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

November 2022. 

• MAS Supplemental Report Talcum Powder Analysis of Avon Powder Products, Project 

M71560 & M71562, prepared by William E. Longo, PhD, CEO dated 19 November 

2022. 

• MAS Talcum Powder Analysis of Avon Somewhere Powder, prepared by William E. 

Longo, PhD, CEO dated 20 September 2023. 

• MAS Talcum Powder Analysis of Avon Split, prepared by William E. Longo, PhD, CEO 

dated 21 September 2023. 

• MAS Avon Talcum Powder Analysis, prepared by William E. Longo, PhD, CEO dated 

21 September 2023. 

• MAS Talcum Powder Analysis of Solomon, Beth – Talc Splits, prepared by William E. 

Longo, PhD, CEO dated 16 February 2024. 

• MAS Analysis Report of Avon Unforgettable Perfumed Talc, prepared by William E. 

Longo, PhD, dated 21 April 2017. 

• Expert Report of Steven P. Compton, PhD, Investigation of Italian Talc Samples for 

Asbestos, dated 01 August 2017.  

• Expert Report of Steven P. Compton, PhD, Investigation of Vermont Talc Samples for 

Asbestos, dated 23 April 2018.  

• Expert Report of Steven P. Compton, PhD, Investigation of Montana Talc (American 

International Industries Microtalc 1745) for Asbestos, dated 15 March 2019.  

• Expert Report of Steven P. Compton, PhD, Examination of Avon Talcum Powder for 

Asbestos Gail Welch Case, dated 29 May 2020.  

• Expert Report of Steven P. Compton, PhD, Examination of 907 Talc Powder for 

Asbestos, dated 26 January 2024.  

• 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.  

• Expert Report of Steven P. Compton, PhD, Examination of Vintage Avon Unforgettable 

Talc in Shaker Container for Asbestos, dated 19 May 2023.  

• Expert Report of Jennifer S. Pierce, MS, PhD, in the matter of Michael Perry regarding 

Avon, Inc., dated 19 June 2024.  

• Affidavit of R. Mark Bailey, on behalf of Johnson & Johnson, dated 30 October 2023, 

with exhibits 1 through 16.  

• MAS Expert Analysis Report of Estee Lauder Products by William E. Longo, PhD, CEO, 

dated 16 December 2022.  

• 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 4th 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 

II: 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. 

Other: 

• 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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• Office notes of Medical University of South Carolina (reverse chron) 

• Office notes of Roper St. Francis Physician Partners 

• Pathology reports 

• Radiology reports 

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

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

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

• Perry, Michael - MUSC (Pathology Report 08.18.23) 

• Perry, Michael - MUSC Medical University of S. Carolina (Medical 07.08.23 - 08.18.23 

Vol 1) 

• Perry, Michael - MUSC Medical University of S. Carolina (Medical 07.08.23 - 08.18.23 

Vol 2) 

• Perry, Michael - MUSC Medical University of S. Carolina (Medical 07.08.23 - 08.18.23 

Vol 3) 

• Perry, Michael - MUSC Medical University of S. Carolina (Medical 08.22.23 - 12.26.23 

Vol 1 - UC) 

• Perry, Michael - MUSC Medical University of S. Carolina (Medical 08.22.23 - 12.26.23 

Vol 2) 

• Perry, Michael - MUSC Medical University of South Carolina (Medical Affidavit 

07.08.23 - 08.18.23) 

• Perry, Michael - Palmetto Digestive Disease  Endoscopy Center (Medical 06.19.17 - 

06.26.23) 

• Perry, Michael - Palmetto Digestive Disease  Endoscopy Center (Medical Affidavit 

06.19.17 - 06.26.23) 

• Perry, Michael - Pulmonology at MUSC Health Hollings Cancer Center (Medical 

07.15.23 - 07.24.23) 

• Perry, Michael - Pulmonology at MUSC Health Hollings Cancer Center (Medical 

Affidavit 07.15.23 - 07.24.23) 

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

• Perry, Michael - Roper Hospital (Pathology) 

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

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

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

• Perry, Michael - Roper St. Francis Healthcare (Medical 
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• Admission to Medical University of South Carolina dated 07.24.23. 

• Admission to Palmetto Digestive Health Specialists dated 04.10.19. 

• Admission to Palmetto Digestive Health Specialists dated 06.05.23. 

• Admission to Palmetto Digestive Health Specialists dated 06.19.17. 

• Admission to Palmetto Digestive Health Specialists dated 07.12.17. 

• Admission to Palmetto Digestive Health Specialists dated 08.09.17. 

• Admission to Palmetto Endoscopy Center dated 01.20.14. 

• Admission to Roper Hospital dated 06.30.23. 

• Office notes of Medical University of South Carolina. 

• Pathology reports; 02.25.10. 

• Radiology reports; 06.11.17. 

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

• Radiology reports; 12.05.23. 

• Radiology Materials – Refer to APPENDIX C for list of studies received on disc format 

• 03 disc(s) on 10 May 2024 from Medical University of South Carolina. 

• 01 disc(s) on 04 June 2024 from Medical University of South Carolina. 
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APPENDIX C: RADIOLOGY STUDIES, AS RECEIVED ON COMPACT DISCS. 

Medical University of South Carolina, 20 studies: 

• NM Pulmonary Ventilation Perfusion VQ, Accession Number: 21078587, dated 

07/14/2023. 

• MRI Brain W WO Contrast, Accession Number: 21076525, dated 07/17/2023. 

• MRI Chest W WO Contrast, Accession Number: 21076526, dated 07/17/2023. 

• PET CT Skull Base to Midthigh, Accession Number: 21053965, dated 07/18/2023. 

• XR Chest 1 View Portable, Accession Number: 21178471, dated 08/08/2023. 

• XR Chest 1 View Portable, Accession Number: 21178636, dated 08/08/2023. 

