands of
talc examined in the Bowling Green study. His motivation is unknown
to us. We have determined that Jack is now apparently with some
governmental agency and we are trying to determine his interest in the
samples. ’

We asked to see their X-ray diffraction patterns and also requested splits
of the samples. They could not locate the diffraction patterns and found
only two samples (Nos. 8 and 13) while we were there. They are still try-
ing to locate the others and said that they would send them to us when and if
they find them. : -

They spent an inadequate amount of time and have admitted to making errors
relative to the identification and amount of asbestiform minerals. They
apparently will not stand behind the data presented in the paper if they are
pressed to do so. ' I also believe that they will retract the data after we pre-
sent them our data and after they have had time to do some checking on their
own.

/nkr
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e ' Memorandum
Date * June 6, 1985

From QRAC (Quintitative Risk Assessment Committee)
Subject Asbestos in Tale
To W. Gary Flamm, Ph.D,

Director, 0ffice of Toxicologlcal Sclences (HFF-100)

Using Linda Taylor's report [1] and other information on asbes-
tos and talc, we contlude that the added human risk of lung cancer
and mesothelioma from possible asbestos in talc is less than lf.‘i-8
1ifetime risk and quite possibly orders of magnitude less. We have
used, as our population at risk, infants that may be routinely dusted
wifh talcum fowﬁer £sr an estiﬁated period of 2 years.

Infant Dose and Worker Exposure:

Based upon one experimental 2 yr. exposure scenarioc for talcum
powder dusting, babies would apparently inhale no more than about
6.5 x 103 asbestiform fibers per year (4.95 talc fibers/cc x 1000cc/l
x .58 1/min. breathing rate x 43,8 min/wk powdering x 52 wk/yr. x

.17 asbestos in tale). The asbestiform fibers are difficult to

¢L0v007dOEC0C#ASYD - SYITd NOWINOD - ANVIHOIY - INd 9¥:S ¢ INC ¥20¢ - a4 /

detect, poorly defined in shape, and of & highlv variable subtype.
We assume .1% tfemolite or anthophyllite asbestos in talc based on
1977 FDA measurements ang other recent samples [1, 10, 11]. To be
called asbestiform fibers, the fibrous silicates must be greaterx
than 5 um, and have length/width ratio greater than 3. These
1nhe;ent detection and geometrical measurement limitations for
asgbestos in tale make comparisons with worker exposure to a
different type (mainly amosite, crocidolite and chrysotile) and

shape of asbestos highly problematical [5]. In fact there is a
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general coneensus that current talc mines ave virtually free of
asbestos (offending mines have gradually been absndoned) and that
sny vesidual silicates 4in talc are so finely and smoothly ground as
to represent virtually no risk to humans whatsoever even where mn
occagional fiber just barely satisfies the technical definition for
asbastiform fibers. Howsver, this consensus belief would vequire
better geometric measurements than currently exist for both current
commerclal tale f£ibers and for workplace asbestos fibers during the
past 50 years. Nevertheless, baby exposure in fibers per year is
crudely estimated at about 0.3 = 10'6 times that of worker exposure
in eeveral well known epidemiological studies (e.g., Selikoff
study: 15 f/ml in workplace x 12,000 ml/min dresthing rate x 60
min/hr x 8 hrfday x 5 days/wk x 50 wks,/yr. = 2.16 x Inlof/yr. vs
6.5 x 10°f/yr for baby) [11.

A complicating factor, however, ie that human cancer risk from
these studies seems to follow different time-dose response patterns
for the two main cencer endpoints {lung cancer and mesothelioma),
Although several humer epidemieclogical studies exist which could be
utilized for guantirative risk assessment purposes, It is mest
1llustrative to consicer the largest of these occupational studies,
namely, that of Belikeff, et, al, [7,8) in which 17,800 imsulation
workers were exposed to a mixed variety of asbestos fibers (mainly
amesite and chrysotile) for about 25 veaxrs on average. Through
1976, 2,271 deaths (12.7% of total) had occurred.

Lung.cancet:
Lung cancer rates were asbout 4.6 times average (486

obeerved/106 expected). Since this nearly 360% excess lung tumor

ROA_08143 . _.
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rate seems to apply to nonsmokers alone as well as smckere and

nonsmokers combined [6), then, assuming hypothetically that one can
extend excess relative risks to very low asbeatos exposures, one
would expect to see an excess lifetime lung tumer rate among asbes-
tos exposed nonsmokers of about 1.8%7 (360X x the normal lifetime
nonsmoker lung tumor rate of sbout .5% - integrating 1979 survival
rates against Garfinkel's 1960-1972 nonsmoker age-specific lung
tumor rates [12, 131}, Excess lung cancer rates appear to be
proportional to dese and duration of exposure, but not to some high
power of time-since-first-acbestos exposure [6]. Thue, excess
lifetime lung cancer risk for talc exposed babier who will never
smoke would appear to be approximately the product of 1) an excess
1.8%2 lifetime risk for nonsmoking asbestos exposed workers, 2) a
baby /worker yearly exposure ratio of 0.3 x 10—6, and 3) a
baby/worker exposure duration ratio of 2 yrs/25 yrs. This produect

yields a value of .4 x 1079

added lifetime risk for lung tumors.
Similarly, averaging eventual smokers in with the lifelong
nonsmokers assumed above, the average added lifetime lung cancer

risk for the talc exposed babr will be at worst about 10 times
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higher or abou: .4 x 10-8. We note that current (1979) lifetime
total respilrateory cancer rates are about 5% and have nearly doubled
since 1960, possibly reflecting rapidly changing smoking patterns
during and after World War II, primarily among women, However,
decreased tar levels in cigarettes and decreased per capita use of
cisa;ettes since about 1965 should result in & gradual leveling off
or decline in the total respiratory and/or lung cancer rate of the

general population [14].
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Megothelima:

The estimation of lifetime risk of mescthelioma 1a somevhat wore
difficult since the mesothelioma response dats appears quite
nonl_imar in time pince first exposure. We have investigated four
different methods of mathematically modelling the nonlinear
megothelioms data. They all indicate an upper bound on lifetime
rigk for talc powdered infsnte of about 10_s tisk and quite
poesibly a much lower upper bound if the conservative assumptions
vpont which they were based do not hold, These four methods
consisted of mathematically treating wmesothelioma as 1) a
nonincidental tumor with no time lag between tumor initiation and death,
2} a nonincidental tumor with & 10 year time lag between tumor
initiation and clinical observetion, 3) an incidental tumor, and 4)
treating asbestos as a first stage intervemer in an Armitsge-Doll
multistage carcinopenic process {9].

In fact methods 1-3 ylelded virtually identical risks {.5-.75 x

8 8

107" rigk). While method 4 yielded a risk 2-3 times higher (1.5 x 10~
risk}, it could easily have yielded a risk up to several orders of
magnitude lower than 10—8 1f{ we had simply assumed asbestos intervenes
at & .ater stage of the carcinogenic process in this hypothetical
Armitage-Doll multistage model. There was genersl concurrence among
these four methods, and it suffices to briefly summarize Method 1,
Method 1: based upon fitting th.l {nonincidental analyeis) to a
1922~1946 cohort of the Selikoff, et. al. data.
A reasonably simple way to estimate the median life (ML) risk to

median survival age 77 {in 197%9) for humans exposed 2 yrs, to talcum
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powder during infancy is given by the product of the following terms:

() (77 yrs. since first exposure for infants/37 yrs. since first
exposure for 1922-46 cohort as of 1978131 « 9,70,

(b) (2 yr. infant exposure duration/34 yrs. approx. worker
exposure duration for 1922-1946 worker cohort) = ,059,

{c) (infant/worker) yearly exposure ratio =~ 0,3 x 10"6.

(d) 1922-1946 cohort cumulative mesothelioma response of 3.75%
{180 mesothellomas/4,800 cohort members).

This product yields a medisn life risk of R, =~ (.64 x 10—8.

Tumorg other than Lung and Mesotheliomwa: (Selikoff study)

Although significant tumor increases were observed at other sites

in the workers (e.g., esophagus, stomach and colon), their risk 1is

g

dominated by that of the lung (less than 10~ or 10"B riek,

depending upon whether or not the baby becomes a smoker) and by

8

mesothelioma risk (less than 10 = riek).

Other Comments on Total Cancer Risk:

These estimates of added lifetime human cancer risk are 2 orders of
magnitude below those implied in Linda Taylor's memo 1) due to the fact

that the more recent detection studies suggeet .1¥% or less asbestos in

¢L0¥007dO€202#3ASVO - SYITd NOWWOD - ANVTHDIY - INd 9%:G ¥ INC ¥202 - A3711d AJZH

talc on average tather than the 1% assumed by Dr. Taylor: and 2) due to
8 10 fold conversion error going from fibers/ce in the air to fibers
inhaled/yr by the infant,

Although mothers may receive an exposure for each infant powdered,
their added lifetime risk from talc sghould be relatively smaller than
the infant's since ﬁheir mouths and noses are considerably further from
the densest portion of the talc cloud than is the case for the csptive
infant during the daily powdering period (the inverse square law for

exposure may apply).
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Finally, the risks ilmplied by the Belikoff itudy #re generally on
the high side of those ilmplied by the other smallexr epidemioclogical
studies and we see little value in repeating calculations here for those
studies (pee reference & for details).

Ovarian Tale Study:

Por completeness, & discussion is presented on a human epidemi-
ological study purperting to show an association between talc use
(talcum powder used for genital dusting on the perineum or on sanitary
napkins) and ovarian cancer,

The Cramer et,al. study [2], which purperted to show a significantly
increased relative risk for ovarian cancer associated with talc use,

1) appears to have been misinterpreted statistically, 2) was uncorrected
for several likely blaeing factors and 3) sappears to have been strongly

contradicted by another study showing & reduced relative risk as signi-

ficant in the negative direction as the Cramer study was in the positive
direction,

The Cramer study'e most prominent analysis (Mantel-Haenszel) was
adiusted for onlv ? factors and gave a relative risk (RR) of around.
1.92 (p less than .003} and 95% confidence limits of 1.27 tc 2.8% for
215 cases {talc users for genital or sanitary narkin dusting) ve 213
controls, Cramer's more comprehensively adjusted but seemingly de-
emphasized multivariate regression analysis for 9 possible simulta-
neously confounding variables yielded 2z emaller and much less
significant relative risk of 1.61 (p=.03), with 95% confidence
11;1;5 of 1.04~2,49. It should be noted that the crude relastive
risk with no adjustments whatsoever was 1.89. In any case, if the
authorg had limited their logistic regression asnalysis as they
subsequantly did for their Mantel-Haenszel analysis, to thogse 121

cases where the first chosen contrel did not refuse to participate

RoA_08147

2L017007dD€20Z#3aASVD - SY3AT1d NONINOD - ANVTHIIY - INd 9%:S ¥¢ INC 720 - d3711d ATIVIINOYLO3 13



W. Gary um'..n. . -7-

(refusal bias), then the resulting p-value can be predicted through
extrapolation of the other reported analyses to be greater than .05
and perhaps greater than .1, Unfortunately, the authore did not
report this analysis. Instead they selectively chose to point out
only that the relative risk of those exposed to talc both as a
genital dusting powder and through sanitary napkins declined from a
relative rigk of 3.28 (p lees than .001) to 2.44 (p less than .05)
when the potentially biasing control refusals were eliminated from
analysis. Apparently the authors felt it unnecessary to report
those p-values that were greater than ,05,

Since there were twice as many singles among the cases (21%) as
among the controls (11X), the life style of singles might easily have
biased the original overall relative risk of 1.92 [3]. However, the
multivariate logistic analysis (RR=1,61) using all of the oxiginal 215
cases and 215 controls clearly adjusted for marital status along with
such variables as religion, educational level, ponderal index, age at
menarche, exact parity, oral contraceptive or menopausal hormone use,
and smoking. The partially adjusted Mantel-Haenszel analysis (RR=1,92)
only adiusted for mencpausal status end crude parity.

Furthermore, it is generally assumed that any real positive
cancer effect will show an increased risk with increased dose.

Cramer only reported one subanalyeis where he crudely considered
dose response, He divided the small group of talc-dusted diaphragm
users into those using diaphragms less than 5 years and into those
uuiu; diaphragms more than five years, However, rather than
showing an increased relative risk with increased dose (increased

length of usage), the relative risk actually decreased noticeably
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though not in a "statisrically significant” fashion from 1.82 to
1.23 as disphragm use increased from leas than 5 years to woret than
5 years,

In addition to the above interpretations of Cramer's own
vesgults, several potentially biasing factors could not be adjusted
for by the logistic snalysis. First, & possible positive correlation
between talc use and ovarian disease etiology due to patient-perceived

. hygenic or cosmetic reasons would bias the relative risk upwards
[43. Second, a recall bise among hospital cases relative to
community controle is quite plausible since cases may have greater
incentive as well as oppertunity to recall whether they should
claseify themselves as talc users [3]. Talc users from the
community may well be wmodest in either participating as controls
(the refusal bias already discussed) or in mubsequently admirting
tale use as a control subjecr. The recall bias might be expected
to be even greater - as was possibly observed -~ for estimatlon of
the relative risk for those using talc both on sanitary napkins and
as a dusting powder (RF=3,28, p less than .001; or RR=2.44, p less
than 0.05, after the refusal blas is eliminated) than for those
erzaged in only a singie type of use.

Finally a talc and ovariar cancer study by Hartge, st. al,
[4], appears to strongly contradict the reportedly positive Cramer
gtudy, Overall 135 cases and 171 control women matched by age, race
and hogpital were questioned on talc use. The estimated relative
riak‘of ovarian cencer by talc users was reported to be 0.7 (95%
confidence interval of 0.4 to 1.1). Adiustments for race, age, and

gravidity (pregnancy) had mo effect upon the estimste, No subanalyses
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resulted in relative risks significantly greater than 1. It would
appear that no refusel bias was operative in the Hartge study since
none wae reported. Also it would appear that rnéall bias was non-
existent since there appeared to be no recsll bias on the use or
nonuse of douching.
SUMMARY

In summary, any hypothetical systemic added lifetime cancer risk
(e.g., mesothelioma and lung cancer) to humans due to asbestos fibers in
talc (principally for babies subject to 2 years of talc dusting) appears

to be less than 1078

added lifetime risk and possibly several orders of
magnitude lower risk still, depending upon assumptions and uncertainties
alluded to above, especlally those regarding geometrical shape of any
possible asbestos f£ibers in talc, and limits of detection for asbestos
in talc, In addition, there appears to be no associatlon between
customary human talc use per se and ovarian cancer,

Roberd Brounn

Robert Brown
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DEPARTMENT OF }.LTH & HUMAN SERVICES . Public Health Service

Memorandum
Date ° May 21, 1985
From Robert Brown
BRAB, Division of Mathematics (HFF-118)
Subject Four methods of quantitating mesothelioms risk based on the Selikoff,

et. al., insulation workers asbestos study., Technical support for
QRAC's asbestos risk assessment,

To
QRAC

In fig. 1 we have plotted on a log-log scale Selikoff's original
mesothelioma incidence data vs, years since first exposure to asbestos.
Incidence is defined as number of mesotheliomas/man-years exposure. The
data do not seem to fit a single straight lime. Uncertainties of
exposure in the early part of the century and the general decline in
intensity of asbestos exposure after World War II are possible sources
of errer. For these reasons, as well as general lack of fit of both
recent data and distant past data, Peto recommended use of a more
homogeneous subset of workers for quantitative purposes, namely those
workers first exposed between 1922 and 1946 [B8]. It can be inferred
from Selikoff's report that this subset consists of about 4800 workers.

Peto reports 180 mesotheliomas (3.75%) among this subgroup out of a
total of 236 mesotheliomas for all 17,800 workers followed from 1967
until about 1978 or 1979. Note that Selikoff only reported 175
mesotheliomas total; hqwever, his reported follow-up period was also
shorter (1967~1976).

Plotting Peto's homogeneous 1922~46 cohort subset, we see that
bta'l nicely fits the data (expressed as a straight line on log-log
paper with a slope of 3.1). We also see that b(t-lﬂ)z'l nicely fits the

data (with a different value for the constant b) and may be a reasonable
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way of looking at mesotheliomas gince the time lag from wmesothelioma
induction to death is not rero., The time of mesothelioma induction fe

not even s well defined concept and may be intémately entertwined with
the concept of stage definition in, for example, a multistage cancer
process. Nevertheless, both these model fite sssume mesothelioma to be

a nonincidental tumor {i.e., 8 life table where incidence 1s the ratio
ftumor bearers/#survivors, re-expressed in man-years, per time interval).
If we assume wmesothelioma ammual incidence to be better approximated by

a prevalence or incidental definition, (ftumor bearers/fdead in interval),

then bl'}'ﬁé

geems to be a rough though not very tight fie¢ to the original
Selikoff data, Peto's reported 1922-1946 data set does not easily allow
determination of a prevalence fit. However, since the prevalence
denominator iz defined in terms of deaths per time interval rather than
the much larger number of surviveors to date, the first 2,271 dearhs
(12.7% of 17,800 workers) reported by Selikoff are very heavily weighted
with the 1922-1946 cohort used exclusively in the two nonincidental
curve fits above. Therefore comparisons of slightly different cohort
subsets may still be useful, We estimate that the average time si#ce
first exposure for the Peto eubset (1922-]1946 first exposure) ie about
37 years (Feto's 1978" follow-up) or 35 years (Selikeoff's 1976
follow-up). This compares to 25 years average time since first exposure
usually reported for all 17,800 workers. We also make the assumption

that workers ceased exposure on average 3 years before death.
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Method 1: based upon fitting pe3+] {nonincidental analysis) to a
1922~1946 cohort of the Selikoff, et. al, data,
A veasonably simple way to estimate the medien 1ife (ML) risk to
median survival age 77 (in 1979) for humsns exposed 2 yrs. to talcum
powder during infancy is given by the product of the following terms:
(&) (77 yrs. since firet exposure for infants/37 yre. aince first
exposure for 1922-46 cohort as of 19787)>'! = 9.70,

(b) (2 yr. infant exposure duration/34 yre. approx., worker
exposure duration for 1922-1946 worker cohort) = .059.

{c) (infant/worker) yesrly exposure ratic = 0.3 x 10‘6.

{d} 1922-1946 cohort cumulative mesothelioma response of 3.75%
(180 mesotheliomas /4,800 cohort members),

This product yields a median life risk of Ry = 0.64 x 1070,
‘Method 2: based upon b(t-lﬂ)z'1 (delayed observation or time lagged

nonincidental analysis),

Note that to sstimate real mesothelioma incidence {(time of
mesothelioms induction -~ the last stage of the multipgtage cancer
process) at age X, the worker must be assumed to have been autopsied or
surglcally inspected at some average age, say x+10. Thus, assumming the
worker stops exposure 3 vears before death, the component relative and
absolute risk factoxs. for incidence at age 77 now are the following:

(a) ((87 yrs.~10 yrs.)/(37 yrs.-10 yrs.)>"! = 9,03,

{t) (2 yr. infant exposure duration/(37~10) yr. worker exposure

. duration) = ,074.
(c). (infant fworker) exposure rate ratic = 0.3 x 10-6.
(d) 3.75% mesothelioma response i{n 1922-1946 cohort

Thus Ry = 0.75 x 1078,
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1.64 (prevalence or incidental analysis):

Method 3: based upon bt
The relative and mbeolute risk product factors are:
(a) (77 yrs. since £irst exposure for infant/35 yrs. since first

1.64 | 3 ¢4,

exposure for the 2,271 deaths to 1976)
{b) (2 yr. infant exposuref34 yr. ave, worker exposure duratiom
for 2,271 deaths to 1976} = ,059,
{e)} (infant/worker) exposure rate ratio = 0.3 x 10-6.
{dy 7.7 mesothelioma cumulative prevalence to 1976 (175
mepotheliomes/2,271 deaths).
Thus Ry = 0.50 x 1075,

3.

Method 4: based upon bt 1 {nonincidental analyeis) and a first stage

effect in a generalized multietage proceas.

We aseume that bt © fits the time-response datz of s nonincidental
tumer and is consistent with a first-stage-only effect in a generalized
multistage process (with K stages), where biological time t starts at
age of first exposure and continues wuntil death {9]. Although this is
ot preclsely true for the 1922-46 asbestos worker cohort, it appears to
be approximately true. Moreover the time lag frow cessation of exposure
to end of followup (1976 or 1978+) is assumed to be swall compared to
total duration of exposure {i.e., exposure duration is 2 large fractiom
of time gsince first exposure), However, the exposure duration for
infants is very small compared to median lifespan. Thus, vhile we fit

wurk;r yvearly incidence data teo I:rtkm1 we should extrapolate yearly

incidence (1} for exposed infants using the expression I = b(tx'l -
(t-d)x_l) for a K stage multistage process with duration of axposure d

and time wince first exposure t [9].
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Now K-1 = 3,1 from Fig. 1 and b can be written as the product of a
constant xh and £ where f is the time adjusted yearly dose of asbestos
fibers in ml~yrs, Kh is a constant dependent upon the type and diwmen-—
sions of the asbestos. Since § = 3.43 f/ml-yr. (15 ave. f/ml in
workplace (1922-1946) x 8 hrs./24 hrs. x 5 days/7 days x 50 wks/52 wks)
for the Selikoff study, Km can be computed from the plot of I = !hf t3‘1
in Flg. 1. At t = 20 yrs, I = 5,6 x lD-A. implying that the lnxh = In
(5.6 x 107)-1n(3.43)-3.1(n 20) = -7.49-1,23-9,29=-18.01.

Thus Km = 1,51 x 10*8 (same as Peto obtains). Continuing, I =

-1y which roughly =

an(:u”l-(t—d)x"i) = K _ft “L(1-(1-ast)
Xiftxrl(d/t)(x-l) for d much less than t (using Taylor expamsions).
Thus yearly incidence is approximately I-Kmfd(K-l)tK'.z. Integrating
(without correcting for decreasing survival) over a total of T years
yields a cumulative incidence of about I_ = K £aT" ', 1If d = 2 yrs.
infant exposure duration, T = 77 yrs,, K-1 = 3,1, £ = 3,43 f/ml-yr. for
worker x 0.3 x 1070 (infant /worker exposure ratio) = 1.03 x 1078
f/ml-yr., and K = 1.51 x 1078, then 1, = 2.2x10°5,

However, this figure assumes no mortality from competing causes of
death and does not even adjust for the effect of previous mesothelioma
related deaths., Factoring in 2 standard population age-specific mortal-
ity or corresponding survival function into the above integral would
yield & median life risk of about 75% of 2.2x10™° or Ry = 1.6xi07C,
Thi; correction for survival can vary depending upon the limits of
integration and what functional forme are under the integral, but for

medfan life risk estimates the correction ranges from 1.0 down to .5 at

worst. We also note that integrating I out to 100 yrs,. of life with
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respect to & standard mortality curve should yield approximately the
same risk as cumulative incidence to median age 77 yrs. without any
mortality adjustments, These approximately cancelling effects of two
mathematical refinements may support the utlility of using the median
lifespan in simple calculations.

Comments on the 4 Mesothelioms extrapolation methods:

First and most importantly, it should be noted that the first 3
methode yield virtually identical median lifespan risks for babies
exposed to talc for 2 years (.5-.75:1078). Thus many of the debates
over the "correct model" appear somewhat superfluous. In particular
heated debates over whether mesothelioma rates follow given high or low
powers of time appear to be superfluous since the power of time is
compensatingly related to other poorly defined and difficult to measure
conceptual model parameters (e.g., tumor stage initiation and consequent
time lag to clinical detection or death, and context of tumor observation
(incidental or nonincidental)). Furthermore, small perturbations of the
rough estimates of worker exposure or the power of time (K) have only a
small effect on the overall risk,

All the above models appear to be reasonable summary descriptors of
the observable data and result in simple extrapolatory tools for the
given problem of inferring median lifetime risk from infant exposure.
One can always make method 4 computationally more difficult 1f one
avnihs use of the approximations.

A gecond observation is that the rough mutual agreement of the

results pf the 4 extrapolation methods does not mecessarily imply that
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the obtained excess medisn 1ife risk is accurate even i€ the infant and
worker exposure were to the same type and dimension of asbestos fiber,
For example, none of the four models take into account the possibility
that sccumulated dose rather than yearly dose rate might more accurately
reflect the biolegical burden of asbestos due, for exawple, to its
ability to reside in vivo in the lung, pleural or peritoneal Iining for
years without being excreted (although encystment may be possible).

Note also that we did not define dose on = mg/kg body weight basis.
Although, we prefer such a definition for routine compounds that are
1n5ested_aud metabolized, we strongly suspect that routine approach to
be inappropriate for asbestos. In addition, all 4 methods assume
lineariry in response vs, dose at all dose levels. However, we have
virtually no reliable dose responee data from any of the epidemiological
studies.

Furthermore, some imvestigatore have suggested that the nonconstant
accumulared agbestos dose may be as conceptually comsistent with a late
stage wultistage carcinogenic process as the more uwsually defined
vearly asbestos dose rate appears to be consistent with a first stage
Armitage-Dell multistage process [9)], Although the theory and computa-
tions are more complicaced for nonconstant exposures, it does appear that
median life risks from Infant exposure to asbestos affecting only a late
stage in the carcinogenic process will generally result in much smaller
risé; than those caleulated above for a first-stage-only effect in the

carcinogenic process.
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Our third obeexrvation which we have just hinted at {s that method 4
above (the firpt-stage~only effect in & multistage model) may be just
another way of implementing method I, but just slightly more computation-
ally difficult and having = slightly higher risk, partially because it
substitutes a theoretical risk integration against the current (1979)
U.S. population's standard survival function for the implicitly observ-
able but poorer asbestos worker's cunulatife survival of an earlier era
in & more toxiec emviromment. For example, the method 4 risk is about
2.6 times greater than the average risk of methods 1~3, There are
probably other reasons for this 2.6 fold incresse in risk over methods
1-3. FHowever, since even partial intervention of asbestos fibers at
later stages of the carcinogenic process in the Armitage-Doll mulitistage
model {mply lower overall risks, we prefer the simpler methods 1-3 at
this moment to the more complicated multistage models whose proper
application with raspect to the stage or stages affected is still very
mueh in doubt.

In gemeral, we do not put a lot of faith in mechanical use of
sophisticated but unverifiable modele, but we will occasionally refer to
them as in method 4 where we can suggest implicit and perhaps elucidative

connections to apparently more humble and simpler procedures,
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A1l four mathematical methods of modelling the nonlinear
megothelioma response data from the Selikoff study indicate a lifetime
added human risk te infants exposed 2 years to tale powdering of st most
about 10-8 risk, and quite probably far less rigk, 1f for example,
ashestos intervenes in the carcinogenic process at a later stage than
the first stage which was assumed in method 4 for the Armitage-Doll

mtltistage process,

Rrbert . Brorn

Robert N. Brown
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Movenber 15, 1984
Food Additives Evaluation Branch (HFF-156)

Request for Quantitative Analysis of Risk from Potential Exposure to
Asbestos from Cosmetic Tale Use.

Quantitative Risk Assessment Committee
Attention: Ronald Lorentzen, Ph,D. (BFF-100)

CITIZEN'S PETITION 83P-0404 Philip Douillet
1 Holyoke Lane
Stony Brook, N,Y¥Y. 11790

Mr. Philip Douillet has submitted a petition requesting certain
mnchmrylabelingmmmictalcsmwammmofasbestos
hazards assocciated with such products.

BACKGROUND

Cosmetic tale is used as a face powder .and body powder by both adults
and children to lubricate the skin and prevent chafing and discanfort
caused by moisture and heat. The normal use of cosmetic talc in infants
has not been reported to be harmful™, although the accidental aspiration
of excessive amounts in infantshasbeenrepartedtocauae gserious but
reversible acutg gespiratury disease in same instances and death in
isolated cases.

As discussed below, talc, a hydrous magnesium silicate, occurs fairly
camonly in nature, Table 1 lists the minerals that are commonly found

in talc deposits.,
FDA STATUS

There are no regulations concerning the use of talc as an ingredient in
cosmetic products. Under current law, the burden of proof that a

cosmetic may be harmful in that it contains a harmful substance rests
with FDA. FDA must have data or other information demonstrating that a
product containg a poisonous or deleterious substance that is harmful
under customary conditions of use before any action can be taken either

to restrict or prohibit the use of an ingredient or product,
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TADLE I
Minarsl Ideal formula
Carbonuies Caictte CaCQy,
Dolormta CaMg(CO,),
Magnesie mgCO,
Amphiboles Tremoitte Cay Mg, 81,0, I0H),
Anthophylite (FaMg)Si,0,(0H),
Serpentine Antigonte M, SL0,{0H),
Chryaohie {uncommon) M, 51,0,{0H),
Lizardwe {uncomman) My St,0,(0H),
Others Quanz sl:,
Mca, 8.9, Phiogopee Ko (Mg, Fulg SigAL 0. KOM),
Chioria, 9.9. Pennimite (Mg,ALF),,{ S1.A0), 050 IOM),
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1.
IDENTIIY

Talc

Talc as a pure chemical compound iz defined as hydrous magnesium
silicate, ﬁi 0, A (OH), and consists of a brucite sheet

iun §aMyvichBd between silica sheets that ere held together
by relatively weak forces. A variety of elements such as nickel and
iron may be included in the talc particle lattice but are so bound
within the particle that they are not free to exert biological
action”, Talc can be tubular, gramular, fibrous, or platy, but it is
usually crystalline, flexible, and soft, Talc is & member of the femily
of silicate minerals that have a similar atcmic structure and ocanr
widely in a large mmber of different varieties. These silicate
minerals are derived from metamorphic alteration of mineral rocks that
sometimes include the amphibole and serpentine groups of asbestos after
their exposure to specific temperatures, pressures, and circula
1liquid solutions, Talc may be formed also by the themmal metamo
of silicon dolomites.

The purity and physical form of any sample of talc dust as well as the
other minerals that are associated with it are, therefore, directly
related to the source of the talec and to the minerals found in the ore

from shich it is mined, Talc commenly contains chlorites end

tes, the former being sheet gilicate minerals containing

magnesium, alunimm, and iron, The carbonate mineral components of tale
are mainly ite, dolomite, and calcite. Quartz (free silica}, irom
oxides, sulphides, and various silicates can also be associated with
tale.

Since serpentine is one of the minerals from which talc has evolved, it
can be associated with talc and iz sometimes a contaminant of tale dust.
Tremolite, 8 menber of the amphibole group of asbestos, and chrysotile
or antigorite of the sexpentine group, are the commonest asbestos
contaminants of industrial talc dust, although (according to Pooley,
F.D., 1975) chrysotile has never been reported to be present in the
high-grade talc uged in heslth and cosmetic talc. As talc dusts are
obtained from different sources, the amount and specific form of tale,
as well as the amount and nature of mineral contaminants, will be
different for each dust,

The . Department: of the Interior, in a letter dated February 24,
l%ﬁ?ﬁkldicatad that, with regard to talc deposits and whether any were
asbestos free, talc deposits can contain the mineral tremolite.
However, even for those deposits that do contain tremolite, it was
stated that it is important to understand the distinction between
non~-fibrous (non-asbestiforn) tremolite, which may be common to scme
talc deposite, amd fibrous, asbestiform, tremolite, which is a very rare
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form for that mineral. Similarly, actinolite and anthophyllite only
very rarely have fibrous forms. Therefore, the presence of tremolite,
actinolite, or anthophyllite in a talc deposit does not necessaril
indicate the presence of asbestos, because they usually are not figrms.
Additionally, it was stated in the letter that the minerals crocidolite
and amosite do not form in the same geological enviromment as talc;
therefore, it is extremely unlikely that they would be found in any talc
deposits, However, it is possible that chrysotile might occur in rocks
in or around some talc deposits, but it would probably be in only very
minor amounts,

As to what cen of talc deposits might contain 0.5% or greater of

asbestos, E vmtﬁe have to be evaluated for individual deposits. It

i3 also stated that asbestos camnot be formed by shearing during .

foroan g;o :lechmi:ﬁ mes mﬁr&mﬁtnﬁgbem Wihﬂ;}.gm Nticoa This
means or crus cperations.

last point is disputed by others. '

Asbestos

Asbestos is not one mineral but a generic term used to describe a family
og mmdli;‘;u:lmﬁagf fibm:sin hydrated silicates diinevidad an? agﬁi Il:;giis

of minera eatures into two groups: serpentines es.
The important property of asbestos as compared to non-asbestiform
varieties of silicates is the presence of mineralogically long, thin
fibers that can be easily separated. According to some definitions,
there are as many as thirty varieties of asbestos, but only six are of
commercial importance. These, together with their chemical composition,
are shown in Figure 2.1.

The word "asbestos” is derived from the Greek word meaning
"inextinguishable, and the origin of its name reflects one of its
principle characteristics: fire resistance. But asbestos has many -
other qualities that enhance its commercial utility, among them tensile
strength, dursbility, flexibility, and resistance to heat, wear, and
corrosion, As an aside, because of its many uses (insulation material,
as a fire retardant, linings for brakes and clutch facings, reinforcing
agent in cement and pipes, as filters, ete.) and its natural occurrence,
it is not surprising that asbestos is found in ambient air, in drinking
water, and in foods.

The mineralogical classification of what i1s and what is not asbestos is
complex, and as a result, many definitions of asbestos have appeared in
the scientific literature, One definition of the term, asbestos, was
pblished in the Federal Register in 1975 by the U.S. Occupational
Safety and Health Administration (October 9, 1975, pp. 47652, 47760).
to this definition, asbestos is considered to include the
naturally occurring minerals chrysotile, amosite, crocidolite,
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tremolite, actinolite, end anthophyllite, if the individual crystals or
fragments are greater than 5 micrometers in diameter, and have a length
to diameter ratio of 3 or greater.

Fach of these six minerals included in OSHA's asbestos standard occurs
in both an asbestiform and a non-asbestiform variety. Three of the six
minerals have been given different names for each of their two forms.
Chrysotile in its non-asbestiform variety is called antigorite,
Crocidolite is called riebeckite. Amosite is called

tonite-grunerite. The other three minerals--because they occour
in their asbestiform varieties so rarely in nature-~are each called by
only one name, rﬁrdless of their form. Tremolite, anthophyllite, and
actinolite are labeled asbestos by OSHA in both their forms. According
to mineralogists, this is incorrect, and it is poor science.

HEALTH EFFECTS

Evaluation of potential health effects from exposure to talc
contaminated with asbestos and from other nonoccupational exposures to
asbestiform fibers depends primarily on the results of epidemiological
studies of occupational groups exposed to asbestos. Most of the data
come from cohort studies (see Appendix I) of workers exposed to asbestos
of various s and in a variety of industries and occupations. Much
information been obtained from these studies, However, they also
suffer from limitations common to meny epidemiological studies and from
some additional problems related to determining dose (exposure) and
response (health end point, such as death from a specific cause),
Despite the limitations of individual studies, when all the studies are
considered, exposure to asbestos increases the risk of developing lung
cancer, mesothelioma, asbestosis, and possibly other cancers.

To quantify health risks from an exposure, it is necessﬂ to obtain
dose-response data, but exposure measurements are particularly difficult
to obtain., Because of the long latency period for asbestos-associated
diseases, investigators have found it necessary to try to reconstruct
past expoguges. Teclniques of measurement vary from place to place and
over time”'’, For example, fiber counts obtained by light microscope in
various industrial settings may need to be uultﬁg.ed by a factor
varying from 2 to 8 to obtain a true coumt of fibers longer than 5 um,

Typically, a cumulative dose measurement is used. This does not take
into account the time lapsed since last exposure nor does it dis
between shoxt exposures of high intensity end long exposures to low dust
concentrationg. In addition, a mmﬁ}:.i.ve igo:!e‘e measurenent doe1: t:gt
change when exposure ceases. Variability se exposure-re

factors affects mortality responses in occupational cohorts. TIn some
studies, exposure surrogates, such as type of job and duration of
eployment, are used to estimate exposure. These estimates may be less
precise than actual measurements.
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There may also be variability in reporting causes of death,
ascertaimment of deaths, and diagnostic accuracy of the reported cause
of death. ,Inaccuracies are particularly likely for mesothelioma and
asbestosisl .

Methodological differences are a major source of variation in comparing
studies™™., For example, the results obtained will depend on the
criteria for selecting the cohort, the choice of comparison groups, the
influence of other environmental factors that may introduce competing
disease risks, and the records available.

In addition, heterogeneity in the time at which onset of exposure hgins
can introduce additional distortion in the observed relative .
especially because the types of exposure experienced by some workers in
the distant past may differ from exposures experienced only more
recently, Welss also discussed how the results of Iung cancer studies
can be affected if persons who left a job are mot included in the study
cohort. He found that the exclusion of these workers could affect the
relative risk by a factor of 2 to 3.

An additional difficulty is encountered when dose-re e
results from mortality and morbidity studies, parti ly if
morbidity studies are confined to active workers, which is usually the
cas;;. A bias is mmmpmi;gtwulr;g &tive workers, since

with severe disease have y a t employment., Bowevesx,
asbestosis generally progresses after cessation of dust eapoauresﬁ’lt'.

Muercus follow-up studies of asbestos-related mortality have been
conducted on cohorts with varying intensity and duration of exposure,
type of exposure, type of work, time and duration of follow-up periods,
differences in the completeness of the cohort, completeness of mortality
ascertaimment, availability of smoking histories, geographic area of
analysis. Because of the variations noted, it is not surpris that
the standardized mortality ratios (SMRs) and dose-response results
differ greatly among studies. In general, however, the same major
diseases--lung cancer, mesothelioma, and asbestosis--have been observed,
although not all investigators conducting these studies have reported or
detected excesses of all three of these diseases.