• XR Chest AP Portable, Accession Number: 21178863, dated 08/09/2023. 

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

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

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

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

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

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

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

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

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

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

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

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

• 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. 

)

)

) 

 

) 

)

)

)

)

)

)

)

)

) 

 

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 

 

 

 

 

 

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. 

)

)

) 

 

) 

)

)

)

)

)

)

)

)

)

) 

) 

 

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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Case Caption: Sarah J Plant , plaintiff, et al vs   Avon Products Inc , defendant, et al

Case Number: 2022CP4001265
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Jean H. Toal
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02 July 2024 

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. I 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 I 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. 

  

E
LE

C
T

R
O

N
IC

A
LLY

 F
ILE

D
 - 2024 Jul 24 7:21 P

M
 - R

IC
H

LA
N

D
 - C

O
M

M
O

N
 P

LE
A

S
 - C

A
S

E
#2023C

P
4004072

RoA_08055



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

 

 

 Page 2 of 38 

02 July 2024 

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.2 

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 asbestiform amphibole or chrysotile presence in the samples analyzed. 

 
1 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 PTI 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. I 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, I 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, I 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, 

 

Gregory B. Diette, M.D., M.H.S. 
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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 II, taken 11 October 2023, with 

Exhibits A through D. 

• Video-recorded Deposition of Michael L. Perry, Volume III, 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 

2019. 

• 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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• Murphy, Noth Carolina Talc Chart of Documents for Mark Bailey, PG, dated 20 August 

2021.  

• 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.  

• Expert Report of R. Mark Bailey, PG, on Asbestos in Talc Products from the 

Hammondsville Mine, Vermont, USA for Avon, 16 November 2020.  

• MAS Talcum Powder Analysis, Jeannine Henderson- Avon Wild Country, prepared by 

William E. Longo, PhD, CEO dated 25 October 2023. 

• MAS Analysis of Avon Night Magic Talcum Powder, prepared by William E. Longo, 

PhD, and Mark W. Rigler, PhD, dated January 2019.  

• MAS Report on Avon Talcum Powder Analysis with both Automated FESEM and 

ATEM, dated 12 March 2019. 

• MAS Analysis Report of Chinese Talc Research Samples, prepared by William E. 

Longo, PhD, CEO dated 16 September 2020. 

• MAS Analysis Report of Avon Occur Perfumed Talc, prepared by William E. Longo, 

PhD, dated 18 August 2021. 

• MAS Talcum Powder Analysis of Avon and Clinique Containers, prepared by William E. 

Longo, PhD, dated 05 September 2021. 

• MAS Talcum Powder Analysis of Montana Micro-Talc 1745 Retain Samples, prepared 

by William E. Longo, PhD, CEO dated 10 June 2022. 

• MAS Talcum Powder Analysis of Avon Splits, prepared by William E. Longo, PhD, 

CEO dated 01 June 2022. 

• 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. 

• MAS Pfizer Treasure Mine Talc Analysis, prepared by William E. Longo, PhD, CEO 

dated 01 June 2022. 

• 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. 

• MAS Talcum Powder Analysis of Rita Chapman Avon Powder Containers, prepared by 

William E. Longo, PhD, CEO dated 01 June 2022. 

• MAS Supplemental Report Avon Talcum Powder Container Analysis for Asbestos, 

prepared by William E. Longo, PhD, CEO dated 30 September 2022. 

• MAS Talcum Powder Analysis of Avon Powder Products, Project M71387 & M71587, 

prepared by William E. Longo, PhD, CEO dated 15 November 2022. 

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

November 2022. 

• MAS Supplemental Report Talcum Powder Analysis of Avon Powder Products, Project 

M71560 & M71562, prepared by William E. Longo, PhD, CEO dated 19 November 

2022. 

• MAS Talcum Powder Analysis of Avon Somewhere Powder, prepared by William E. 

Longo, PhD, CEO dated 20 September 2023. 

• MAS Talcum Powder Analysis of Avon Split, prepared by William E. Longo, PhD, CEO 

dated 21 September 2023. 

• MAS Avon Talcum Powder Analysis, prepared by William E. Longo, PhD, CEO dated 

21 September 2023. 

• MAS Talcum Powder Analysis of Solomon, Beth – Talc Splits, prepared by William E. 

Longo, PhD, CEO dated 16 February 2024. 

• MAS Analysis Report of Avon Unforgettable Perfumed Talc, prepared by William E. 

Longo, PhD, dated 21 April 2017. 

• Expert Report of Steven P. Compton, PhD, Investigation of Italian Talc Samples for 

Asbestos, dated 01 August 2017.  

• Expert Report of Steven P. Compton, PhD, Investigation of Vermont Talc Samples for 

Asbestos, dated 23 April 2018.  

• Expert Report of Steven P. Compton, PhD, Investigation of Montana Talc (American 

International Industries Microtalc 1745) for Asbestos, dated 15 March 2019.  

• Expert Report of Steven P. Compton, PhD, Examination of Avon Talcum Powder for 

Asbestos Gail Welch Case, dated 29 May 2020.  

• Expert Report of Steven P. Compton, PhD, Examination of 907 Talc Powder for 

Asbestos, dated 26 January 2024.  

• 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.  

• Expert Report of Steven P. Compton, PhD, Examination of Vintage Avon Unforgettable 

Talc in Shaker Container for Asbestos, dated 19 May 2023.  

• Expert Report of Jennifer S. Pierce, MS, PhD, in the matter of Michael Perry regarding 

Avon, Inc., dated 19 June 2024.  

• Affidavit of R. Mark Bailey, on behalf of Johnson & Johnson, dated 30 October 2023, 

with exhibits 1 through 16.  

• MAS Expert Analysis Report of Estee Lauder Products by William E. Longo, PhD, CEO, 

dated 16 December 2022.  

• 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 4th 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 

II: 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. 

Other: 

• 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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• Admission to Medical University of South Carolina dated 080823 

• Admission to Palmetto Digestive Health Specialists dated 062623 

• Cardiac testing 

• Office notes of Charleston Oncology 

• Office notes of Medical University of South Carolina (reverse chron) 

• Office notes of Roper St. Francis Physician Partners 

• Pathology reports 

• Radiology reports 

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

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

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

• Perry, Michael - MUSC (Pathology Report 08.18.23) 

• Perry, Michael - MUSC Medical University of S. Carolina (Medical 07.08.23 - 08.18.23 

Vol 1) 

• Perry, Michael - MUSC Medical University of S. Carolina (Medical 07.08.23 - 08.18.23 

Vol 2) 

• Perry, Michael - MUSC Medical University of S. Carolina (Medical 07.08.23 - 08.18.23 

Vol 3) 

• Perry, Michael - MUSC Medical University of S. Carolina (Medical 08.22.23 - 12.26.23 

Vol 1 - UC) 

• Perry, Michael - MUSC Medical University of S. Carolina (Medical 08.22.23 - 12.26.23 

Vol 2) 

• Perry, Michael - MUSC Medical University of South Carolina (Medical Affidavit 

07.08.23 - 08.18.23) 

• Perry, Michael - Palmetto Digestive Disease  Endoscopy Center (Medical 06.19.17 - 

06.26.23) 

• Perry, Michael - Palmetto Digestive Disease  Endoscopy Center (Medical Affidavit 

06.19.17 - 06.26.23) 

• Perry, Michael - Pulmonology at MUSC Health Hollings Cancer Center (Medical 

07.15.23 - 07.24.23) 

• Perry, Michael - Pulmonology at MUSC Health Hollings Cancer Center (Medical 

Affidavit 07.15.23 - 07.24.23) 

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

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

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

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

• Perry, Michael - Roper St. Francis Healthcare (Medical 

• Admission to Medical University of South Carolina dated 07.24.23. 

• Admission to Palmetto Digestive Health Specialists dated 04.10.19. 

• Admission to Palmetto Digestive Health Specialists dated 06.05.23. 

• Admission to Palmetto Digestive Health Specialists dated 06.19.17. 

• Admission to Palmetto Digestive Health Specialists dated 07.12.17. 

• Admission to Palmetto Digestive Health Specialists dated 08.09.17. 

• Admission to Palmetto Endoscopy Center dated 01.20.14. 

• Admission to Roper Hospital dated 06.30.23. 

• Office notes of Medical University of South Carolina. 

• Pathology reports; 02.25.10. 

• Radiology reports; 06.11.17. 

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

• Radiology reports; 12.05.23. 

• Radiology Materials – Refer to APPENDIX C for list of studies received on disc format 

• 03 disc(s) on 10 May 2024 from Medical University of South Carolina. 

• 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 
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APPENDIX C: RADIOLOGY STUDIES, AS RECEIVED ON COMPACT DISCS. 

Medical University of South Carolina, 20 studies: 

• NM Pulmonary Ventilation Perfusion VQ, Accession Number: 21078587, dated 

07/14/2023. 

• MRI Brain W WO Contrast, Accession Number: 21076525, dated 07/17/2023. 

• MRI Chest W WO Contrast, Accession Number: 21076526, dated 07/17/2023. 

• PET CT Skull Base to Midthigh, Accession Number: 21053965, dated 07/18/2023. 

• XR Chest 1 View Portable, Accession Number: 21178471, dated 08/08/2023. 

• XR Chest 1 View Portable, Accession Number: 21178636, dated 08/08/2023. 

• XR Chest AP Portable, Accession Number: 21178863, dated 08/09/2023. 

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

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

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

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

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

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

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

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

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

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

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

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

• CT Chest W Contrast, Accession number: 21822953, dated 04/29/2024. 
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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,         )
                          )
                          )
        Plaintiff,        )
                          )
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                          )
AVON PRODUCTS, INC.,      )
et al.,                   )
                          )
        Defendants.       )
__________________________)

        REPORT OF PROCEEDINGS at the trial of

the above-entitled cause before the Honorable

Patrick J. Sherlock, Judge of the said Court, at

Richard J. Daley Center, 50 West Washington 
Street, Room 2007, Chicago, Illinois, commencing 
at 10:20 a.m. on the 20th day of March, 2024.

Reported by: Deborah Habian, CSR, CRR, RMR

License No. 084-02432
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1 where they exist?

2     A.  Well, sure, as one -- right, because

3 what you know is that asbestos, as an

4 environmental exposure, impedes a number of

5 genes, not only the growth control genes, but

6 the genes that run the death pathway and other

7 important genes like that, sure.

8     Q.  We haven't talked about this yet, but

9 in addition to asbestos being a complete

10 carcinogen that promotes and initiates cancer

11 and harms our defenses, do they also just

12 inherently create more replication, more

13 opportunities for that error?

14     A.  Yeah, they do.  Asbestos initiates

15 through several different mechanisms,

16 particularly inflammation and its ability to

17 attract other cells, causes cell division.  I

18 mean, we've written a whole series of papers in

19 my laboratory about how asbestos causes those

20 cells to grow.  In fact, the most recent

21 paper -- I think you were going to show

22 it -- how asbestos causes scarring and cancer,

23 we looked at some data that we got on these

24 animals that inhaled asbestos for a short time
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1 and looked at the pleura.  And the mesothelial

2 cells were obviously dividing at an increased

3 rate within 48 hours after exposure, and it

4 lasted for eight days.

5         So for -- I mean, these are short-term

6 experiments, but the answer to your question

7 does asbestos inhalation help regulate cell

8 division and increase rates of division, the

9 answer is yes.  And we know, as I showed you,

10 dividing cells are more likely to become cancer

11 cells.

12     Q.  Is the rate in which replication occurs

13 related to how often you would expect a

14 natural-occurring spontaneous mesothelioma?