Tale

The health effects of B;_.Eshave been studied only in relation to
occupational expostres . Data available on the health hazards
associated with oceupational exposure to talc are not extensive,
Exposure to talc itself in high concentrations has been shown to produce
excess mortality, mainly due to respiratory diseases.
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Workers from different geographic regions containing talc with or
without fibers have been studied to determine if any adverse health
effects are associated with the asbestiform fiber content of talc.
Adverse effects have been found in some studies among workers exposed to
talc both with and without fibers., These studies are discussed in the

following paragraphs.

Epidemiclogical studies on workers exposed to talc containing fibers
have demonstrated adverse effects on pulmonary function. In a study of
121 New York miners and millers exposed to talc containing tremolite and
anthophyllige fibers, pulmonary function was found to be significantly
decreased,”” Reductions in forced vital capacity (FVC) and l-second
forced expiratory volume (FEV,) were associated with employment duration
and the amount of fiber presefit. Increased pleural thickening and
calcificatégn were detected in talc workers with 15 or more years of

employment™.

A mortality study of 398 New York miners exposed to talc containing
fibers has demonstrated excess mortality from nommalignant respiratory
disease, ﬁnluding influenza, bronchitis, or pneumonia (5 observed/1.3
expected)”’. An excess in lung cancer with an latency of 20
was also observed (9 observed/3.3 expected). tional studies
had conflicting results, Some investigators have found no
iggnt increases in lung cancer and normalignant respiratory

8
disease””, whereas others have reported s es in
cancer, attributed to the silica content ﬁiﬁ’w hure

Morbidity and mortality studies have also been conducted on workers
exposed to talc with low or undetectzble levels of fibers. A study on
the respiratory function of 103 Vermont tale workers igﬁ.tcated that
there was a reduction in pulmonary fimction in smokers™". After
adjueting for smoking, the effect of the exposure to talc was not
statistically sipnificant, although there was evidence of an
exposure-related effect in workers with an amual dust exposure of
approximately 1.5 . Exposure to talc dust was also associated with
small opacities seen on chest radiographs.

Garble et 31.26 conducted a cross-sectional study of 299 workers from
Montana, Texas, and YNorth Carolina who were exposed to talc containing
low levels of silica and fiber. There was no significant difference in
lung function, respiratory symptoms, or pneumoconiosis between workers
mmmls, although thﬁ was a sigrg:ucimt nécrease in bilaﬂiigrlﬁl.w
p thickening workers. ts of pulmonary pa

studies also hwep%evidmﬁ of fibrosis in workers exposed to
talc that does not contain fibers™.

A mortality study of 392 Vermont workers exposed to talec not containing
fibers showed that there were excess deaths from normalignant
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ira disease, exchxdﬂg influenza and pneunmila, among millers
ﬁgpoba?rvlzdfl.'f? expected)” ., This excess mortality was associated
with small opacities seen on chest radiographs. A&n excess of
regpiratory cancer mortality among miners was also noted (5
obgerved/1.15 expected) but was attributed to exposures other than talc,

In a recent case-control amdys?, Increased risk of ovarian cancer was
shown for women who regularly used talc either (oxr both) as a dust
powder on the perineum or on sanitary napking compared to women who
not in either practice (See Table 4). No data with regard to
asbestos contamination of the talc were provided, Studies of female
asbestos workers are presented in Appendix I.
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Tsble 4: Relative Risks (RR) for Common Epithelial Ovarisn Cancers Associated with Tale Exposure in
Perineal Hygiene

Types of Perineal Exposure

As dusting powder On napkins but
o perineal Any perineal but: not not dusting Both napkins and
- po d?s}tiggmmr

exposure exposure napkins powder as

Cases
CaiTOt?I = 215} 123¢57.27) 92¢42.8%) 43(20.00) 17(7.9%) 32(14.90)

trols

(Total = 215)  154(71.62) 61(28.42) 34(15.87) 14(6.5%) 13¢6.02)
Crude rr 1 1.89 1,58 1.52 3.08
Adjusted RE* - 1.92 1455 3.28
95% confidence

limits - (1.27-2.89) (0,98-2.47) (1.68-6.42)

*Adjusted Tor parity and menopausal status
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Note: A study (reviewed in Appendix II) of mesothelioma incidence
in domestic dogs concluded that there was an asscciation between
the incidence of mesothelioma and asbestos exposure; the source of
exposure of the was from the use of flea powders and/or the
owners asbestos-related occupations (hobbies).

Additionally, an animal inhalation study (reviewed in Appendix TT) with
tale (Italian 00000 grade) did mot indicate tale to be carcinogenic.

Ashestos

Asbestos agsoclated diseases generally have been related to occupational
exposures, such as those experienced by some miners, insulators, and
factory workers (see Appendix I). Recently, however, there has been
concern that exposures to asbestos and related fibers may present a
health hazard to the general piblic.

Because asbestos and other asbestiform fibers appear to be ubiquitous,
virtually everybody is exposed to some extent. During autopsy, asbestos
fibers have been detected in the lungs of most urban residents studied,
Reported concentrations of asbestos in urban air are shown in Table 7-6.
Exposure to the general public is of concern because the population
involved is large and includes unhealthy persoms, Also, exposure may
begin in childhood (as with baby powder application), leaving a longer
time for the development of adverse effects. Additionally, asbestos may
enhance the carc ¢ effects of other materials, There is little
information about the health effects of most nonoccupational exposures
to asbestos (see MAS report, Ref, 100). Although babies have been

ved with talc powder for years, there is no evidence that this

8 resulted in an increase in asbestos-related disease.

Three principal diseases are related to exposure to ome or more of the
comercial asbestos minerals. These are: (1) lunmg cancer, which
includes cancer of the trachea, bronchus, and the lung proper;
(2) mesothelioma, a cancer of the pleural and peritoneal membranes that
invest the lung and abdominal cavities, respectively; and
(3) asbestosis, a diffuse interstitial fibrosis of the lung tissue
often lea after exposure to severe loss of lung fimction and
iratory failure, e diseases are not equally prevalent in the
m groups of agbestas workers that have been studied; the amount
and type of disease depend on the duration of exposure, on the intensity
of gure, and possibly on the type or types of asbestos to which the
individual was exposed. Only Iung cancer and mesothelioma will be
considered here. Asbestos appears to act principally as a late stage
carcinogen (promoting agent) that multiplies the umderlying risk of lung
cancer that ocours in the absence of ashestos exposure. The nature of
the dose-res;{onse relationship for asbestos-related diseases is
discugsed below.
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TAMLE 7-6, Summary of Environsental Asbestoa Exposure Samplest m
W)
Measured Concentra- Equivalent Concentra- '
tion (ng/ud) tion (fibers/cm’)t N
¥o. of th Per= 90th Per- o
Sample Sats Sampley Median  centile Median cantils lsfersnce E
1. Paris air 161 0.7 3.2 0.00002  0.00011 Sebastien gt al., =
1980 N
ol
2. Paris 19 Q.7 5.2 0.00002 0.00017 Sebast{en et al., ~
(outdoor controel) 1980 ©
o
3. Outdoor control 3 0.9 9.8 0.00003  0,00033 Constant et asl., =
samples, for U.S. 1982 '
schoola Y
O
L. Alr of 48 U.S, 187 1.6 6.8 0.00005 0.00023 Nicholaon, 1971 ';
cities >
Z
S. Air of U.S. 127 2.3 7.8 0.00008 0.00026 U.5. Environmental O
cities Protection '
Agency, 1974 8
&, Air of five U.S. 34 6.7 31.9 D.00022 0.00106 Ficholson er al., %
cities (outdoor 1975, 1976 o
tontrol sample) >
7. Maw York City wir 22 13.7 42,9 0.00046 0.00143 Kicholson et al,, s
1971 m
>
8. Air 0.5 mile 17 22.5 82,6 0,00075  ©0.00275 Micholson et al,, o
(0.8 km) from 1871 )
tabwstos spraying >
(%))
%, Alr in 0.5, 3l 1643 12.7 0.00054 0.00242 Constant ﬁ _.'_l_'. g
schoolrooms with~ 1982 N
out asbestos 8
: w
10. Air in Paris 135 1.8 32.2 0.00006 0.00L07 Sehastien gt al., @)
buildings with 1580 N
asbestos surfaces 8
=
11, Adr in WS, 28 7.9 19.1 0,00026 0.00064 Nicholson st sl., 3
buildings with 1975, 1976 N)
cementitious
&sbestos
12, Air ia U.S. L1 19.2 96.2 0.00064  ©0,00321 Richolaon et al.,
buildinge with 1975, 1976
friable asbestos
13, Air in U.S. 54 62.5% 550 0.00208 0.018)3 Constant st al.,
schoolrooms with 1982
asbestos surfaces }
14, Air in U.8. 27 121.5 465 D.0040%  0,01550 Wicholson gt al.,
achonls with 1978
damaged asbestos
surfacing
saterials
ijdapted from Nicholwen, 1983,
bBased on converaion factor of 30 ug/md = 1 fiber/emd.




I

- 14 -
E:

(1) Limg Cancer

Most epidemiological studies (reviewed in Appendix II) of asbestos
workers that ﬁ demonstrated an excess lung cancer risk associated
with the inhalation of asbestos have produced results consistent not
only with a linear relationship between cumulative dose and mortality,
but also consistent with t%: sence ofia threshold, In all of these
studies, there appears to be a progressive and proportional increase in
the MR (standard mrtalixomtio} for lung cancer with increasing dose
and no evidence of a threshold level, This evidence carmot be accepted
without same qualification, however., All of the studies have the
Intractable difficulty of separating out the effects of cumlative dose
from duration of exposure.

Persons exposed to asbestos monoccupationally can be at increased risk
of contracting these asbestos-associated cancers. In one of the first
studies linking asbestos exposure and mesothelioma, the disease was
found among residents of an asbestos mining area in South Africa. Thgse
subjects had presumably inhaled the material in the surrounding air.

In another study, persons living in households with asbestos factory
workers in New Jersey were rggorted to be at increased risk of
asbestos-associated disease,

There is debate about the carcinogenic risk at low exposure levels of
asbestos because lung cancer risks at low doses over a working lifetime
have not been estimated to date by observation but rather bYus4
extrapolation from observed risks at higher exposure levels,
Accordingly, there is no direct evidence of the existence or absence of
a threshold for lung cancer. It may arguably be the case that with
further inquiry and better information the scientific commmity will be
able to demonstrate that there is a dose level for asbestos for which
the body's defense mechanisms are effective, or that asbestos acts
differently at lower rather than higher doses, thus demonstrating a
threshold level for the induction of cancer., At the present time, that
information does not appear to exist. Since a threshold dose level for
ﬁmm o 11 tha 1ha?. m eatablishe::il,m i

tigators conc t it is t, &0 assume that § none
and that any dose may induce lung cancer."so A linear non-threshold
mdel is less likely to underestimate the risk at low doses than any
other plausible model.

(2) Malignant mesotheliomas are rare cancers that appear as thick,
masses inside any of the sercus membranes (mesothelia) that line
body cavities. Epidemiologic research has shown that exposure to
asbestos can produce mesothelioms at two sites: the pleura (the serous
menbrane that surrounds the lungs and lines the thorax) and the
Eeﬂtamm(theserousmbrmthatmtheabdanhmlorgansm
ines the abdominal and pelvic cavities).
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The status of pleural and peritoneal mesothelioma as marker diseases for
asbestos exposure stems from the fact that these diseases seldom occur
ing:plemhavemtbeenmosedto asbestos in excess of normal
abient levels.

The nature of the dose-response relationship for mesothelioma has been
less firmly established than that for either cancer or asbestosis.
Inideed, it has been suggested that very trivial doses of asbestos are
capable of ixmcingﬂlediseaaemdﬂmtaaaresul&theteism
dose-response relationship for mesothelioma at all.”~ That mesothelioma
is associated with low levels of exposure for brief periods of time
appears to be based upon isolated anecdotal case reports and upon more
systematic case-series reports of mesothelioma aris:‘.ng,f;gn

nen, tional household or neighborhood sures. '~ Newhouse et
al.”” reported nine cases of mesothelicma in family contacts of asbestos
workers and eleven cases among individuals whose only identified
asbestos exposure was associated with living within one-half mile of an
asbestos factory. In these cases of non-occupational exposure, pleural
mesotheliomas predominated over peritoneal mesothelioms. The evidence
is not inconsistent with the existence of a dose-response relationship
for mesothelioma. Although deaths from mesothelioma have been r

after what appear to have been brief (for gas mask workers) or low (for
famdly congget and neighborhood cases) exposures, the Ontario
Conmission cmcd];eduded that the evidencel suggests sponﬂ%:,l:n‘g:m acmt}.mal
eXposures approa or were valent tosgorre occupa
exposures; itﬁmmaywdﬁﬂwlmcs conclusion that there is no
evidence of risk of mesothelioma to the general population.

There is a time interval between the initial exposure to asbestos and
the clinical maifestation of the diseases it causes. The latency

for cancer is thought to be long; rarely less than 10 years and
often more than 20 years. Mesothelioma appears to have the widest range
of latency--again, they rarely occur less than 10 years from the time of
firstmq;oametoasbestos,btmﬁeycmomasmmyasmyearsor
more from the onset of exposure. It has been suggested that the death
rates from mesothelioma appear to rise at an exponential rate from the
time since first sures; death rate appears to rise’ atcg gare between
the thixd and power of ti.ngssince first exposure; "'~ other work
suggests the fifth power of time. What the data demonstrate is that
the incidence of mesothelioma rises rapidly the longer the time period
since a person is first exposed to asbestos. As a result, the at
which a person is first exposed to asbestos becomes a very stgnﬁmt
factor in determining the owverall risk of contacting mesothelicma.

Methemsothelimmcidaneratesaw to be independent of the
age at which exposure first took place, actical result is that the
risk of contacting mesothelioma is preater earlier in life ore is
first exposed. (This is important to keep in mind when considering baby
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exposure.) The magnitude of the risk will still depend on the
powderm and duration of exposure (and, possibly, fiber type); and where
that exposure is minimal, the risk, albeit greater for exposures earlier
rather than later in life. will alao be minimal,

The disease rate of lung cancer among persons exposed to asbestos
T& to be quite unlike that of mesothelioma. Rather thanpeing
~dependent, hmg cancer rates to be age-dependent.
majority of lung cancer deaths, both in smokers and non-smokers, oceur
after age 50 over half occur after age 60, irrespective of the time
of first exposure. This suggests that the risk of cmtractmg 1.|.tngea
cancer is much greater in older groups than in younger group tos
exposure appeaxs to have the effect of multiplying the risk of lung
cancer that exists frcmttntexposma;andttmriakoflmgcancer
contributed to by asbestos exposure appears to be virtually
of the age when that exposure took place and will be simply proportioml
to cunulative dose.

The consistency of an increased cancer risk at extrathoracic sites and
its magnitude are less for cancer at other sites than for lung cancer.
Nevertheless, many studies document significant cancer risks at various
CI sites. Cancer of the kidney has also been found to be significantly
elevated. Among fenale wrkers, ovarian cancer has been found in
excess (Appendix I, -While no other specific sites have been shown
to be elevated at the 05 level of significance, the ca of "all
cancers other t:han lung, GI tract, or mesothelial" is significantly
elevated.

Several epidemiological investigations reported in the literatuxe
provide data on exposure levels of asbestos related to mortality and

1c cause of death, while most do not provide exposure data. Those
with relevant data are reviewed in Appendix I (seeSmmarytable). In
these investigations, different epidemiological approaches were used,
various def timofﬂuatudytﬂ.lpswereadopted, cbservations took
place over different periods of types of controls varied, time
mtemlfmfirstmommw&mm, some workexs mcposedtomore
than one type of fiber, etc.

Several studies are briefly described below:

Mining and Milling

tile. Three cohorts occupationally exposed to chrysotile asbestos
and milling operations had a moderately increased risk for
iung cancer frcn15;0t:026) In the largest investigation,
McDouald et al. (1980)"° studied all employees who had worked for at
least 1 month in Quebec mines. From 1950 to 1975, 3,291 deaths occurred
among the 9,850 male employees successfully traced and followed for 20
years or more after initial employment. An increase in lung cancer
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mortality was observed (MR = 1.3, 230 observed vs., 184 ted), and

the risk increased wirh duration of employment (R = 1.0 for ¢ 1 year

to 1.6 for % 20 years) and level of exposure (SR = 0.9 for ¢ 30

uogpcf(g) to 2.3 for 2 300 mppef(yr). Eleven cases of mesothelioma were
served, '

An 1lite, Male and female employees of mthogh{llita as 8
ﬁdu%g'mmdm studied byﬁmggg.}_: (1978, 19?9),38?53 who
reported a two-fold increase in lung cancer mortality (44 observed vs.
22.4 expected) and nwo wesotheliomas among the 1,045 persons successfully
traced., All lung cancer deaths occurred the male employees, and
the risk was associated with estimated intensity of exposure (MR = 1.4
ming ncmgpoking. aebostos-crposed wiplorees was L compered to a
asbestos-exposed enployees was 1, to a

relative risk of 17.0 for the asbestos-exposed employees who smoked.

Crocidolite. Foxr exposure associated with crocidolite mining in Western
Australia, there was a similar increase in risk of Iung cancer (SMR =
1.6, 60 ob vs. 38.2 expected) and a strong ass tion with
mesothelioma. Twenty-six cases of pleural mesothelioma were observed
anmg the 520 deaths, and the mesothelioms risk increassed with increased
mim and intensity of exposure. Follow-up period was relatively

Ko increases in gastrointestinal cancer were observed for any of the
mining and milling cohorts reviewed, o

Menufacturing
ile. Most asbestos exposures assoclated with manufac
processeg ve wixed fiber , but Dement et al. (1982,

1983a,b)”*°* " examined the associated with exposure to
chrysotile asbestos in textile fac workers, They observed a marked
Increase in lung cancer mortality (SR = 3.2, 35 observed/11.1
expected), and the risk was sm]&mrmlamd with exposure level.
There was also one peritoneal mesothelioma, Increased risks for both
lung cancer and normalignant respiratory disease were observed at
exposuxe levels lower than those reported in other studies.

Amosite, Mortality due to lung cancer was increased three- to four-fold
(B3 cbeeryed /22.8 expected) for 820 factory workers exposed to amosite
asbestos. ™ The risks were observed for the subgroup followed 20
years or lomger after initial employment (MR = 5.1, 52 observed/10.l
expected). This cohort is a somewhat unusual tion because of its
limited duration of intense work exposure (1941-1945) and long period of
obaervatiméd Other excess cancers, including 14 mesotheliomas, were
also reported.
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Mixed. Newhouse and Berry (1979)6:' reported increased risks of lung
cancer mrtal:'s.% for both males {(SMR = 2.4, 103 observed/43.2 expected)
and females (MR = 8.4, 27 observed/3.2 expected) in a follow-up study
of 4,600 male and 922 female employees of an East YLondon asbestos

factory in which crocidolite and amosite were used. tely 10%

of all deaths resulted either from pleural or peritoneal mesothelioma.

Except for 10 cases of mesothelioma, no increased cancer mortality was
observed among more than 11,000 males and females employed ipe 1941
or later at a British factory producing friction materials.™™’ In a
case~control study that cortrected for total asbestos exposure, 5 of 6
ﬁs had definitely worked with crocidolite, whereas 2 of 10 controls

A cohort of 1,345 retired asbestos products workers employed from 1941
to 1967 had increased xisks for lung cancer (SMR = 2.7, 63 observed/23.3
expected) and gastrointegtinal cancer mortality (SMR = 1.4, 53
observed/39.3 expected).”’ Overall mortality among the 1,075 retirees
succeasfully traced to 1973 was 73%. The lung cancer risk was strongly
associated with the amount of sure, expressed as million particles
per cubic foot miltiplied by of years of exposure (?pcf-z't) '
ranging from a SR of 2.0 up to 7.8, Lung cancer risk differed by type
of asbestos exposure (MR of 2.5 for otile alone vs. 5.2 for mixed
chrysotile and cxocidolite exposures). Five mesothelioma deaths were
observed. Study results suggest that effects of asbestos exposure on
lung cencer risk may continue long after the termination of SUTe.
Studies of a retiree cohort may result in en underestimation of actual
risks.sincechathsmmﬂ s undercgge 65 would be omitted. The
Consurer Product Safety 8 (1983)"" suggests that the risks may
be understated by as much as two-fold.

No increase in lung cancer mortality or camcer of any other site, except

mgg:haum. was observed in the %gis,ﬁhm of mand

as tos-ou% product memufacturing ty s Hughes

Weill (1980}, In the high exposure subgroup, lung cancer risk was

increased for employees exposed to crocidolite, and two mesothelioma

tracing approximn? lggzaverall thatigﬁsmféi i hatlr}elm
vate, tely » Suggest 8 may

resulted in an underestimate of mortality risks.

Finkelstein (1983)’C studied 328 asbestos-cement workers hired before
1960 and employed for a minimum of 9 years. Mesothelioms was strongly
associated with exposure level for production workers, whereas a
dose- e relationship was not cbserved for lumg cancer. Excess
Lung gastrointestinal cancers were observed.

Clemesen and Hialgrim-Jenson (1981)7% studled cancer incidence

6,372 Denish males who worked in asbestos-cement factories between 1944
and 1976. There were 55 cases of respiratory cancer compared to 33
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£
expected, based on Danish Cancer Registry incidence rates. Three
mesotheliomas were observed in addition to excess prostate, laryngeal,
and stomach cancers. Cancer incidence in the unexposed employees at the
same factories was not increased.

Jones et al. (19805) 72 studied a cohort of 578 females exposed to
crocidolite from western Australia during the manufacture of gas masks.
The 12 cases of lung cancer (MR = 1,9, 12 cbserved/6.3 expected) and
the 17 mescthelioma cases (13 pleural and 4 mtmml) were all exposed
to crocidolite, whereas no cases of mesothel or lung cancer occurred

the 102 females only to chrysotile, Overall, 10% of
deaths were due to ioma, Risk of mesthelioma was strongly
associated with duration of , although no dose-response

relationship was chserved for lung cancer,

Similar results were reported 1,304 females who manufactured gas
masks at three locations follag}ln%rm 1951 to June 30, 1980." Deaths
from lung cancer (MR = 2.0, 22 observed/1] expected) and ovariamn cancer
(SR = 2,2, 17 cbserved/7.8 expected) were increased. Iimg cancer
excess was higher for those predominantly to crocidolite

ed to those exposed pr 1y to chrysotile, Five of the six
mesotheliomas occurred in those exposed predominantly to crocidolite.

All studies of occupational cohorts exposed to ashestos during

menufacturing processes had an overall increased risk of,lyne cancer or
a dose-resporise relationship in the exposure subgroups. * Elevated
:jitmgk ratios ( 1.1) for 51’83‘:&3‘:&% Gqncer were cbgerved in six of

Insulation

Mixed. All three of the cohorts involved in end product use of asbestos
28 insulators were exposed to mixed types of asbestgs. One of the
m studies 1s that of Selikoff et al. (1979),"" who studied 17,800

of an insulator's wnion, Overall mortality in this cobort was
12.8%; 2,271 deaths were reported through 1976. Lumg cancer risk was
increased four-fold (429 ocbserved/105.6 expected) and increases wexe
obsex%for g&atro:}fnlxt:iml cancer (MR = 1.6, 94 W[Wiﬁ? 2
expec , CaNCET O - laryree, pharymx, buccal cavity =1.7,
observed/14.8 expected), and kidney (MR = 2,2, 18 cbasexrved/8.1
expected), Dose-response relationships were not examined because of the
lack of exposure data. Mesotheliomas (63 pleural and 112 peritoneal)
accounted for 7.7% of the deaths. Analysis of the relationship betsween
smoking and lung cancer risk using data from the American Cancer Society
indicated a consistent miltiplicative effect, in that a 10-fold increase
inber:sk of hung cmgerm ::gpciatedwizhfi in in both 1
asbestos~exposed and unexpo groups. Ve increase g
cancexr risklbm associated with agbestos exposure in both smokers and
nongmokers,
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75
Elmes and Simpson (1977)'” reported an unusually high risk of lung
cancer (MR = 7,0, 35 observed/5 expected) and gastrointestinal cancer
(SR = 5.9, 13 cbserved/2.? expected) for a cohort of 162 insulators and
pipe coverers employed in Northern Ireland during 1940. Overall
mortality in this cohort was 75.3% by 1975; 54% of the deaths were due
to cancer, Thirteen cases of mesothelioma (eight pleural and five
peritoneal) were reported. No difference in cancer risk was apparent
for workers first employed before or after 1933, Ascertaimment bias is
unlikely to explain the magnitude of the risks reported for this cohort.

Shipyards

Mixed s. Rossiter and Coles (1980375 studied 6,076 dockyard

emp before 1947. They no incresse in lung cancer
mortalicy (2R = 0.7, 84 observed/119.7 expected) or gastrointestinal
cancer (R = 0.8, 63 observed/83.3 ted), Mesothelioma was
reportedforSl(BZ)ofthelMBdea . Hmeversinceleasthmml
of this cohort have died, excess cmcersmymtbefullyapparmt.

In a study of 2,190 Italian dockworkers, Puntoni et al, (1979)
chserved increased risks for Iung cancer (MR = 277, 123 cbserved/54.9
expected) , trointestinal cancer (MR = 1.3, 74 observed/58.6

expected) , 1 cancer (R = 1.9, 15 observed/7.7 expected), and
kidney cancer (SMR = 2.0, 29 observedflh 7 expected).

EXPOSURE

Talc

Values between 800,000 and 960,000 tons have bee%r’gortad as the amount
of talc used commercially in the U.S Talc is used in a
muber of industries, fvravarietyofpurpo the manufacture
of ceramics, paints, paper, rubber, roofing, msect ides, stucco,
plastics, textiles and soaps. Pulverized talc is also used as an
ﬁedient in such congsumer products as cosmetic talcums, paper mache,

uuupmxds,hspacklin% patching compounds and putties, in
m:tmﬁwinsmdboatbodyrepairfﬂ s,andcaulkingcg:pmmgg 'ell'l’;e

uses of talc in food ts include rice coating, pearut polish:mg
candy molding, and sa dusting. It is also used as a filler and
exc imt for pl'la:mceutical pills, and for dusting contraceptive
ag mct carries with it a distinct and individual
inhalation and/or tion potential of the mineral components. An
estimated 30,000 tons of nounetic-%ach talc are used in cosmetic,

pharmaceutical, and food products.
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Talc Contamination

The table below shows theaggﬁcipal minerals that can be combined with
talc in natural deposits,

MINERALS COMMONLY ASSOCIATED
WITH TALC IN NATURAL DEPOSTIS

Carbonates: caleite, dolomite, magnesite
les: tremolite, anthophyllite

Serpentines: chrysotile, antigorite, lizardite

Others: quartz, mica, chlorite, rutile, pyrophyllite
A 1968 study conducted by United States researchers®> on 22 talc samples
for cosmetic use showed values between 8 mnd 397 fibrous particles,
whereas a similar ggudy on 80 industrial tale les conducted by
N.B.S. researchers”™ indicated the presence of f particles in the
samples in percentages which vary from 2 to 30Z. In both cases the
fraction of these percentages made i of asbestos was not specified.
Research conducted In Creat Britain”  on talc powdexs fox various uses
has shown that of the 27 samples examined, 3 contained tremolite, More
complete and significant data are indicated for 20 talcs for cosmetic
use and one talc for pharmaceutical use sampled in the New York area
from 1971 to 1975: of the cosmetic products analyzed, 10 contained
tremolite and anthophyllite in amounts varying from 0.1 to 14 wt.Z, and
showed a detectable quantity of chrysotile., (This is in conflict with
Pooley who stated that no chrysotile hag6been found in cosmetic talc.)
In an Italian article published in 19827, 15 samples of talc products
(for industrial, cosmetic, and pharmaceutical uses) were amalyzed for
asbestos contamination using transmission electron microscopy and the
associated analytical techniques such as electron diffraction end x-ray
microanalysis, In eight of the 15 samples, the presence of asbestos was
detected; in seven cases tremolite fibers were observed and in ome case,
chrysotile (see Table 9).
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PERCENTAGE OF FIBROUS PARTICLES AND ASBESTOS FIBERS TN SOME
COSMETIC TALCS.

KEY: (a) % fiber in the particular matter
(b) Z fiber 5 um in the particular matter
(c¢) 7 asbestos fiber in the total fiber
(d) 7 asbestos fiber in the particular matter, and
(e) wvariety of asbestos

) ®) (c)

TABLE 9.

-
o

(d) (e)

5 &2
9 £2
.6 L2
2

4

4

. .-

. -

AN

Tremolite

Tremolite

32¢4.7 1.
2 <
1043

1
4
2
640.
1540,

[ ]

0
0
0
1
0
0

3
.

Consumer talc products marketed before 1973 were varisbly contaminated
by asbestos. In Ogtober, 1976, the Cosmetie, Toiletry, and Fragrance
Association (CIFA)”’ revised their guidelines for talc and recommended
that no sanple conta.m:l.ng asbestos detectable by x-ray diffraction and
optical micxoscopy with dispersion staining should be sold. Adherence
to the revised CITA guidelines is volintadry and monitoring of samples is
left to individual manufacturers.

Samples of cosmetic talc products were analyzed in 1979 by the Division
of Cosmetics Technology using x-ray diffraction (XRD). Samples found to
be contaminated with tremolite or anthophyllite by XRD were also
exardned by optical microscopy (M) to determine erystal logy. In
all cases, the amphiboles foumd (tremolite and anthophyllite) were
present in the massive (non~-fibrous) form, The level of detectability
is approximately 0.1% for tremolite and 27 for am 1lite. None of
the samples was found to contain serpentine at a detectability limit of
1-27 (XRD). These samples were submitted for SEM analysis and, 1f
fibers were found, the samples were to be examined
x-ray smalysis (EDXA) to' determine the nature of any
detected. The results of the latter (SEM and EDXA) analyses are not
known to this reviewer. No analyses of cosmetic talc have been
performed by FDA since 1979, As noted previously, there are non-fibrous
forms of minerals with essentially the same chemical composition as the
asbestos varieties. In some cases the non-fibrous form has the same
name as its fibrous coumterpart; e.g., tremolite. to the U.S.
Department of the Interior, non-fibrous (non-asbestiform) tremolite is
the common form of this mineral, whilg fibrous tremolite (asbestiform)
is a very rare form for this mineral,
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Asbestos

Ag stated above, asbestos bodies can be recovered from the lungs of
virtually everyone in the lation, on autopsy. These observations
gsuggest that the entire ation ig being exposed to asbestos.

Several studies have assessed the envirommental air pollutiom by
asbestos usl?ctg themtrmmnissim e%ect:cm mci ies('l'ﬂﬁ or lr.il-ae1 s
scanning e ron micro . Bg:opean t have shown leve
as follows: 0.1~1 le ES? §EH le asbestos in

i.sh ci
tienm 0.1-10 ng_

cmcmtrati.ms (0.1-100 ng~
U.S. cities. The highest cm'lcmtrations have been found in New York
City {(see Tsble 7-6),

Asbestos fibers have been detected in rural locations (0,01-0.1 ng w™>)
removed from known sources of emission suggesting the existence o

air pollution by asbestos fibers {especially chrysotile) in
industrial countries.

It is to be noted that an appreciation of the extent of air
contamination by asbestos depends upon which of two approaches to its
measurement is adopted. If the conventional practice of mting only
fibers longer than 5 um is followed, the concentrations away from

immediate industrial activities are low or undetectable end even scme of
those in and around asbestos industries approach tolerable levels. But,
if the concentration of smaller fibers is taken into accoumt amd
particularly the mass concentrations Swealed by electron microscopy
thesimatimchanges Up to 10 ng/m tobevim:allytbiqmm
in urban coommities

It is to be noted also that analysis of ambient air samples for asbestos
hasutilizedtedmiqmsdiffemntfrmtlnseus&dinacmpatiml
drmtmsbmem urban air may cmtainwmlnoug/m of
particulate matter in one 1s attmpt:lng to quan asbestos

mmatimmfrmabmtﬂlr%ﬁ perhaps 1060 . Thus
aabeammymtimmmlyo It:olzofthe late matter in a
given sample.

It is difficult to make quantitative estimates of exposure to asbestos,
Acmmitofmﬂatiw dose for occupational exposures is cbtained
mmltiplm the average concentration of fibers in workplace air by
muber of years that an individual worked there (full-time
equivalent), The tion of fibers in workplace air is expressed
ag fibers » 5 um long/ as counted by the microscope (IM) under
specified cmditims {{U, S. Ngtional Inat:i oY Ocmqmtimal Safet‘.'y
and Healtfh 1977); (fibers/cm”) yr. It is to be noted that cumilati
exposure measures do not take into account dose rate per unit tim,
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total life-time
worker group exposure level duration exposure per year exposure

insulation . 10 1
workers (amosite, 15 £/ml 25 yrs 2,16 x 107" f/yr 5.4 x 107" £
chrysotile)

British textile 10 1
workers (chryso-  15-3¢ f£/ml 20 yrs  2.16~4.32 x 107" f/yr 4.32-8.64 x 107" £
tile)

ampsite factory
workers 35 £/ml 1.46-yrs  5.04 x 1010 £/yr 7.36 x 1010 £

cement workers 10 11
(chrysotile, 9 £/ml 12 yvs 1,296 x 107 f/yr 1,56 x 107 £

crocidolite)

- 2% -

duration of sure, and ages at exposure. These three factors,
particularly third one, could be very important in determining
effects on health,

Another measure of exposure that allows comparison of different exposure
situations is expressed as "lifetime fibers." This quantity is derived

by integrating over time the product of fiber concentration in air (the

only source of exposure considered here) and the intake rate,

When interpreting health-effects information obtained from occupational
studies, it may be necessary to convert nomcwpatiogal exposures to
equivalent occupational dose expressed in (fibers/cm™) yr. Assuming an
inhalation rate of 12000ml/minute; an 8-hour work day; S5 days/week; 50
weeks/year, the amoimts of inhaled fibers workers could accumilate in
one year, according to work group, are shown below.

Similar calculations for the general population are shown below:

If ambient air concentrations are assumed to be 10 ng!ma. us:l.niethe EPA
conversion factor gf 30 fibers (f)/ng, the population as a whole is
exposed to 3 x 10 f/ml. Using the further assumptions:

(1) average breathing rate - 12,72 liters/min.
(2) 24 hoursg per day, and
(3) 52 weeks per year as the exposure duration;

It is calculated that an individual is exposed to 2.0 x 100 f/vear.

RoA_08187
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Using the gjgumptions and the data generated in the baby-powdering

t**" (concentration - 8.58 £/ce during powdering; 4.38 f/ce
during settling; with 13.6% and 86.4%, respectively, of the time - with
exposure g::fm of 43.8 wimites per week; bﬁﬂﬁﬂﬁg rggg cg 05.8 1&%),
exposure of a baby from baby powder could b x year. to
be noted that these calculations assume that all of the tale is
asbestos. If a more realistic velue of 17 asbestos is used, the muber
of fibers is calculated to be 6.6 x 10% f/yx.

The carcinogenic potential and the hazards of to ashestos have
been well docunmg:d. Also, several ofasgg:toaammmtobe
gealagicalcmb%ﬁrmts in talc ore. inc ﬂwmtgdbestmof
exposure to as tosreqtﬂ:esmrﬁ ibers
worker's brea zone, a problem arises in methodo of
distinguishing asl ;ga %frs ﬁiﬁ talc. ﬁ*ractaﬁs%ca ig, tale has
a tendency to cur s on edgge may result in many
erronecys comts by opticel micro .

The latest USPHS/NIOSH method for comting asbestos fibers .

phase contrast microscopy at X400-500 ication, and arbitrarily
defines a fiber as a particulate with a towi&ﬁxmtioafaélor
ter, and a maximm width and minimam of 5 micrometers.

method is a2 crude determination of total fiber exposure because of
the resolution limitations of optical microscopy. Most airbomme
asbestos fibers are less than 5 um in length, and those that are longer
may have diameters too small to be resolved by phase contrast
microscopy. With regard to the measurement of ashestos exposure from
talc, some authors have stated that electron micros (s
should be considered as an adjunct to the /NIOSH method
counting fibers in a dust enviromment. Phase contrast microscopy
suffice in an asbestos ervirooment, but the resolution limitations
optical micros and the insbility to dietinguish rolled talc
particles and tale "shards" from actual asbestos fibers will allow orly
a crude determination of the total fiber exposure,

Other than what was presented above, it is not known whether cosmetic
tale (used today) is contamdnated with asbestos or asbestiform minarals,
what foxm is involved (tremolite-fibrous or nonfibrous), or what levels
of asbestos, if contaminated.

100
In a recent (August, 1984) report™ by the NAS Conmittee on
tional Health Risks of Asbestiform Fibers, who evaluated the

hienan health risks assdclated with nonoceupational exposure to
asbestiform fibers with emphasis on inhalation of outdoor and indoor
aix, it was coluded that nonoccupational exposure to asbestiform
fibers in pir presents a risk to luman heaith., The Committee made a

titative estimate of the risk of excess lung cancer and mesothelioma

t might occur in persons brea low levels of asbestos in the air.
A concentration of 0.0004 fibers/cm” was deemed ressonsble to use in

RoA_08188
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such calculations because a variety ofamaurmts of indoor and
outdoor air indicated that 0.0004 f/cm’ is the approximate average level
that may be encountered. If a person inhaled air containing asbestos at
that level throughout a 73-year lifetime, the committes's best judgement
is that the lifetime risk of mesothelioma would be approximately nine in
a million (range 0 to 350 per million, depending on assumptions
regarding the relationship of dose to risk), Risks for contimous
lifetime exposures to higﬁer or lower levels would be proportionately
higher or lower, Epidemiological date and the estimates derived from
them indicate that the corresponding lifetime risk for lung cancer would
be about 64 in a million for male smokers (range 0 to 290), 23 in a
million for female smokers (0 to 110), and 6 and 3 in a million,
respectively, for male and female nonsmokers. The risk to nonsmokers
agpem:s ter for mesothelioma than for lung cancer. The Conmittee
also ized the strong dependence of mesothelioma rates on time from
first exposure and exposure of children to asbestos (although mainly
from school exposure). (See NAS Risk Asgessment - Attachment IIT,)

The only information available on cosmetic exposure is that of téﬂ

use noted above. Infants exposed to asbestos from talc d be
exposed to an additional amount above background of the order of 0,04 to
0.08 f/cc for approximately 2 years, This would result ig an increase
ofSO.OSZ in the cumilative time exposure of 1,95 x 10°f to 1.951 x
10”f, with a similar increase in the lifetime risk (e.g., 9 to 9.0045
mesotheliomas per million), However this estimate is based on a linear
dose response function, assuming no dose-rate effect., Cumulative
exposure measures do mot take into accoumt dose rate, duration of
exgggm:e, or age at exposure. Al the cumilative amount of
asbestos would appear to be of mo consequence, the estimated exposure
level is 100 to 200 times greater than ound, Data on acute
exposures of this magnitude are not availsble.