15     A.  So because they're so rare, naturally

16 occurring spontaneous from our endogenous

17 errors, they occur.  Any kind of cancer can be

18 spontaneous.  What controls that is hard to say.

19 I really can't answer that question very well.

20     Q.  Is the fact that -- let me start off

21 with more basic questions.

22         Are certain cancers known to occur

23 spontaneous or naturally occurring more than

24 others?
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1 REPORTER CERTIFICATE

2

3 I, Deborah Habian, a Certified
Shorthand Reporter within and for the State of

4 Illinois, do hereby certify:

5 That the foregoing report of
proceedings was reported stenographically by me,

6 was thereafter reduced to printed transcript by
me, and constitutes a true record of the

7 testimony given and the proceedings had;

8 That the said report of proceedings was
taken before me at the time and place specified;

9
That I am not a relative or employee of

10 attorney or counsel, nor a relative or employee
of such attorney or counsel for any of the

11 parties hereto, nor interested directly or
indirectly in the outcome of this action.

12
IN WITNESS WHEREOF, I do hereunto set

13 my hand this 21st day of March, 2024.

14

15

16

17 __________________________________
DEBORAH HABIAN, CSR, RMR, CRR, CLR

18 IL CSR NO. 084-02432
MO CCR NO. 1409
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   IN THE SUPERIOR COURT OF THE STATE OF WASHINGTON
             IN AND FOR THE COUNTY OF KING
 _____________________________________________________
WENDI J. HIRSHBERG and RICHARD  )
HIRSHBERG, Wife and Husband,    )
                                )
            Plaintiffs,         )
                                ) No. 20-2-05603-1 SEA
vs.                             )
                                )
JOHNSON & JOHNSON, et al.,      )
                                )
            Defendants.         )
                                )

 _____________________________________________________

   VIDEOCONFERENCE DEPOSITION UPON ORAL EXAMINATION

                          OF

                  ARNOLD BRODY, PH.D.
 ____________________________________________________

                  Witness located in
                  Boca Raton, Florida

   (ALL PARTICIPANTS APPEARING VIA VIDEOCONFERENCE)

DATE TAKEN:   FEBRUARY 22, 2021
REPORTED BY:  ANITA W. SELF, RPR, CCR #3032
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1 length, but they -- we show varying fiber lengths.  In

2 other words, there were short fibers and long fibers

3 binding to the membranes, and interacting with the

4 membranes.  And so, I think that's the point that I

5 was trying to make right there.

6    Q.   Okay.

7         And if we turn over to page -- let's see --

8 page No. 10, paragraph 18.

9    A.   Okay.

10    Q.   "Any form of cancer can occur spontaneously

11 that is without an external cause," and that would

12 include mesothelioma, correct?

13    A.   That's right.

14    Q.   And that's, in part, because cells are

15 replicating.  Obviously cells, depending on the organ,

16 can replicate at a faster rate or a slower rate, but

17 as they replicate, there are errors, and if they're

18 not caught, the errors accumulate as mutations,

19 correct?

20    A.   That's correct.

21    Q.   And an accumulation of mutations from these

22 internal errors in cell replication can, in some

23 individuals, result in cancer, correct?

24    A.   That's right.

25             MS. DEAN:  Object to form.  Overly broad.
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1                  C E R T I F I C A T E

2

3 STATE OF WASHINGTON      )
                         ) ss.

4 COUNTY OF KING           )

5

6

7        I, ANITA W. SELF, a Certified Shorthand

8 Reporter in and for the State of Washington, do

9 hereby certify that the foregoing transcript is true

10 and accurate to the best of my knowledge, skill and

11 ability.

12        IN WITNESS WHEREOF, I have hereunto set my hand

13 and seal this 5th day of March 2021.

14

15

16

17                      ______________________________

18                      ANITA W. SELF, RPR, CCR #3032
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· · ·STATE OF SOUTH CAROLINA : IN THE COURT OF COMMON PLEAS
· · · · · · · · · · · · · · ·:
· · ·COUNTY OF RICHLAND· · · : FOR THE FIFTH JUDICIAL CIRCUIT

· · ·MICHAEL L. PERRY and· · :

· · ·LONNIE L. LONG,· · · · ·:

· · · · · Plaintiffs,· · · · :· C/A No.

· · · · · · · ·v.· · · · · · :· 2023-CP-40-04072

· · ·AMERICAN INTERNATIONAL  :

· · ·INDUSTRIES, et al.,· · ·:

· · · · · Defendants.· · · · :

· 

· 

· · · · · · · · · · · · Deposition of

· · · · · · · · ·GREGORY B. DIETTE, MD, MHS

· 

· · · · · · · · ·Via Zoom Videoconferencing

· 

· · · · · · · · · ·Wednesday, July 3, 2024

· · · · · · · · · · · · ·10:00 a.m.

· 

· · · · · · · · · · · · Reported by:

· · · Adam D. Miller, Registered Professional Reporter

· 

· 

· 

· 
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Page 46
·1· ·tumor?

·2· · · · ·A· · I did.

·3· · · · ·Q· · Okay.· So that means, fundamentally,

·4· ·Mr. Perry does not have a BAP1 germline

·5· ·mutation, but he could possibly have another

·6· ·unspecified germline mutation that could play a

·7· ·role in the development of mesothelioma; is that

·8· ·accurate?

·9· · · · ·A· · Absolutely.

10· · · · ·Q· · Okay.· All right.· I know -- again,

11· ·I'm going to page 3 now.· You note in

12· ·Mr. Perry's past medical history, one of the

13· ·things that he had had was a colectomy due to

14· ·some chronic inflammation from the

15· ·diverticulitis; right?

16· · · · ·A· · That's right.

17· · · · ·Q· · You don't have an opinion that the

18· ·inflammation associated with the diverticulitis

19· ·played any role in causing his mesothelioma;

20· ·right?

21· · · · ·A· · I don't believe it did.