This memo is to request a risk assessment of the potential exposure to
asbestos from use of cosmetic tale,

RoA_08189
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APPENDIX I

Epidemiological Studies on Asbestos

1.

n a follow-up study’’ of a birth cohort consisting of 10,939 men
and 440 women (e:q;osed for at least ome month), dust sure and
mortality of chrysotile miners were analyzed using the "man-years"
method and the "case~ end multiple-control" approach.

mnm;% men the overall excess mortality was 2% at Asbestos and 107 at

ord Mines, which was the dustier region (see Table 2). The
wamen, mostly mployed at Asbestos, had a standardized mortality
ratio (MR) of 0.90. During the five decades, 1926-75, 4350 men
dled compared with 4107 expected on the basis of Quebec. - and
yesr~specific death rates, a 3R of 1.06. There had ‘been & net
excess of 33.9 deaths at Asbestos (1.6% of the 2074.1 expected) and
208.8 at Thetford Mines (10.3% of the 2033.2 expected); MRs of 1.02
and 1,10, respectively. Table 2 provides data on deaths of the men
by age and cause of death.

Four exposure levels were used in these analyses; the mean

concentrations were: low: 2.5 to 4.2; medium: A3t:094;‘m.gh
14.4 to 23.6; very high: 46.8 to 82.6 million particles per cuble
foot (mppcf). Quantitative exposure was estimated as cumlative

dnﬁrgﬂafimtzaymaﬁmmtofml
Tablesgand?mlyzetmmﬂ deaths, 20 or more years

firat loyment, occurring from 1951 to 1975. on with
'i'dalegq;lwsthat al%:ofallobsmd aths were thus
excluded from the analyaia e they occurred before 1951 or

within 20 years of first employment, over 90L of deaths from

sis and from lung cancer were included, and percentages
were also high for malignant neoplasme of other sites (except the
larynx) and stroke.

When account is taken only of length of service (Table 6), trends
of risk, as measured by ratios of cbserved to expected
deatha“chat is, S81 In which the stendavdisation dee by foth nee
era~--were te y reflect
differences in gelection and other factors. tions were deaths
attributed to pneumoconiosis and accidents: of 42 deaths frem
pneumoconiosis, 36 were in men with at least 20 years’ service,
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TABLE 2. Deaths of man, by year, age, and certified cause of death

Cause of death (ICD code*)

Age at death Year of death

Before 1946 1946-55 1956-65 1966-75 Total

¢ InC¥eoc - d 3714 ATIVOINOYLO3 13

All causes

Pneumoconiosis
(523-524)

Malignant neoplasms:
Ling (162-164)

Oesophagus and stomach
(150~151)

Colont and rectum
(152-154)

Other abdominal
(155-159)

Larynx
(161)

{45
45-64
65

{45
45-64
265

{45
45-64
%65

45
45-64
365

<45
45-64
265

(45
45-64
265

{45
45-64

265

564
111

0
1

——
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136
438

0
6

2
12

2
22

54
842
389

1
10
7

2
51
20

1
34
12

0
20
6

HOO O

702
1227

13
8

72
89

17
57

18
30

14
30

5
2

:

233§ z.ms.g
1616} E
2y

1 @)
30} i
15 z
O

1 : s
35 {25
13 } o€
(@]

8 Z
77 } 1542
69 [
w

I R
7}
N

8 Q
36 } 8%
36 N
3

0 3
18 } 25



Othex 43
(140-1481 160; 165-203) 45@?&
Heart disease 45
(400-443) 45-64
65

Respiratory tuberculosis 45
(031-008) 4564
65

Other respiratory 45
(470-522; 525-527) 45-64
65

Cerebrovascular 45
(330-334) 45-64
65

Accidents 45
(800-999) 45-64
65

All other known causes 45
45-64

65

Cause not known 45
‘ 45823;

12

28
25

118
20

-

170
18

114

40

-

4
28

25
154

30
31

e v

3
12

e -

2
12

. —

41
bb

23
82

-

1
16

1
52
28

18
355
166

1
27
3

0
28
17

3
42
38

17
i1
9

9
112
67

0
19
&

37
72

122

51
40

-

153

15
25

¥*ode In the /th revision of the International Glassification of Diseases
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TABLE 6. Deaths, by cause, in relation to duration of service
Cause of death (see table 2) Length of gross service (¥r)

Very short { 1) Short {1 5) Medium (5~ 20) { 20) Complete cobort
0 MR g SR 0 SR %}mgaa (1]

3

A11 causes 885 1.07 629 1.89 679 1.15 1098 1.07 3291 1.09
Prewnoconiosis 1 1.15 3 5.00 2 3.3% 36 34.62 42 13.55
Malipnant neoplasms:
. &7 0,97 29 0.83 50 1.37 104 1.6] 230 1.25
and stomach 37 1.30 25 1.27 18 0.91 S0 1.47 130 1.27
Colon and rectum 22 0.78 13 0.67 23 1.16 21 0.62 79 0.78
Other abdominal 20 1.98 12 0.92 14 1.04 21 0.9 67 0.98
Larymnx 5 1.48 5 1.75 1 0.34% § 0.78 16 1.07
Other &7 1.12 43 1.04 48 1.13 79 1.08 237 1.09
Heart disease 370 1.06 251 1.02 287 1.15 424 0.97 1332 1.04
Regpiratory tuberculosis 7 0.62 7 0.8¢ 21 2.68 22 1.56 57 1.39
Other respiratory 29 0.66 46 1.52 22 0.71 59 1.12 156 0.99
Cerebrovascular 62 0.95 49 1.12 50 1.13 82 1,11 243 1.07
Accidents 52 1.36 38 1.32 37 1.18 56 0.9 is3 1.17
411 other knovn causes 130 1.03 94 1.07 94 1.05 132 0.85 450 0.98
Cause not known 35 - 14 - 12 - 8 - &9 -

Colums headed 0 give the mmbers of deaths of men, 20 years or more after first enployment, ocourring during
1851-75; figmes%derheaﬁngs%mratiosofdeaﬂ:scbmdmttpéemmectedmbasisofmlemlity
in Quebec. :

RoA_08193
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Accumilated dust exposure (see table 4)

less than one year

Colon and rectum

Other abdominal
Laryrx

Oesophagus and stamach
Other
Heart disease

TABLE 7. Deaths, by cause, in relation to dust concemtration

{(a) GCross service:

Cause of death {see table 2)
Respiratory tuberculosis
Other respiratory
Cerebrovascular

Accidents

All other kncwn causes
Cause not known

See footmote to table 6

Lung

All causes
Preumoconiosis
Malignant neoplasms:

RoA_08194



one year, less than five years

7(b) Gross service:

2024 Jul 24 5:46 PM - RICHLAND - COMMON PLEAS - CASE#2023CP4004072

W N ONNIND T M
?68.&.%5%6?&13 ]

ry
112 1.04
0 0
5
b
3
1
1
4
42
1
10
4
12
22
1

High
IR
1.12
0

0
130
0
6
4
5
2
1
9
59
1
10
10 1
3
16 0
5

SMR
1,09
12.80
95
90
52
37
89
98
03
64
34
0.98
10
16

0
246
3
13
7
4
7
1
16
99

SR
1.12
0
0.6
1.8
0.4
0.7
3.1
1.5
0,95
0
1
1
1

0
141
1
S

Accumlated dust exposure (see table 4)

Cause of death (see table 2)
Respiratory tuberculosis
Other respiratory
Cerebrovascular

Accidents

All other lmowm causes
Cauge not known

See footnote to table 6

Other
Heart disease

RoA_08195
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7(c) Cross service: five years, less than 20 years

Accumulated dust exposure {see table 4)

Cauge of death (see table 2)
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101001130010

46?3091
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i — — 0 el el s R L e
110100110011
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Respiratory tuberculosis
Other respiratory
Cerebrovascular

Accidents

Larynx

Other
Heart disease
All other known causes
Cause not known

See footnote to table 6

RoA_08196



7¢(d) Cross service: 20 or more years

Cause of death (see table 2)

Accurulated dust exposure (see table 4)

Low Medium High Very high
(4] SMR 0 SR 0 SMR. 0 i SR
All causes 67 0,98 253 0.89 183 1,07 295 1.50
Pne.mnomiosislm 4 10.49 7 23.75 5 30.10 20 101.52
Malignant neop :
Iamg 28 1.21 20 1.08 25 2,20 32 2,65
Oesophagus and stomach 17 1.36 6 0.64 8 1.44 19 2,89
Colon and rectum 7 0,56 4 0,43 1 0.18 9 1.39
Other abdominal 10 1.18 3 0.46 2 0,51 6 1.35
Larynx 2 1.07 1 0.69 0 0 1 1.03
Other 33 1.23 16 0.79 11 0,90 19 1.36
Heart disease 138 0.87 115 0.95 77  1.06 9 1,12
Respiratory tuberculosis 5 1.01 5 1.31 3 1.27 9 3.06
Other respiratory 18 0,92 10 0.68 14 1.62 17 1.74
Cerebrovascular 32 1.15 18 0.89 10  0.84 22 1,58
Accidents 1l6 0,82 19 1.16 9 0.85 12 1.01
All other known causes 52 0,92 29 0.68 18 0.70 33 1.10
Cause not known 3 ~- 0 - 1 -— 2 -

See footnote to table 6

RoA_08197
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Among those in the very short and short service groups (those with
gross sexvice of less than 5 years (Tables 7(a) and (b))} careful
study of differences between groups according to severity of
exposure showed no consistent pattern, Table 7(c) deals with men
with gross service between 5 and 20 8; thelr service had also
been completed before the start of study interval. There were
fairly wfxgistmtzl trends }ior h%gimr SMRs the g}:‘-seati the du.s]:;::3
total mortality, for pnetmoconiosis (although ed on

2 deaths), heart disease, and styoke. In addition SMRs were

t in the group with the most severe exposure, for lung cancer
and Yother’ respiratory diseases. The authors stated that all
these find are understandsble as pulmonary fibrosis could well
contribute d 1y to cardio-mgmmnm disease and, in addition,

t adversely affect the ability of swrvival in any
life-threatening condition., Teble 7(d) concerns 3105 men with at
least 20 years service, and an average of almost 32. s of
gloymmp. Here the most severely exposed had the t SR not

y for total mortality but for all listed causes other than
laryngeal cancer and accidents. Further, the tendency for
increased risk with each augmentation in exposure was completely
consistent for pneumoconiosis and for heart disease, and positive,
although rather less consistent, for total mortality, lung cancer,
regpiratory tuberculosis, and other respiratory diseases.

The other form of a priori analysis, with exposure calculated to
age 45 at which age the study interval started, is summarized in
Table 8. The total muber of deaths observed in this analysis was
3448 (77.3% of the deaths), with SR = 1,07, close to that for
all causes in the camplete cohort as seen in Table 6. Indeed, for
each cause of death, QMRs from both methods of analysis were always
close, Clear trends were found for @Rs to be higher the heavier
the expesure, for total mortality, pneumoconiosis, ling cancer,
cencer of the colon and rectum, iratory tuberculosis, other
respiratory disesses and stroke. trends were most clear-cut in
ig and lung cancer. The lung cemcer trend was
essentially lineer as shesn in the Figure below, where exposures of
30 mppcf~year or more have been broken down further, Into 4
clasges, The trend for respiratory tuberculosis was also
cmsmtztmtint}mtmm, but not those for the other causes

e .ew . ~.._R0OA.08198
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Dust exposure and mortality in chrysotile mining, 1910-75

TABLE 8. Deatlgg, by cause, in relation to dust exposure accumilated to
age

Cause of death (see table 2) Dust exposure (mpef-y) accunulated to age 45

{30 30 £ 300 2 300
0 MR 0 SR 0 IR
All causes 1668 1.02 1138 1.04 642 1,30
Preunoconiosis S 2.98 12 10.81 27 54.00
Halignant neoplasms;
Lang 91 0.93 81 1.18 70 2.25
Oesophagus and stomach 68 1.22 2 1,14 26 1.58
Colon and vectum 3 0.62 28 0.77 18 1.11
Other abdominal 37 1.00 21 0.84 10 0.88
Laryme 9 1.11 6 1,08 2 0.8l
Other 129 1.10 83 1.06 38 1.08
Heart disesse 696 1,06 463 0,99 240 1.14
Respiratory tuberculosis 21 0.9 25 1,67 15 2.20
Other respiratory 71 0.84 55 0.98 40 1.62
Cerebrovascular 119 0.9% 86 1.08 46 1.32
Aceidents 106 1.28 60 1,00 33 1.16
All other known causes 237 0.9% 154 0.92 74 0.99
Cause not known 47 - 22 o 3 -

8ee footnote to table 6

14

0 200 0 0 &0 00 WX %0
Dust pxposure (st y) accumaated b o U5
Lumg rwmewe SMRa Ix relution o dust
£2poinre acowmwiaied 10 agr 45, The line hat beex
Sited by & modifind rost-sguorey technique.

ROA 08199 . ...
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Table 9 shows deaths from lung cancer.
TABLE 9. Deaths from lung cancer in relation to dust exposure and

smoking habit

Smoking habit Dust exposure (mpef.y) accumulated to age 45

¢ 30 30 € 300 2 300 All

0 S8R 0 MR 0 aR 0 2R
Non-smokers 5 0.18 6 0.3 8 1.24 19 0,38
Moderate smokers 73 1,14 64 1,35 52 2.31 189 1.4
Heavy smokers 13 2,12 11 2,39 10 4,50 34 2.63
All smoking habits 91 0,93 81 1.18 70 2,25 242 1.23

See footnote to table 6

Table 10 summarizes the findings from the Miettinen approach--that ig, more
than one control for each case, excluding those for smoking habit; the

2L017007dD€20Z#3aASVD - SYATd NONINOD - ANVTHIIY - INd 9%:S ¥ INC #7202 - A31d ATIVOINQEALD3 1S
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TARBLE 10: Dust exposure in deaths from pneumoconiosis and from mal t
disease and in controls mmbers of deaths areas table 2 (but see

Dust exposure (mpcf.y) accumulated up to nine years
before death of case

30 30 300 300 1000 1000 All

Pneunoconiosis

Deaths 7 9 13 17 46

Controls(3)* + 63 49 21 5 138

Relative Risk 1 1.65 5.57 30.60 ——
Lung cancer

Deaths** 89 73 56 27 245

Controls(3) 333 243 127 32 735

Relative risk 1 1.12 1.65 3.16 -
Cancer of oesophagus and stomach

Deaths 74 41 22 17 154

Controls(2) 143 105 53 7 308

Relative risk 1 0.75 0.90 4.69 -
Cancer of colon and rectun

Deaths 39 29 13 7 88

Controls(2) 88 70 15 3 176

Relative risk 1 0.93 1.96 5.26 -—
Other abdominal cancers

Deaths 43 25 7 5 80

Controls(2) 83 46 26 5 160

Relative risk 1 1.05 0,52 1.93 -
Cancer of

Deaths 13- 6 2 0 21

Controls(3) 36 21 5 1 63

Relative risk 1 0,79 1.11 0.00 -—

2L017007dD€20Z#3aASVD - SY3AT1d NONINOD - ANVTHIIY - INd 9%:S ¥¢ INC 720 - d3711d ATIVIINOYLO3 13

FFigures In brackets are mmbers of controls ror each death. Method of

selecting controls is described in text; those reported here were not

matched for smoking habit.

+Rislt:1‘a thc:nlwlaa ted by method of Doll in relation to those with exposure
88 | 0 mpef.y.

**Excluding five deaths coded to 162-164, but found to be due to

malignant mesothelioma.
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n.is of deaths are as in Table 2 (but see footnote ** in Table
10) because there were no restrictions on the start of the study

interval., Four groups of dust exposure are distinguished, and the
data are presented without refa.rd to the matching, Matching was

tzken into account in the full analysis, however, which generally
confirmed the tendencies shown in t.woapriori ches and
relative risks were fairly similar at Asbestos and Thetford Mines.

Linear dose-response relations have been fitted (Berry, G.,
lished) for lumg cancer (without T to habits);
thedatam ch Table 10 is based, but taking into account
tching of controls for each case in terms of date of birth and
place of mploymmt, the fitted line was:

Relative risk = 1 + 0,0014 (mppef-y)

the standard error of xgstimate of the slope being 0.0005. The
linear fit accounted for with one degree of freedom, of 21.37,
leaving only a very low value for deviations from linearity,

There were in all 11 deaths (incl one women) from malignant
mesothelioma observed to the end of 1975, All were of the pleura
and appeared to follow a clear exposure trend.

The authors concluded that essentially linear relations have been
'wpdmbem mdiﬁ of exposure, based on dust concentration

@ ) multiplied by length of service, and lung cancer
pneumoconiosis, and total muber of deaths. '

Because of concern regarding the risk from concentrations of

asbestos dust nearer current standards, the data for the 1904 men in
_&aecomrteuvloyedforatleastZOyearsinthelawmdmdimdust
exposure groups ed. The concentrations to which these

mEN were ed(‘rablegzaveragedﬁﬁnppcf or perhaps 20 f£/ml.
'ﬂxetotalmrtalitywasfr?.ﬂ deaths, and the R was 0.94. The

authors stated that this might be a true healthy worker effect, but
not all cause-specific SMRs were below unity. Tl'uerezwere excesses

for is (10.3 excess deaths, on the ususl Lasis,
aﬂ.td.&xmds%meoffreedm of1592‘?), ]c?lmgcmcer(Glc X =
e

0.99); sophagus and stomach (1.1 06); ' cancers
(1.7, é = (0,06); respiratory tuberculosis (1. 3, X* = 0.17); stroke
(1.8, - 0.07). Apart from pneumoconiosis, theae values of X° are so

lm,e\rmforlmgcamer(meretheassociated value is 32.07%), that
the observed excesses do not reach conventional 1s of statisticsl
gignificance. Moreover, tlwhmscancerﬂﬁforthelwm
y:o'.rp(lznwashigherrtmtlmtoft}mmediwacmme (1.08);
the authors stated that only the greatly enhanced for those with
high and very high exposure allow the conclusion that there was a
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reezonae to exposure. Nevertheless, the lung cancer QR for all
1904 men was 1.15, in close conformity with that which might be
predicted from the figure (about 1,20) or the relative risk of 1.16
from the fitted line (Berry, G., unpublished).

It is noted that exposure to asbestos was presented as dust

in mppcf. The current trend is towards providing information in
terms of fibers rather that dust coumts, althw%h there is an almost
caplere lack of epidemiological data based on fiber measurements,
The problem with this is there is no easy conversion. The authors
note that studies showed that, at relevant dust levels, the
conversion factors range from about 3 to 7 fibers/ml for each mppef;
although other data point to a lower range, 1 to 5. This is a

recurring problem.
OCNCLUSION::

The study s:fgestsanoverall small increase in lung cancer
associated with asbestos exposure. A consistent dose-response
gradimt was observed: MR of 0.9 (low exposure 30 mppef-yrs) to 2.3

or highest exposure category ( 300 wppef-yrs.).

In this cohort study"of chrysotile miners and millers, only workers
with at least 20 years of employment were chosen.

Dust measurements after 1969 were reviewed but no quantitative
exposure data were provided. Fiber concentrations for various areas
of the mills and mines ranged from 9 to 36 fibers longer than 5
micrometers/ml of air.

Table 4 shows the varicus causes of death observed in 130 deaths.

RoA_08203
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TABLE 4t Categorization of causes of death according to death
certificate information compared with categorization following
review of all available medical records and pathological
material in 130 cases

Lh&erlying Cause of Death as Cate
on Certificate of Death, (DC)*

Cause of Death All Asbestosis All

as Ascertained Lung Other Including Other
(BE)* No. Cancer Mesothelioma Cancer Pneumoconiosis Causes

Lung cancer 25 18 3 2 2

Mesothelioma 1 1

All other cancer 18 1 17

Asbestosis 24 3 14 7

All other causes 62 1 1 60

Totals 130 22 1 21 17 69

*BE - best evidence
DC - death certificate cause

The expected mortality experience was calculated using national
rates of Canada (Table 5).

TABLE 5: Ehtgected and Observed Deaths Among 544 Asbestos Miners and
Millers, Thetford Mines, Quebec, Jan.-Nov,, 1961 ADG, 1977*

¢L0v007dOEC0C#ASYO - SYITd NOWINOD - ANVIHOIY - INd 9%:G ¥¢ INC ¥¢0¢ - A3T11d ATTVOINOY

Total
Exp. Cbs. Q/E
Total deaths 159.9 178 1.11
Total cancer all sites 36.7 49 1.34
Lung cancer 11.1 28 2.52
Pletral mesothelioma - *k 1 --
Cancer of the gastrointestinal tract 9.5 10 1.05
All other cancers 16.1 10 0.62
Total
Noninfectious pulmonary diseases 6.7 30 4.48
Asbestosis ok 26 -
All other causes 116.5 99 0.85
Pexson-years 7,408

Fxpected deaths are based Upon age-specific death rate data for
Canadian white males,
#*Death rates not availsble but these have been rare causes of death in

the general population.
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Asbestosis and ung cancer were major causes of death among these
workers, Table 7 details the mortality experience according to time
from omset of exposure and shows an increase in mortality between 30
and 50 years from first sure to asbestos, There is, however,
little excess mortality after 50 or more years from first exposure.
The authors stated that perhaps this occurred as individuals at high
risk of death (because of thelr particular susceptibility or because
of other agsociated factors, as cigarette smoking) may have died
preferentially in earlier years.

TABLE 7: Ratios of Observed to cted Deaths Among 544 Asbestos
Miners and Millers, Thetford Mines, Quebec, Jan,-Nov. 1961 -

Aug. 1977
Ratio of (bserved to Expected Deaths
{Munber of Deaths in Parentheses)
Years from Onset of Mplovment
20-29 30-39 40-43 30 +
Total deaths 0.65 1.27 1.28 0.91
(8) (60) {66) (44)
Total cancer 0.00 0.98 1.95 1.30
, ) (11) {24) (14)
lung cancer 0.00 1.9 4,19 1.67
Noninfectious pulmomary disease @ " e o
ect: 8
(incl, asbestosis) - 5.29 3.64 3.60
{4) {9) {8) (%)
Causes other than cancer or
noninfectious pulmonary diseases 0,42 1.16 0.91 0.59
. {4) (40) (34) L)
‘Naher of deaths
Asbestosis 3 8 8 7
Mesothelioma 0 0 1 0
Person-years of cbservation 1,623 3,067 1,805 914

RoA_08205
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CONCLUSTON:

The study results indicate that a small increase in lung cancer risk
occurs as asbestos exposure increases, but the lack of quantitative
exposure data makes it difficult to evaluate this association.

Mortality of Italian chrysotile asbestos workexrs was studted®? using
two different reference groups. In the first analysis the observed
mmber of deaths was ccopared with the cted mmber in the
ﬁﬂaﬁm of all Italy. Person-years of cbservatign were

culated according tc the method of Case and lea™™ and multiplied
by&:—specifiﬂ death rates to compute the expected mwber of
deaths, Secondly, a case control study of carcincma of lung and
larymx was undertaken. Only two exposure categories were
comsidered, the first with cumlative exposure uwp to 100 fiber-years
and the second, all those with a cumilative exposure greater than
100 £/yr. (The lower of the two exposures corresponds to the
British standaxd of 2f/cc for 50 years' working life).

In Table 3 the mortality of the cohiort is divided into 2 groups
according to period since first employment: deaths occurring up to
19 years since first employment and deaths occurring over 20 years
gince first employment., The overall mortality compared to the
national figures is also shown.

One death from pleural mesothelioma occurred 35 years after starting
employment in a worker with 33 years exposure.

A significant excess of laryngeal cancer is seen when examining
mortality over the whole pericd of observation, Four of these
deaths occurred after 20 years since first employment. Two of the
8ix workers dying from laryngeal cancer had less than one year of
exposure. There is also a merked exceas of respiratory diseases,
both influenza and pneunonia and " ' respiratory diseases,
comsisting chiefly of chronic obstructive lung disease, Asbestosis
wag reported in 9 cases.

Mortality from lung cancer is shown in Table 4. No deaths were
observed before 1961, nor did any deaths occur from this cause in
subjects under the age of 50. However, among those of 50 years or
more, the SR rises to 111 in the quinguermium 1966-70 end reaches
226 between 1971 and 1975; for men of all ages it is 206 in the same

period.
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TABLE 3: Number of deaths observed and expected by period since first
exposure, and cause, (Perlodofebservationfmlﬂﬁ to 1975)

Period since first exposure (yr) Up to 19 20 and
over Total
Person-years observation 12683 8776 21459
Cause of death Observed Expected SMR  Observed Expected SMR Observed Expected
All causes . 112 54.2 207%* 220 160.2 137%* 332 214.4
All malignant neoplasms (140-205) 12 10.0 120 38, 37.0 103 50, 47.0
Ling and pleura (162-163) 1 1.7 59 10 8.7 115 i1 10.4 106 >
Larymx (161) 2 0.4 500 4 1.5 267 6 1.9 316*\0
Gastrointestinal (151-159) 4 4.8 83 i5 14.5 103 19 19.3 9% '
Other sites 5 3.1 161 9 12.3 73 14 i5.4 g1 g
()]
Non-malignant respiratory diseases m
(470-527) 12 2.3 S522% 20 11.8 169* 32 14.1 227k
Influenza and preumonia (480-483) 8 1.6 5000 4 4.6 87 12 6.2 1940
Other respiratory diseases(470-475, N
500-527) & 0.7 5710 16 7.2 220 20 7.9 25
Asbestosis (523.2) 2 - - 7 -- - 9 - -3
Tuberculosis of the lung (001-008) 13 3.9 333 5 3.3 152 18 7.2 150*§
Cardiovascular diseases (400-468) 22 14.8 149 100 67.7 148%% 122 B2.5 148%5
Cirthosis of the liver (581) 9 2.1 dagwex 22 7.8 2870 31 9.9 I13FN
Accidents (800-999) 30 7.8 385%* 15 9.5 158 45 17.3 260
All other causes 9 13.3 68 17 23.1 7h 26 36.4 71
Unknown 5 - - 3 -- - 8 - -
Fp ¢ 0.05; ¥p L 0.01

+1hesenmbersinc1udemempectedcaseofmesothelimaoftheplm
Figures in parentheses are ICD (7th Revision) code mumbers

RoA_08207



TABLE 4: Observed and

and calendar time

~18-

expected deaths from lung cancer (162-163) by age

Age Calendar years of follow-up

1946-60 1961-65 1966-70 1971-75 1946-75

Up to 49 Observed 0 0 0 0 0
Expected 0.5 0.2 0.3 0.3 1.3

SMR - _— - _— _—

50 and over Cbserved O 1 3 T* 11
Expected 1.7 1.6 2.7 3.1 9.1

SMR - 63 111 226 121

All ages Observed O 1 3 7* 11
Expected 2.2 1.8 3.0 3.4 10.4

MR - 56 100 206 106

*These mmbers include one suspected case of mesothelioma of the pleura

Table 5 shows the distribution of the deaths of men with lung
and their contyols in the two exposure cat
of the table, and the deaths from

controls, in the lower half of the table.
1 cancer are in the

cancer and high exposure gave a two-tailed P value of 0,18, thus
demonstrating no statistically significant difference between the

proportion of cases and controls

Nor is there a statistically

in the

value 0.

Eroup.

, al

significant excess of
e categories (relative rigk 3,33, two-tailed P
all but one of the deaths occcurred in this

the higher exposure level.
laryngeal cancer

RoA_08208
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upper part
1 cancer with their
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2,89, However, tests of the significance of the association of lung
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TAELE 5: Distribution of patients with lung and 1 1 cancer

and their matched controls according to tive dust
exposgure.
Subjects Dust exposture

Up to 100 fibre/yr 101 and over fibre/yr

+
limg cancer 2 10
Controls 22 38
Relative risk 1 2.89*%
Laryngeal cancer 1 5
Controls 12 18
Relative risk 1 3,33%%

Imluding one case of Tung cancer diagnosed In hospital but
in death certificate as "cardlac failure'" amd one suspected
case of mesothelioma of the pleura.
*two-tailed p value 0,18
*rtwo-tailed p value 0,28

Table 7 shows the distribution of the whole cohort according to the
selected exposure categories. For this analysis, workers included
in the higher category contributed to person-years
observation in lower cate "up to 100 fibre/years" from the
date of first euploymnr. to date reached cumlative

dust exposure of 'nnrethmlﬂo "afterwhichttmy
contributed to the mean value of cumlative
dlmtaq:oaurein&m egoﬂ:wasaboutfivetimestl:mtm
the lower (75 fibre 376 fibre/yr). About

two-thirdsofthec reachedtlmhighere:q:omcategory In
Tables 7 and 8, mm-years from 1 Jamuary 1946 only are imcluded in
the total. , those who had accumilated a dose of 100 fibre/yr
by 1946, imediately entered the higher exposure category.

The age-standardized death rates and the associate measure of risk
for overall mortality and some selected causes of death are shown in
Table 8. The relative risk for lung cancer obtained by examining
the whole cohort (2.54) is similax to that calculated for the case
control study (2.89, Table 5). A higher death rate for laryngeal
and gastrointestinal cancer is alsc seen in the more y

group, although comparison with the national statistics showed no
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2L017007dD€20Z#3aASVD - SY3AT1d NONINOD - ANVTHIIY - INd 9%:S ¥¢ INC 720 - d3711d ATIVIINOYLO3 13




- 20 -

excess for gastrointestinal cancers. Non-malignant respira
diseases, ﬁluding asbestosis, tuberculosis and cardiwascuﬂ
diseases, showed an increase in relative risk, whereas death rates
for all other causes were almost equal in the two exposure groups.

TABLE 7:

Distribution of workers according to cumlative dust
exposure. Period of cbservation from 1946 to 1975

Dust exposure Up to 101 and over Unknown
as fibrefyr 100 fibre/yr fibre/yr
Mean value within " 376.2

Cﬁt&@‘l‘i&& " & -
Nurber in study 927* 611 Gk
Person~-years

observation 8365 12976 118

¥Including the 611 workers in the category 101 and over
fibre/yr'" before they had reached such cumilative
exposure. Person-years are additive, vhereas mmber of
workers are not.

“*Including & dead

RoA_08210
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TABLE 8: Crude and age-standardised death rates per 1000 person-years

and relative risks by selected causes,

Cumulative dust exposure

Up to 100 fibre/yr 101 and over fibre
Relative
risk*

Cause of death Death rate Death rate

Crude  Age-standardised Crude Age-standardized

All causes 11,72 13,31 17.73 16,73 1,26
Ling cancer (162-~163) 0.24 0.28 0.77 0.71 2,54
cancer (161) 0.12 0.14 0.39 0.36 2.57
Gastrointestinal cancer
{151-159) 0.48 0.57 1.16 1.09 1.91

Non-malignant respiratory

diseases excluding influenza
and pneumonia (470-475,

500-527) 0.48 0.46 1.39 1.28 2,21
Tuberculosis of the lung

(001-008) 0.48 0.46 1.08 1.10 2.39
Cardiovascular diseases

(400-468) 4.06 4.68 6.47 5.94 1.27
All other causes 5.86 6.60 6.47 6.24 0.95

*Based on age-standardised death rates

CONCLUSTON::

risk for lung cancer with time since onset of

m 6Eor(20 years va. 1.2 for » 20 years) and

Sheenved. ““”agﬁﬁ ety highot Tiok 1 aoted nly £or Lanymacal
cantly was not y for

cancexr. Increased relative risk for lung cancer (2,9) and la

cancer (3.3) was found when case-~control groups were compared

exposure level,
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s S
4. Mortwitty of vorkers mggufacturing friction materials us

ing
chrysotile vas studied™ on 2 ){-opulatim of 13460 workers, Exposure
conditions are shown in Table 1.

Table | Meanconcemtromn of arbesios in ar (fimi)
Ferod '] Storave’ (rrinding  Foesng
m«m whidion

st
Pee- 193} 020 > >0 >N
{932~ <5 8 -t 25
(98440 <% X4 p.o 1-2
ONLTY < 0 5t 05} [\ 0. S¥}

:

o
The observed mortality was compaved with that expected, based on™ % &
sex-, g, and period-specific death rates for England and Wales,: ¢
using subject-years method. Attention was restricted to the
period fo 10 years exposure, and follow-up was to the end of
1979. In addi to mortality from all causes, the separate czuses
of death considered were cancer of lung and pleura, cancer of the
gastrointestinal tract, and all other cancers. Table 7 shows the
total mortality. Apart from 10 pleural mesctheliomas there was no
sign of any excess mortality. _

boapln o

Fuble T ¢thserved andd eapeted ttorteding after B vears o et exprestiee § Number of plenrad mesothelt i g Baded i

Jareniheser)
{ nwse ol Jeaih Yot b virgars
Men W o
A aT WL TN S XA
[P ——— ——— s
M Fap i Fap
RLET Y Vi Tl s Junp s
T ung aud pletsr o ancer 168 e L & Mylh B
{ nintiny sdfier tard ey Pl A
:m:&‘i‘.‘m ~3 L Aj 1
mi-mam fiam g H) pas
T '
= gt

whefi the subjects were divided into groups according to duration of
exposure, there was still no sign of excess mortality nor of any

trend in movtality with duration of eoployment. Dir the
subjects according to the period of first emp) t showed no
excess mortality apart from the pleural mesotheliomas. This applied
aven to those with 30 years' fol vho were first employed

before 1950, when dust levels were high (Table 1).
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paths from other cancers, there vere 2 in men due to cancer
larymx (3.6 expected). Eight of the women died of cancer of
t}uavt%(ﬁéﬂmtﬁ) mﬂZZofcm;ceroft}ambrmtlggaém
expec mortality experience of workers

years' service is shown in Table 8. o

Lahle 8 Ohveried aned ey ted morialits after completmg 10 veurs empdosaent

Yivn Wowne
fasttion qip wliee 14 i fev - i [T 7] ™
XA Y FLITT RN L P AN
Sar e i-v MmN wher 1IN U IS AT eI FLRF T had
tapueve uf dvadt tHn tayp [ELS fap 11 iy 1 ki,
MEvauss NS |45 1 N EETEN H NI e mh
1w and prleord c gt ] M L Y Tl I R " " N i

Er ot v 2 LI 24 185 n s N i
(hhuuuw- N [N M P i 14 i+ v
LR I Ja} 1=~ 1% Lhp g [ [E1n1 LR ISl

Except for deaths from mesothelioma, ﬁnrewasmmssintlﬁs

group, even 10 years after comple 10 years' employment. *!-
similar result was obtained when retiggtr:lcting attention to those uhn"

had completed 20 years' exposure. : t

4&n additional 187 deaths have occurred since the original analysis.
Only one of 40 deaths in women and 12 of 147 in men were due to lung
cancer. One of the men certified as dying from pleural mesothelioma
St 29) as ' Erieder exposed to, doryaotile. (mly kngwn asbestes

as a to only tos
e::posm‘e) With regard to mesothelioma, the cases observed here
were anal in a case-control study using the method of Liddell,
et al. effect of exposure to crocidolite was examined, Four
matched controls were chosen for each mesothelioma, where matching
was for (1) sex, (2) year started work in factory (& 1 year),
(S)Urga:ofbirth (£ 4 years), (4) survival up to time of death of

and (5) mployed at factory during crocidolite period

for same time as case.

E:l.ghty cent of those of mesothelioma had worked on the

te contract with only 87 of the controls. Those
Fsothelioma, however, had alsobeen exposed to higher levels
tﬂethmthecmtrols;%!hadhem to more than 5
e L L aAYTed Wid.l 25: of the CC!TC!D].B. me Eff&ct Of
exposure to chrysotile was eliminated by consi ﬁy cases of
mesotheliomsa and their controls who had been exposed to chrysotile
at a level of at least 5 f/ml. This left 6 cases with 10 controls.
Five of the 6 had had definite crocidolite exposure.

A case-control study of deaths due to lung cancer was carried out
for males who had started work before the end of 1960 and who
survived for at least 10 years after start of exposure. There were
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136 @Bths from Iung cancer satisfying these criteria, and three
controls were chosen for each case, matched for: (1) year started
at factory; (2) date of birth; and (3) survival up to time of
death from lung cancer. Within the restricted set of men there were
86 who had died of gastrointestinal cancer, who were also included
in this study (without additional controls). Each occupational
history was in ted with respect to time to give the cumulative
exposure up to date of for the cases, and for controls up
to the date of death of the corresponding case of lung cancer. The
total duration was also calculated. These two measures were also
evaluated up to 9 years before the above dates, on the basis that
recent exposure is irrevalent to the risk of lung cancer. A fifth
measure evaluated was the cumilative dose weighted by the time
elapsed since the exposure occurred. This measure was evaluated up
to the date of death and attaches most importance to the earliest

exposure,

The distribution of duration of sure and cumlative exposure "3
todeatharegimin'.l'ablesnﬁlh. "!’*_

3
Pable 14 Fiveerburmons of dvration of exposure aprio death W T
{hazudtivin ot Novad suben s 4 hdals-puttpn
1yt
v L agraon 1 [T TR 4 uny Lo TP
Labth 294 1R [RUL T e

NI ] ] n m [ELU

144 £ N o L |2

iy > - ] [T1}] [

e 19y In n tnt [
Ny s b 1 1 LN I

total LIl om wn

Fable 14 Deserehdeens of amihitve ¢\ pusaee v deuth

Cumpiaim e Vo of subperts (ddy raurs
e
ity i} & omtroly L ung {iastrownteaninal Luny Loasrrounsernnal
Cu Ty cumers wancer cancer
1= 13} S L3 L L0
-4y 124 3 - omnN | 1%
s ] " 'S b G
110 -ty (3 4 1 L1}, ] L]
“Totu)_ Smbing. i N o
e

;m:‘l. rols ) fung cancer inkormation svadable v dust levels was imaufbaent ko calculate c;umlalm exposure
The odds ratio, i.e., the approximate risks of cancer, relative to
the lowest exposure group, are also given.