22· · · · ·Q· · Okay.· Going down to page 4 of your

23· ·report and employment history -- and this is

24· ·Mr. Perry's employment history; correct?

25· · · · ·A· · That's right.
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Page 102
·1· · · · · · · C E R T I F I C A T I O N

·2

·3

·4· · · · · · · I, ADAM D. MILLER, Registered

·5· · · · ·Professional Reporter, certify that the

·6· · · · ·foregoing is a true and accurate transcript

·7· · · · ·of the foregoing deposition, that the

·8· · · · ·witness was first sworn by me at the time,

·9· · · · ·place and on the date herein before set

10· · · · ·forth.

11· · · · · · · I further certify that I am neither

12· · · · ·attorney nor counsel for, not related to nor

13· · · · ·employed by any of the parties to the action

14· · · · ·in which this deposition was taken; further,

15· · · · ·that I am not a relative or employee of any

16· · · · ·attorney or counsel employed in this case,

17· · · · ·nor am I financially interested in this

18· · · · ·action.

19

20

21· ·/s/ Adam D. Miller
· · ·Registered Professional Reporter
22· ·and Notary Public

23

24

25
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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.1  

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 

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

STATE OF SOUTH CAROLINA ) IN THE COURT OF COMMON PLEAS 
 )  
COUNTY OF RICHLAND ) CIVIL ACTION NO. 2023-CP-40-04072 

MICHAEL L. PERRY AND LONNIE L. 
LONG, 

 
                                               Plaintiffs, 
 
  vs. 
 
AMERICAN INTERNATIONAL 
INDUSTRIES, ET AL., 
 

Defendants. 

) 
) 
) 
) 
) 
) 
) 
) 
) 
) 
) 

In Re: Asbestos Personal Injury Litigation 
Coordinated Docket 
 
JOHNSON & JOHNSON DEFENDANTS’ 

OPPOSITION TO PLAINTIFFS’ MOTION 
IN LIMINE NO. 19 TO EXCLUDE THE 

1986 LETTER FROM H. W. SWANSON TO 
PHILLIPPE DOUILLET 
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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. 

 

I. 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.2  

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.  Plfs’ 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 Plfs’ 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 Plf. 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. § 

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. 

II. 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.”).3  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 II 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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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. 
 
Columbia, South Carolina  
 
July 24, 2024 
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Exhibit A 
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-----------------~=~ - - - --.--- ·-------==
DEPARTMENT OF HEALTH AND HUMAN SERVICES
Food and Drug Administration
Silver Spring, MD 20993
CERTIFICATE
Pursuant to the provisions of Rule 44 of the Federal Rules of Civil Procedure, I
hereby certify that, John Wright, Division of Dockets Management, United States
Food and Drug Administration, whose affidavit is attached, has custody of official
records of the United States Food and Drug Administration.
In witness whereof, I have, pursuant to the provision of Title 42, United States
Code, Section 3505, and FDA Staff Manual Guide 1410.23(1)(A)(6)(b), hereto set
my hand and caused the seal of the Department of Health and Human Services to
be affixed this 4th day of December, 2015.
Dynna Bigby,
Supervisory Administrative Proceedings Officer
Division of Dockets Management
FDA/Office of the Executive Secretariat (OES)
By direction of the Secretary of
Health and Human Services E
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DEPARTMENT OF HEALTH & HUMAN SERVICES                                               Public Health Service
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 I have custody of official records of the United States Food 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 Administration.
County of Montgomery
Stale of Maryland
Subscribed and sworn to before me this Lday of December, 2015
Yalta Fl renee Yarjah, Notary Public
My Comm.ission Expires 4)1t..l~l       ~ E
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De6r Mr. lbtrl.Het::
'lhis •.ftlpClnda m ~ Novfi!II:M!c' R, 1983, petition rf!qllf!tltil'lllt that: COIIIM!tic
talc boo llllbelecl 111. th ., ...,_b:lll
particle eile, .and the ptopot tion of
Wttm!Qlt atatalll!r'lt, lnfot:ut:icn m ubacoe
we
illlpt:lrlties In the. pcodul!t.
You aul'rt that, becawe t.he 111l.ni'fll! nf ta.U! alWltlt: invarl.ably incl\ldee !:he
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of ube•tal particl• that: pt"elllflnt: ., inludlltien hazard to~. Abo,
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~ t"ecot1;11izell       that ~>sbellt:oa inhalation 011er ettended periods b b.t.urdoal
t:o htaBI"JJI. The ~erey is al.SD !IWlm! th/11: !!(JIM!! cosmetic tide produced l.n
the 1960s and early 19708 did conWn asbestif0t1ll minerab. ~. your
petitim baa not pe:!:"BUBded Ul th!Ot the co!lllletic talc that iB pr: qmdy
I'K>tllll; p:'od\D!!tl· amtaina si..J!.I'rlfi.e!!l"tt aoomt:a of abestiform mtneralll.
rmi.Q~; t:h<'! early 1970!1, FM bMa~~~e <'lOI'ICented Abmlt: the \X)t'll!libiliey that
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received sweral reportll about such cono.ninatim. ~er, at that time,
the 11181-ytical pr:ooedl%l!S fur detemin~ llllbeston in 1:!1lc werP mt fully
dC11eloped, and most of the ansl.yt:ic.al '!oUt'~!: WIU COI'ldueted without seienttfu
IIIU!!et'l!ffit: as t.o mich lllllltt\ods lolll!!l:"e 'WI!!ll-lllrlted fbi" the 1dmtificati!.'1rl of
asbHtifum minerllls in tslc. Contmquentl.y, FDA cmsidl!'!'ed 111l mtal,ef.cal
t"esulta to be of que•tionahle Tel hbil.tt;y. 'lhill ""ses!!IIIIE'I'It: pravcod to be
OOtTect: ~ mmy queationll Wll!tt!l 11\lbs~tly t:abed Rbout: neults
'l'P.[lOrt.ed ln the 11terature in the 'i'arl y 19708 ( M:e f!I'IC loaed copy of
National BureMI of Stlmrianls Special Prblication 506 entttlfrl                               ,
"Ksidentit'iaation of Asbntos ln 'l'Ale"). '*'..!JI.1S<O of tl1fl quesrtonsblf!
ni!!t:llre of the ll!1il.ytical result..!!, the ao:en::v 'WI!s Mt: Able to aaset~s
r4!l.iably the lPVelll of asbetltifonn mineral!'! in C0811let:1c h!llc then fn die
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M:. ltrlllippe ~llet - ~e 2
••
•                             \