For lung cancer there is no indication of an increased risk with
either duration of exposure or cumilative exposure, For
gastrointestinal cancer, there is no sign of an increased risk with
cunulative exposure, and although there appears to be a trend with
duration of exposure up to 20 years, this trend is not supported by
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the 1 with more than 20 years' exposure and could have
occurred by chance. There was also no sign of increased risk with
duration of exposure or with cumulative exposure calculated to nine
years before death or with the measure of exposure weighted by
elapsed time (tables not given). Restricting the analysis to cases
who survived for at least 15 years after first

exposure also did not show any dose-response relationship,

For lung cancers, a linear relationship between relative risk and
cumulative exposure was fitted methods te to matched
data. The coefficient was estimated as 0,00058 per fiber-year/ml.
That is, for a cumilative exposure of 100 fibers-years/ml, the
i'e;.gtive rigk was estimated as 1.06; the upper confidence limit was

CONCLIISTON:
No gradient of risk was cbserved with quantitative exposure levalg‘_‘i-i_

o evidence of excess mortality due to cancer at any site, em:eptfi_‘
mesothelioma, even when examined by duration of exposure or periods
of initial employment,

No increased risk of lung cancer or gastrointestinal cancer was
associated with either duration or cumulative exposure in the
case-contxol analysis.

83 .

5. A report - on dust exposure and mortality of workers in a chrysotile
asbestos friction ts plant consigted of data on a cohort of
3641 men employed for at least one month. Individual exposures were
estimated (in mppcf-years) from measurements, Table 1
shows deaths by cause and age at death.

Table | Male deaths by age and svrafied cawar

Acoudents | BOG-¥5)
Other ktiowh causes
Cause B8 known

L

Lunsze of death (10D codet Age 5t deaih (y) Foual
. T oy
- <45 ¥
e s 139 o1 st 1167
- nkns aeoniisms
= Hib2-pd) 1 47 §1 Ry
Oesophagus and siamach {1951} I} [ 13 2.:
Colun sna teoram {122- 34) L] ¥ 2ik 3
bt abdoounas ¢ 155 549} ; : I? 23
Lar |le1d $
Otbc,‘f.l féi-44 160, (455} ti u iU 191
Huast die e | {0443 k1] k2] 194 5i0
Reapiratary uberauios {101 -O0R) b -3 i it
l’m - ; ;;:1— Eln $25-52%) 'lj 2; z; {;
e MEOCTIBO A { -
- Lerebrovasiter { 330341 i 1] 54 Ll
h
&

* Inclurhog o age T
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information is presented in Tables 2 and 3.

Table 2 Esomated average Jdust concentrancons impef) for man processes 1900-70
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Table 3 Age as start, duraian of employment, and dust expusure {men oniy)

Duranon of gross service (y)

=l 1-<3 S 20 20 Toial
No o oW 117 147 1808
Avernge age at stan (y} %62 iS¢ 3194 2063 3095
Gris service (y) (38 253 10 Sk 305y . hos
Her service {y) @37 12 SO0 28 B2 04
Average dust concemitation f
{mpehy 128 2% 1506 1-06 t Bd

Table 4 summarizes the mortality experience of the cohort by
duration of work. The QMR based on Commecticut rates was 108
(107,9 on U.S, rates). The excess was mainly due to people who had
worked for less than 1 year (MR 129,9); those who worked one or
g Wars had an MR of 101.2. The lowest MR (97.2) was
# worked 20 or more years. SMRs were raised for the three
s of malignant neoplasms, Again this was mainly due
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Table Aﬂ-’drulht 20 vaars afier st employment, by carese, in relation o duratton of sernvice

Cutore of death® (uralion of RFoss seriied (v
! I-~5 S-2v ENY] Complete «ohort
1) SMK { SMR 0 SMR (! SMR o MR
All causes ST 1299 189 1N [ 1048 2w R %04 om s
Mahgnant neoplasms H0 1449 S0 1267 N 140 61 [N IR TN 126 €
Respiratory 23 Ix00 iv [ELR ) 1226 21 133 bA) [EL I
Digestive 17 1329 16 1283 ) 1Y) 21 ey A 144
nher iy 24 28 1649 [ IR LR 21 72 0 Hew
Heart discase ') [IRAR] T 13 v 44 Ny 7 1o Y3 22 s
Resparatory fuberculing [ 1] 1] - ) MR 4 138 9
Other respiratory 13 lye 1 8 126 2 4 852 L} 922 ANl
Pneumaconiosis (b} [R1] th (2) (L2
C crcbrovascular 1% 1176 14 10K 3 1S 1427 24} e 67 1Y n
Acadents 1 1211 5 692 s w7 7 LY b ] AL N
Other knowan Lk 1238 24 94 29 1474 s X779 2% Xt

*As in table 1. except that 1C D codes 16064 are here grouped under “respiratory” mahignant neoplasms and the * other respirsiory
category includes only bronchitis. pneumama. and preumoconiosis (1CD 490-502, §23-4)

Table 5 gives SMRs by total accumuilated dust exposure. The same __
lack of any clear or systemic a:posure-effect pattern is present.- £
The MR for respiratory cancer for men in the 2 highest dust groups =
cambined (125.8) was higher than for the 2 intermediate dust grougs
cambined (103.3) but still substantially below that for the lowests
exposure category (167.4). A similar pattern of relative risk was
obtained from the Mantel-Haenszel analysis (Table 6), which showed
an increasing risk only if the minimal exposure group is ignored.

Table S Male deaths 20 vears after frst employment, by cause, in relation (o dust exposure (mpcf v)

Accumulated dust exposure (mpcf y)

<0 10-<20 20-<40 40-<R0 >80
[ SMR /] SMR 0 SMR 1) A} \lR (4] SR
All causes 36 1138 .3 923 71 966 62 1102 3s 1ul-|
Malignant neoplasms 134 1281 22 109-6 19 1201 19 1639 & 179
Respuratory §s 167 4 6 1047 s 1084 6 162 & I €322
Drigestive W 1026 v 1341 R 1834 N 1202 3 L)
(Rher 48 [REN ? LY ] 1014 N 1766 4 1804
Huert discase [1]] iy (R LY ] 13 166 I8 e-4 13 LR
Respiratory tubereutosss 2 1236 0 — 0 —_ 0 —_ 2 12y
Other respiratory 21 1251 s 136 N 744 2 109-0 A paltd}
Pnrcumaconirss [E)] n (n [§}) (0
Cerebrovascular 413 1229 L w7 7 1183 s 1171 4 1384
Acadents 22 101-0 A Ko S [}] — 2 K63 1 9s-2
Other known scdag R 109-8 18 oy 1 128 8 Lo 1122 2 434

==
S

The more detailed analysis for respiratory cancer in Table 8 shows
that the same pattern is shared by men in the lowest accumulated
dust category regardless of duration of employment.

Table 8  Male dcaths from respiratory cancer 20 vears
afier fist employment in relanon to duranon of service and
dust cxposure

Duranon of Dust esposure (mpcf v}

service (v) —— —
<lo 10-<40 >40
U SMR 0 SMR v SMR

-1 23 1%0:0 0 - T

1-<$ 17 166-3 2832 0 -

>3 141800 G HNY T 1254
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Table'® Aelmmtve nsks of respiratory cancer by dust exposure from (1) Mantei-Haenszel analysis and (2) SMRs

mpcfy Chi-square
<10 10-<20 20-<40 40-<80 >80 Duifference Lincaney
Mantel- Haenszel
Observed 54 4 5 6 1
Expected st k-7 46 41 1-s
Relauve nk 1 0-40 0-91 1-40 113 $-50 00
From SMRs.
Relative nsk 1 0-59 0-64 098 031

The other respiratory group of diseases that included pneumoconiosis
also showed little indication of an exposure response. Six of the
12 whose deaths were from pneumoconiosis (ICD 523) had worked in the
plant for less than a year and only 3 of the other 12 had a total
dust exposures index of 10 mppcf-yrs. or more. Table 7 shows
details from death certificates given ICD code 523. In no case was
asbestosis mentioned but anthracosilicosis or silicosis were givem E
as the cause of death in all but 2 cases. It was further noted that

all 12 had either been born or had died in the coal mining area of !

.
Permsylvania. g 4
Table 7 Deaths antributed to pneumocomosis (1CD 523)
Case No  Employment Blmll Death Cerufied couse
place
Age at Duration Tonal dust Age  Place
start (v) (mpcf vi v}
1 36 2 months 01 Sandy Run, Pa 64 Freeland, Pa Anthracos: licosss
2 26 6 months 02 Taylor, Pa 57 Taylors, Pa Sihicoms and emphysems
3 35 2 months [1 3] Wilkes-Barre, Pa $7 Wilkes-Barre, Pa Anthracusibeosss
0 29 5 months 02 Wilmangion, De SH Wilkes-Barre, Pa 3* anthraconthiconis
5 3K 10 months (L] Pennsylvania 68 Wilkes-Barre, Pa Anthracosblicoss
6 22 3 months (3] Wyoming. Pa s3 Wyonung. Pa Anthracosiheosts
? S0 lylOm 20 Mexico 19 Windber, Pa Coal workers
pREUmOcOMOnS
8 47 3 years (3 Scranton, Pa 75 Scranton, Pa Anthracosshicous
9 k3] ) yeans 17-4 Nantrcoke, Pa 54 Nanucoke. Pa Silicoms
10 51 20 years LIR] Scranton. Pa mn Bndgeport, Ct Pulmonary sihcous
11 40 16 years 214 Naaucuoke, Pa [ Brdgepon. Ct Pacumocontosis
12 3 30 years s14 Neanticoke, Pa 62 Bndgepont, C1 Pneumoconiosts

s concluded that if it is accepted that the high mortality
causes (including respiratory cancer) in men employed for
less. than 1 year was probably due to some form of selection, then
the results suggest that the adverse health effects of employment in
this chrysotile friction products plant were small.

Workers73 in an asbestos textile factory, which were exposed to dust
levels higher than current standards permit, were divided into 5
cohorts on the basis of duration and period of work in scheduled
areas (Table 1).
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;v*"—'
T e
" AT Number of werdors in surh sxpomre cohort
Sox Yowe in srhminied  Yoove in srhedsivd  Numtwv Povesn-yoare
L e bovose 190 sburrvation
' Mabe 2 or mave 10 o more o e
2 Mols 2 or mave Las thesn 10 % 1”m
] [ 20 o move None » e
¢ o 1> Nems i 94
3 Pamale 10 & move Nese e 0
Yo e on2
“tastuding e 20 men o enhert ) before they had 20 yaurs in arens.

The mmber of deaths in each group attributed to lung cancer
(includes mesothelioma), other cancers, respiratory diseases and
other causes are compared in Table 2 with the muber expected, which
is calculated from national death rates by 5-year age-groups.

Tobis 2 Number of deaths obssrved and expected, by exposre cokort and conse

Couw of demsit Cohory Obawvved deasin} Kxporeed doavke Aarie Pratubiiny of cbesrwd
sbesrvedi ¢ xpereed aubey or mery

Lung eancer andt ] 13 (0 10 [ 4] <P
piorsl mmothattoms 0 (0 )8 ) sen :‘[.
(161, 16) and 228) ) (1 336 16 *i B
) »(n 136 e om0 C e
s I *” ») [ ] R
Owber ] ] 414 9 [ o ]
1148209 2 ) (2.4 [ 34 *m 4
b [ el [ 8 647 = *
4 " "wn [ o] [ g
] ] T4 . *m
Rmpirsiory disassss ] e ) e <o
{4eB-939) 2 ? 412 14 [ 2014
3 U (2l 13 (£ s
4 23 "na (B [ dond
H 4 180 33 *1e
Ovher covnm ] bid e 3 [ o 2]
] 1] "nm» [ ] (4},
] » w9 e | o034
4 " 1568 [ od *
3 n 13 [, ] "™
Al canes [} o nn 3 <0
2 43 »93 B o2
3 » L el 13
4 [} ¢} 109 1R 4 [ 2o ed
) » e 1o [ 2 ]
*Coded scvording 'o the sighth rovines of the Anevnsrtane/ Classifiassion of Bisrnsse (Wearid Hoakth Ovgamisusion, 1967).

lamg cancer mortality in the area of the factory was lower than the
national average among men (MR = 87) and similar for women (R =
104) g 1959-63.

Wesligs first exposed before 1933 (cohorts 1 and 2) suffered a
mEREY excess of lung cancer and respiratory disease, particularly
those-with 10 or more years' exposure prior to 1933. There is also
some excess mortality from lung cancer and mesothelioma (36
observed, 19.3 expected; p 0.001) and respiratory disease (35
observed, 25 expected; p = 0.03) in those who entered after 1933
(cohorts 3, 4 and 5 combined), although the excess is very much less
than in the first 2 cohorts. There were 16 deaths attributable to
gastrointestinal cancers compared with 15.70 expected. No excess
for any of these rubics approached statistical significance in any
cohort, and no peritoneal mesothelioma was reported. In order to
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pmilpas -

= =

—l
distM¥ish between exposures of 1933 and after 1950, observed and
expected deaths for those first exposed between 1933 and 1950, and
those first exposed later were determined (Table 3). There is clear
evidence of some excess of lung cancer and respiratory deaths among
those first exposed between 1933 and 1950, although very much less
than in cohorts 1 and 2. There have been few deaths among those
first exposed after 1950, but there still appears to be an excess of
deaths from lung cancer 15 or more years after first exposure (5
observed, 1.86 expected; p = 0.04)).

Tabis 3 Number of dosths sbserved and expected, by dute of first exposre

of dhavend
Coalumt Canw Clhawvad drasint Expwrend dugshe At Mﬁ.-
womes e s »n o e 3] o
-‘:‘mym 3'-"-— = g: :; m
oo nue Other caunm " ”ne " (1]
wemas frut - “m rn 5] [ L]
mﬂl-- 3:'-— H a [ ] -r
-=-Mn e i 3 Fii [ ] *m
Ol seas 9 1" Lo o
Sus % pluwel eethelioms e insiuded is the shoorved sumber for lung cansw and ol ghun spurstely | pRSEhn. “-.i‘
SEe e in ohish § plessel mmethelisns ves ¢ sewwibutery s of dasth. : i-
.

This is shown in Table 4, inwhichdeathsfranltmgcancermcltﬁié
pleural mesotheliomas in these groups are distributed according to
the time since first exposure; the relative risk increases
progressively with time since first exposure in both groups.

Tobls 4 demmamgughm—vdunm_

Cohary Puvind stare fous Ohasrondd guasie? Eaporsd dosste Ane Poulubiiny of dhuwend
omyving wriwduied clovenioaperend b o mew
-~ (o
e and voms.. b »u Y] (3] 1“
gl 197)-1999 150 4 e (%] :g
[ EX ] 2 el ovee um . » [
»no e [ =
—w 12 ; i o o=
-
= un 2 el ovwr l}' on}ie nft om
o, *rn " >

The 6 workers first exposed after 1950 who died of lung cancer were
all-smokers; five worked in areas where dust levels were high in
one may have had previous exposure from another job. No
liomas have occurred in this group although in view of the
; ency period none would be expected yet. Asbestosis was
found. in 3 of the 6 cases. The mmbers are too small for the
magnitude of the excess of lung cancer in those first employed after
1950 to be estimated with any precision. Dust levels associlated
with various processes are shown in Table 5.
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-M §  Duwet lrveis arcompenying difforeat waile pracesers, 19411074

[ Prorvas Toarly mvun da bwi
Casvilla shovenal poociptaror Loy runsing thorensl povipuae o
smwoirios pov 1) rolinines ssosiwony (fboes pov ory
1 L L 1 e
Fitarming Mising » - - - -
Opaning L ———aow itally ensiosd -
Bag Misneg - e ) 4 3
Moshnsion bagping - » 4 ] ¥
Carding Fine e » M . )
Modiun sk "e - ] [ ¥
Canres sards i o T '] Y
Sesriosl shhwer sards -~ e ] 1 )
Sgimneng Pine epinning L e Il ] '
Roviag framm e 199 § . 3
leresedion frame . " ) " .
Weaviag Banming 1 e H ‘. <1
Pirs winding 1% e ] 3 <1
Clnh wenvng e e ) 2 <l
Listing waaving 1 ne ) 1 <t
Plnating Plaking - » L] 4 3
CONCLUSIONS :

o
Results for Groups 1 and(3 were similar to that of Doll (1955)01° &
and Knox, et al. (1968)""", in that there was a 10-fold increase inj
risk of lung cancer in Group 1 and a three-fold increase for Group. *

2.

There was approximately a 2-fold increase in lung cancer for Group 3
and no increase for cancer of other sites. A 2-fold increase in
lung cancer was seen in Group 4 and a 3-fold increase in Group 5.
No increase in gastrointestinal cancer was observed for all groups
combined.

In a studyal' of asbestos textile factory workers, excess lung cancer
mortality has been reported. Observed and expected deaths due to
cancer, other cancers, respiratory disease and other causes are
shown in Table 1, together with death rates for asbestosis and
mesothelioma. In men first exposed before 1951 (cohort 1), t.her;l
were 22 deaths due to lung cancer compared with 13.85 expected (
0.05) 20 or more years after first exposure; while in later
| (cohort 2) there were 8 compared with 1.62 expected (P
0= * If it were assumed that all men not known to have died or
were alive on the follow-up date, 31 December 1978, these
/expected ratios would became 22/14.12 (cohort 1; P 0.05)
and 8/1.75 (cohort 2; P 0.001), respectively.

T sTgdTIcant Tevels are one-sided.
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oo i L] d 1 eul (I Jn Anlwestas Jthy,
to ' 1 psnthel oma PR
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i3 (]
Lary 11 It b i N LI | ' L] I - ! N A r ! N
14h 19, Tetbud 3 T 3 N ok N bl 3 :J I. ﬁ
a1 - 1780 3 1487 ! 1 -] b oI 2 [ 1 P I
25- 1806 10 T I3 b LR T 3 - 1 SR
i0- 17 i 114 2 N 5 PRI : 1 PR -
15- 507 1 22 ia 4 23] 19 3 1 ¢ .
Total =093 F. 48] 7 - o4 o7 10 - 26 4 7] B
1951 a0 19~ 2 1 130 0 13 3 1 62 a 12 1 v - e
later i. e 3 T U } 116 PRI : £} o e
" - 5k 7 T3 2 Y N 1 A4 T 2 E -
i 1 B TR a2 1 13 "3 2 hy -
[ i ] 4 A5 . 5 oap a4 . k-]

The excess mortality 20 or more years after first exposure due to -E_
nommalignant respiratory disease in men first employed before 195L
(28 observed, 18.63 expected; P
deaths specifically attributed to asbestosis. The observed -k
incidence of mesothelioma rose steadily from 0.0006 per arrum at ="
20-25 years after first employment to 0.004 per ammum beyond 35
years among pre-1951 employees. The absmce of deaths due to
asbestosis or mesothelioma in later employees may be due to their
relatively short period of follow-up rather than to a substantial
reduction in risk. Applying the incidence rates for asbestosis and
mesothelioma observed in cohort 1 in successive five-year periods to
the corre man-years of observation of cohort 2, only 1.9
deaths due to asbestosis and 0.4 due to mesothelioma would so far
have been expected, and it has been reported that 10 men in cohort 2
T&seady been certified as having asbestosis (Berry et al.,
1979) There is no evidence of excess mortality due to any other
cause of death: 14 deaths (12.60 expected) were attributed to
gastrointestinal cancers (ICD nos. 151-154) in the two cohorts,
including 6 (5.38 expected) 25 or more years after first exposure;
and no peritoneal mesotheliomas have occurred.

m data are shown in Table 2.
-

'I’aﬁe 2. Previous and revised estimates of mean dust levels in fibres,l
(weighted by the number of men at each level) in selected years

1936 1941 1946 1951 1956 1961 1966 1971 1973
Previgus estimates 13.3 14.5 13.2 10.8 5.3 5.2 5.4 i.4
corresponding to early
fibre counts (Peto et
al., 1977}

Revised estimates No measurements prior 32.4 23.9 12.2 12.7 1.7
corresponding to modern  to 1951

counting of static

samplest

" These estimates are based on prelimnary data on 126 men first employed between 1951 and 1955,
and should be regarded as provisional.
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TRé*M¥hors stated that the average dust levels were in the region
of 30 £/ml in 1951 and remained high until about 1974. It was
further stated that levels prior to 1951 were probably not much
higher than this:

The cumlative exposures of the eight men first exposed in 1951 and
who later died of lung cancer 20 or more years after first exposure
are compared with those of unaffected controls (Table 3). The
analysis is based on cumlative exposure up to the end of 1971, and
the control group consisted of 42 men born between 1901 and 1914 who
entered the factory between 1951 and 1955. The eight lung cancer
cases all entered the factory before 1956 and died in 1972 or later;
all but one, who was born in 1925, were within the age range of the
controls, and all were cigarette smokers. There is no evidence that
their exposures were anomalously heavy, although this may merely
reflect the inevitable inaccuracy of individual exposure estimates.

Table 3. Estimated exposures of men first exposed between 1951 and K i
1955 . T~
g, ¢

Cumulative exposure (fibres/ml-years) to December 1971°
0- 100- 150- 200- 300- 400+ Total

Men dying from lung 1 1 0 4 1 1 8

cancer over 20 years

after first exposure

Other men born 2 4 4 14 9 9 32

1901-1914

The observed relative risk for lung cancer 20 or more years after
first exposure in post-1950 employees was 4.9 (8 observed, 1.62
expected; 957 confidence limits, 2.1-9.7). This is significantly
higher (P = 0.01) than that observed in men entering between 1933
and 1950 (22 observed, 13.85 expected); but, as the majority of
pre<1951 employees in this study were still employed in 1951, it
ly that this apparently marked increase in risk is largely
e. The eventual relative risk for lung cancer among men
= imated cumilative exposures of about 200-300 fibres/ml-years
(the order of magnitude of the average exposures of men first
employed in 1951 or later (Table 3)) is therefore probably between 2
and 3. This is in reﬁg'xably close agreement with an earlier
analysis (Peto, 1978)" "7, which was based on the assumption that the
relative risk would be about 2 in men who had suffered cumulative
exposures of about 200 fibres/ml-years and indicated that lifelong
?cposure to 2 fibres/ml might eventually cause lung cancer in about
% of men.
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The risk of lung cancer 20 years after exposure in post-1950 workers
was 4.9 (8 obs. vs. 1.6 exp.), which is significantly higher than in
workers initially exposed in 1933-1950 (20 obs. vs. 13.8 exp.). A
relative risk of 2 to 3 for 1 cancer among men with cumilative
exposures of 200-300 (fibers/cm™)(yrs.) was estimated. No clear-cut
gradient in risk of lung cancer was associated with increased
exposure, suggesting that exposure estimates may be imprecise.

Chrysotile textile workers (South Ca::o].'.'.n.a)85 were studied to
investigate the risk of exposure to this asbestos-type mineral.

The mortality and exposure data were analyzed in two ways. The 104
first followed the orthodox man-years life table approach of Hill
and others, whereby standardized mortality ratios (MRs) are derived
from comparison of observed mumbers of deaths with mumbers expected.
from mortality rates in a standard population. In this case age-;: F
sex-, race (colour)-, and year-specific rates for South Carolina. _
were used. The second approach, essentially internal and %
case-contr%sin type, followed the Mantel-Haenszel (or log rank) =°*
procedure, yielding relative risks from entirely intracohort
caparisons. In calculating MRs a ''lag time'' of 10 years before
death (or end of 1977) was imposed in determining exposure, and only
deaths 20 years or more from first employment were included. In the
Mantel-Haenszel analysis the same exclusions were applied, controls
being selected from all other members of the cohort of the same sex
and colour (black or white) who met the following criteria: (1)
alive at death of case, (2) same year of birth, if in or after
1900, or within five years if before 1900, (3) within five years of
date of first employment, before or after 1938. The statistical
significance of differences between observed and expected mmbers in
is analysis and for departures from linﬁgity were calculated as
X“ values by the method of Peto and Pike. Lines were fitted to
exposure-response results by Liddell using the method of Hanley and
Liddell (to be published).

mf dust concentration in millions of particles per cubic

_ ) and duration of exposure in years were established for
eadvorker. Tables 2 and 3 give exposure estimates.

Table 2 Estmated average prevailing dust concentrations (mpcf) in main deparimenss. 1930-70

1910 1940 1950 1960 1970

Preparation 35 . 20 -0 . 08
Cardmg 31 . 2 .

ning 35
Wiading
Teunting

Weaving . .
Finshing and 1nspectson 14 LA 1 0-8 . 0-

——

e,
—— OO

* Apparent gnprovement usually associated with techmucal change
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Table 3_ Age g siart. duration of employment, and dust exposure (men oniyv)

Length of gross service (vears)

<{ i <3 5. <20 @20 Toral
i B B By B
at stan (yean . . . .
Grom servoe tyear) 039 243 1050 31.86 e
Net service (years) 037 1-81 1.58 1951 759
Average dust concentration (mpcl) 211 | R6 1-67 123 1-80

*Excluding five whose employment histones were incompieic

Mortality of the males of known age shown by age and cause is

presented in Table 1.

‘lable | Male deaths by uge and certified cause

Cause of death (1CD code) . Age o death Fowal
:'- 45-0d EL
All causes 178 02 177 Ks7
Mabgnant neoplasms:
Lung (162-164) ; ! :; u; oo "i_
Oesophagus and stomach {150-15]) 1 15 -
Colon and rectum (1 52~154) 2 k] 4 9 -
Other abdomunal (155159 ] 10 2 - (-
Larynx (161) [} 2 1 L] '
Onher (1448, 160, 165-20%) L 23 12 41 . !-
Heart discase (4100-443) N 189 Tu v LT
Respitatory tuberculoms (U0 1-(xN) ® 4 N 14
Other respiratory (470-522; $25-517) HY 27 ¥ 4N
Preumocomnosis (5234) 2 12 7 2
Cerebrovasculsr (330-334) L] i) 21 bl
Acadents (800-~999) 67 42 3} 12
Other known causes 24 By 19 132
Causes not known 15 1 s 3y

Table 4 sumerizes the mortality experience based on the modified

life table analysis. Overall, the R (all causes) is 27% above
expectation and perhaps twice that in men employed 5 years or more.

Table 3 Mule deaths 20 vears after fust emplovment, by cause, in relation 1o duretion of service

€ ause uf death Length of gross service (yodry)
<! 1 <5 520 20 Complete cohort
L T v MR 0 SMR 0 SMR 0 SMR v SMR

All cakrage— 159 1074 1y 1227 120 1% 1 178 o7 $70 1274
Mahignean, seopiams.

Respiratory - K TH2 10 1619 [ERR hL I A 59 19e s

Abdomina 6 107y LA T 7 2 LI ST 2% 1517

Other 2 12 T 140 9 qusy 7 482 352
Hean discase 6y 1KY M K76 35 1417 TH 120K MNE RS
Respiratory tubercukous 1 20K | TR 1 07y 1 131 s 4 2224
Other respiratory LIS ) VRS 1 TH 27 85T S s o7y

Preumoconiasiy 1 — () — {m — (o) — (s0) —
Cerebrovascular .9 B 14 1v30 n 1073 ¥ T2 3% 1072
Accidents I8 1242 L U 5 TSR Y K50 0 970
Other known MeY N O17S5S 23 17177 21 93 102 1324
Not known 3} 3 7 1] 13

*As in tabie | except that JCTY cimdes 160-164 are here grouped under " resparatory”™ mahgnant ncoplasms and the “uther respiraton

category includes only bronchitis, p 4. and poe (ICD 490=502, S23d)
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is (a) a 77 excess of deaths even in men employed less
than one year, unexplained by any asbestos related cause of death,
and (b) a 327 overall excess in deaths of ''other knowm causes,' the
MRs are probably somewhat inflated, mortality in South Carolina
having presumably provided an imperfect basis for camparison. Much
of the excess, however, is clearly attributable to respiratory
cancer, pneumoconiosis, and gastrointestinal cancers. Table 5 shows
the cohort mortality, related to dust exposure. There is a steady
gradient from 115.5 to 264.4 for mortality (all causes) and a much
steeper slope for respiratory cancer and also for selected other
respiratory diseases (which include pneumoconiosis). No clear trend

is apparent in the other diagnostic categories.

Table S Male deaths 20 ycars afier first employment, by cause, int relanon to dust exposure (mpcfivt accumulated to 10
vears before death

Cawse of death* Thst exposure (mpcf vi

<l 10 <20 10 <40 40 <¥0 280 "i

0 SMR 0 SMR 0 SMR 0 SMR 0 SMR L

All causes 376 1155 35 1255 6} 1569 43 1704 3 loks E‘—
Malignant ne: sms’

llc‘sn. at ople 3t 1431 5 IR2Y 8 1042 7 4195 £ 03RO T

Abxlnn::? 4 1149 4 2316 4 2470 4 36 [V

Other 28 140:0 3 1092 1 449 0 - ] 3838
Heart disease 14} 1035 W 1438 29 1666 l? ﬁgg: 3 149-9
Respiratory tuberculoss 3} i 4 0 — 0 - . —_
C::: u':;.'muq.» B 659 2 19S 6 4217 13 19078 6 12960

Pneumuconions () — 0 — 3 - v — # —
Cerebrovascular 9 153 2 500 4 1244 2 934 1 94
Acoidents o2 M S4:1 S 1529 1 494 1 120-0
Other known : 79 144 9 1169 4 630 b} 15 b} W33
Not known Hi 0 2 0 i

Table 6 shows the results of the posteriori Mantel-Haenszel analysis
for certain diagnostic groups only. The mmber of deaths included
in this analysis falls short of those used in tables 4 and 5--for
example, 490 compared with 570 from all causes; in the remainder no
matching control could be found. There is clear confirmation of a
statistically significant linear trend in lung cancer,
pneunoconiosis, and deaths (all causes) but no convincing
asgociation for the abdominal cancers.

) death ascribed to mesothelioma was found--a men born in
198F died in 1967. He was first employed at the plant in 1925,
worked as a mule spimmer from 1933 to 1955 and as an oven helper
until he left in 1965. The tumour was stated to be peritoneal but
there was no necropsy.
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Table 6 TROCeposure in male deaths from selected causes and controls ( Muntel-Haenszel analveisd)

Dut expeosure (tmpct v accumuldated up o 10 vears Che square
betore death of case
Lincarity

<0 o v Ji- v JU-7V 280 Difterence lmmrm
Pacumocomomns (101D S23)
fn...h\ 0 ] N n ) 17 3% 10 8t
t xpected L 22 L 41 T
Relative risk — - - — -
an Yial d)
! uxl;f.:l‘r‘:“' el ' 25 1 K 7 [} 24 0R MR R
I apected AR ] S 4 L) A 2
Relative risk i o 298 332 [REL1]
Ahdominal cancer (1D 1S0-9) A
Daaths [ 4 2 4 0 406 MEE
b xpected [ 29 28 2 0
Relauve nsk | 16l 130 763 -—
All causes
l):‘alh: AR1} 45 AR 37 23 1442 1061
I xpected RELEG a2 488 24 150
Relative e1sk ! I s I-43 151 7

2

o IQP o
'V'r'l

This study shows that the relatlonshlp of lung cancer mortality to
accumilated dust exposure is virtually linear.

The pattern of mortality in this cohort of chrysotile textile
workers is similar to that reported for Quebec chrysoti%, miners and
millers, particularly those employed at Thetford Mines. Overall,
the QRs for the factory workers are somewhat higher than for the
miners (perhaps due in part to questions of comparability with the
reference populations). There is the same scarcity of deaths
attributed to mesothelioma and, in both cohorts, the relationship of
Iung cancer mortality to accumilated dust exposure is virtually
linear. It is only when actual levels of exposure are examined that
the astonishing difference between the experience of these two
chrysotile-exposed cohorts is seen. This is illustrated in Fig. 1
where, to facilitate comparison, tg’ MRs in both cohorts are based
on exposure accumulated to age 45. In fact, the slope of the
exposure-response line for lung cancer in the textile workers 1s 50
timés more steep than that observed in miners and miléfr
almost exactly the findings of Dement et al.”™" in their
¢ cohort from the same plant; the agreement 1s very close (see
=%). The data shown in this graph are based on mortality for
men only, 15 years or more from first employment and therefore
differ somewhat from the figures in Table 5.

RoA_08227

2L017007dD€20Z#3aASVD - SY3AT1d NONINOD - ANVTHIIY - INd 9%:S ¥¢ INC 720 - d3711d ATIVIINOYLO3 13



- 38 -

-
1000 \\\C" .
(LA
,"‘ e Tertues SMR: X2 7S046 mocty |
Pid RR : ) «Q0R mocty |
004 S e
o Pragtion SMR: B Te0 16 mocly '
o AR : 100008 mocty |
""
o0 Production .
0 % 0 %0 200
Dust exposure (mect y) Gccumuicind © 0ge &5
Fig | Respiratory cancer SMRs in relanon 1o dust

exposure accumuluted 1o age 45 in chrvsotile producnon

and texale manufocture

CONCLUSION:

Various reasons were discussed to determine whether the differenc
observed were due to errors in exposure estimates, etc.

o Dement ot of

o Tres shudy

MR 61 57 1 Wmoct y
RR . 1+ 0069 mpcty
SMR ; 14?7 L3 7SI mexty
RR + 19 005 moct y

50 200

%0 00
ACCuTnsaed Ous! esposure {mect y i

Fig 2 Resptratory cancer SMRs in white men |5 vears or
more from first employment in relation to accurnuiated dust
exposure. Companson of this studv and that of Dement ¢

al*

errors, the difference remains at least 10 fold.

Assuming =

&

g-p wid
-'r'r'r

%

Another col'nmrt86 of chrysotile asbestos factory (textile) workers in
a Permsylvania plant was studied, which included those employed
during 19381959 for at least one month. Crocidolite and amosite

were used at this plant also.

and 3.

I'able 2

Esnmated uverage prevaiing dust concemtranions (MPCF) in matn depariments 1930-70

Exposure data are shown in Tables 2

1930
Texule

Preparation 1S -
Carding 120 - L)
Spinmng 740
Twisting 72
Winding 30
(loth weaving 74
Tlre weaving 73
Felted tape 20
Rope 4

Fcuon:
Waoven ﬁﬁ '
ll:)zlm-kcs

eh

(&

Brate Amsbmg
Sanding and fimshing
Frushung and shuppiag

Packings, gaskets
Maintenance, eic

tya0
. 13

[V YN
i ¥ )

've
&
s & 09 o o s

1
R

HA

Srotuta T
wo oo

g

L W)

i1
0s [T

o

19584

(L3

1o
1o
4.0
[
1y
10
U2

6
02

1961)

02

[

*Astensks shown a}un:l teatile processes indicate approximate date of improvements usually assoviated with techmical change Figures tor

fncuon and other Jepartments are esti

Table 3 Age ar stare, duranon of emplovment, and dust exposure (male ont.)

mates for each decade

Length of gross service

<7 1. <5 5, <20 20 Total
No 1248 906 855 1013 4022°
Average age at stant (years) 2880 29-30 30:77 2 28.92
Gross service (years) 0-40 2N 11-0! 30-63 10-71
Net service (yean) 0-38 1-87 8-06 27-51 9-i8
Average dust concentration (mpcf) 260 2-40) 273 | SR 2-32

*Excluding two whose employment histones were MEQS 228
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Ey was analyzed as in #8 above, using Permsylvania death
rates for reference. Mortality data by age and certified cause are
presented in Table 1.

Fabic | Male deuths by age and cern fwd cause

Cause of death (1CD code) Age as death Tosal
<45 4504 264
Al causes vl 667 34 1392

Malignant neuplasms.

Lung® (162-164) k) 49 18 0
Ocsophagus and stomach (150-151) i 7 h 14
Colon and rectum (152-134) M 2 12 as
Other abdormunal® (155-159) 3 16 N 24
Larynx ilol) v 1] [\ 0
Other® (140-148. 160, 165-205) 16 s7 40 113
Heart disease (400-443) 43 285 248 573
Respiratory tuberculoms (001-008)° 5 4 2 1
Other respuratory (470-522. $25-527) 6 17 i 48
Presmoconioss (523-524) 2 43 24 74
Cerebrovascular (310-114) 3 3 44 80
Acodents (800-999) 74 44 20 138
Other known causes*® 23 73 L] _‘.l76
Cause not known 1 [ B] 13 - !Jo
*In 13 cases in these categones. mesothclioma was given as the cause of death, in one death sscnibed 10 asbestous, mesothebomd ves also
mentioned. R W
R 4
- !—
-_—

The SMR for all causes of death was 109.0. Those employed for less
than 1 year had a 3R of 87.2, and those who had worked 20 or more
years, 127.2. (Table 4)

Table 3 Male deaths 20 veurs after first emplovment, by cause, in relation to length of service

Cawse vf death® Length of gross service vears
</ 1. <8 AR >20 Cuomplete cohort
‘ 0 SMR 0 SMR 0 SMR 0  SMR 0  SMR

All causes 17 n72 154 106-2 187 104-5 ALK 127-2 R9S 10
Malignant neoplasms

Resprratory 9 696 3 329 14 1288 27 1589 31080

Abhdomingl LS 7y K] 1337 1 1069 24 [RIN) 54 127

Other 9 1324 16 1820 15 1IR S 12 155.3 LM 1411
Heart discaw 7 97 77 126 ¢ i 1002 153 1157 3RS 108-§
Respratons tubercutosns 0 - ! 1334 0 - 2 6713 3 s 7
Other respiratory 4 S42 M kLI 1 16! 0 ATV 2 M) 67 2150

Preumovonmions [ (- (- (46) — (59) —
Cerebrovasculat 7 549 10 106 s 10 777 20 §7-6 47 81-2
Accidents 13 17s 1S (LI 8 872 9 6u-| 45 1035
Cthes kgayn. 30 752 I: s24 37 1030 62 1031 144 872

3 3 15

“AFIBEE_| exccpt that 1CD codes 16 1A are here gronped under “respiratory” mahgnnt neoplasms amd the “other respiratory”
categmmyemctudes oniy bronchitis, pacumoaia, and preumoconivss (ICD 490-502, §23-4) ’

Malignant neoplasms, heart disease, and ''other respiratory' disease
were mainly responsible for the higher SMR in these long term
workers. The other respiratory category included bronchitis and
poeunonia (ICD 470-502) and pneumoconiosis (ICD 523-4) and was
chosen for study because expected figures for pneumoconiosis alone
were not available. Table 5 shows SMRs by cause and by accumilated
dust exposure. The MR for all causes rose steadily from 93.1 for
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an exposure at under 10 mpcf.y to 215.2 in the highest
category ( 80 mpcf.y). Respiratory, abdominal, and other malignant
diseases and the non-malignant other respiratory group all
contributed to this rising trend. On 14 death certificates a
diagnosis of mesothelioma was specified: 10 were pleural tumours
and four peritoneal. These deaths occurred in the period 1960-75.
One (in 1960) was 16 years after first employment; the remaining 13
occurred 25-53 years after first employment. Two of the deaths from
mesothelioma had been given the ICD code 199 (malignant neoplasms of
other and unspecified sites); another 30 deaths 15 or more years
after first employment were given the code 199. Seventeen of these
30 deaths occurred before 1965, the year after which most of the
deaths from mesothelioma occurred. The diagnosis given in many of
these cases was consistent with an unrecognized peritoneal
mesothelioma.

Table S Male deaths 20 vears after fist employment, by cause, in relation to dust exposure (mpcf.v) accumulntfd‘.;?:io
years before death :

Cause of death® Dust exposure (mpcf v) - F—
{See mble 4) £
<{0 10 < 20 20 < 40 40 < 80 280 - *
[ SMR /] SMR 0 SMR 0 SMR 0 SMR
ANl causes 470 63§ 46 821 130 1256 05 1749 104 2182
Malignant neoplasms
Respiratory . 21 66-9 5 83-6 1 1560 6 1600 11 d161
Abddomnal 26 90-2 [ 130-5 S M7 8 2IR8 702372
Other 47 1304 5 o8 § 11 148-6 7 1647 12 3728
Heart disease 221 1027 41 892 o 1306 34 1308 29 1088
Respiratory tuberculous | 343 0 — -— - 1 1697 i 1636
Other respieatiry 3 416 5 122:0 10 2630 14 6233 30 16892
Pneumocomoss () — )y - )y — 9 - (36) —
Cerebrovascular 27 78-3 1 133 10 133§ R 1872 i 293
Accidents . 33 1201 k| Shl 1 t8-6 [ 193-9 2 910
Other known 74 733 17 L) 23 097 21 1722 9 97-8
Not known 12 1 (4] 4] 2

The Mantel-Haenszel (log rank) analys:i.s105 (table 6) bore out the
exposure-response relationships observed in Table 5. There is a
mall shortfall (5% overall) between the numbers of cases used in
%lysis and in the man-years analyses presented in Tables 4
amli® The deficiency is explained by failure to find matching
s for every selected case.
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Table 6 D\n'bﬂpu:ure tn male deaths from selected causes and controls (Mantel-Haenszel analysis®)

Dust exposure (mpcf.y) accumulated up Ch: square
1o 10 vears before death of case Dufference Lineaniy
<10 10<20 20<40 40 <80 »80
Preemoconsons (1CD $23)
Deaths 3 4 10 i 28 39.-56 39.17
Expected 14:6 81 109 81 143
Relative nsk | 404 1372 14-93 3179
Lung cancer (ICD 162-4)
Deaths 20 4 10 6 11 577 49
ETned . 244 52 80 56 77
Relative nsk ] 083 -S4 2% 642
Abdeminal cancer (ICD 150-9):
Deaths 26 8 ] 8 7 3.2 1-09
Empected 288 68 1-0 53 61
tive nsk : 1 115 0-60 2-48 2:85
All causes .
Deaths 451 81 121 100 99 34-66 2612
Ex ed 4766 104-5 1186 80-4 720
Relanve nsk 1 0-82 1-20 16 212

}

The present cohort in the Permsylvania plant was constituted in
exactly the same way as that in thSSSouth Carolina chrysotile
textile plant described elsewhere.

P

d‘lrl vk wodo

The Permsylvania cohort was exposed to a somewhat higher average
dust concentration: 2.32 mpcf compared with 1.80 mpcf in South
Carolina. The mortality pattern in Pemmsylvania resembled that in
South Carolina in showing a rising SMR with increasing dust exposure
for all causes of death, for respiratory cancer, and for
pneumoconiosis. For respiratory cancer, however, the SMR for the
lowest exposure group (less than 10 mpcf.y) was 115.5 in South
Carolina but only 69.9 in Pemnsylvania. By contrast with South
Carolina, where the SMRs tended to be above 100 for causes ungglated
to asbestos, and for all causes in very short<term employees, - the
opposite was true in Permsylvania. It seems likely that in both
cohorts lack of comparability with the relevant state populations
may be the explanation. Having regard for this possibility, the use
of relative risks is perhaps more appropriate than SMRs for
comparing the respiratory cancer mortality of the two cohorts.

shows that the relative risks of death from all causes,

tory cancer, and pneumoconiosis in the two plants were

exaraqrdinarily similar. In both cohorts the relationships of
respiratory cancer to exposure were essentially linear (figure) with
slopes that were nearly identical (South Carolina, RR = 1 + 0.059
mpcf.y; Permsylvania, RR = 1 + 0.051 mpcf.y).
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Table 7__ Relative risks based on SMRs by cumulanve exposure in two plants
>
= - mpcfy
<i0 10 <20 20 < 40 40 < 80 240
All causes.
Sowsh Carolina plam 10 1-09 136 1-48 229
Pennsylvania plant 10 0-88 1-35 1-88 231
R BtOTy Cances
*!o‘aoﬁm plant 1-0 1-28 213 2:93 721
pia o 35 153" 53 perd
Peneylvania plant . 10 . g g
. (1-26) (1.58) (2:94) (3:03) (787)
Broachtis, pnevmona. and
oconons.
m"Cnmiu plant 1-0 1-81 640 21-36 19-67
Pennsylvama plant 10 2 603 14-29 3874

Figures in 1tshcs are relauve nsks cakulated from SMRs at zero exposurc Jenved from fitted line.

Similar proportions of all deaths in the two cohorts were from
malignant disease (177 in South Carolina and 187 in Pemnsylvania),
but the types of malignancy differed. In South Carolina respiratory
cancer accounted for 477, abdominal 257, and other types 287 whereas
in the Permsylvania plant the corre di.ng rtions were iy 1
reversed, 277, 297, and 447. Moreover, in South Carolina no g
systemic relatlmship with exposure was seen for abdaminal or ot:l'!el'!L
types of malignant disease whereas in Pemmsylvania there was =
evidence of such a relationship.

'?

y

RR -
® Soutr Corelhrg
S - » Pernsytvaria
8 -
7 -
5, -
< 4
.
.
- .
L .
.. ‘9 ’,‘.
: .,
§ - Pid
- .
ot 24 /
'
T Y 1
L oL e

moct y

Relatr e rish of respirators cancer and accumulated dust
exposure in two maindy iesttle plants (Lanes futed by DK
Liddell using the methods nf Hanley und Liddell )
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eased risk of mesothelioma in the Permsylvania plant (14
cases in 1392 male deaths (17) compared with one case in 867 (0.17)
in South Carolina) raises the question of whether the abdominal and
more particularly other types of cancer included undiagnosed cases
of mesothelioma. There is some support for this idea in the
substantial mumber coded to ICD 199 (malignant disease of other and
unspecified sites) and the fact that 17 of these deaths occurred
before 1964 when malignant mesothelioma started to became more
generally recognized. Once again there is evidence in this study of
the special risk of mesothelioma associated with exposure to even
quite small proportions of amphibole, in this case predominantly
amosite.

OONCLUSION
The very similar exposure-response relationships for respiratory

cancer and asbestosis observed in this and the South Carolina plant
support the previous conclusion that the risks of these diseases

chrysotile production (mining and milling) and in textile *E
manufacture are quite different. In the third plant studied, a "* ¥}
friction materials plant in Commecticut, there wgg little orno 3 t
excess risk of respiratory cancer or asbestosis. This ¥gs also
true in a friction materials plant in the United Kingdom.

Possible reasons for the striking epidemiological ferences--fibre
size distr&ut}ws in particular--have been discussed

elsewhere. "’

Mortality was st:udied70 among asbestos-cement workers who had been
hired prior to 1960 and who had been employed for a minimm of 9

years.

Table 1 gives the mortality rates for each of the three exposure
groups of production workers, for the interval 20-33 years from
first exposure.

Table U Mortainty rates 1 the tncers al 20-33 vears from first exposure and esumated dust exposure of tiree groups
of workesgeth umber of deathy in parentheses)

[T =l Laponure group

Group A Group it CGrrongr Oniurto men”

Rutes (por 1000 mari-years)*

AMowotheiomd 1Y) 49 ¢ 119 (n) —
{ :nu canrcer 1} 6(S) 1 (7D 1LY (6 16
Cotromtesunal cancer IX{U] 25 60 (3) 06
Al mashignandios 173(%) S9N 11 X(16) 47
M.sothehoma crude rates 284 46 () o &) -
b stimuated exposure range (1 mh) N6 N:—l.l 122-420

{ sumated mean ¢xposure (1-y mi) 44 92 140

Standa d devation v4 158 s7

*Standardised to age dntrbution of group C
tHased on Ontanio sial statistics 197144
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exposure levels (in f-y/ml) were: Group A-44; Group B-92;
and Group C-180.

The mortality observed among the employees was compared with the
mortality predicted fram Ontario population rates (Table 2). To
increase the man-years of observation in each cell, the second
group, listed as P + M in the table combines the experience of the
producbe tion and maintenance employees, all of whom were exposed to
asbestos.

Table 2 Morwlity among the factory workers compared with the population of Ontario

Cause Group Years since first exposure
15-19 20-24 25-33 Towl: 20-33
Obs Exp OIE Obs Exp OE Obs Esp OIE Obs Exp OIE

All causcs P 8 89 1 16 118 14 34 116 29 5 234 21

P+ M T T 22 155 14 W 15T e 81 e

C 780 14 7T S912 7T T4 1 4 133
All mahgnancics P 2 19 1 9 28 32 W 19 69 X ST a
ICD. 143-209 P+M 2 25 1 i 37 30 23 37 6! M T

C 3 11 27 3 14 21 i 18 1 4 32 ¢
Lung cancer P I 061 6 10 60 11 10 10 17 20 -85
ICD 162 P+M ] 08 1 7 12 S8 12 13 92 19 25 7s

C 0 03 0 0 050 1 06 1 1 e
Mesothchoma P 1 - - 2 - - 4 - - [ - -
ICD 163,158,228
Gastrointestnal cancer P 0 05 0 | 07 1 2 07 29 3 s 21
ICD. 150-154 P+M 0 07 0 09 | 309 33 1 18 212

C 1 03 1 | 03 1 0 04 0O 1 07 1
Non-malignant ] 1 04 1 ! 07 1 3 08 38 4 15 27
respiratory disease P+M 1 06 | 3 09 33 4 10 40 7 19 37
ICD. 460519 C 0 03 0 0 04 0 1 0s 1 1 09 1
Ischaermic P 4 39 1 2 47 04 S 46 1 7 93 08
heart discase P+M 7 49 14 3 62 05 6 60 1 9 121 w7
ICD- 410414 C 3211 1 24 04 2 29 | 3 1 06

P = Production workers M = Maumicnance workers  C = Unexposed workers

There were 10 deaths from malignant mesothelioma (5 pleural, 5
peritoneal) among the 58 deaths occurring in the production
woplB¥8--a proportional mortality of 177 (table 3). In additiom,

@t the maintenance workers died of a pleural mesothelioma. All
o e men had been exposed to both chrysotile and crocidolite in
the pipe plant. The mean age at death of these 10 men was 51 years
and none was over 60 (table 4).
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Table3 Mormlity rates from mesothelioma and lung cancer among the production workers (based on best evidence)
Time since first exposure Age
(years)
3544 45-5¢ 35-64 65-75 75 or more
Mesothelsoma No of cases 2 5 3 0 0
1533 413 865 654 244 21-5
r r 1000 man-ycars) 43 58 43 0 0
20-33 1 b 3 0 0
M;n yg.u 124 493 485 213 un-s
Rate (per 1000 man-years) 80 10-1 62 0 i
Lung cancer No uf cases 0 0 13 [} 1
:gn Man-years 413 865 694 24 s
Rate (per 1000 man-years) 0 1] 187 246 WS
20-33 No of cases [ 0 1 [ 1
124 493 85 213 s
Rate I;u 1000 man-years) 0 0 n 282 -5
Ontano rates (based on 01 0-5 1-7 35 38
wital statistics 1970-4)
(per 1000 man-years)
The mortality rates for mesothelioma among the tion workers

are displayed

asbestos-exposed employees,
first exposure. Peto et al.

in table 3 as a function of age. Table 5 gives the -
crude incidence rates for mesothelioma among all the
ggrelatedtoﬂletimmtervalsirme

oy

vh oy

m-r'r-

have suggested that the incidence of

mesothelioma follows a power function relationship with time. The=
data are consistent with this suggestion, with an exponent value of

between three and four.

There were 20 deaths from lung cancer among

production workers--a

the 58 deaths in the

proportional mortality of 347. Pathological

information about 17 of these 20 cases indicates four were
adenocarcinomas, eight were squamous, four were small cell
mdiffermtiated, and one was a large cell undifferentiated tumor.

As a group, these men were first

exposed to asbestos in this plant

at an older age, and they died later in life than the men dying of

mesothelioma (table 4).

Table 4 Some characterstics of the cases of mesothelioma
and lung cancer (Classified according io best evidence)

Meun Range Star:turd
deviction
may——r—
" fi ‘.- lm s {932 F
Age at first 25 32 :
Age at oo O 12457 53
Lateney (yeasdP™ R 17-30 X
Lung cancersin = 7t} w s s
Apc Jt HEst CXParyre ! n-52 H

A:e a1t death o4 55-TH e
Latency (years)* 25 17-29 36

*1 atency s the tnterval from tirst exposure to Jdeath

CONCLUSTON

Table 5 Incidence rates of mesothelioma amonyg the
production and muntenance workers exposed o asbestos

Time nince first exposure {vears)

IS19 024 255 0
No of cases 1 45 1

1182 1061 555 104
Tnesionce e 08 31 %0 96

ate
{per 1000 man-years)

Workers at this asbestos-cement factory exposed to historical dust
conditions have experienced increased mortality rates from
respiratory and malignant diseases. The lung cancer mortality rates
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3

—s
did not increase steadily with increasing estimates of cumuilative
exposure; in fact, the men in Group C experienced the lowest cancer
rates of all. This may have been due to the small mubers involved,
to differences in smoking habits, etc. Rates of death from
mesothelioma were related to the magnitude of the cumulative

exposure.

The cumilative expo roduction workers was estimated (to
withinafact.oror?. to 5) togavebeenabmt 100 f-y/ml, and the
MR for the period after 20 years was 850. The authors concluded
that the lung cancer rates, at a cumlative exposure of 100-f-y/ml,
may be raised several-fold.

Table 1 presents observed deaths and standardized mr:ality ratios
(Rs) for selected causes of death for the cohort production
and maintenance~service workers (1075 men) for the intervals 1941-69
and 1970-3, which correspond to the original follow-up and the
te periods, and for the total follow-up period 1941-73. For
period 1941-73, this cohort had an overall mortality rate 20.47 - <%
higher than that of all United States white males. This excess is: !
due almost entirely to cancer and diseases of the respiratory ®
system. For cancer, the greatest excess is in cancer of the
respiratory system but with some excess also in cancer of the
digestive system and all other cancers. For respiratory disease,
the excess is due entirely to pneumoconiosis and pulmonary fibrosis,
19 cases of which were due to asbestosis (ISC 523.2). The pattemrn
of deaths was similar during both of the follow-up periods, although
overall mortality and cancer rates were somewhat higher during
1970-3. The increase in overall mortality for 1970-3 was primarily
due to a large increase in death rates for stroke. Whether this
increase is in any way related to occupational exposures is unknown.

Tame |
Oty Diatis AnD SMRs 10k Stk TFD Causts OF Deati sy Prrioo ok Foiiow.
Lp, 107 Mi~ RETIRISG TROM A USiTED STATES AsBEsTUs COMPaNy 1941 -47 anD
Forttowen THROLGH 1973

= 1941-73 1941 -69 1970-)
F’_- Observed Observed Observed
’ : Cause of Desth Deaths SMR  Deaths SMR  Deaths SMR
All causes 181 1204 616 1158 163 41 6
Cancer (140 205) 173 1590 138 154.5 3 1795
Digestive (150-159) 55 1378 46 136.1 9 1475
Respiratory (162 163) 63 2704 49 2707 14 2692
All other cancers 55 1206 43 1150 12 t44.3
Stroke (130- 3)4) 74 %4 48 76.7 26 1831
- Heart discase (400 441) b ¥]| 106 5 269 108.4 $2 917
Respiratory discasc (470- 527) (1] 1130 $4 1782 14 1556
Pncumoconwers snd
puimonary fibrosis
{323 2% b1 - 28 - [ —
Asbesions (523 2) 19 - 16 -_ k] -
All other causes 113 9258 9% 946 17 82.5
Death certificates not located n - n - M| -
—_——
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Estiates of exposure were based on midget impinger counts expressed
in million particles per cubic foot (mppcf). Five classifications
were used. These were:

no exposure (0), less than 5 mppef (2.5), 5-10 mppef (7.5), 10-30
mppef (20.0), 30-50 mppcf (40.0), 50 or more mppcf (62.5).

To compute cumlative dust exposure for each man, the dust level at
each job and time period was multiplied by years at that job and
summed across all jobs during his working lifetime. This total
cumlative exposure can be thought of as mppcf-years.

Tame 2

Omeaveo Deatus and SMRs ror Resmratoay Cancer oy ToraL
Dust Exrosuae and Period of Fotrow.ur, 1078 Men
RETIRING 194167 AnD FOLLOWED THROUGH 1973

Total Dust Mean

Esposure Number  Exposure 1941-13 1941-69 1970-73 1
(mppci-years) of Men (mppcf-years) Deaths SMR Desths SMR Desths SMR i

Under 125 a7 62 19 1979 1S 2000 4 1905 B o

125-249 224 182 9 100 8 200 1 100.0 ir

250 499 268 182 19 3276 13 3098 6 150 =~

500- 749 108 606 9 4%0 8 4706 | 1)

750+ “ 976 7 MSE S N43 2 10000

Table 2 shows the relationship between total dose expressed as
mppcf-years and mortality from respiratory cancer. For each dose
interval, actual means are shown. These data, plotted on
arithemetic paper, are also shown in Figure 1.*

—re

=
¥ relationship shown 1s not simply the result of time and the

consequent fulfilling of latent period requirements. As notedliﬁ a
previous paper, the dose rate makes an important contribution.

There were 5 mesothelioma deaths observed in this cohort, of which 3
occurred during 1970-1973.
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Fiauri 1 Total asbestos dust expusure and respiratory cancer mortality.

In an earlier report, it was speculated that the mathematical form
of the dose-response relationship was the cumulative normal. The
theoretical basis for this conj ectuygowas the response curve in
bioassay experiments. Scmiderman has fitted a different curve
to these data, while Peto believes it is best described by a
simple linear relationship. It does appear that cmitting the
Canadian data and adding 4 more years of follow-up change the
relationship and make a linear relationship more likely. By use of
the five data points from Table 1, this relationship can be
.aa%_:'sﬁ?ed by the equation: predicted MR - 100.0 + 0.658
(cxxilative exposure).

orrelation between cumilative exposure and respiratory cancer
MR is 0.982. This prediction line is superimposed in Figure 1.

CONCLUSION
Respiratory cancer risk increased as the quantitative exposure level

increased. The QMR for the lowest level was 2.0; for the highest
level, 7.8.
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The €Ffects of asbestos exposure with respect to lung cancer risk
continued well past the termination of exposure.

The study population of retirees are ''survivors,' and mortality
experience may not reflect actual risks associated with asbestos
exposure. Most likely, risks were underestimated.

12. Mortality of asbestos factory workers exposed to crocidolite,
chrysotile, and/or amosite in the prod.lgz.im of textiles or
insulation materials has been reported. The levels of exposure
were reported as follows:

(1) before 1945 the dust levels in certain jobs were said to
average 20 fibers/ml or higher;

(2) jobs classified as ''low-moderate' were probably 5-10 f/ml;

(3) in non-production jobs and some departments the levels were
below 5 f/ml; .

(4) after 1955, many areas were probably above 2 £/ml.

g BAN

Laggers were considered separately.

The male cohort consisted of 4600 men and 922 women. There have
been 775 deaths among the male workers. An analysis of the 545
deaths that occurred among workers, excluding laggers, who had been
followed for 10 years or longer is presented in Table 1.
Asbestos-related disease is rarely if ever manifest in those
within 10 years of first exposure. In the Tables, the deaths from
mesothelial tumors are given in parentheses but are included in the
total mmber of observed deaths in any particular diagnostic

category.

Tasr 1
" MORTALITY EXPERIENCES O MALE FacToRY WoORKERS
-_-.-E""_- < Exposure _—. _—_
Low 10 Moderate Severe
<2 Yan >2 Years <2 Years Y
(8384) {554) (321} ,(Sl:‘
Cause of Death Obwerved  Expscted  Observed  Expected  Obmerved Expecied Obmerved  Expeod
Al camams 118(4) 180 (M 953 162*
(1e) 122,

Ca.-‘db‘n and plewra (ICD 182, 163) 17(3) 11.01 16%(1) 90 31*%(6) 3: "“‘:((;r' 'a-i
WW(ICD 150-158) '2 :0 9 (4) 73 203(6) 95 e 8.2
Other cancers ) g 8 (b 58 163(3) 79 )
_ _ 19 175 16 147 20 () 176 .1:;“’ I:-:

pry= — — - — —

tp <0.05

$p <0.01.
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There were 46 deaths from mesothelial tumors, 19 pleural and 27
peritoneal. All have been validated by histologic examination.
Nearly all of the pleural tumors were identified among the
intrathoracic tumors (carcinoma of the lung and pleura, ICD 162,
163). The peritoneal tumors were included with gastrointestinal
tumors if certified as a peritoneal mesothelioma (ICD 158) or if
confused with carcinoma of the bowel or pancreas. They were
included with "other cancers" if certified as carcinomatosis (ICD
199) or as sarcama or other tumors. Two deaths from mesothelial
tumors were identified among causes of death not shown in the
Tables. There were, apart fram pleural mesothelioma, 103 deaths
from carcinoma of the lung, which remains the most cormon tumor of
asbestos workers.

Statistically significant excess mortality from chronic respiratory
disease is seen only among those with long and severe exposure.
Asbestosis was given as the cause of death in 13 instances but as -
the underlying cause of death in 34 of the deaths from lung cancer
and in 27 of the deaths from either pleural or peritoneal et
mesothelioma. In four instances, coronary thrambosis was the actuai
cause of death. In the majority of the above cases, exposure had -
been long and severe.

Table 2 shows the mortality experiences of the laggers. The
majority of these men were first employed after 1955. It is the
custom, however, for laggers to work on contract for various
employers, and some may have had previous exposure, so the authors
are not entirely sure of their durations of exposure. Only
approximately 2% of the entire group has been followed for 30 years
or longer, but to date their experience is not dissimilar from that
of other severely exposed male workers.

Tamr 2
LAGGERS AND MATES (1368 MAaLFS)
Observed Expected

All causes 8310 72

C e m—— Cancers of lung and pleura (ICD 162.16)) 25%(4) 5.6
Gastrointestinal cancer (ICD 150-158) 8 (%) 4)

{"—' Other cancers 8 41
— Chron resperatory disease 12 74

®p < 0.001.

Mortality experience was also examined according to the length of
follow-up, and an analysis of the standardized mortality ratios
(MRs) for cancers of the lung and pleura is presented in Table 3.
In general, the MR increases with increased length of follow-up and
with increasing exposure, but for those with long exposure, the SMRs
are higher in the group with follow-ups between 20 and 30 years.
Only 207 of these workers have been followed up for 30 years or
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ger, and currently about half of the deaths from mesothelial
zocumdbeMmZOmdBOyeara after their first

- Tamer 3
—_
Cancimy 0F THE LG ant Precaa iy Matks (SMRs)
Low 10 Moderate
Length of Exposure Severe Exposure
Follow-up (years) + 2 Years +2 Yeans =2 Years >2Yeans

10-20 104 12 244 L13]

20- 30 159 261 e 678

30+ 278 184 265 446

employment. However, as has been demonstrated *,:b'z:ev:i.ous;ly,111 the
mumber of deaths from mesothelial tumors will continue to rise for
some time.

In Table 4, a finer subdivision of job categories and of periods of
employment in the factory are presented. It is noteworthy that in
ca 1 and 2, ground workers, canteen workers, and production
workers with very little and short exposures to dust, the SMR was
176, and there were three deaths from mesothelial tumors. Up to
1955, the estimated level of asbestos in the air was 2-5 fibers/mlp!_

T
Taste 4 T
Caneirs OF LUNG anD PLRULRA (SMRS) e

Duration of Exposure

Exposure
Category >2 Years 2 5 Yeans S or More Years
Low to moderate
12 176 0 216
3 126 LY 152
Severe
4 247 27 T4
5 238 06 567

However, looking at the death rates for mesothelial tumors graded by
exposure category (Table 5), it is found that the rates reveal a
very definite relationship to length and severity of exposure.

TamE S
e = - MisOTHELIOMA DiEATH RaTEs
Exposure Category Rate per
#—-— and Dmalu::lmr 100.000
(years) Pleura Peritoneum S years S years
Males
Low to moderate
<2 3 1 2.0 1
»2 3 4 7.500 93
Severe
-2 [] 10 15,428 104
- -2 1 12 7827 243
Lagger
<2 3 2 7.89) 6}
=2 1 4 2.690 186
Females .
Low 10 moderate I 0 2,066 43
Severe
<l 3 s 9.538 136
»2 4 k] 4,388 360
—
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ngo women were employed in the traditionally female jobs of
carding, sp , and doubling; 100 were employed in mattress
making. Crocido ite was used heavily in textile departments,
exposure was generally estimated to be very high, and women were
also employed in other production departments, as well as in
offices, canteens, and other low-exposure departments. The same
pattern of analyses has been adopted, and Table 6 shows the observed
versus the expected mortality in the general population, for groups
with 10 years or more of followup.

TaBLe 6

MORTALITY EXPERIENCES OF FEMALE FACTORY WORKERS

Exposure Caiegory
Severe
Low 10 Moderate <2 Years >2 Years
(98) (396) (199)
Cause of Death Observed Expecied Observed Expected Obscrved Expected

All causes 34%(1) 220 88%(13) [3X) 88T 04
Cancers of lung and pleurs (ICD 162.163) 3% 0.5 153(7) 1.9 213(4) ’ 0s
Gastromntestinal cancer (ICD 150-158) ) 1.9 14%(4) $.7 9 (2) - 26
Other cancers 4 32 16 (2) 19 163(1) T 53
Chronic resperatory disease 3 21 6 68 10¢ . P
*p < 0.05
tp < 0.01.
$p < 0.001

In the low-moderate exposure group, there was one death from a
mesothelial-pleural tumor. In all, there were 13
pleural-mesothelial tumors identified and eight peritoneal tumors,
approximately the same proportion of all deaths (107) as among the
males. Among the severely exposed women with 1 exposures, there
was a greater excess of lung cancer than among males with similar
exposure. Also, apart from peritoneal mesotheliomas, there was an
excess of deaths from gastrointestinal tumors and other cancers.
Cancers of the ovary, uterus, and breast were analyzed separately.
In the group of severely exposed women with long periods of
employment, statistically significant excesses of cancer of the
breast (obs., 6; exp., 2.1; p 0.05) and ovary (obs., 3; exp.,
0.74; p 0.05) were noted. Not too much reliance can be placed on
a IMgle set of figures from one comparatively small cohort of
wamgi; and other factors related to marital status and parity that
may operate in industrially employed women may be of importance. As
in the males, the mesothelioma death rate (Table 5) relates clearly
to the degree and length of exposure.

CONCLUSTON

In the male cohort, R of 5.4 for lung cancer was observed in the
severely exposed workers ( 20 f/cc) with 2 years of exposure
(54/10.4) and 2.4 for those in the low to moderately exposed group
(5-10 fibers/cc) (31/12.8). Risk increased with duration of
follow-up and severity of exposure. Nineteen pleural and 27
peritoneal mesotheliomas were observed.
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In M€ female cohort, the MR of 6.0 (3/0.5) for lung cancer was
observed in low to moderately exposed group; 7.9 (15/1.9) and 26.3
(21/0.8) in the severely exposed groups with 2 years and 2 years
of employment, respectively. An apparent excess of breast (6/2.1)
and ovarian (3/0.7) cancer was observed in the severely exposed
group. Thirteen pleural and 7 peritoneal mesotheliomas were
observed.

The experience of i tion workers in the U.S. has been reported
by Selikoff, et al. With regard to exposure data, reconstruction
of work situations and extrapolation to the past suggests that these
workers would have been exposed to dust levels of 4-12 fibers/ml (as
time weighted averages). While there might have been periods of
little or no exposure, there could also have been times of peak
exposures much higher than the calculated averages.

Tasir 2

Exrrc TED AND O88PAVED DEATHE AMONG 62) ASSESTOS (NSULATION WORKERS ",i'
New Yoas -New Jrastv, 20 o MORF Yrars Artea Owset oF Womsk T =
JANUARY |, 194)-Decraienr 31, 1962 TT—
(8345 Man-years of Observation)
Underlying Caues of Desih Espected® Obssrved
Total deathe-sil cavsss 198 4 283
Total cancer-sil sites 321 94
Cancer of lung 60 42
Plours! mesothelioms ¢ 3
Peritonea! messthelioms t 4
Cancer of ssophagus, stomach, colon-rectum 97 29
Cancer of larynx, pharynz, buccal cavity 17 2
Cancer of kidney 0.7 0
All other cancer 140 13
Noninfections puimonary disesses. totsl 40 14
Asbastosis A\

Nstions! Conter for Health Stsustics. 1949-1962. Rates for specific causes of death for
19431948 were exirapolated from rates for 1949-195S$.
*Rates are not availadle. but these have been rare causes of desth in the general population.

T4dbI®2 shows the mortality rates for workers with 20 + years of
?ure""_ followed to 1962. The authors point out that while deaths
related to asbestos exposure seen in insulation workers may
sometimes occur in less than 20 years fram first exposure (lung
cancer, asbestosis, and occasionally, mesothelioma), these are not
common and, therefore, data on experience beyond the 20-year point
was thought to more clearly define the influence of exposure.
Observation of survivors was extended to 1976 (Table 3). The same
overall pattern of causes of death contimued, although distribution
of deaths by cause changed somewhat, reflecting a mumber of
epidemiological influences. Thus, pleural and peritoneal
mesothelioma, which tend to occur somewhat later than bronchogenic
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caft¥aoma, became proportionately more common. Thus change also
reflects the smaller proportions of older men who ever smoked
cigarettes, and also a ''survivor effect."” Since the smokers in the
original group had increased mortality risk (especially from lung
cancer and cardiovascular disease) there would likely have been
comparatively fewer of these and still fewer who contimued smoking
at least the same amount, among the cohort survivors, as the years
went by. Except as influenced by other factors associated with
advancing lapsed time since onset of exposure, this would make for
fewer deaths of lung cancer, with more men at risk of dying of other
asbestos-associated disease.

TARE 3}
EXPECTED AND O8S2RVED DEATHS AMONG 632 NEw YORK-NEw JERSEY
ASSESTOS INSULATION WORKERS JANUARY |, 1943-DECEmMBER 3. 1976
(13,925 Man-years of Observation)

Underlying Cause of Death Expected® Observed i‘{_

Tots! deaths, 3ll causes 3289 478 e

Total cancer, all sites 570 210 —_
Cancer of lung 133 93
Plours| mesothelioma + 1
Peritonss! mesothetioma t 27
Cancer of esophagus 14 ]
Caneer of stomach 5.4 19
Cancer of colon-rectum 83 23
Cancer of laryns, pharynx, buccal cavity 28 6
Cancer of kidney 13 2
All ather cancer 24.8 28
Nowinfectious puimonary diseases, total 93 45
Asbesiosis \ 41
All other causes 262.6 223

— e

*Expocted desths sre based upon white maie sge-specific U.S. death rates of the US
Nations) Center for Health Sististics. 1949-1976. Rates for specific cause of death for
19431948 were extrapolated from rates for 19491955

tRates are not avaslable, but these have been rare causes of death in the gencral population.

Lung cancer remained the most important cause of excess deaths, with
93 observed, 13.3 expected. Gastrointestinal cancer was also
increased as seen in the original report (43 observed, 15.1
expected). Seventy-six percent of the original cohort enrolled in
19437 1ad died by 1976.

===

RoA_08244

2L017007dD€20Z#3aASVD - SY3AT1d NONINOD - ANVTHIIY - INd 9%:S ¥¢ INC 720 - d3711d ATIVIINOYLO3 13



- 55 -
+
Varidations in distribution of deaths by cause over time are shown in
Table 4.
Tame 4

EXPECTFD AND OssaveD Deatus AmonG 632 New Yomrs-New Jersey Assestos IngLianon Wonssss
January |, 1943-Decenaer 31, 1976

= T =
Less than 20 Years 20- M Y 35 o Miax Years
Number of Men Atlaining Caregory 328 1] "
Man-ysars of Observation "0 ) -
Underiyiag Cawse of Death Expacied® Observed Expacead® Olmerved Exgueand Obearvad
Teta! danths, all cavses %0 9 0.4 13 ] s %
Tetal cancer. all s (N 2 13.% 3 424 158
Cancer of eg 02 ° 0 » ([ 1] (Y
Peursi masctelioma t 0 t ] ' 7
Poritonsal seeact haleoma + 0 A\ 3 t »
Cancer of mophages 0.02 0 04 0 10 i
Cancer of siomach 0.1 ] 1.5 [ s 13
Cancer of cales-rectum 0.2 ] 1.9 7 .2 [T
Cancer of larynz, pharynz,

Succal cavy 0.0% 2 os 2 19 =32
Cancer of kidecy 0.0} 0 04 0 [ L] bl |
All other cancer 0.5 '] 5 s s i)

Neoninfections pulmosary dineases, =

wtal Q.1 0 1.6 4 76 41

Asbesions \J [} t 3 + E
Al other caums 18 7 (35 ] &2 1895 154
— ———— ——

*Expacted deaths arc based upon winie male age-specific U.S. death rates of the US. Natonal Center for Health Stavwucs, 1949-197% Rasms far
spocific causes of death for 19431948 were extrapolated from rates for 1949-1955.
fRates are not available, bul these have been rare cawses of doath 1 the geacral population.

The experience of workers exposed after 1943 (reflecting postwar
“eleaner' conditions) has also been reported. In the 15,520

man-years of observation the less than 20-year period (Table
6), there was no unusual ity experience. Altogether there
were fewer deaths than expected, and there was no increase in cancer
deaths.

Taste 6

ExrecTeD anD Osseaved DeaThs AMOnG 833 New YORK-New JERSEY ASBESTOS
InsuLATION WORKERS FST EMPLOYED JANLARY |, [943-DecEMBER 31, 1962,

AnD OmseaveDp rmom Fiast EmprovmenT-DECEMBER 11, 1976
L (Duration from Onset of Employment)
T —
- Leus than 20 Years 20-34 Years
T Number of Men Attaineng Category $3) 523
Man-yeurs of Obuervation 15,520 s
Undertying Cause of Death Expected® Observed Expected® Obwerved
Teotsl deatin. ol comses 98 23 248 »
Tetal cancer, all sites s s 50 15
Cancer of luag il 2 18 s
Pisural musothslions t 0 t 2
Peritoassl sumot hetioma 1 0 t I
- Cancer of mophages. siomach,

0.7 1 0s 2
Cancer of laryax. pharyns, buccal cavity 02 1 0.3 t
Cancer of kidney 0.1 0 0.1 |
AR other cancer 10 1 20 0
Nomafecuouws puimonary disesses, total 0% 0 06 ?
Asbssigen + 0 t 6
AN other casem 342 18 19.2 17

T e
*Expocied desths are based wpon while maie sge-specific U.S. death rates of the US.
Natwons! Center for Health Statstics, 1949-1976. Rates for specific causes of death for

19431948 wore extrapolated from g 1
Rates are not available, but M@ukbu?g}agm of death in the gencral populsten.
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In"the 3281 man-years of observation 20-34 years from onset of
exposure, there were 3 times as many cancer deaths as expected,

primarily due to lung cancer.
CONCLUSION

No dose-response inference is possible because of the lack of
exposure data.