tJrdlll:' t:h.- cf~ell, JU deeidf!d tMt the IIIMt: app!:Opt'iBtl'! !ICti.OM
t:Mt it: oould tat. to protect the pli>lie hMlth would be to 1lll!ke t~
npor:ta p.tblic a:vl lXI ~t aasbbmee froB the ltffec:ted indu!tty in
df!lfelopf."' acceptable analyt1CI81 procafur:M. Thie ~ apparentlY has

led m <XIl'lldderllble tllprov1!11181t ln the quality of thie tale.
Afl:lll:' l'll'l took thelll!! 1\Ctiom, ~ oo 11 tic IUI'IUfact:'l:lr'l'!rl beg~m to ~~nalyze
their t.alc &r &lbMtiforlladnerab •• pert of their quality calb:ol
ptiJIIU 1, «r:1 talc mpplien ~ to eetl hUd'tel: purity talee to the
~e fndwtry. By 1976, ~ llnAl:1tical111t'tncdolOIIY-..
sufficiently d-loped that the eo-tic, Toilet:r)', ant f'ra#-
hlaocut:ion (ClTA) cmtld i.at!UI!! a l!pl!cl.fication (CCIP1 .nclOMd) fix' co•etic
talc. 1Ma epeciflcation 1'l!lqllired thai: IIUd\ talc be free of f:l.'broue
..p:dbole (e,q •• ~in the fum of .._t:lfm:la ~:l.te} urltlilt a
CTFA liNit:bcd of anal,.t• that: :I.e c!lplble of datecti~ 0.5 petce\t: of
mqtdbole 88bestoe. 'lhb &pi!Cification oout:tlbuted to me oontitiiMII
~ of ~ic talc quality.
Tn addition, li'D' su:r:veillmce activitiet~ that Wllt'l! conducted in ttle latter:
poreictt of thE- 197011 l'!howed .!;hat the quality of oo-.tic tale Mel
s!j!;nificsntly i111pro11ed, ll!'ld thst ~ "*-' as'bntolll -                   pl'esent, ttle levele
-m lio low tMt ·no health hiu:rmt Eoldllte:!. Our scientiatl recently
I"f!!\l'i.-1 data fro:o rf>e!IP sur11Pilhnce activities lll'ld conclu:ted thst the
rlak frtu a ~t-i.ase esdlllate of e!lp08Ul'e to IU!Ibeea. tn. OOSMt:lc talc
~ld be 1 esa than the risk fr.m f!l:1lli1!'a'lllmtsl bot:~ leo,.,.ls of
eK}'lOBIJl:'e to lil.'!lbest.os ('!lOIH'X".c:upatiomd "''flllSUl"<t) ovt'!r a Ufeoti~~e.
C'~ently, Will' find met. thPrl' is no                basi" at this timP for the ~y to
cnncl~lde t:I'IRt thf!rl" 111 a healtf> hazllt'd      Atttibutahle 1:o AllbE-stDII in ooaNt:ie
-tAlc. Withnul: evidf'l'lef! of St.v::!l:'l   a ¥,;an!, t:h& Bll.f'f!CY cooclu:lee t::h.at tberf'!
f 11 no nHd tn rec:(l.lil'1! a Wlm'li~       1abel on ~ic tale.
Fl:i\ Ahould filM p:lint out trlAt. in rm.ewinfl;             ,.,.ll:"
pert tiO!'I, '""' f.OU'\d
SP.11Prlll prnblA!III wttt> the infOTI!Illtion ctt       "'*'im
)IOU relied. 'l'N!o ptt,lication
"Aebeetifm::t!l 1illp:lritiP.s ln O:tiiiiEtdBl Talcun POM'Iet'll," W\ieh J10U cit:r Jn
vm:r petitim, appears 1:o C!Ontaf.n 11 m.."'!bw of RiW'i ficl'l'lt et:Torl!l that: l"'.ad
us 1:o cpP!Ition thE I'ICCtraey of tile finditlfl!! that '\<'E!re t ..pott.ed. For -your
l.nfcmaatim, whiM! meloe«l a copy of s Jml' 8, 1973, rebuttrd of thlll
p.tblication that ""'"' 'l.rltten bf the <hij>f Ml.nerolO!Idst of thfl O,Jorado
f:clx:lol of HinM Renarch Institute in Goldm, C.olorado. Alao, )'Dtr
petition • a 1978 book NfPrmee 1:o t1:uo 1>11:. Sf.mi School of Medicine firw:lings
ill too old to reflect present c:lOattllllinatictt lt?VPls. Further. w ere not
caw:l.nced tilat the Mt. Sinai findf:ntl:s pertained to ooemetic talc. Your
ref~ at.ates that cmmon cuRAeu::illl talca wore !lrlaly&ed, bnt. it dofll
not s-pecify 'llhet:her the~~e ca~~~~ll't'Cial tilleR -rP l:ndusttia l ~ade m:
aollllletic talc.
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For 1111 of dlette ru80M, your petition 1.11 deni~. 'ntis df!ni;~l ill witho\d:
pr~1udiee to the future fili~ of a petition en t:f-111 utter, ~c:anpanied by
all relevtl'lt d.a1:JI in lltlppOrt of the petition.
Sincllrf'ly -,oun,
fl4tJ.~
Actin« louociate a-iu:l.oner
for legulatc:li:T Affa.b:a
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/    ••

'~. .
•                               CTFA Specification
/\j
TALC COSMETIC
lasue:·     6-1 ~'
Rtvrse:    3·23-5~
5--30·'"'',
1D-~·it
COSMETIC TALC
/                   CTFA ADDpled Nom"
TALC
DEFINITION: Cosmetic Talc IS an essentially white. odorless. fine powder, ground from naturally occurring rock ore.
It consists typ1cally of 90% hydrateo magnes1um silicate. having the Ideal formula Mg,[Si10 20 ].(0H),.
with tne remainder consistmg of naturally associated m1nerals such as calcite, chlorite. ootomlte, kaolin and mag.
nes1te. and containing no detectable fibrous, asbestos minerals.
TEST                                                   SPECIFICATION                                                METHOD
Color . , ..........•.•..........                           As specified by the buyer and showing no                        Heat 1 to 2 g at 2DO'C
change after healing                                                 tor 5 minutes
Odor ........................ .                             As specified by the buyer
Identification ....• , •......... , ,                       Posn1ve:
1. Close match to CTFA Spectrum-IR                                   CTFAG 3·1
with no indication of fore1gn materials
OR
2. (Aitemate) Close match to X·ray                                   ASTM D 934·74
Powder Diffraction File No. 19·770,
published by ASTM, showing the most
intense reflections at d values about
9.35, 1.53 and 4.59 A
..••••·.·-·-·-··    Slip .....• , .•....•.••.•••... ,.                          As specified by the buyer
Lustre .. , .... , .•....•.• , .. , .. .                                                Do.
Water-Soluble Iron ............ .                           Passes test                                                      USP XIX, page 487
Screen Test .• , , . , .••. , , . , . , .. .                100% through 100 mesh                                           CTFAC 6-1
98% minimum through 200 mesh
Finer grades: as specified by the buyer
Water Soluble Substances ..... ,                            0.1% maximum                                                     USP XIX, page 487
See test for "Reaction and
Soluble Substances"
Acid Soluble Substances ... , , •••                          As specified by the buyer                                       CTFAE32·1
6.0% maximum
Loss of Ignition .. , .... , .... , , ..                     5.0% maximum                                                    USP XIX, page 487
Arsenic (as As) ............. , ..                          3 ppm maximum                                                    CTFAF 1·1, Parts I·Aand It
Lead (as Pb) •.•.•• , ••...•.....                           2~ ppm maximum                                                   CTFA F 2·1, Parts i·A and II
Fibrous Amphibole •........... ,                             None detected                                                   CTFAJ4·1
(Asbestlform Tremolite et at)
Free Crystalline Silica •..••..••..                          As specified by the buyer                                       CTFAJ 5-1 (DTA)
(Quartz)
..    ....                                         Alternate: CTFAJ 6-1 (X·ray)
;;:::::n
Copynght () 15176 The Cosmetic. Toietry lnd Fragrance ASJOCiatiOn, Inc.
No portJon otthe C1FA Sttndarcls,ln wtKJo!e or m perf, tnay U IIPnnt.&tJ wltholll perm~UKJn from Tile Colln6tiC, ToMetry a® Fragrance AIJoelatlon, Inc.
113S FifrHnthSUHt, N.W., Wnhmgron, D.C. 20005
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National Bureau of Standards Special Publication 506. Proceedings of the
Asbestos: Definitions and t-leasurement Methods held at NBS, Gaithersburg, MD, July
1977. (Issued November 1978)
MISIDENTIFICATION OF ASBESTOS IN TALC
Jerome B. Krause
to                                     Colorado School of Mines Research Institute
Golden, Colorado 80401
and
~illitm   H. Ashton
Johnson & Johnson
ion
Raritan, New Jersey OSS69
:es
Abstract
lOt
la:t                          Both optical microscopy and x·ray diffraction (XRO) are widely used,
1                      to detect minerals associated with talc. Optical microscopy can
determine the morphology of a p•rticle, but cannot always fully identify
..·•nt,
·ay
the specific mineral. Although XRO is an excellent screening technique
for the detection of minerals asse>ciated with talc, the method can
misidentify minerals due to interferences, interpretive errors, and the
inability to determine morphology.
Methods for reduction or elimination of these problems include
'r''"'
special techniques of sample preparation and x·ray diffraction, combined
.nd                      with microscopic examination (both optical and electron) .
Key Words: Amphibole$; asbestos; chlorite; electron MicroscOpy; fiberi
morphology; optical microscopy; x·ray diffraction; talc.
lnti'Oduction
There are many ways to analyze and study any naturally occurring material. The
conclusions reached will often vary widely depending on the expertise and specific interest
of the investigator. That situation SUJIIS up the present status of "asbestos•; it h also
the status of minerals Which are assoc:htad with "asbestos"; and it h becoming the status
of other minerals Which can be naturally associated with talc.
Popular methods of analysis can give the wrong answer - namely that asbestos is
present when it certainly is not. That problem {misidentification)· is not so 11uch one of
limitations of the Mthods, but rather one of misinterpretation of data, and failure to
recognize the 11ineralogleal background required to certify mineral purity, for example,
when analyZing lheet silicates for asbestos. Unfortunately, one main factor h that
asbestos has now developed variable definitions, depending en whether the point of view i£
mineralogi~o1,    industrl~l, medical,    or regulatory.    The medical definition is most
concerned with whether or not the particles are biologically active; the industrial
definition is dependent upon fleXibHity and weovability; the 11ineraloglcal definition
upon crystallography; and the regulatory deflnltiqn upon she and aspect ratio.
The word •asbestos• stems ff'Oil ancient Greek and has always referred to a very
fibrous industrial mineral product. Since asbestos has historically related to a Minnal
exploited u an important industrial c-.odity, we think a cO#Ibined mineralogical and
industrial definition should take precedence [1,2]1. Other presentations during thh
lfigures in brackets indicate the literature references at the end of this paper •
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;:~
«",                                                                                           iii   ,.11
~!