Observations on 17,800 asbestos insulation workers i.nﬁshe U.S. and
Canada followed from 1967 to 1976 is discussed below. the
decade of observation 2271 deaths occwrred (Table 12), whereas only
1658.9 deaths were expected. The excess deaths were primarily the
result of an increased mumber of instances of cancer at several
gites.

Tams 12
Deaties AMow, 17,500 AsarsTOos Inst ( ATION WORKERN In THE UsiTen STaATES "!-
AvD Canvapa JantARY |, 1967 Drcivprn 31, 1976 -
NuMmstr o Men 17,800 -

MAN-YEARS OF OBSERVATION (66.8%)

Observed Rawoo/e
Underlying Cause of Death Expected® (BE) (DC) (BE) (DC)
Total desths, all canses 1638 9 27 2N 1.37 '
Toual cancer, all uies 397 95 922 in by !}
Cancer of lung 105.6 486 429 4.60 408
Pieurai mesothehoma + 63 25 - -
Peruoneal mesotheloms + 112 4 — -
Messtheisoms, n.os. + 0 58 - —
Cancer of mophagus 71 ] ] 1] 253 2.53
Cancer of momach 142 2 I8 1.54 1.26
Cancer of colon-rectum %1 59 8 1.55 182
Cancer of larynx 4.7 h] 9 234 191
Cancer of pharyas, buccal 10.1 0 16 10 159
Cancer of kudney 8.1 19 1] 13 223
Al other cancer 1318 184 282 1.40 19
Nommnlections puimonary
dissnses. 1oual 90 212 188 159 319
Asbestous t 168 i | - -
All ather camss 12802 1064 1181 (] }) o9

*Expacied dusths sre bused wpom white msic ageapecrfic US death rates of the US.
- _ Nauemsl Cemer for Heakth Ststmtics. 1967-1976.
fRaim are ao svadlabie, but thess have been rare causes of death in the general population
_ < {BE): Bant evdence. Number of deaths categonzad afier review of best available information

{sviopey. serpcal. climcsl).
(DC). Number of deaths as recorded from death ceruificate i ormation only.

Apart from lung cancer, mesothelioma, gastrointestinal cancer,

cancer of the larynx, pharynx and oral cavity and cancer of the
kidney, there was still an excess of cancer of other sites, with 184

observed, 131.8 expected (Table 13).
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i Tasr 1)
Deatis AMONG 17,800 AsaesTos [MSLLATION WORNRERS in THE UNITED STaTes
AND Canapa JANUARY |, 1967-Decemoenr 31, 1976
NuMetr of Men 17,000
Man-vears 0fF OmSERVATION [6685]

Observed Ratwo/e
Underlying Cause of Death Expecied® {BE) {DC) {BE) (DC)
Tatal destihn. sl cavem 1658.9 nn nn 1.37 13
Cancer, sll sees 3197 s 2?22 L 8
Duesths of less common
mabignant neopiasms
Pancress 175 ph) ] .32 281
Liver, biliary passages 12 ] 1] [ %] 245
Gladder L 3} * 7 [ X/ o
Tonm 19 2 | - -
Prostase 204 0 P4} 1.47 137
Lenkomes 13.1 15 15 1.18 115
Lymphoms 2.1 19 16 0.9 080
Skin 6.6 12 ] 1.82 1.22
Bram 10.4 14 17 1.38 163
———eeeeeeee e e
*Expected deaths are hosed upon white male age-speciic US. desth rates of the US. & 3

Nationa! Center for Health Statistics, 1967-1976.

(DE): Best svadence. Nember of deaths categorized alter review of bast availabie information
(antopey, surgical, climical).

(DC): Number of desihs & recorded from death ceruificate information oaly.

From a purely statistical point of view, in view of the increased
incidence of cancer of several sites among asbestos insulation
workers, it was expected that a proportion of these men would suffer
multiple cancers simultaneously, even beyond the tendency of Sﬁh
findings to be made among individuals with cancer, in general.
Again, this would not be reflected in tabulations of causes of death
by single underlying cause, as is the usual practice. Analysis
demonstrated one undred malignant neoplasms present but not causing
death (Table 14). Sometimes these additional neoplasms were

Tame i¢

MoaTALITY ExPeaiancs AMONG 17,000 ASBRSTOS {NGUILATION WORKERS IN THE UnTRD
- 14788 anD Canvaca 1987 1976 OmErvATIONS IN 1271 ConslcLTiIvVE DEATHS

- Mnumm Neaplasme Prosent. but not Causing Ml':'nw
L

e
 §
ﬂgum-z-e-ut

B e ——————
*"Tosnty-one of ihese neopissme were mentioned on the death certificate (bt were not
catagonand ss uaderiying caves of desth).
tinclading leukemia $, lymphoma ), bladder S. prostate 1 ). hyroud. eic.
$1a 92 mdimduals: total includes multiple cancers in eight cases.

RoA_08247

2L017007dD€20Z#3aASVD - SY3AT1d NONINOD - ANVTHIIY - INd 9%:S ¥¢ INC 720 - d3711d ATIVIINOYLO3 13



i - 58 -
mentioned on the death certificate but as an "other significant
condition,” not in the section on the underlying cause of death.
Forty were present among the 1064 cases where death was due to
causes other than cancer or asbestosis (Table 15). Hrm% the 168
deaths of asbestosis, cancer was also present in 7, 6§ of these
being bronchogenic carcinoma. Analysis of the circumstances leading
to death, however, indicated that the underlying cause was
asbestotic pulmonary insufficiency, and that the I cancers were
present but with no decisive influence at the time of death.
Nineteen other cancers were present among the 486 deaths of lung
cancer and 10 other cancers accompanied the 175 deaths of
mesothelioma. There were 9 "incidental' neoplasms among the 99
deaths of gastrointestinal cancer. Although experiences are so far
limited, it may not be wholly unexpected that there were
proportionately more incidental neoplasms accompanying deaths of
colon-rectum cancer, compared to those of lung cancer (8.57 vs.
3.97). One may speculate that this could be due to the longer =5

Tame 13
MORTALITY EXPFRIENCE AMONG 17800 ASSESTOS INSULATION WORKERS IN THE UNITED
STATES AND CanaDA 1967-1976: OssEavaTiOns IN 2271 ConseCuTive DEaTHS
NuUMBER OF INCIDENTAL MALIGNANT NEOPLASMS (NOT CALSING DEATH) IN RELATION
TO UNDERLYING CAUSE OF DEATH AS ESTABLISHED sy Best Evioence (BE)

Incidentai Malignamt

Number of Neoplasmns
Deaths of No. of Total
Underlying Cawse of Death Underiying Cause Denths Cancers
Cancer all s 995 45 50
Cancer of lung 486 17 19
Plours] masothelioma 63 4 4
Peritonss! mesotheiioms 12 5 6
Cancer of esnphages 8 1 1
Cancer of someach 2 3 3
Cancer of coles-rectum 59 5 5
Cancer of larynx i 0 0
Cancer of pharynx, buccal cavity 21 2 3
Cancer of kideey 9 0 ]
- All other cancens 184 ] 9
Nomsfectious puimonary

dissnses, 1ots) 212 10 10*

Asbesioss 168 7 7*
All other causes 1064 3 40
Toual an 92 100

S

*Six of these were lung cancer.
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clinical course of many patients with colon-rectum cancer,

to lung cancer, with greater opportunity, simply in terms of time,
to develop additional disease.

Multiple cancers were present, overall, in 2.17 of deaths among
these asbestos insulation workers (48 of 2271). It is perhaps to be
expected that thiswasmrelﬂ:elytobethecaseamn%those for
whom cancer was the primary cause of death (4.51), while only 3 of
the 1276 other deaths had this finding.

It is now well appreciated that most asbestos associated disease is
first seen after considerable periods from onset of exposure in both
occupational and envirommental circumstances. This is true both for
the presence and ext%tlgf parenchymal fibrosis and pleural fibrfﬁis
and/or calcification,”’™~ and for asbestos-associated neoplasms.

Some limited excess disease was observed in less than 20 years frcu!_
onset of exposure (Table 16). Among 12,683 men with such
experience, covering 89,462 man-years of observation, the mmber of
cancer deaths was about doubled, with 42.6 deaths expected and 83
observed, There were no excess deaths of gastrointestinal cancer
and only 5 deaths of mesothelioma, with these in the 15-19 years
from onset category. Age, year and sex specific mortality data of
the U.S. National Cancer for Health Statistics indicated that 11.9
deaths of lung cancer were to be expected. Thirty-six occurred.
There were 8 deaths from asbestosis.

TamE 16
DEATHS AMONG 17,800 ASBESTOS INSULATION WORKERS IN THE UNITED STATES AND CANADA JANUARY 1. 1967-Dacesssa 3. 1%,
ANALYSIS BY DURATION oM ONSET OF EMPLOYMENT

= —— -
Before 20 Years from Onest 20 or Mere Years fram Ouamt
Tolal Mea 12.68) 12851
Man-years of Oteervation 89,462 nm»i

Observed Ratio o/e Obsarved Ratis o/e

Underlying Cause of Death Expected®  (BE) (DC) (BE) (DC) Expecaed® (BE) (DC) (BE) (DC)
Total deaths. ali canses me 125 328 115 (W3] 13760 146 1946 1.4

Cancer. alt wies 426 1 ” 1.9% 1.81 m 912 843 .L!; ;g
Cancer of lung ) L9 3o 32 303 2.69 "7 450 m 48 424

Mmm t 2 2 - - t (1] 2 -_ -

Peritones! mesothetioma t 3 1] —_ - t 109 N -_ -

M-nh:m n.0s. t ] | - - t ] 4 - -—
Cancer of esophagus 06 ! i - — 65 17 17 e 164
Caacer of somach 1S i ] - —_ 127 ] 18 1eS 1.42
Cancer of colon-rectum 4l 4 4 - — M0 L1 ¢ 1 LK
Cancer of laryns 04 2 2 - — 43 * 1T e e
Cancer of pharynx, buccal 1.3 k] 2 - - 18 18 14« 2185 .»
Cancer of kiduey 1 3 ] - — 10 e 15 2% 22u
AN other cancer nt n 30 1.2 1.8 1ol 156 ” Qe M
Noniafectious pulmonary diseases, total 52 n LS4 212 $is »e m Inm m

Asbustosss t [ ] 2 - - + 1 » - -
Al other canses 235.0 234 m 100 101 1045.1 (3 ] ” oM on

*Expeciad deaths are based upon white make age-spacific U.S. death rates of the U.S. Natiomal Ceter for Hoakh Statmtns. 1967 1976,
tRates are not availabie, but these have been rare causes of death in the general population.

{BE): Best evidence. Number of deaths categonzed after review of best available information (awtopsy, surgical. climical).

(DC): Number of deaths as recorded from death certificate informancn oaly.
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On the other hand, extensive disease was seen among the 12,051 men
who had reached 20 or more years fram onset during the decade of
study. Here, 1376.0 deaths were anticipated; 1946 occurred. There
were 160 deaths of asbestosis and 912 of cancer. It was at this
time that bronchogenic carcinome made its heaviest contribution,
with 93.7 such deaths expected and 450 observed. One hmndred and
seventy deaths of mesothelioma were then seen and the increase in
gastrointestinal cancer found. Table 17 depicts these data in some
detail, in five-year periods from onset of employment. Lung cancer
data are given as both expected and observed mmbers of death. This
practice cammot be followed for mesothelioma, where expected deaths
carmot be computed for the general population. Instead, both the
mumber of deaths of pleural and peritoneal mesothelioma, as well as
the mmber of deaths of these causes per thousand persons years at
risk are provided. The latter does not take into account variations
in achieved age, but this may have less influence than achieved
duration from onset of employment. It will be seen that very major:{_
increases in numbers of deaths of lung cancer are first seen at ~
15-24 years from onset of work, with continued further increases.
The extraordinary increase in deaths of mesothelioma, both of the
pleura and the peritoneum, is not observed until somewhat later,
reaching 2.78 deaths per thousand person-years at risk for pleural
mesothelioma at 35-39 years from onset of work, and 5.47 deaths of
peritoneal mesothelioma per thousand person-years at 45 + years from
onset.

Tame 17

DeATHS AMONG 17800 ASBESTOS INSULATION WORMERS in UNITED STATES AND CANADA, January 1. 1967-Decevaen 31, (9%
ANALYSES 8Y DURATION tROM OnSET OF EMPLOYMENT

I. neu Ploural Messthelioma Pernenssl Monsbaliame
No./1000 Ne./ 1080
Person-years Pereen- Porem-
Durston from  Number of Observed Rato o/¢ Number yoary W Nembw
Onset (Yeans) of Men Olservation Exp* (BE) (DC) (BE) (DC) (BE) (DC) (BE) (BE) (DC) (BE)Y
- 10 . 819 26,393 0.7 ] 0 - - 1] 1] 0 (] [ ] [ ]
10-14 908 29.003 27 7 $ 288 1.82 [+] ] ] [ ] [ [ ]
15-19 9948 34,066 8 29 by 3 317 2 2 0.08 3 [ ] [T _J
20-24 3887 Jr.2e8 17.0 59 $7 a8 3 [} 4 a1 3 2 awe
25-29 6.3% 20,657 210 108 9% S00 458 i3 S [ 1%} " 3 .
30- 34 3,547 11,598 8.4 "2 103 608 559 9 3 [ B/ 23 [ 1%
35-3 2020 5403 s (3] 7T sSe8 4% s 4 2.7 19 s 315
044 1,108 3.160 [ B [ ] 13 493 I8 4 3 .27 ([} 3 S8
45+ 1.448 5,308 178 69 s) 389 1% 14 4 264 . J 5 s&7

*Expected deaths arc based upon white maie age-spocific U.S. death rates of the U.S. Nauasal Center for Heakh Sttmtacs, 1967- 197 Smekwg
habets not taken w0 account.

(BE)" Best evidence. Number of deaths categonzed afier review of best available information (awtopsy, surgical, clinical).

(DC): Numbser of deaths as recorded from death certificaie informaton only.
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In another reflection of the clinical concerns among these workers,
Table 18 indicates that approximately one-third of all deaths were
due to lung cancer at 30-34 years from onset, while mesothelioma
accounted for 137 of all deaths at 35-39 years.

Altogether, lung cancer was responsible for 217 of all deaths
observed in this cohort and mesothelioma for 8%.

Tams 18

Deatus AMON: {7,000 ANBESTUS INGLIATION WORKEES IN THE UNITRD STATES AND
CANADA, JANUARY |, 1967 Decrmpen 31, 1976.
ANALYSIS BY DURATION FROM Onert 0t EMPLOYMENT

Parcemt of All Desthe

Mesotheliome
Lung
Yx:':" Toal Cancer Plovral Peritones) Total
Employment Desits  (BE) (DC) (BE) (DC) (BE) (DC) (BE) (DC) -
<10 1 o o0 o0 o0 o0 o0 0 0 =+
10-14 s 82 SS9 o 0 0 0 0 0
15-19 180 183 143 1 11 16 O 217 1.6
20-24 320 184 178 19 13 09 06 28 2
25-29 388 211 247 34 1) 49 08 83 .2
30-34 340 329 303 27 09 68 18 94 oS
35-39 23 287 218 %9 16 18 20 134 19
4044 2203 197 183 20 1S 19 1S 99 ¢
4, 442 156 120 32 09 66 1. 27 41
Toal 21 24 189 28 11 49 1) 11 4“8
g CE=——7=4

'Tudnal-mumidumhrﬂunluml
(BE). Bust evidence Number of death categorized afler review of best available information

(susopey. serpcal, chncal).
{DC) Number of deaths ss recorded from death certificate information only.

OONCLUSION

The study results indicate a high increase in risk of lung cancer
associated with asbestos exposure, but the lack of exposure data
makes it difficult to show a dose-response relationship.
Asbestos cement building materials plant workers have been studied®’
‘to determine the risk of respiratory malignancy in relation to
duration, degree, and fiber type of exposure to asbestos. Subjects
were classified into 5 total dust categories for which mean length
of follow-up and mean age at initial exposure are comparable.
(Table 1)

TASBLE 1

COMORT 8Y FOLLOW-UP WITHIN
EXPOSURE CATEGORIES

Totst Dust

within 20 Yr of Meen Masn A Bt
Intis Exposure Fetiow-Up Initig Gapomure
tmppct-yr’) Neo {yr.) (T
<10 3.63?7 0.7 2.0
11-80 1.300 273 ne
$1-100 3 8.1 ne
101-200 E 1] 223 2.7
> 200 [ 24 ] 2.7 20

* Mitiion perticios Ber cudic feot-yr.
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 the standard man-yr approach, expected mumbers of deaths for
each exposure category were calculated on the basis of
race-age~cause-specific rates for both the U.S. and Louisiamma male
populations for 1950, 1960, and 1970.

Cause-specific standard mortality ratios, ¥R (100 x observed
mmber of deaths/expected mumber), were obtained for various causes
for each of the 5 exposure categories (Table 2). MR for all causes
combined remain generally low, but increase slightly with degree of
exposure: 60, 64, 75, 80, and 94. IR for respiratory system
neoplasms remain low for the 3 lowest exposure groups, but exceed
100 in the 2 highest categories: 77, 70, 26, 290, and 226. The
very low SR in the middle dust category is probably a chance
occurrence; with only 3.8 respiratory neoplasm deaths expected, the
grobability (assuming a Poisson distribution) of observing ome or
ewer is 0.11.

TASLE 2 3
STANOGARD MORTALITY RATIOS BY CAUSE WITHIN EXPOSURS CATEGORISS

Total Oust Wishin 3@ ¥+ of initial Bapesure UMewer-yr’)

<10 11-90 81-100 101-208 > 200
ne 203N (n = 1,300 (n = 389 » = 340) e 870

Caues of Deawh oat smat o/@ EMA  O/8 SMA o/ MR o/e ()
AN coues 200/4337 60 141/2109 64 VIS! 78 42/823 @ 193/110.9 94
N malignant

neepisev (140- .

200 84/773 70 297371 72 7/12.0 84 1498 147 w108 1

Oigestve wwesem

{180~ 109) /348 41 V119 B84 a2 TV a0 - 284 £ 1]

Retprratery ove-
om (160-16))  19/24.7 72 8134 7 73.8 t ] wa.t ml 14/6.2 nsl

Owher (residuat) a8/28.0 [ wil.e [ 1] /4.0 [ )] /3.4 "7 7.2 »
Maor cartve-

vassuier @leseass

(390-448) 120/218.7 60 /1130 80 J3/40.' 62 WS 83 61/87.4 108

All other cousns 76/140.7 B4 W48 B4 TU6T 8 virLe 78 220 [ ]

° Mittians of SOrticies per cubic toot yr

T Rt of seorved 10 expec g deeths.

$8wnaard mertality ratie

$9 < 0.01 (nuMmBer 0f CEIIrvE dBET COMPEred 10 the NUMBIT SRSSCIY, SNuming o Poissen Glstribution).

In the 3 lowest exposure categories, the SMR for over-all mortality
and respiratory neoplasms are comparable, as demonstrated
graphically (figure 1) by the extensive overlap of their respective
95 per cent confidence intervals (based on a Poisson distribution).
On the contrary, there was no overlap in either of the 2 highest
exposure groups. Assuming no association between trace and cause of
death, the close agreement of the over-all and respiratory
malignancy SMR in the low exposure groups is additional evidence
that, although some underestimation might have occurred because of
those lost to view, there are no excess respiratory neoplasms in
these categories.
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STANDARD MONTALITY RATIOR

(100 = GBREPVED /EXPECTED) WIT™ 9%

CONFOENCE WTIMALS B MEAN DPFOMURE
o FOR EACH OF FIVE (XPORUAL CATEROMES

i:” | Hiyreiin g
; ‘ r
N
S S _
Lm—t—k—&—t—i

Comustes Exponse  (mpoct - yeors )
Fig | Swandard mortality raties with 93 per comt com-
fdence meervals by mesn expasure for each of § expasure
categories.

No excess mortality occurred in any exposure group for any cause 2
other than respiratory neoplasms.

The analysis was also performed with the mmber of deaths expected
on the basis of Louisiana death rates. Because lung cancer rates
are higher in Louisiana than in most states, the expected numbers of
respiratory neoplasms are greater than with the U.S. rates, thus
resulting in lower SR. The patterns observed for the 5 exposure
categories were the same as with the U.S. rates; over-all mortality
SR were 56, 64, 71, 73, and 83; respiratory neoplasm SR were 64,
59, 23, 225, and 187. As with U.S. rates, no excess mortality other
than for respiratory neoplasms were observed.

Two pleural mesotheliomas were diagnosed in the total study
population: one person was employed for 10 months (with known
exposure only to chrysotile), the other for 14 yr (with most of his
employment in the pipe plant, which resulted in exposure to both
chrysotile and crocidolite). Because these men died 18 and 19 yr
after initial employment, respectively, neither fulfilled the cohort
criterion of a minimm of 20 yr of follow-up and therefore are not
included in this analysis. It was considered possible that this
tumor was underdiagnosed in this population.

The results of Namousenz suggest that the latent period for the
development of asbestos-related neoplasms may be less than 20 yr, as
with the 2 mesotheliomas found here. Using Newhouse's methodology,
the effect of latency on the mortality experience of this population
was assessed by performing the analysis by 5-yr periods after
initial employment. In each analysis, persons with follow-up of
less than the prescribed minimmm are excluded; an individual
person's exposure is calculated at the start of the particular time
period. Because each period is only 5 yr in length, it was
necessary to condense the original 5 exposure categories into three,
although the expected mumbers of deaths remain very small.
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Resifits for the 2 lowest exposure categories (representing the
original 3 lowest groups) indicate no discernible pattemrn for
respiratory neoplasm SMR as time since initial exposure increases;

those for the highest exposure category exhibit an increasing trend
as long as 30 yr. since initial exposure (Table 3).

TABLE 3

RESPIRATOAY MALIGNANCY STANDARD MOARTALITY RATIOS BY YR
FOLLOW-UP AND TOTAL DUST AT START OF PERIOCD

Totai Dum ot Start of § Ve Paried (Sppetyr)

Yr snce < 10 10~-100 > 100
ininig) Exposure  No. o/e SMA o/ SMR on ]
10-18 6338 /4 4 e 1724 . /1.3 7
185-20 6144 (7 X 'Y (VR ] e vie 10
20-28 Se48  1O/121 ] " ™ 3.9 e
2%-30 4307 ”10.9 () LY, ¥ . 773.0 "
30-38 1,220 e 187 t/2.2 a8 whLe 239°
> 38 313 (X} ° o1.0 ° @13 .’

v

For getinitons of shbreviations, me table 3.
*P < 0.08 inumusr of Goeths sbesrved sempared te number of deathe Sxpested.
ssuming & Pelmen diswibusen),

To compare the preceding results with ﬁgse whick would have been
obtained with a different study design -, an alternate method of
analysis was performed for this cohort (men with at least 20 yr of
follow-up) by considering 4 control subjects for each case of lung
cancer. These control subjects were selected at random from among
men in the cohort who were born in the same year as the cancer
patient, were of the same race, had survived at least into the year
following that in which the patient died, and if they subsequently
died, did not die of a malignancy.

The mean total dust exposure (accumulated within 20 yr. after
initial employment) was 164.1 mppcf-yr. for the cancer patients and
77.8 for the control subjects. A 2-way analysis of variance (the
matched sets acting as a blocking factor), with Scheffe's multiple

ons, found that there were no differences among the exposure
means of the 4 sequences of control subjects, but that the mean dust
exposure for the patients was significantly greater than that of the
control subjects (P  0.005).

The distributions of the cancer patients and the control subjects by
total exposure to dust are presented in Table 4. The odds ratio, an
estimate of relative risk, was calculated for each category relatiwve
to the lowest degree of exposure.

RoA_08254

2L017007dD€20Z#3aASVD - SY3AT1d NONINOD - ANVTHIIY - INd 9%:S ¥¢ INC 720 - d3711d ATIVIINOYLO3 13



- 65 -

TADLE ¢

LUNG CANCER CASES AND MATCHED CONTROLS 4 PER CASE);
TOTAL OUST EXPOSURE AND 0008 RATIOS

Tow Dum

hin 90 Y1 of Cem Roue'’
ininig Enpesure (Rslguve %0
(mpprtyr) Me. Cosme We. Conweis Lowast Cougery)
<10 1 ”? 1.60
100 ? e 114
0-100 ' " (Y]
109-308 [} 1 2008
> 308 1 » 2.708
Tow ard 10

° Mittion perveiss per eubls festyr.
t Usses comon of relauve risk.
3P < 6.08. bames en & x? (1) gintripution.
. lm-«linummmamnmaw-mmvmw
ol ¢anthe with eprvifiesten

The over-all pattern of the odds ratio is similar to that of the
respiratory malignancy SMR: the risk in the second exposure
category is comparable to that in the lowest, an unexplained dip
occurs in the third category (doubtless the same chance occurrence),
and a significantly greater risk is observed at the 2 highest
exposure categories.

Because information had already been collected on the entire cohort,
the case-control approach, using only a subset of the population,
does not make full use of the data available. Moreover, although
this alternate approach provides estimation of the risk for each
exposure category relative to the lowest category, no assessment of
the risk experienced in the lowest category is possible. Despite
these limitations, the obserwved pattern of risk across exposure
categories was similar to that obtained with man-yr., prospective
design, and analysis.

The preceding analysis was based on curmlative dust exposure, which
has 2 components: (1) duration of exposure, and (2) average dust
concentration. To assess the contribution of each, the population
was divided into 9 duration-by-average-concentration categories.
For these groups, the mean values of each variable within a fixed
category were comparable across the categories of the other, and
mean follow-up times were homogenecus (Table 5).
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TASLE &
COMORT 8Y DURATION AND CONCENTRATION OF EXPOSURE

age Duee G-:.nm Ourstion of Employment (yr)

<2 >0 > 10

<s ne 1,323 ne 204 e
s8! ¥ ] 32
as! 'S} 216
et 7.8 2.3

20 = 1001 "= 391 " =000
179 138 1729
s . 21.7
ne .2 e

> 20 ne=704 ne 208 [ ER) ]
348 204 2.7
07 s e
. .7 207

*Mitlion pertisios per subis foor.

Moan sversge dust wvosien ( 1.
3 Moun longih of empteyment (yr).
§ Moen tlong®h of toliow-up (vr).

The SR for respiratory malignancy for these groups (Table 6)
generally indicate increasing risk with duration of employment,
which is concentration dependent, and increasing risk with average
concentration, which issgtxatim dependent. These results are
consistent with others,”~ which indicateg that it is not sufficient
to equate total exposure with either duration or average
concentration; each constitutes an important component of risk, and
each exhibits degrees with no apparent excess hazard.

TABLE &

STANDARD MORTALITY RATION FOR RESPIMATORY MALIGNANGY BY
OURATION OF EMPLOYMENT AND AVERAGE OUST CONCENTRATION

Oursuten of Smpioymant {yr)

Aworage Dunt Con
tmppet * <3 210 >w AN Guretions
<8 o0t 733 ve r2ry
70 ” - "
-2 19/12.9 1728 12/4.8 W
r” t> 218 10
>0 v £y, X 173.2 1180
s 290 3188 19
AN Sust consemirasiens we o e /.2
76 [ 2188

- “Mtlion particios per suble feot.
TRous of coserves Grethe 1 MPestsy deathe.
3P < 0.01 (vawd on s Poimen glewitution).
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ssessing the possible influence of fiber type exposure on risk
of respiratory malignancy, workers with exposure to chrysotile only
(n = 4,201) were compared with 2 groups of workers exposed to
crocidolite: those with steady employment in the pipe plant (n =
1,004) and those with intermittent exposure to crocidolite through
occasional maintenance work in that area (n = 235). Persons with
exposure to amosite (n = 205) were excluded from this analysis. All
follow-up times were similar, and total fiber exposures were
comparable among the fiber type groups within each category of

exposure (Table 7).

TASLE 7
COMOAT BY TYPE AND LEVEL OF FIBER EXPOSURE"®

Total Figer Expasurs within 39 Yr
of initisi Emplovmant mppermeet)

Exposure <2 20-300 > %8

Ne cTocialim snposre n= 32003 ne 1337 ne 381
s.of “.0 [T}
2.0l ».2 »s

InwmrmITBnt SXpOsUre 10 crocidolim ne a4 ne08 =108
wn pips plant 8.2 .7 s
%4 na3 mns

Swedy smeloyment i1 pige plant with ne 221 n=38 n= o8
crocidolite sapowre 108 17.0 [ %]
me 9 n.2

“Subects with SupesuTs ' amesits o eReiuand (n = 208).
Tasiiiians of serticies ser cubic feat-menthe

$Maen 1ot fikar snpanure (mepet-mes).

I ntnen iongen of tetiow-ue (ve).

The pattern that emerges from the SMR (Table 8) suggests that the
addition of crocidolite to chrysotile enhances the risk for
respiratory malignancy, particularly for those workers exposed
intermittently in maintenance jobs. The exposure history of this
latter group is characterized by exposure to high concentrations of
dust for short periods of time.

TABLE 8

STANDARD MORTALITY RATIOS FOR RESPIRATORY MALIGNANCY
8Y FISER TYPE

Totsl Fioer Exposure within 30 w.
of insnial Empioy mant (Mpmef-mes )

<2 20200 > 0 Towm
. Na crocigolim sxpoNre 127214 1/13.9 waa L T
] ” " ”
IRt IINT SRDOITS 10 ¢F o 9.3 owe.? [ AN ] 123
n pive plent 1,000" 0 as?! J0at
SWedY eMEIOYMENT i P1pe DIeNt 17110 ALAR | 720 "l
with CroCI0oHtS SNDONIe 100 » 241" 18

* Million particies Pev cubic 19Ot manhs.
tr<oos
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The risk increased more steeply with increased quantitative exposure
than with increased duration of employment. Excess mortality for
lung cancer was observed only for groups with moderate and high
cumilative exposure (MR 2.9 and 2.3).

There was no detectable excess risk of lung cancer in persons
employed for less than 2 years or with low exposure. The risk

s high for two subgroups exposed to crocidolite, but only in
gg exposure group ( 200 mppcf-yr.). There was no increased
risk observed for gastrointestinal cancer in any subgroup.

There were 2 pleural mesotheliomas observed (one employed less than
1 year and one for 14 years).

There was no increased risk of respiratory cancer for exposures
below 10 mppcf-yrs.

There was a low (75%) tracing rate.

In a study of female asbestos worker535 , compared with national
rates there was an excess overall mortality among those who worked
in jobs with low to moderate exposure (Table 2), which was partly
accounted for by deaths from cancer.

Table 2

Mortality of Women with Low to Moderate
Asbestos Exposure

All periods of

mq;loynent
Registered cause of death (126 women)

Obs. Exp.
All causes 291 18.1
Cancer of lung and pleura 2 0.3
Other cancer 8 4,4
Respiratory disease excluding cancer 2 2.2
Other disease 17 11.2

B (1)

inthegrmpwithsevereamosm‘ednhadmrkedforlessthmbwo
yﬁars(TableB), there was an excess of cancer of the lung and
pleura.
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Table 3
Mortality of Women with Severe Exposure
Duration of employment

less than More than
Registered cause of death 2 yrs 2 yrs
(557 women) (239 women)
Obs. Exp. Obs. Exp.
All causes 55,  49.9 563 2.5
Cancer of lung and pleura 6 1.0 148 0.5
Other cancer 16 12.4 17 6.1
Respiratory disease excluding 2
cancer 10 7.4 11 3.6
Other disease 23 29.1 14 14.3
701
3p  0.001

However, the most marked increased mortality was in those with
severe exposure who had worked for more than two years in the
asbestos factory; in this group there were excess deaths from cancer
of the lung and pleura, from other cancers, and from respiratory
diseases. Three deaths registered as cancer of the pleura were
identified as pleural mesotheliol tumors; in all there were 11
mesotheliomas, six of pleural and five of peritoneal origin.

In this study the results were assessed by comparing the mmber of
observed deaths with the mumber of expected deathg The "expected"
deaths were calculated by the "man-years' method,”” multiplying
years of risk by death rates. Excess mortality has been tested by
treating the observed mmber of deaths as a Poisson variable with
expectation equal to the man-years expected mmber of deaths.
Mortality as a function of length of time from first exposure is
shown in Table 5.
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Table 5
Mortality by Length of Follow-Up since First Exposure

Years since first exposure

Less than 10 10 to 20 More than 20
Registered cause of death (922 women) (692 women) (655 wamen)

Obs. Exp. Obs. Exp. Obs. Exp.

All causes 25 23.7 36 29.3 793 39.4
Cancer of lung and pleura 0 0.2 3 0.6 193 1.1
Other cancer 5 4.2 10 7.8 26 10.8
Respiratory disease excluding 1
cancer 9 6.1 5 3.4 9 3.7

Other disease 11 13.2 18 17.5 25 23.8
1

gP 0.05

P 0.001

There were four deaths in all registered as cancer of the ovary; three
of these occurred among women with severe and long exposure and,
compared with the expected mmber of 0.6 in this particular group, this
was a significant finding (p=0.0025). The histological review suggested
that at least two of the other deaths in the group that were registered
as carcinomatosis were due to this cause. The possibility that ovarian
cancer may be caused by exposure to certain hydrous magnesium silicates
such as talc and asbestos has been raised by several resegichers.
Strong evidence of a link was found by Graham and Graham,”™ who injected
mice, hamsters, guinea pigs, and Dutch rabbits with tremolite asbestos.
The mice and hamsters showed no lesions, presumably because of a
protective layer of peritoneum surrounding their ovaries, which is
absent in the guinea pig and rabbit. Both of these latter species
developed an atypical papillary pattern of ovarian epithelial
hyperplasia, which the authors suggested was similar to early ovarian
ithelial tumors in women. Additionally, birefringent bodies were
served in sections of six out of twelve ovarian tumors, and none of
nine normal controls. These bodies were thought to be asbestos (but
were not examined).
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% APPENDIX II
Mesothelioma in Pet Dogs Associated with Exposure of Their Owners to
Asbestos. Glickman, L.T., Domanski, L.M., Maguire, T.G., Dubielzig,

R.R., and Chxg, A.g Environ. Res., 32, 305-313 (1983)

This paper describes the findings of an epidemiological study of pet
dogs and the incidence of mesothelioma and asbestos exposure.
Eighteen histologically-confirmed canine mesotheliomas were
diagnosed at the Veterinary Hospital of the University of
Pernsylvania (VHUP), Philadelphia, from April 1977 to December 1981.
An asbestos-related occupation or hobby of a household member and
use of flea repellents on the dog were significantly associated with
mesotheliomas. In addition, there was a trend indicating an
increased risk of mesotheliomas with an urban residence. Limng
tissue from three dogs with squamous cell carcinoma of the lung had
higher levels of chrysotile asbestos fibers than lung tissue from
control dogs. The VHUP is a major veterinary referral center for
the Northeast and Middle-Atlantic regions of the U.S. Each year
there are approximately 17,000 admissions and visits to the VHUP and
an additional 6000 submissions of biopsy specimens to the Pathology
Department (could not ascertain whether these numbers refer to all
animals or to dogs only).

A cancer and noncancer control patient were selected from hospital
records and matched to each mesothelioma case by age and date of
diagnosis (+ 1 year), sex, and breed. Excluded from the noncancer
control group were dogs with any respiratory disease or suspected
malignancy. Dogs with respiratory cancer were excluded from the
cancer control group.

Because controls had been matched on age, sex, and breed, these
characteristics for the cases were first compared to the entire
canine hospital population. The odds ratio (OR), an estimate of the
relative risk of disease f?r each category, was determined using the
Mantel-Haenszel procedure.” Age was controlled in sex comparisons,
and sex was controled in age comparisons. Odds ratios for other
risk factors were determined for matched pairs using the cancer and
non~-cancer groups separately.“ The control groups were then
combined and odds ratios calculated for matched triplets. Using a
95% confidence interval, the rull hypothesis of an odds ratio equal
to one,was tested with computer programs developed by Rothman and
Boice.” Characteristics of the patients with mesothelioma and the
source of asbestos exposure of their owners are listed in

Table I. The distribution of mesothelioma by site was six (337)
peritoneal, five (287) pleural, five (287) both peritoneal and
pleural, and two (11%) pericardial.

The mean age (+ 1 SD) of the mesothelioma dogs was 8.0 £ 1.9 years;

17 (947) were male and 15 (837) were purebreeds. When campared to
the entire canine hospital population, males had a relative risk for
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mesothelioma of 16.6 (CL% 6.4-97.3). When dogs 1 to 4 years of
age were assigned a rela i&e risk of 1.0 the greatest risk was
observed in dogs 5 to 9 years of age (OR = 16.9, (1.25 3.4-84.3).
The risk for purebreed dogs when compared to dogs o &l.xed breeding
was 1.7 but this difference was not statistically significant ( "
0.51-5.9). The relative risk for individual purebreeds represent
by more than one dog with mesothelioma was Bouvier des Flandres (OR
= 124.3, 62.6-246.7), Irish Setter (OR = 5.3, CL9SZ 1.4-9.6),
and German herd (OR = 3.3, CL95z 1,3-8.2).

The cancer and noncancer contrcl patients represented a wide variety
of diseases and conditions; not more than two dogs had the same
diagnosis. Owners of 16 of the 18 mesothelioma patients were
contacted and interviewed. The OR for suspected risk factors for
canine mesothelioma are shown in Table 2. The findings were similar
when mesothelioma patients were compared to either the cancer or
noncancer control group. However, for 11 of the 14 risk factors
studied, a stronger association with mesothelioma was noted in the
analysis using the noncancer controls. Exposure of the owner to
asbestos at work or through a hobby was found to be significantly
associated with mesothelioma in the analysis using noncancer

controls, (OR = 8.0, 1.4-45,9); when cancer controls were used
the odds ratio was 2.3, blit was not significant ( 0.6-8.7). The
relative risk for mesothelioma with both control s combined was

3.5 (CLggy 1.1-11.0).

Information on the use of pesticides and insect repellents was
obtained becausg talc may be contaminated with asbestos and other
mineral fibers.” The relative risk for all forms of pesticides was
elevated and was significant when any pesticide use was considered

in comparison to noncancer controls (OR=11.0, 1.5-82.1). The
risk associated with any pesticide use when the trol groups were
conmbined was also significant (OR= 7.6, 1.2-49.0).

Preliminary microscopic observations of s camnercially available
pet flea powders and sprays revealed large amounts of quartz,
silicates, and silica, and small amounts of antigonite, a fiber
closely related to chrysotile asbestos. While asbestos fibers were
not specifically identified, exposure of humans to other mineral
fibers has been associated with pulmonary disease (e.g., silicosis).
Results of the lung tissue fiber analysis are presented in Table 3.
The three dogs with mesothelioma had the highest levels of
chrysotile fibers. The amphibole consisted of tremolite and
actinolite, except in the case of control dog 1, where it was
comercial amphibole in the form of amosite and crocidolite. The
authors stated that the tremolite and actinolite were probably
eontaminants of the chrysotile.
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one of the following groups:

(a) talec - Italian 00000 grade (927 talc mineral, 31 chlorite and
12 carbonate minerals; quartz was found in the powder at
0.5-1.07 level); no asbestos minerals of either tremolite or
chrysotile varieties were detected;

(b) super fine chrysotile asbestos (SFA chrysotile);
(c) controls - no exposure to either material.

The animals were housed four to a cage except when in inhalation
chambers (in a separate roam) when there were 6 to a cage. Rats
were fed on a proprietary brand of autoclaved cubes and water ad
libitum; home cages were supplied with filtered air. There were
sacrifices ten days after the end of each exposure period and at ome
year. The remaining animals were allowed to live until they died or
appeared to be distressed. A full necropsy examination was carried
out on all animals.

The dust clouds were generated for 7% hours a day, 5 days a week.
After 6 months' exposure half of the rats were removed and
transferred to ordinary cages and were replaced by another 24
animals per dust. These rats were in turn removed and replaced
after 3 months' exposure, and all exposure ceased after another 3
months (48 rats were exposed for 3 months, 24 for 6 months, and 24
for 12 months). The dosage was calculated as the product of
eoncmtrasim and time. The mean respirable dust concentration was
10.8 mg/m~ for each dust and the cumulative doses, i.e., the product
of cgncentration and time, were approximately 4100, 8200, and 16400
mg/m~ hrs. for the 3-, 6-, and 12-month exposures.
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Regults: Survival data were not presented. The amount of dust in
ungs was determined for the sacrificed rats. For talc, the

mean amounts of dust in the lungs were 2.8, 4.5, and 12.3 mg per rat

at the end of exposures of 3, 6, and 12 wonths, respectively. In
contrast, the amount of SFA crysotile was close to the detection
limit of the method and was estimated as only 0.6 mg/rat after 12
months' exposure.

An assessment was made of the severity of fibrosis in the lungs of
rats sacrificed at the end of exposure and one year later (see
Table 1 below).

TABLE 1. Inhalation Expenment - Mean Fibrosis at End of Exposure and One Year Later (Numper of
Rats)

Length of exposure
Matenal Time 3 months 6 months 12 months
Rakan taic End of exposure 22 (8) 27 (6) 34 8
1 year later 24 8) 34 (¥ 46 &4
SFA chrysotile End of exposure 28 (& 30 @ 32 6
1 year later 22 (8 32 ¥ 42 (4
Convols End of exposure 18 (8 19 (6) 13 (6)
1 year later 16 (8) 15 19 (3

The main features are that both Italian talc and SFA chrysotile
produced fibrosis to a similar extent, and that there was same
evidence of progression after exposure was discontirued in the
longer exposed animals.

The mmber of rats with lung tumors are shown in Table 2. One
adenoma occurred in the control group, two adenomata were observed
in the rats exposed to talc, and 13 lung tumors, including one
mesothelioma and 3 adenocarcinomata were observed in the SFA

chrysotile group.

TABLE 2. inhalation Expenment - Lung Tumors

Number Number of lung tumors
Materiat Exposure at Adenomas Adenoma- Adeno- Mesoihel-
nsk' tosis carcinomas 1omas
Rahan 3 months 39 [} 4] 0 o
Taic 6 months 18 0 0 0 0
12 months 24 2 0 0 0
- SFA 3 months 40 0 0 0 1
Chrysotile 6months . 18 1 2 1 0
12 months 22 3 3 2 0
Controis 7" 1 0 0 0

'Number surviving at least 300 days from start of exposure
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Analysis method used

(a) man-years wethod-case

(b} case-Lea-nultiple controls analysis
(c) McDomald & Liddell

(d) case-control - Liddell

{e) Mantel-Haenszel log-rank method

() wan-yrs life table method - 1111

{g) wodified lifetable mwethod - Enterline

Exposure measurement procedure

(1} midget impinger

(2} mepbrane filter collection
{3) phase contrast microscopy
(4) thermal precipitator

(5) static membrane filter

{6} simulated conditiems

(7) actual conditions

(8) NIOSH methods

(10) not stated
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Risk Assessment

Exposure, laboratory, and epidemiological data provided esrlier in
this report are used in this chapter to make quantitative and
qualitative (or comparative) assessments of risks from exposure to
asbestiform fibers. To place the discussion in context, the chapter
begins with a brief general discussion of risk assessment and a few
special considerations concerning asbestos and related fibrous materials.

Various difficulties often limit the accuracy and precisgion with
which risk to human health can be estimated. Nevertheless, when the
data base is good, the risk estimates can be sufficiently informative to
aid policy judgments., Some of the factors that enhance the usefulness
of the data include dose-response information based on several
accurately known exposure levels; knowledge of physiologic and metabolic
factors that affect exposure of body tissues; an understanding of the
mechanism by which the substance results in toxicity; knowledge of the
extent to which experimental systems mimic -the human response; and an
understanding of the properties of a complex and variable substance that
account for its toxicity.
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Many of these issues apply in the assessment of risk from
asbestiform fibers, which have varying physical and chemical
properties. Some members of the class, the commonly used naturally
occurring forms of asbestos, have been clearly shown to cause fibrosis
of the lung and pleura as well as cancer of the lung, mesothelium, and
possibly the gastrointestinal tract in humans. Some occupational data
on other fibers are also available, and considerable numbers of
experimental studies have been conducted. It is reasonable from a
biological viewpoint to use data from occupational studies to derive
estimates of risk from nonoccupational exposure. However, differences
in route of exposure, type and characteristics of fiber, exposure
levels, and time patterns must be considered. Moreover, because working
populations are generally healthier than the public at large, the latter
may contain a higher proportion of more susceptible individuals.

THE PROCESS OF RISK ASSESSMENT

The principles guiding the assessment of health risks from
environmental substances were recently reviewed by a committee of the
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National Research Council (1983). These principlgs are summarized here
to provide a framework for assessing the health risks from exposure to
asbestiform fibers.

The numerous terms used to describe different aspects of risk
assessment include "hazard assessment," "hazard identification," "risk
assessment,"” '"qualitative risk assessment,” ''dose-response assessment,"
“"comparative risk assessment,"” '"quantitative risk assessment," and "risk
characterization.” The use of these terms has not been standardized.

Three concepts are generally incorporated into the risk assessment
process. First is the identification of the kinds of harmful health
effects, e.g., anemia, birth defects, or cancer, that can result from
sufficient exposure to a substance. Second is the dose-response curve
for a particular effect, i.e., the severity of damage and/or the
percentage of people or animals likely to be at various exposure
levels. Third is the number of people in a particular population, e.g.,
residents of the United States or workers in a particular industry,
likely to be harmed under past, present, or projected levels and
conditions of exposure.

In this report, the committee has used ''risk assessment" as a broad
term encompassing all three of these concepts. '"Hazard identification"
refers to the first concept, "dose-response” curves or relationships are
used in discussions of particular sets of data, and "quantitative risk
assessment" refers to the estimates of risk to humans derived by
mathematical extrapolations from these data. "Population risk
estimates" describe the expected frequency or incidence of a harmful

effect in a specific group of humans under defined conditions of
exposure.

The amount and complexity of information needed increase as we
progress from hazard identification to dose-response assessment to
population risk estimation, although each step builds on the preceding
one. Hazard identification characterizes the nature of toxic effects
that a substance is capable of causing in laboratory animals or humans.
Dose-response curves based on experimental or epidemiological
observations define the frequency and sometimes the severity of these
toxic effects at several levels of exposure.

The dose-response information is used in quantitative risk
estimation. Through mathematical modeling and application of known
biological principles, attempts are often made to estimate risk for dose
levels, exposure conditions, or species other than those for which
dose-response data have been obtained. For example, quantitative risk
assessments often rely on dose-response data from studies of laboratory
animals exposed to relatively high exposure levels in order to estimate
the risk to humans exposed to lower levels. Assumptions and
uncertainties involved in the application of quantitative risk
assessment to cancer induction have been discussed extensively (Food
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Safety Council, 1980; International Regulatory Liaison Group, 1979;
Office of Technology Assessment, 1981). Population risk estimates bring
together quantitative risk estimates and data on exposure of a specific
group of humans to identify their risk under actual or anticipated
exposure conditions.

The most relevant information for categorizing the hazard or the
dose-response for humans is derived from studies of exposed humans.
Unfortunately, evidence from this source is often unavailable or
inconclusive at times when decisions about acceptable exposure must be
made. Humans are exposed to so many different substances through foed,
medicines, air, water, household materials, and occupational
environments that sorting out the causes of harmful effects on health is
often difficult. Perhaps of most importance is the fact that evidence
of human health hazards from substances introduced into our environment
cannot be obtained directly from observations in humans until people
have been harmed.

For these reasons, evidence from laboratory animals or from other
biological test systems is often used as an alternative or as a
supplement to data on humans. A substantial body of evidence has
demonstrated the utility of these experimental systems (Doull et al.,
1980; National Research Council, 1977; Richmond et al., 1981)." A
variety of mathematical models have been developed Tor using data at
high doses, usually only available from studies in animals, to estimate
risks for humans at low doses (Armitage, 1982; Cornfield et al., 1978;
Crump et al., 1976; Fishbein, 1980; Food Safety Council, 1980; Krewski
and Van | Ryzzu. 1981 Van Ryzin, 1980). Because there are extensive data
on the effects of asbestos and some other fibers in humans, the
quantitative risk assessments in this chapter are based exclusively on
data from epidemiological studies in humans, whereas the comparative
risk assessments also take into consideration data from laboratory
studies.

Every scientific study or technique has some lower limit to its
sensitivity. A gensitive method in analytical chemistry may be capable
of detecting a few molecules of a particular chemical among a billion
other kinds of molecules but incapable of detecting a few among a
trillion. The sensitivity of an animal test for toxicity is limited by
many factors, such as the number of animals that it is practical to
study, the subtlety of the effect of interest, the occurrence of similar
effects in animals not exposed to the material under test, and
limitations on the amounts of material that can be administered and on
the methods used to administer them.

Other difficulties limit the power of epidemiological studies. For
example, it is often difficult to select appropriate control groups,
estimate exposure, or detect health effects from the exposures of
concern, especially if the exposures are much lower than those that
occur among occupational groups.
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Several kinds of information are useful for estimating risks at low
exposure levels on the basis of observations at higher exposures. These
include the shape of the dose-response curve in the range of exposures
studied, knowledge of the mechanism by which the type of toxic effect
occurs, and information on dose-related changes in the uptake,
distribution, chemical or physical modification, and excretion of the
substance, i.e., pharmacokinetics.

Substances vary markedly both in the quantity required to produce a
toxic effect and in the rapidity with which the incidence of toxic
effects decreases with decreasing dose, i.e., the shape of the
dose-response curve. In an experiment covering a sufficiently wide
range of exposure levels, it is possible to find some levels that are
toxic and some lower levels at which no toxicity is observed. The
highest dose at which no toxicity is seen is often called the
"no-observed-effect level," or NOEL (Klaassen and Doull, 1980).
However, any experiment will have some limit in its sensitivity to small
effects, and the true no-effect-level, if any, may be below the NOEL in
a particular experiment.

The fundamental assumption underlying the NOEL safety factor
approach is that some minimal level of a toxic substance is required to
cause damage and that the substance is not toxic below that level. The
NOEL type of experiment is used to find that level.

The maximum dose at which no toxicity would occur is called the
"threshold" for that substance. However, several mathematical models
for quantitative estimation of cancer risk assume that there is no
threshold; risk diminishes with decreasing dose, but some risk is =
assumed to remain as long as there is any exposure.

The determination of which of these two assumptions is correct will
probably depend on the nature of the toxic effect. Thus, understanding
the mechanism of toxicity can provide guidance in setting acceptable
exposure levels. For a substance that exerts its toxic effect by
inactivating an enzyme present in abundance in each cell, it is
reasonable to assume that a threshold would exist. Inactivation of a
few molecules of the enzyme is unlikely to damage the cell. On the
other hand, a chemical that is mutagenic or carcinogenic because it
damages some critical site on a DNA molecule that starts the
carcinogenic process can reasonably be assumed not to have a threshold.
The likelihood that a critical site would be damaged would decrease with
decreasing dose, but the possibility that this damage could occur
remains at any exposure above zero.

For many effects, the severity of the toxic effect, as well as the
probability that it will occur, also decreases with dose. For example,
a dose that damages a high proportion of cells in the liver may be
lethal; one that damages a moderate number may cause severe illness but
not death;y a small dose that causes damage to a few cells may not lead

RoA_08285

2L017007dD€20Z#3aASVD - SY3AT1d NONINOD - ANVTHIIY - INd 9%:S ¥¢ INC 720 - d3711d ATIVIINOYLO3 13



204

to any clinical symptoms. The error in assuming a threshold if none
truly existed would generally not be expected to lead to serious cases
of disease in this situation.

By contrast, the severity of cancer and of mutations is not related
to the dose of the substance causing them. Low dose exposure to xX-rays
or cigarette smoke causes fewer cancers than does high dose exposure,
but the resulting cancers are just as lethal. Thus, although there may
be some substances that show a threshold for cancer induction (Hoel et
al., 1983), an error in assuming a threshold when none really exists

would severely harm those persons who got the disease despite a low

exposure.

Accurate documentation of exposure is important for determining the
dose-response curves for toxicity in animals or humans and also for
estimating population risks. Errors in the estimation of exposure will
lead to errors in defining the dose-response curve and in making
quantitative risk estimates for individuals or specific populations.
The amount of a toxic substance or its active metabolite that reaches
the body site that is susceptible to its effect is the exposure that
accounts for toxicity, but such measures are almost never available
(Hoel et al., 1983). Other measurements, such as amounts in the blood,
amounts enterxng the body, or concentrations in the air or water of a
community, are often useful surrogates, but as noted earlier in this
report, they are also often unavailable.

The sensitivity of the exposed population is another consideration
in the risk estimation process. Some individuyals may be more sensitive
than others to specific environmental insults because of nutritional
deficiencies, genetic predisposition, and for children, small body size,
developmental immaturity, and increased metabolic and respiratory rates
(Calabrese, 1978, 1980).

With their rapid metabolic rate, children consume proportionately

more food and inhale greater volumes of air than an adult for a given

body weight. Thus, they would also consume or inhale proportionately
more of any contaminants that are present (Babich and Davis, 1981).
Human infants do not have mature hepatic detoxification systems until
they reach 2 to 3 months of age (Pelkonen et al., 1973; Rane and
Ackerman, 1972). Serum immunoglobulin does not attain adult levels
until children are 10 to 12 years old (Calabrese, 1978). Studies in
animals have also demonstrated a greater sensitivity among the young
after exposure to chemicals by a variety of routes (Goldenthal, 1971).
Children's lungs may also be especially sensitive to environmental
pollutants. Tager et al. (1983) have observed measurable differences in
lung function between children of smoking mothers and children whose
mothers did not smoke.
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Population risk estimation is based on all the preceding steps.
First, the exposure of the study population must be known.
Heterogeneity of the population with respect to level of exposure or
gsensitivity to the toxic material should also be considered in the
calculations. Exposure, dose-response curves, distribution of
sensitivity factors, and the size of the population are then used to
estimate the number of people likely to suffer toxic effects from the
substance of interest. If the material causes more than one type of
toxic effect, each effect requires separate calculations.

Ideally, calculation of risk is an objective, scientific activity
devoid of policy judgments. The latter are made separately when
deciding the acceptable level of exposure. However, policy decisions
can seldom be divorced completely from the process of risk assessment.
The reason for this lies in the uncertainty of many of the scientific
judgments required. For example, if one experimental species is more
susceptible to the toxicity of a material than another and data on
humans are unavailable, which species should be used for estimating
human risk? Which mathematical model should be applied to the data?
These and many other questions of judgment were discussed in the recent
National Research Council (1983) report.

In the following sections, the committee has used epidemiological
data, mostly from occupational settings, to develop a quantitative model
of the relationship between fiber dose and carcinogenic response for a
generalized "asbestos' exposure resulting in either lung cancer or
mesothelioma. That dose-response relationship is then applied to a
hypothetical, but reasonable, exposure level to show potential
population risk levels in populations of arbitrary size. In the final
section, the committee assesses risks for other types of fibers and, in
some cases, for other diseases by qualitative comparisons with the base
case of a generalized asbestos exposure.

QUANTITATIVE RISK ASSESSMENT

In the previous chapters, the committee extensively reviewed
information on the health effects of asbestos and other asbestiform
fibers. In preparing this section, it also reviewed several risk
assessments for asbestos in the open literature and in governmeat
documents. On the basis of its evaluation of the quality and coverage
of the information and the assessment techniques, the committee decided
that a quantitative assessment of the risks for mesothelioma and lung
cancer from nonoccupational exposures to asbestos would be meaningful.
It also concluded that the information base was insufficient for useful
quantitative assessments for other fiber types and diseases, but that in
some cases a qualitative, comparative assessment was feasible and
useful. These decisions do not mean that the asbestos assessment is
without major uncertainties nor does it mean that the comparative
assessments-are of poor quality. In both cases, the objective is tc
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present information useful for evaluating the health risks of
asbestiform fibers in nonoccupatiomal settings.

First, an overview of mathematical models for carcinogenic risk
assessment 1s presented to provide a context for the assessments for
lung cancer and mesothelioma, which are of principal interest. Next,
there is a review of several assessments for asbestos that were based on

such models. Finally, these assessments and the commit:eg's own
analyses are applied to the information presented in earlier chapters to

produce quantitative risk estimates for nonoccupational exposures to
asbestos in ambient air.

Mathematical Model for Carcinogenic Risk Estimate

As explained earlier, it is not necessary to use data on asbestos
exposure from animal experiments to estimate risks for humans, but it is
necessary to extrapolate from the health effects observed at high
occupational levels of exposure to much lower nonoccupational
exposures. Occupational epidemiology makes it possible to describe the
probability of dying from a particular type of cancer as a function of
age at first exposure, level and duration of exposure, and current age.
Mathematical extrapolation models based on the multistage theory of
carcinogenesis make it possible to estimate the probability of dying
from that type of cancer for different ages at first exposure, different
(lower) exposure levels, and different (often longer) duration of
exposure, also as a function of current age. By considering the
cumulative probability throughout a lifetime, the "lifetime risk" of
cancer mortality can be computed.

At any age, an individual faces some probability of reaching an end
point that is related to cancer in the next year, for example, dying of
lung cancer. Suppose that at a given age, a, the probability is given
by p(a,d), where d is the dose of the carcinogen--in this case,
asbestos. When d = 0, p(a,0) is the probability of the end point for
unexposed people. If t is some age of interest, then the cumulative
probability P(t,d) of reaching the end point before that age is given by
the sum of the annual probabilities up to that age:

P(t,d) = the sum of p(a,d) over all ages, a, <t. (1)
Reaching the end point by time t is analogous to the "failure time"
for a generalized system that is no longer effective after time t.
General mathematical analysis can be used to show that the probability
of failure as a function of time can be written as follows:

P(t,d) =1 - e 'I(t’d). (2)

where I(t,d) represents the cumulative incidence function (or cumulative
hazard function) of occurrence of the observable failure prior to time t.
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Armitage and Doll (1961), Peto et al. (1982), Kalbfleisch and Prentice
(1980), Hartley and Sielken (1977), Hartley et al. (1931)! and
Kalbfleisch et al. (1983) have applied this model to carcinogenesis. If
the cumulative incidence I(t,d) is small, then equation (2) may be
gimplified to

p(c,d) = I(c,d), (3)
where = means approximately.

In carcinogenic risk assessment, attention is usually focussed on
the cumulative incidence function I(t,d) rather than on the probability
function P(t,d). The Armitage-Doll (1961) multistage theory of
carcinogenesis suggests that I(t,d) can be written as a product of two
terms--g(d), depending only on dose, and h(t), depending only on time.
That is,

I(t,d) = g(d) h(e). (4)

If there are k dose-dependent stages in the process of carcinogenesis
and the rate of transformation from one stage to the next is assumed to
be a linear function of dose, the function g(d) would be a polynomial of
degree k in the dose. The function h(t) depends only on time. This
model and its generalization and justification have been discussed by
Crump et al. (1976), Hartley et al. (1981), and Kalbfleisch et al.
(1983).

To determine the values of the constants in the polynomial g(d) and
the functional form for h(t), the cumulative incidence function must be
fitted to data~-preferably to data based on observations in human
populations. The multistage model described above has been fitted
successfully to many sets of cancer data, including data on asbestos,
and appears at present to be a generally adequate model for assessing
cancer risk. Fitting equation (4) to data involves estimating the
constants in the model for some suitably determined function h(t). This
model has been applied to both mesothelioma and lung cancer data on
asbestos-exposed workers. The form of h(t) and the values of the
constants from those studies will be discussed in the next section. The
function g(d)--and thus the cumulative excess incidence function
I(t,d)=-can be approximated as a linear function of dose in the low~dose
range that equals O when d = 0. This relationship can be used for
extrapolating from high to low doses and has the following form:

I(t,d) = cdh(t). (5)

This form assumes that there is at least one dose-dependent stage of
cancer development. The argument for a linear (with respect to dose)
approximation for low-dose exposures has been justified on the basis
that the exposure dose d is added to a background level (Hoel, 1980;
Peto, 1978). This assumption may not always be justified in application
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(see Cornfield et al., 1978 and Van Ryzin, 1981), but it should lead to
an appropriate upper bound for the committee's risk assessments for
asbestos. Furthermore, and more importantly, ruling out a linear dose
term for asbestos exposure does not seem justified by the data now
available (Nicholson, 1983; Peto, 1982; Schneiderman et al., 1981).
Thus, the model adopted for risk assessment in the next three sections
of this chapter is based on the cancer mortality incidence calculated by
equation (5).

PUBLISHED RISK ASSESSMENTS

This section reviews some published risk assessments for lung cancer
and mesothelioma. These assessments helped the committee select a
functional form for h(t) for the two diseases and to establish the value
of the constant c in equation (5).

Lung Cancer Risk from Nonoccupational Environmental Exposures

The following summary of risk assessments for lung cancer from
asbestos exposures is based on data on exposure of worker populations.
These data suggest that the function I(t,d) in equation (5) becomes

I(t,d) = c*Tpd1g(t), (6)

where Ty is the duration of exposure to asbestos at dose d, Ip(t) is

the cumulative mortality incidence for lung cancer up to age t for those
who have not been exposed to asbestos, and c* is a constant that depends
on the cohort under study, but not on dose or age. As used in

equation (6) and in the remainder of this section, d is the
concentration of fibers in the workplace air, usually measured in
fibers/cm3. Although d is referred to as dose, some authors would

call it dose rate and would refer to the product Tod as (cumulative)
dose. Equation (6), derived by Peto (1982), is consistent with his
earlier studies of chrysotile workers (Peto, 1978). This equation is
also supported by four studies reviewed by Nicholson (1983), who noted
that the relative risk of lung cancer deaths for asbestos workers
compared to a similar population was linearly related to the accumulated
dose years, i.e., fibers/cm3 x years, or (fibers/cm3)yr.

In equation (6), the underlying incidence rate Ip(t) is consider-
ably different for smokers and nonsmokers of each sex. Therefore, the
risks for each of these groups must be assessed separately. Another
consequence of equation (6) is that the relative risk of lung cancer due
to asbestos exposure does not depend on age at first exposure.

Thus, lifelong risk of lung cancer resulting from exposure to

asbestos can be calculated quite simply by using equation (6). As an
example, consider the following calculation given by Peto (1982).
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Consider the effect of 10 years of exposure at 1 fiber/cm3. If we
assume that the relative risk for lung cancer among insulation workers
increased approximately fourfold [Hammond et al. (1979) reported 4.2 for
nonsmokers and 3.9 for smokers] and that this risk is based on a
cumulative dose of 600 fibers/cm3 (20 years at 30 fibers/cm3), then

10 years of exposure to 1 fiber/cm3 will increase the relative risk by
4,0 x 10/600 = 0.067. Since approximately 15% of lifelong smokers die
of lung cancer, this mortality rate will increase to 0.15 x 1.067 x 100,
or 16%. Thus, the difference (1%) is the excess due to asbestos as
predicted by the equation. Since only 0.5% of nonsmokers die of lung
cancer, this would become 0.533% (0.005 x 1.067 x 100) for an added risk
of 0.033% due to asbestos exposure.

Mesothelioma Risk from Nonoccupational Environmental Exposures

The committee reviewed two estimations of mesothelioma risk, one by
Peto and his colleagues (Peto, 1982; Peto et al., 1982) and the other by
Nicholson (1983). These analyses and their i consequences are summarized
in this section.

Using the data of Selikoff et al. (1979) on mortality among 17,800
members of the International Association of Heat and Frost Insulators
and Asbestos Workers, Peto et al. (1982) showed that the mortality rate
from mesothelioma in these workers was dependent on the time since first
exposure, but did not depend on the age at first exposure. From this
finding, and the application of the multistage theory of carcinogenesis
through equation (5), the cumulative incidence function becomes:

I(t,d) = cd(t - to)K, (7)

where t'- tj represents time since first exposure at age tg. For

any group of workers exposed at the same dose level d, the product cd = b
is a constant depending on the type of asbestos exposure. Equation (7)
suggests that the risk for mesothelioma is primarily dependent on the
time since first exposure (t - tg). This same phenomenon was noted by
Schneiderman et al. (1981) and Nlcholson (1983). Fitting equation (7)
with b = c¢d to the data of Selikoff et al. (1979) for men up to age 80
by the method of maximum likelihood estimation resulted in an estimate
of k = 3.2 with a standard error of + 0.36 and b = 4.37 x 1078, Using
this calculation, Peto et al. (1982) estimated the lifelong mesothelzoma
risk for this worker group to be 15%, 7%, and 3% for age at first
exposures of 20, 30, and 40 years, respectively. These figures have
been adjusted for other competing causes of death.

Using equation (7) with k = 3.2, Peto and colleagues determined that
b x 108 ranges in value from 2.94 to 5.15 for four other sets of data
(see Table 7-1). Using k = 3.5, Peto (1982) computed a lifetime
mesothelioma rate of 1 in 100,000 children exposed from age 12 to age 18
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TABLE 7-1. Mesothelioma Death Rates in Various Studies

and Predictions of Risk?@

Study Population Relative Risk
and Reference (b x 108)

North American insulation 4.37
workers (mixed exposure)
Selikoff et al., 1979

Factory workers (mixed 4,95
exposure)
Newhouse and Berry, 1976

Chrysotile textile 2.94
factory workers
Peto, 1980b

Australian crocidolite 5.15
miners
Hobbs et al., 1980

U.S. amosite factory 4.91

workers
Seidman et al., 1979

Corresponding Lifetime
Risk (%)P by Age at
First Exposure (yrs)

20 30 40

15 7 3

17 8 3

10 5 2

17 8 3

17 8 3

3pdapted from Peto et al. (1982). The death rate at time t - tp since

first exposure at age tg is proportional to b, obta
equation (7) with k = 3.2.

ined by fitting

bThe calculation of "lifetime risk,” i.e., the percentage of similarly
exposed men who would die of mesothelioma before age 80, is based on an

actuarial calculation using 1977 U.S. rates for white males for all causes

of death other than mesothelioma inflated by a factor of 1.26, the
observed relative risk among insulation workers (Selikoff et al., 1979).

- SVa'1d NOWWOD - ANV THDIY - INd 9%:S vZ InC #7202 - a3 A"I"IVOINOELLC)EI']‘

2.07007dDEZ0ZHASYD

(i.e., 6 years of school age), assuming the fiber level was 0.003 fiber/cm3
(1/1,000 of the exposure of the insulation workers).

A second risk assessment was done by Nicholson (1983), who criticized the
Peto et al. (1982) analysis for fitting equation (7) to only those men who
died of mesothelioma up to age 80. By including all insulation workers, he
estimated k to be 5.0.
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QUANTITATIVE RISK ASSESSMENT FOR NONOCCUPATIONAL ENVIRONMENTAL EXPOSURES

As a starting point for assessing the risk from nonoccupational
environmental exposure to asbestiform fibers, the committee adopted equation
(6) as representing the cumulative mortality up to age t, which is
appropriate for lung cancer induced by a continuous exposure of Ty years at
dose level d in fibers/cm3. This model implies that any given total dose
before time t would have the same effect on the relative risk at time t,
regardless of the time at which exposure started or its duration. The model
thus ignores a minimum latency period, which might cause the model to
overestimate effects, but also ignores the difference between exposures at
earlier and later ages, which might cause the model to underestimate effects.

Equation (7) was assumed to be a reasonable representation of the
cumulative mortality from mesothelioma up to age t for continuous exposure to
asbestos at dose level d in fibers/cm3 from age tg until age t. In this
case, latency is implicitly included in the dependence on (t-tg), because
k is greater than 1, but no minimum latency is assumed. These assumptions
are supported by the work of Peto (1982), Peto et al. (1982), Nicholson
(1983), and Schneiderman et al., (198l), who extensively reviewed the basis
for these assumptions by examining the models and their consistency for

several observed worker cohorts exposed to ambient concentrations of asbestos

fibers. These authors have suggested that asbestos acts as a late-stage
carcinogen in producing lung cancer but acts at earlier stages in the
development of mesothelioma. Using these models, the committee developed
lifetime estimates of risk for lung cancer and mesothelioma mortality from
continuous nonoccupational exposures to 0.0004 fibers/cm3 and for 0.002
fibers/cm3.

For lung cancer, the committee assessed the risk for four exposure
subgroups: male smokers, female smokers, male nonsmokers, and female
nonsmokers. For mesotnelioma, only one calculation was made, since equation
(7) and the supporting data in the papers cited above suggest that
mesothelioma mortality does not depend on sex or smoking history, but does
depend strongly on age at first exposure.

Lifetime Risk Estimates for Lung Cancer and Mesothelioma

Table 7-2 summarizes lifetime risk estimates for lung cancer and
mesotheligoma for nonoccupational environmental exposures to 0.0004
fibers/cm? (a median level) and 0.002 fibers/cm3 (a high level). It is
assumed this exposure is continuous from birth through a lifetime of 73
years, an approximate average lifetime in the United States. Thus, in
equations (6) and (7), t = 73 years and d = 0.0004 or 0.002. In equation
(6), Tg = 73 and in equation (7), tg = 0 to account for continuous
exposure. Because equations (6) and (7) are linear in the dose unit d, one
can immediately obtain from Table 7-2 lifetime risks at other continuous
(from birth) environmental exposures by multiplying by the appropriate dose
factor. For example, lifetime risk estimates at 0.02 fibers/cm3 are 10
times higher than the estimates at 0.002 fibers/cm3.
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TABLE 7-2. Estimated Individual Lifetime Risks from a Continuous

Exposure to Asbestos at 0.0004 Fibers/cm3 (a Median
Dose) or 0.002 Fibers/cm3 (a High Dose)®

Estimated Individual Lifetime Risk x 106

Exposure Median Exposure High Exposure
Disease Group (0.0004 fibers/cm3) (0.002 fibers/cm3
Lung cancerP Male smoker 64 (0 to 290)¢ 320 (0 to 1,500)
Lung cancer Female smoker 23 (0 to 110) 120 (0 to 530)
lung cancer Male nonsmoker 6 (0 to 22) 29 (0 to 130)
Lung cancer Female nonsmoker 3 (0 to 13) 15 (0 to 66)
Mesothelioma All 9 (0 to 350) 46 (0 to 1,700)

4Lifetime assumed to be 73 years; exposure occurs from birth. Lung
cancer risks are calculated with c* = 1,02 or an excess risk of 2% per
(fiber/cm3)yr, estimated from nine studies with varied results.
Mesothelioma risks are calculated with ¢ = 2.53 x 108 and k = 3.2,
estimated from five studies with varied results. See also explanations
in text.
bsex differences tor lung cancer risk are due to differences in lung cancer
background rates associated with smoking patterns, occupational exposures,
and other factors.
CRange of estimates. The lower limit of 0 is always possible if linear
extrapolation overestimates risk. See also text below.

The estimates in Table 7-2 were based on the following five
considerations:

22.0700zd2620743SY D = SYTA T4 NOININOD - ANVTHOIY - INd 9F:9 %22 JC 7202 - A4 ATIVIINOH LD

o Exposure levels. A mix of indoor and outdoor measured exposure
levels was used to select the median value of 0.0004 fibers/cm3 and the
high value of 0.002 fibers/cm3 as the reference levels.

e Use of the linear model. The models used by the coumittee all
assume low-dose linearity and, as such, produce higher estimates of risk
at low doses than would be obtained with other models. However, because
the occupational data do not rule out low-dose linearity, the committee
believes that these estimates do not unduly overstate the risks.

® Count-mass conversion. The conversion of ambient fiber mass
measurements to an equivalent number of fibers was based on measurements
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of mass and numbers of fibers in the workplace. The committee realized,
nowever, that the number of fibers in ambient air would be much greater
pecause these fibers tend to be smaller than those in the workplace (see
chapter 4). Depending on the toxicity of small fibers, the risks could

be greater or less than those calculated in this chapter. If the presence
of long fibers is necessary for a toxic response, risks would be lower.

# Model dependence. The results of the mesothelioma model depend
very heavily on the value of k. This accounts for the large range of
estimates for mesothelioma. It is assumed that this dependence on k
among workers holds for the entire population throughout a lifetime. If
the dependence is not as strong (i.e., a lower k value), the lower end of
the range would apply. If this aependence is as strong (i.e., a higher k
value), the upper bound may be more appropriate.

e Childhood exposure. The models used for extrapolation for both
lung cancer and mesothelioma are based on the assumption that a unit dose
of exposure (measured as fibers/cm3 > 5 um long) in early life is
equivalent in its intrinsic carcinogenic potential to a unit dose in later
life. If children are more biologically sensitive than the worker group,
the risk per unit dose would be increased. Results from studies of
exposure to other materials indicate that children are often more sensi-
tive than adults to a given dose, even when expressed as dose/body weight.

The risk estimates and ranges shown in Table 7-2 are those the
committee considers most reasonable. Because of the uncertain value of k
and the sensitivity of equation (7) to its value, the range of estimates
is much larger for mesothelioma than for lung cancer. Two conclusions
can be drawn from the estimates in Table 7-2:

e For nonsmokers, the lifetime risk for mesothelioma from non-
occupational environmental exposure to asbestos is higher than for lung

cancer. For smokers, however, the risks of lung cancer are substantially
higher than for mesothelioma, because of the multiplicative interaction

of smoking and asbestos exposures.

e 1Individual lifetime risk estimates for lung cancer from
nonoccupational environmental exposures to 0.0004 fibers/cm3 are much
lower than the risks observed for smoking.

The basis for the calculations in Table 7-2 is discussed in detail in
the following two subsections.

Calculation of the Lung Cancer Risk Estimates in Table 7-2. <Calcu-

lating lifetime risk estimates from equation (6) involves the notion of
relative risk up to time t, designated here as RR. From equation (6),

the RR for lung cancer by age t can be shown as follows:
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I1(t,d) (8)
Io(t)

= cumulative lung cancer mortality by age t at dose d
baseline cumulative lung cancer mortality by age t

= C*(Tod) ]

where (Tgd) = total dose-years for the exposed group and c* is a
constant that depends on the cohort.

For a given study showing an increased relative risk for lung cancer,
* = (1+ P/100), 9

where P is the percentage increase in lung cancer risk per unit dose
[% per (fibers/cm3 Jyr]. Schneiderman et al. (1981) presented the
values of P for nine different worker cohorts. The results are
summarized in Table 7-3.

Values for P in Table 7-3 range from 0.06 (Study 8) to 9.1 (Study
1). The higher value establishes the upper end of the range given in
Table 7-2. The zero value for the lower end of the range indicates that
the low-dose linear approximation in equation (5) may overstate risk.

The median value for P in the studies shown in Table 7-3 is P = 1.1
(Study 7). This value, rounded upward to 2, was used in obtaining the
estimates for lifetime lung cancer risk in Table 7-2. To calculate these
estimates, it was necessary to know only the baseline absolute risks for
the appropriate subpopulations. The baseline cumulative incidence rates
of lung cancer for the four subgroups in Table 7-2 have been estimated by
Schneiderman et al. (1981) as follows: male smokers = Q.ll; female
smokers = 0.04; male nonsmokers = (0.0l; and female nonsmokers = 0.005.

Thus, using 2X as a value for P, the lifetime risk of lung cancer for
a male smoker is

(0.11)(1 + P/100) = (0.11)(1 + 0.02) = Q0.1l122. (10)

The anreased lifetime risk attributable to asbestos exposure at

1 fiber/cm3 for 1 year is 0.0022, i.e., 0.1122 - 0.1100. At the

ambient exposure of 0.0004 fibers/cm3 assumed in Table 7-2 and for a
73-year lifetime exposure, the increased lifetime risk of lung cancer is
6.42 x 1077, i.e., 0.0022 x 0.0004 x 73. Rounding to two significant
figures gives the estimate in Table 7-2 for male smokers. The other
calculations in that table were derived in a similar fashion.

When describing the use of the percentages given in Table 7-3,
Schneiderman et al. (1981) commented that the low percentage increases in
risk in Studies 3, 6, 8, and 9 probably resulted from several factors.

In Study 3, for example the subjects were retirees older than 65.
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TABLE 7-3.

Occupation of
Worker Cohort
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Estimated Increase in Lung Cancer Risk per Unit of

Exposure to Asbestos2

Asbestos Type

Insulation
manufacturing

Asbestos
product manu-
facturing

Asbestos
manufacturing

Asbestos
product manu-
facturing

Textile
production

Textile
production

Insulation
manufac-
turing

Mining
and milling

Mining
and milling

Amosite

Crocidolite,
chrysotile,
and amosite

Amosite and
chrysotile;

some crocidolite

Chrysotile;
some amosite

and crocidolite

Chrysotile

Chrysotile

Chrysotile

and amosite

Chrysotile

Chrysotile

o~ E
—_—
£

Percent Increase

in Lung Cancer Risk
per (fibers/cm3)yr

X /72

9.1

1.3 males
8.4 females

0.3

1.1

5.3

0.07 early
employeesb

0.8 later
employeesb

1.7

0.06

0.15

4pdapted from Table 4 in Schneiderman et al., 1981.

bEarly employees began work before or E;ring 1950.

after 1950.
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Reference

t al.,

Seidman
1979

Newhouse and
Berry, 1979

Henderson and
Enterline,
1979

Nicholson
et al., 1979

Dement et _l.,
1982
Peto, 1980

Selikoff et al.,
1979

McDonald and
Liddell, 1979

Nicholson
et al., 1979

Later employees began work
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Schneiderman et al. stated that the investigators may thus have missed
asbestos-related deaths occurring at earlier ages. In Study 6, the
disease rates for workers employed earlier were lower than those
employed later who were followed for shorter periods. The discrepancy
has diminished as more data have accumulated. The subjects in Studies 8
and 9 were mining and milling workers whose exposure patterns were quite
different from environmental ambient air exposures. There is also some
evidence that many lung cancer cases were missed in Studies 8 and 9
because of competing causes of death at earlier ages. Thus,
Schneiderman et al. (1981) concluded that the range from 1.1 (Study 4)
to 9.1 (Study 1) is the most representative of true values. The value
of P = 2 used in the calculations in Table 7-2 falls near the bottom of
this range, but is within a factor of 5 of the top of the range. If we
use P = 5, which is the middle of the range, the lung cancer risk
estimates in Table 7-2 would be multiplied by a factor of 2.5.

Calculation of Mesothelioma Risk Estimates. To calculate the
lifetime risk with equation (7), the numbers c and k must be deter-
mined. Then the lifetime risk L at d = 0.0004 fibers/cm3, assuming
t = 73 and ty = 0 (continuous exposure from birth to age 73), is

L = ¢(0.0004)(73)k, (11)

To apply this equation, c¢ and k must be estimated from epidemiological
studies of occupational exposures to asbestos. Each study must be
stratified by duration of exposure (t-t;) to estimate these
parameters. Most of the following analysis is similar to that of

Peto et al. (1982).

First, let us consider the choice of k. As noted earlier, when Peto
et al. (1982) fitted equation (7) to the data of Selikoff et al. (1979),
they obtained the equation I(t,d) = b(t - t0)3'2, with b = 4.37 and
k = 3.2 + 0.36 (standard error). In equation (11), therefore, we
initially use k = 3.2. Modifications using different values for k will
give the range of estimates for d = 0.0004 fibers/cm3 in Table 7-2.
For d = 0.002 fibers/cm3, we replace 0.0004 with 0.002 in equation
(11). wWith k = 3.2, Peto et al. (1982) also fitted four other data sets
to obtain four values of b in the equation I(t,d) = b(t = tg)3-2,
The value of b is specific to each worker cohort and depends on three
numbers: d (the average fiber/cm3 exposure), 2 (the average length of
exposure), and t - tg (the average time since first exposure). These
values are given in Table 7-4. In addition, Table 7-4 contains the
estimates of ¢ that are appropriate for equatiom (7), based on the
corresponding estimate of b given by Peto et al. (1982). When exposure
is not continuous from time of first exposure (tp) to the age of
observation (t) for these studies, the relationship between b and ¢
changes from ¢ = b/d to

- 4.56 b/d (12)
1 - [1 - 2/(t-tp)]3-2 °
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TABLE 7-4. Estimated Constants for Equations (11)
and (12) for Five Studies

study b x 108 48 {a t -t 2 c x 108

selikoff et al., 4.37 15 15 24 1.39
1979

Newhouse and 4.95 12.5 6 31.5 3.67
Berry, 1976

Peto, 1980a,b 2.94 16.5 14 22.5 0.85

Hobbs et al., 5.15 NAD NA  NA NA
1980

Seidman et al., 4.91 35 1 35 7.22
1979

¥Estimated from data given in Tables 4 and 10 of Schneiderman et al.
(1981), using estimated median values. The product df from colymms
3 and 4 above is the estimated cumulative exposure in (fiber/cm-)yr
of their Table 10.

DNA = not available.

The factor 4.56 adjusts from occupational exposures at about 1,920 hours
per year to environmental exposures at 8,760 hours per year. Appendix G
provides the mathematical basis for equation (12). Table 7-4 gives the
values of the constants for each study in which Peto et al. (1982)
estimated b.

To obtain the estimates for mesothelioma at the dose of 0.0004
fibers/cm3 in Table 7-2, equation (11) is used with values for c from
Table 7-4 and k = 3.2. _In Table 7-2 the lifetime risk for mesothelioma
at d = 0.0004 fibers/cm> is 9 per million. This is calculated from
equation (11) with ¢ = 2.53 x 1078, the median of the range of the
¢ values in Table 7-4, and k = 3.2. The highest value of the gange in
Table 7-2 at d = 0.0004 uses equation (11) with ¢ = 7.22 x 1077, the
upper value of ¢ in Table 7-4, and k = 3.8, obtained from 3.2 + 1.65
x 0.36. The selection of 3.8 as the value for k is based on an
approximate upper 95% confidence limit for the estimate of k. The lower
limit is taken as 0, which is always a possible lower limit, especially
if the low-dose linear assumption in equation (5) overestimates the
individual lifetime risk.
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Peto (1982) recommended using a k value of 3.5 for risk assessment
purposes. As an example, he estimated that the risk of mesothelioma for
children exposed for a 6-year period (ages 12 to 18) at 0.003
fibers/cm3 would be one in 100,000. Nicholson reviewed additional
data, including data on older workers up to age 80, and determined that
a k value would be 5. Schneiderman et al. (1981) used k = 3.0. For
this study, the committee used a value of 3.2. Although neither
existing data nor biological theory can provide very much guidance on
the value of k, its value is very important in projecting the lifetime
risks of mesothelioma from asbestos exposures. Table 7-5 shows how
lifetime risk varies from the value of 9 per million for several values
of k. Also shown are risk estimates for other values of c. The reader
can easily calculate the results for other values of exposure.

Other authors have also estimated the risks of mesotheliomas.
Enterline (1983) derived a lifetime risk of 100 per million by using
current reported rates of mesothelioma, an assumption about the relative
contributions of nonoccupational and occupational asbestos exposures,
and other factors. This estimate clearly relates to past exposure to
varying levels of asbestos. Schneiderman et al. (1981) estimated
lifetime risks for mesothelioma to be between 800 and 5,000 per million
for a cumulative exposure of 1 (fiber/cm3)yr. These estimates
correspond to lifetime risks of 23 to 150 per million for 0.0004
fibers/cm3 for 73 years. As mentioned above, these investigators
effectively assumed k = 3, but their equivalent ¢ was higher than that
used for the corresponding estimates in Tables 7-2 and 7-5.

.

TABLE 7-5. Sensitivity of Estimates for Lifetime Risked
of Mesothelioms to Values of k and ¢

Lifetime Risk Estimates x 106, Using k Values from Various Studies

Peto et Peto et

This Study Schneiderman This Study al., 1982 This Study al., 1982 Nicholsen,

(low) et al., 1981 (middle) Tmiddle) (high) (high) 1983
\
c 2.6 3.0 3.2 3.5 3.8 4,0 5.0
0.85 0.2 1.3 3 11 41 97 7,000
x 10-8
2.53 0.7 &4 9 34 120 290 21,000
x 10~8
7.22 2 11 26 96 is0 820 60,000
x 10-8

#Al1 estimates are derived from equation (11), L = c(0.0004)(73)k, where L = lifetime
risk at a continucus exposure to 0.0004 fibers/cm3 for a lifetime of 73 years.

Note: This table demonstrates that the risk estimates are extremely sensitive to changes in
the value of k.
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The Use of 0.0004 Fibg;a/cm3 and 0.002 Fibers/cm3 as the Median
and High Nonmoccupational Environmental Exposure Levels. The lifetime
risk estimates given in Table 7-2 are based on an assumed continuous
environmental ambient exposure equivalent to either 0.0004 or 0.002
fibers longer than 5 um per cm3 of air breathed. The committee
believes that 0.0004 fibers/cm3 1s a reasonable assumption for a median
population exposure level and that 0.002 fibers/cm3 1s a reasonable
high exposure level (considering only exposures from breathing ambient
air continuously). These assumptions are discussed below. The effects
of noncontinuous high exposures are discussed later in this chapter.

Table 7-6 summarizes some environmental asbestos sampling data
provigcd by Nicholson (1983). To convert from mass measurements
(ng/m”) of airborne exposures to fiber counts (fibers/cu3), the
committee used the conversion factor of 30 ug/m3 for 1 fiber/cm3.

(See Chapter 4 of this report, Schneiderman et al., 1981, and Consumer
Product Safety Commission, 1983 for further explanation.)

The dose-response data used in the committee's risk estimate were
taken from measurements of exposures in the workplace, where the fibers
tend to be longer than those in ambient environments not close to major
sources of asbestos. As discussed in Chapter 4, there would typically be
approximately 2,000 fibers per nanogram in workplace air; in remote
areas, however, there would be approximately 70,000 ambient fibers in a
nanogram. To convert mass in the workplace to ambient air, the committee
used the number of fibers longer than 5 ym that would be found in the
workplace when the workplace mass equaled the remote ambient fiber mass.
The dose estimate in numbers of fibers would be approximately 35 times
greater (70,000/2,000) if the actual sizes of fibers in ambient air were
considered. If we assume that all fibers are equally potent, then the
rigk estimates would be correspondingly higher. On the other hand, fiber
size apparently affects fiber potency, but the appropriate adjustment
factors for fiber size are not known.

Table 7-6 indicates that median concentrations in outdoor air have
ranged from 0.00002 to 0.00075 fibers/cm3 in several studies (sample
sets 1 to 8); their median is approximately 0.00007 fibers/cm3. The
observed median inside rooms without asbestos is 0.00054 (sample set 9).
In rooms with asbestos surfaces, the median is 0.0006 fibers/cm3 (range
of medians for sample sets 10 through 14, 0.00006 to 0.00405
fibers/cm3). If these three medians are weighted by assuming persons
spend approximately one-fourth of their time outdoors, five-eighths of
their time indoors in uncontaminated rooms, and one-eighth of their time
in asbestos—-contaminated rooms, a reasonable estimate for a median
population exposure is 0.0004 fibers/cm3.

The committee also used 0.002 fibers/cm® for a high value of
continuous exposure in its calculations for Table 7-2. This value was
obtained by using the median of the 90th percentiles in Table 7-6 for
each exposire subcategory. For outdoor air, the median is 0.0003
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TABLE 7=6. Summary of Environmental Asbestos Exposure Samples® T
=
Messured Concentra- Equivalent Concentra- Qg
tion (ng/m3) tion (fibers/cmd)®
No. of 90th Per— h Per— N
Sample Sets Samples Median centile Median centile Reference §3
~
1. Paris air 161 0.7 3.2 0.00002 0.00011 Sebastien et al., EJ
1980 ;3
S
2. Paris 19 0.7 5.2 0.00002  0.00017 Sebastien et al., o
(outdoor control) 1980 N
o
3. Outdoor control k)| 0.9 9.8 0.00003 0.00033 Constant et al., Y
samples, for U.S. 1982 =
schools o
4. Air of 4B U.S. 187 1.6 6.8 0.00005  0.00023 Nicholson, 1971 Q
cities —
>
5. Air of U.S. 127 2.3 7.8 0.00008 0.00026 .5. Environmental %
cities Protection )
Agency, 1974 ®)
@)
6. Air of five U.S. 34 6.7 31.9 0.00022 0.00106 Nicholson et al., <
cities (outdoor 1975, 1976 <
control sample) o
Pz
7. New York City air 22 13.7 42.9 0.00046  0.00143 Nicholson et al., A
1971 m
>
8. Air 0.5 mile 17 22.5 82.6 0.00075 0.00275 Nicholson et al., 90
(0.8 km) from 1971 o)
asbestos spraying 2;
9. Air in U.S. 31 16.3 72.7 0.00054  0.00242 Constant et al., AL
schoolrooms with- 1982 Eg
out asbestos N
w
10. Air in Paris 135 1.8 32.2 0.00006 0.00107 Sebastien et al., ga
buildings with 1980 g
asbestos surfaces 52
11. Air in U.S. 28 7.9 19.1 0.00026  0.00064 Nicholaon et al., N
buildings with 1975, 1976 N
cementitious
asbestos
12. Air in U.S. 54 19.2 96.2 0.00064  0.00321 Nicholson et al.,
buildings with 1975, 1976
friable asbestos
13, Air in U.S. 54 62.5 550 0.00208 0.01833 Constant et al.,
schoolrooms with 1982
asbestos surfaces
14. Air in U.S. 27 121.5 465 0.00405 0.01550 Nicholson et al.,

schools with
damaged asbestos
surfacing
materials

8pdapted from Nicholson, 1983.

bBased on conversion factor of 30
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fibera/cm3; for indoor uncontaminated air, it is 0.002 fiberSICm3;

and for indoor asbestos-contaminated air, it is 0.003 fibers!cm3. The
same distribution of occupancy over time was used to arrive at the 0.002
fibers/cm3 figure for a high exposure level.

Risk Assessments for Special Subpopulations

Table 7-2 shows lifetime risk estimates for people who are exposed
throughout their lives to levels of either 0.0004 or 0.002 fibers/cm3
in ambient air. The predominant risk is from mesothelioma, but lung
cancers also contribute to the risk, especially for male smokers. For
exposure patterns that are different from those assumed, lifetime risks
could be higher or lower. The following are three illustrations of how
lifetime risks could be derived for such special populations.

Children Exposed in Asbestos-Contaminated Schools. The committee
estimated the risk for persons exposed from birth to age 73 years to
environmental levels of 0.002 fibers/cm>® (as assumed in Table 7-2) plus
an additional risk from a lQ~year exposure (from ages 6 to 16) in an
asbestos-contaminated schoolroom for 6 hours daily, 200 days per year, to
0.02 fibers/cm3 (550 ng/m3, the 90th percentile in Table 7-6). The
equivalent continuous daily 10-year exposure is approximately 0.003
fibers/cm3, i.e., 0.02 x (200 x 6)/(365 x 24). Using equation (6), the
lifetime risk of lung cancer for a male who eventually becomes a smoker
is 0.003 x 10 x 0.0022, or 66 in a million. This risk represents an
approximately 20% addition to his ambient lifetime risk of 320 in a
million (0.002 x 73 x 0.0022), for a total of about 390 in a million.
For such an individual, the schoolroom exposure adds relatively more to
the risk of mesothelioma, as shown below. Using equations (G4) and (G5)
in Appendix G for the lifetime mesothelioma risk, L, at t = 73 for an
exposure of % = 10 years starting at age tg = 6 at the dose level d,
this risk can be calculated from the formula:

L = cd{l-[1 -2 /(c-to)]k}(t-:o)k.

with d = 0.003, 2=10, t -~ tg =73 - 6 =67, and k = 3.2. This
lifetime mesothelioma risk becomes

L = ¢(0.003) {1-[1-(10/67)]13°2}(67)3+2 = 845¢c.

If ¢ is the median value of Table 7-4 (i.e., ¢ = 2.53 x 1078), the
estimated lifetime mesothelioma risk, L, from the l0-year exposure is
21 x 1076,

This risk is then added to the background risk of 46 x 1076 in
Table 7-2, giving a lifetime mesothelioma risk for this subpopulation of
67 x 10™. If a million people had received such a pattern of
exposures, about 67 might be expected to die of mesothelioma. In this
example, the contribution to total risk from the schoolrooms is less than
that of the lifetime exposure to the lower concentrations of asbestos
estimated for the ambient air. However, if the value for k in Equation
(7) were higher than 3.2, the significance of the schoolroom exposures
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would increase because of the stronger dependence on time since first
exposure. For example, if k = 3.8, the highest value used in Table 7-2,
the lifetime mesothelioma risk would be 910 x 107Y. 1If k were less

than 3.2, the corresponding lifetime risk for mesothelioma would be less
than 67 x 10™®., These calculations show that childhood exposures to
asbestiform fibers might contribute noticeable lifetime mesothelioma
risks to those so exposed.

A Female Nonsmoker in a Relatively Asbestos-Free Environment. An
example of a person in a low-risk group is a female nonsmoker exposed to
an average level of 0.0001 fibers/cm3. This exposure level would not
be too unlikely for a person exposed primarily to rural indoor and
outdoor air, since 0.00002 fibers/cm3 is the lowest median value for
all the outdoor city readings in Table 7-6. Then, the calculations in
Table 7-2 would lead to a mesothelioma lifetime risk of 2.25 x 10~6
(9 x 107° divided by 4) plus a lung cancer lifetime risk of
0.73 x 10, The lifetime individual risk for such a person would be
3 x 1077 for both types of cancer.

A Male Smoker Living in an Area Contaminated with High Levels of
Asbestos Who 1s Also Exposed to High Indoor Concentrations. As an
example of a high-risk person, consider an urban male amokgr exposed to
0.003 fibers/cm” for one-half the time and 0.018 fibers/cm” for the
other half. This pattern is based on the assumption that the subject
spends one-half of his time in indoor environments with a high asbestos
concentration (see sample sets 13 and 14 of Table 7-6) and one-half
either in highly contaminated outdoor environments (see sample sets 7 and
8 of Table 7-6) or in indoor environments at the high end of the
distribution for rooms that are normally not contaminated with asbestos
(see sample set 9 of Table 7-6). Thus, his continuous average exposure
would be approximately 0.01 fibers/cm3, i.e., 0.5(0.003) + 0.5(0.018).
Therefore, multiplying the second column of Table 7-2 by a factor of
5 (0.01 =5 x 0.002) would give the individual lifetime risks for such a
person as 1.8 x 107 for the two forms of cancer taken together (230 x
10~® for mesothelioma and 1,600 x 10~ for lung cancer). This
lifetime risk is the additional incurred risk attributable to the
nonoccupational environmental exposure to asbestos and does not include
the risk incurred by the smoking itself. The portion of the additional
risk attributable to lung cancer is considerably higher than it would be
for a nonsmoker experiencing identical asbestos exposures.

COMPARATIVE RISK ASSESSMENT

Methods

The goal of comparative risk assessments is to determine whether the
fiber exposure in question presents risks--in terms of total number and
severity of effects per year in the United States--that are about the
same, considerably more, or considerably less than those assessed
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3 MOTLEY RICE, LLC

STATE OF SOUTH CAROLINA COUNTY OF DARLINGTON
BY: W. CHRISTOPHER SWETT, ESQUIRE

ANTOINE BOSTIC, ) 4 MEREDITH CLARK, ESQUIRE
Individuallyandas ) JOHN HERRICK, ESQUIRE
Personal Representative of ) 5 NATHAN D. FINCH, ESQUIRE
the Estate of BERTILA ) 28 Bridgeside Boulevard
g PR 6 Mt. Pleasant, South Carolina 29464
DELORA BOYD-BOSTIC, ) C/ANo. 17-CP-16-0400 845,916 6000
) 7 cswett@motleyrice.com
Plaintiffs, ) 8
) ATTORNEYS FOR THE DEFENDANTS:
Vs, ) 9
) MILLIGAN & HERNS, PC
10 BY: LOUIS P. HERNS, ESQUIRE
IMERYS TALC AMERICA, INC., ) 721 Long Paint Road
etal, ) 11 Mt. Pleasant, South Carolina 29464
) 843.971.6750
Defendants. ) 12 louis@milliganlawfirm.com
13 - And -
14 BARNES & THORNBURG, LLP
TRIAL - VOLUME 6 BY: WILLIAM MARTIN, ESQUIRE
BEFORE THE HONORABLE JUDGE JEAN TOAL 15 ADEY O. ADENRELE, ESQUIRE
_SANDRA M. KO, ESQUIRE
DATE: Friday, November 9, 2018 16 f?'lts 200 ania A W
g ) . ennsylvania Avenue, N.W.
08:47:59 TIME: 847 am. 17 Washington, D.C. 20006-4623
LOCATION: Darlington County Clerk of Court (202)289.1313
1 Public Square, B-4 18 billy.martin@btlaw.com
Darlington, South Carolina 19 - And -
REPORTED BY: Marjorie Peters, RMR, CRR, NCRA-RSA 20 ORRICK, HERRINGTON & SUTCLIFFE LLP
BY: JOHN L. EWALD, ESQUIRE
21 51 West 52nd Street
COMPUSCRIPTS, INC. New York, New York 10019-6142
A South Carolina Corporation 22 212.506.3792
jewald@orrick.com
Court Reporters & Legal Videographers 23
. ALSO PRESENT:
www.compuscrlpts.com 24
1.888.988.0086 Sarah LeBlanc, paralegal
25
Page 1242 Page 1243
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1320 .
Redirect Examination by Mr. Ewald 1440 cosmetics
8 11
Cross-Examination by Mr. Herrick 1314 Exhibit Attanoos CV 1245
9 Sanches. P 1384 12 D-11000.1
jo \tsanchez, PhD 13 Exhibit  SanchezCV 1245
Direct Examination by Mr. Ewald 1453 D-11005.1
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Page 1276 Page 1277
09:31:01 1 A. No. 09:32:47 1 environmental background levels of exposure to
09:31:02 2 (Exhibit D-7214 was presented.) 09:32:49 2 asbestos from non-occupational exposure over a
09:31:02 3 Q. Would you pull up 7214, please. 09:32:53 3 lifetime.”
09:31:31 4 Do you have the cover page of that 09:32:54 4 Q. You were asked yesterday whether or not
09:31:34 5 document? It should say certificate on that cover 09:32:56 5 there was any audits or review by the FDA. Does
09:31:46 6 page. Thank you? 09:32:59 6 that give you any idea of surveillance or reviews by
09:31:48 7 Do you recognize what that is? 09:33:04 7 the FDA?
09:31:49 8 A.  Yes, | do. 09:33:04 8 A. Itindicates that they were doing
09:31:50 9 Q. Whatisit? 09:33:07 9 surveillance in the 1970s.
09:31:51 10 A. ltisa--it's a cover page fromthe 09:33:10 10 Q. What does surveillance mean to you?
09:31:55 11 Food and Drug Administration, which prefaces their 09:33:12 11 A.  They -- surveillance, you look at
09:31:59 12 response when they were asked for that report. 09:33:15 12 published literature and other information you can
09:32:04 13 Q. Would you go to page 4 of 102. If you 09:33:18 13 get from other national bodies to see the health of
09:32:15 14 would please read that part of the third paragraph 09:33:22 14 the employees, and others.
09:32:17 15 that starts with, "In addition"? 09:33:24 15 (Exhibit D-9688 was presented.)
09:32:19 16 A. "Inaddition, FDA surveillance 09:33:24 16 Q. [I'dask you to look at one last
09:32:22 17 activities that were conducted in the latter portion 09:33:31 17 document, 9688. Would you pull that up, please.
09:32:24 18 of the 1970s show that the quality of cosmetic talc 09:33:38 18 Would you read the caption.
09:32:27 19 had significantly improved and that even when 09:33:39 19 A. It's captioned, “FDA authority over
09:32:30 20 asbestos was present, the levels were so low that no 09:33:42 20 cosmetics. How cosmetics are not FDA approved but
09:32:33 21 health hazard existed. Our scientists recently 09:33:45 21 are FDA regulated.”
09:32:36 22 reviewed the data from the surveillance activities 09:33:46 22 Q. You were asked questions yesterday
09:32:38 23 and concluded that the risk for a worst case 09:33:48 23 whether or not the FDA was involved in the
09:32:41 24 estimate of exposure to asbestos from cosmetic talc 09:33:50 24 regulation of cosmetic talc; correct?
09:32:44 25 would be less than that -- than the risk from 09:33:53 25 A.  lwas, yes.

Page 1278 Page 1279
09:33:54 1 Q. Does that address that issue? 09:35:11 1 Q. Allright. Let me show you P-157. This
09:33:56 2 A. Itdoes. 09:35:19 2 is the Blount article that we have been discussing.
09:33:56 3 Q. What is your answer as to whether or not 09:35:21 3 This came directly out of Johnson & Johnson's files;
09:33:58 4 the FDA is involved in the regulation of talc? 09:35:24 4 right?
09:34:01 5 A. As| said yesterday, the FDA has 09:35:24 5 A, IthasaJ&J stamp on it.
09:34:03 6 regulatory oversight over talc and other cosmetic 09:35:26 6 Q. Right. Just so we're clear, when you
09:34:06 7 products. 09:35:30 7 reviewed this document, you got it from Johnson &
09:34:07 8 MR. MARTIN: May I have a moment, 09:35:32 8 Johnson's lawyers; right?
09:34:08 9 Your Honor. 09:35:34 9 A.  This is -- this document's in the public
09:34:23 10 Dr. Hopkins, thank you. Your Honor, 09:35:38 10 domain. | may have read it there, or | may have
09:34:24 11 1 will pass the witness. 09:35:41 11 just read it because | can download documents from
09:34:25 12 THE COURT: Very good. 09:35:43 12 the publishers. So I'm not sure -- this goes back
09:34:26 13 Mr. Swett. Like Mr. Martin, | told 09:35:48 13 t0 1991. It's a long while. 1 can't remember
09:34:31 14 you yesterday that | would allow some additional 09:35:51 14 whether | read it recently or back in the '90s.
09:34:40 15 opportunity for limited cross-examination, but you 09:35:55 15 Q. No,sir.
09:34:42 16 are at about the end of the time for this witness. 09:35:55 16 A. | certainly read it.
09:34:45 17 MR. SWETT: Thank you, Your Honor. 09:35:56 17 Q.  This document is not in the public
09:34:46 18 May it please the court. Good morning. Good 09:35:58 18 domain.
09:34:49 19 morning, Ladies and Gentlemen. 09:35:58 19 A.  Well, you need to show me which document
09:34:50 20 JURY: Good morning. 09:36:00 20 itis, please.
09:34:54 21 MR. SWETT: Do we have the EImo? 09:36:01 21 Q. I'mtalking about the Blount article
09:34:54 22 RECROSS-EXAMINATION 09:36:02 22 with Johnson & Johnson's Bates numbers on it. This
09:34:54 23 BY MR. SWETT: 09:36:06 23 document is not in the public domain, is it?
09:35:09 24 Q. Good morning, Dr. Hopkins. 09:36:08 24 A.  That document isn't, no, but the main
09:35:10 25 A.  Good morning. 09:36:11 25 report --
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Page 1560 Page 1561
05:01:41 1 question. 05:02:50 1 step that's just totally inappropriate.
05:01:41 2 Walter Bristow was one of my 05:02:52 2 THE COURT: | understand that very
05:01:46 3 mentors, and he and Jack Grimball were the kings of 05:02:54 3 fully. 1 think | have covered that in my rulings.
05:01:51 4 how they handled proffers, and they always handled 05:02:57 4 You may be articulating it a little more clearly
05:01:53 5 them the way I'm going to suggest that they be 05:03:00 5 than I was articulating it, but | am not preventing
05:01:55 6 handled, which is you just proffer it at the end, 05:03:05 6 Dr. Sanchez from talking about his method of
05:01:59 7 and all of the objections and proffer were taken out 05:03:10 7 testing, talking about the AHERA method, the ISO
05:02:03 8 of the presence of the jury at one time so you 05:03:14 8 method and the Blount method; but what I'm not going
05:02:05 9 didn't have to pull them in and out and in and out 05:03:18 9 to allow him to do is to characterize incorrectly
05:02:07 10 and inand out. That's how | would much prefer to 05:03:22 10 how Longo used those methods, implying that the
05:02:11 11 handle this, if it can be handled that way. 05:03:27 11 method's okay, but he somehow was improper in the
05:02:13 12 With respect to any other slide 05:03:32 12 way he used the method.
05:02:16 13 shows, please exchange them, and that at least will 05:03:33 13 If they want to say that, they're
05:02:23 14 obviate any kind of delays during courtroom time. 05:03:35 14 going to have to get much more specific about what
05:02:26 15 Now, anything further from you all? 05:03:37 15 he said about how he used those methods. That's all
05:02:29 16 MR. HERNS: No, Your Honor. 05:03:41 16 I'm saying.
05:02:30 17 THE COURT: Mr. Swett. 05:03:42 17 And the reason for that is, he is an
05:02:30 18 MR. SWETT: Your Honor, just very, 05:03:44 18 expert witness who can give opinions about matters
05:02:31 19 very briefly. Since there's some talk about 05:03:48 19 and has that elevated status; and in order to give
05:02:35 20 proffer, our position on this issue of Dr. Longo and 05:03:51 20 opinions that are legitimate to the jury, his
05:02:39 21 Sanchez is, it's that last link that's totally 05:03:55 21 foundation for the opinion must be stated. If that
05:02:41 22 improper. 05:03:58 22 opinion is an opinion about testing that somebody
05:02:42 23 If he wants to say what's the proper 05:04:00 23 else does, the platform for that opinion has to be
05:02:43 24 method to test talc, this is it. But it's the next 05:04:04 24 accurate.
05:02:47 25 step: Well, Dr. Longo did it wrong. That's the 05:04:04 25 So I think I have made that clear
Page 1562 Page 1563

05:04:07 1 three or four times now, and that is what the ruling 1 CERTIFICATE OF COURT REPORTER
05:04:12 2 is. 2 1, MARJORIE PETERS, the officer before whom
05:04:12 3 MR. SWETT: Thank you, Your Honor. 3 the foregoing proceeding was taken, do hereby
05:04:14 4 THE COURT: All right. Anything 4 certify that the witnesses whose testimony appears
05:04:18 5 else? 5 in the foregoing hearing were duly sworn; that the
05:04:20 6 MR. EWALD: No, Your Honor. 6 testimony was taken in shorthand and thereafter
05:04:21 7 THE COURT: All right. Court will 7 reduced to typewriting by me or under my direction;
05:04:22 8 be in recess. 8 that this transcript is a true record of the
05:04:28 9 MR. EWALD: Thank you. 9 proceedings; that | am neither counsel for, related
05:04:30 10 (RECESS, 5:04 p.m.) 10 to, nor employed by any of the parties to the action

11 11 in which this hearing was taken; and, further, that

12 12 I am not a relative or employee of any attorney or

13 13 counsel employed by the parties hereto, nor

14 14 financially or otherwise interested in the outcome

15 15  of this action.

16 16

17 17

18 18

19 19

20 20

21 21

22 22 Marjorie Peters, RMR, CRR, NCRA-RSA

23 23

24 24

25 25
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16 November 1972

Dr. A. J, Goudie

Johnson & Jobnson

Regearch Center

501 George Street

New Brunswick, New Jersey 08901

Dear Dr. Goud!e:

Here is our modified thinking on the bapy powder samples

108T and 109T. After looking at several fresh samples on
the l{ght microscope we have not been able to substantiate

the tremolite levels we originally reported.

Yours sincerely,

Ian M, Stewart
Msanager, Electron Optics
Group

ajw
Ref: MA 2546
Enclosures
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IN THE Cl RCU T COURT OF THE STATE OF OREGON
FOR THE COUNTY OF MJULTNOVAH

KYUNG LEE AND JCE LEE,
Plaintiffs,
V. No. 23CV40369

Bl - MART CORPORATI ON, et al .,

N N N N N N N N N

Def endant s.

TRANSCRI PT OF PROCEEDI NGS

Vol une 20, Pages 2642 - 2732

Thur sday May 23rd, 2024
8:45 a. m
Mul t nomah County Court house
Courtroom 16-C
1200 SW 1st Avenue

Portl and, Oregon

BEFORE: Hon. Kat harine von Ter Stegge

REPORTED BY: KELLY ANTRI M ELMORE, CSR, RPR

* * %

RoA_08312
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TRANSCRIPT OF PROCEEDINGS, 05/23/2024 Page 2665

BY MR STUTE:
Q Let ne just show you this docunent,
Dr. Kuffner, in the interest of tine. 1Is this the

docunent you' ve seen before?
A Yeah.

MR. ADAMS: Do you have a copy, Counsel,
of what you' re show ng the w tness?

MR. STUTE: It's an admtted exhibit, and
what |'mshowing is -- | don't have a copy for
you because | wasn't anticipating using
docunents. But this is DX7214-0001. This is
defendant's Exhibit 7214, for the record.

MR. ADAMS: Appreciate it.

MR, STUTE: Thank you for that.

BY MR STUTE:

Q And Dr. Kuffner, have you seen this
docunent before?

A Yes, | have.

Q VWhat is it?

A This is the letter from-- fromthe FDA to
M. Dulay (phonetic) in 1986 denying citizen's
adm ssi on.

Q And that 1986 is after 1974, which is the
docunent that plaintiffs' counsel just presented

you. Correct?

RoA_08313
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TRANSCRIPT OF PROCEEDINGS, 05/23/2024 Page 2666

A Correct.

Q And what is the point of that docunent in
summary fashion so the jury can understand the point
of it, Dr. Kuffner?

A At the end of the day, the petitioner was
asking that they -- of the FDA that they add
asbestos warni ngs on the tal c-based products. And
the FDA essentially said we deny your petition. W
don't think asbestos warnings need to be put on
products. And one of the reasons they gave is they
said we understand there was sone testing fromthe
early '70s and based upon how the sci ence was
evolving at the end of the day, we discount that --
the reliability of that testing.

Q In other words, this is the FDA saying to
a citizen petitioner that it does not believe
there's asbestos, based on it's testing in Johnson &
Johnson Baby Powder. Correct?

A That -- that -- that would be correct.

Q Thank you, Dr. Kuffner. | don't have any
nore questions for you.

THE COURT: Al right. Thank you,

Dr. Kuffner.

THE WTNESS: Thank you. Thank you.
THE COURT: And so we are ready for our

RoA_08314
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TRANSCRIPT OF PROCEEDINGS, 05/23/2024

Page 2732

CERTI FI CATE

I, Kelly Antrim El nore, an CSR, RPR, do

hereby certify that | reported in stenotype the

t esti nony and proceedi ngs had upon the hearing
of this matter, previously captioned herein,
before the Hon. Katharine von Ter Stegge, that
| transcribed ny stenotype notes through
comput er-ai ded transcription; and that the
foregoing transcript constitutes a full, true
and accurate record of all testinony adduced
and proceedi ngs had during the hearing of said
matter, and of the whol e thereof.

Wtness ny hand at Portland, Oregon, this

“. // }\ , " * Hi’
{f\v.21LL{E?§£@7“ﬁLZ{hqgt&H

23rd day of WMy, 2024? | ?

Kelly Antrim El nore
Oregon CSR No. 21-0020

Expires 9/ 30/ 24
Regi stered Professional Reporter

RoA_08315
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IN THE CIRCUIT COURT OF COOK COUNTY, ILLINOIS

COUNTY DEPARTMENT, LAW DIVISION

STEPHANIE SALCEDO,
Individually and as
Administrator of the
Estate of Theresa M.
Garcia, Deceased, In Re:

Asbestos Litigation
Plaintiff,
Calendar J1

V.

AVON PRODUCTS, INC.,
et al.,

Court No.
20 L 004505

Defendants.

— N~ N S S S~ ~—

DAY 5

CNTD. DX, CX, RDX EXAMINATION OF R. MARK BAILEY

REPORT OF PROCEEDINGS at the hearing of
the above-entitled cause before the Honorable
Patrick J. Sherlock, Judge of the said Court, on
the 22nd day of March, 2024, commencing at

9:31 a.m.

Reported by:
Deborah Habian, CSR, CRR, RMR

License No. 084-02432
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127

ribbon and a sealed copy?

A. Yes, I do.

0. And now that you're looking at it, does
this kind of refresh your memory about what
you've seen before when you've read 1it?

A. Yes, that's true.

0. And this is the FDA's response to the
Citizens Petition, correct?

A. That's correct, yes.

MS. BUENO: And, your Honor, I'll offer
into evidence now Defense Exhibit 1. It's
self-authenticated domestic public document.

THE COURT: Any objection?

MR. BUHA: No objection.

THE COURT: All right. It will be
admitted.

(Defendants' Exhibit 1 for ID
was admitted into Evidence.)

MS. BUENO: Thank you, your Honor.

BY MS. BUENO:

0. Before we get to exactly what is in
this document, which is so important for this
trial, let's see if we're on the same page about

the FDA.

RoA_08318
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REPORTER CERTIFICATE

I, Deborah Habian, a Certified
Shorthand Reporter within and for the State of
Illinois, do hereby certify:

That the foregoing report of
proceedings was reported stenographically by me,
was thereafter reduced to printed transcript by
me, and constitutes a true record of the
testimony given and the proceedings had;

That the said report of proceedings was
taken remotely before me at the time and place
specified;

That I am not a relative or employee of
attorney or counsel, nor a relative or employee
of such attorney or counsel for any of the
parties hereto, nor interested directly or
indirectly in the outcome of this action.

IN WITNESS WHEREOF, I do hereunto set
my hand this day of , 20

DEBORAH HABIAN, CSR, RMR, CRR, CLR
IL CSR NO. 084-02432
MO CCR NO. 1409
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