•.J~

••
wrkshop have amply <:overed the aspects of asbestos teminology, and It is not our Intent
to provide comprehensive eov~rage of that subject. ·Our primary obj&ctive is to review
some of the basic principles of analysis, and· to point out problem areas where
Identification of "asbestos" has been abused.
Analysis Methods and Misidentification of Asbestos
It is useful' to categorize the various analytical ~~ethods which have been applied to
talc to highlight inherent principles which lead to misidentifying asbestos liS being
present. We offer the following general coments on the three principle determinative
properties (chemical composition, morphology, structure).
Chemical Composition
It is well known that every mineral has a specific chemical composition, and that
each 11ineral has an ideal theoretical chemical fol'lllula (configuration). Unfortunately,
Nny investigators overlook the fund11111ental point that cl!emical composition does not
identify a specific mineral. Asimple example will bring that point into focus:
A pearl, an oyster shell, a slab of marble, a piece of chalk, and the
11inerals aragonite and calcite are obviously different materials, and
yet each will be identified as calcium urbonate. That is to say,
chemical analyses will identify them all as the same substance, where
everyone knows that a pearl is not a piece of chalk.
The same situation exists in certain phases of asbestoo analysis. For example,
chrysotlle, antigprite, lizardite, sepiolite, chlorite, ami talc are al1 hydrous 11agnesium
silicates. But a Meerschaum pipe {sepiolite) is certainly not chrysotile asbestos in
spite of the fact that chemical analysis alone could lead to that misidentification.
Accordingly, chemistry alone does not Identify a mineral, nor do those sophisticated
instrumental methods which are based on chemical principles, such as:
Wet Chemical Analysis
Classical (gravimetric, volumetric)
Instrumental (atomic absorption, flame emission)
Microprobe (electron and ion)
Emission Spectrograph
Mass Spectrograph
X·Ray Fluorescence
Morphology
Although the shape of a mineral particle is one of the key characteristics in the
identification of a mineral, shape alone unnot be the sole determinant of a specific
•lneral species. There are hOsts of minerals in different mineral classes Whose particles
have the slime shape. Th!!y eKist across the speetr11111 of all claun of minerals and the
possibilities are beyond comprehension. Even if we limit ourselves to minerals which occur
in the true fibrous state, we would estimate there are up to 100. There have
been instances where nonasbestos particles have been misidentified u chrysotfle in talc
because shape alone was the index used.
Methods ·based on morphology include:
Optical Microscopy
Automated Image Analyzers
Electron Microscopy (SEM and TEK)
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Structure
••                           /         •
Th configuration of atoms in the crystal lattice of a mineral does not
d tenni~e a mineral species. The atomic arrange~ent at the molecular level does
•    through to the external visible physical fom. That is to say that methods
~~\;~ular structure can misidentify a mineral. For example, chrysotile asbestos
classified with the sheet silicates because of'its crystel structure arrangement, but
certainly does not occur in flat sheets like the micas or its sibling, antigorite.
Methods of identification which relate to molecular structure are:
Infrared Spectroscopy
Dlfferential Thermal Analysls
X-ray Diffraction
ot
·,                               Electron Diffraction
ln gen<)ral then, no single property defines a mineral, and 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.
Two Popular Methods
II\                Optical microscopy and )(-ray diffraction methods require some additional discussion
n            primarily because they have received •ddespread attention by industry and govern111ent
lab~ratories as possible monitoring techniques.
d                  Although. both these methods are fundamental to the science of mineralogy and are
highly reliable in the llands of experts, complications arise when .shortcuts are taken in
the professional procedures.
Optical Microscopy
When an eKperienced optical mineralogist or crystallographer identifies a mineral with
a petrographic microscope, he can come to a remarkably accurate conclusion. The reason
for high accuracy is that not one but several specific properties are determined, such as
refractive indices, extinction angle, birefringence, and optical orientation. Specific
training and wide mineralogical background are required to get the right answer.
In contrast, current optical methods in federal regulatory proposals relating to
asbestos presume that asbestos is present In the first !)lace. The analyst then merely
observes the mineral particle for size/shape. Consequently, those methods which depend
solely on aspect ratio give misidentification. They misidentify the pr11s..nce of asbestos
by such simple oversights as looking at a platelet on edge and counting it as an asbestl-
fom particle. lt is not necessary to elaborate on the other shortcomings of those
methods in view of the recent NBS report on the analysis of SO industrial tales [SJ
evaluating that ~~ethodology. The sallie shortcOIIIings were also recently corroborated in a
study conducted by Harvard University ahd NlOSH [4].
However, there ar~> a fW rare cases where abnomal crystal habit can be misleading
and subtly can le~o to a misidentification. Optical microscopy is 110st vulnerable to this
type of 11isidentification. For example, talc nomally occurs as micaceous plates, but
rare acicular talc does exist, and one 11ust be very careful to avoid misidentifying the
rare occurrence as asbestos. As an example, our XRP examination of an industrial acicular
talc sample has identified the presence of significant amphibole (probably tre1110lite).
However, when the material was subjected to thorough petrographic examination it was found
to be. composed of free grains of columnar amphibole and acic.ular talc and composite talc-
amphibole. The significance is that an erroneous conclusion could be reached by
llisidentifying such a rare talc variety as asbestos, if only aspect ratio and simple
.. '   optical microscopy were used .
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Thus, si111ple optical microscopy can detl"'''lline'tne't~~orphology of a particle, but if
used alone it cannot always fully hientify the specifl.~ mineral observed.
X·Ray Diffra,tion
Although x·ray diffraction (XRil) is a valllable technique, it cannot detemine the
physical shape of a mineral particle, an<! for that reason it cannot determine whether or
not a sample is asbestos.       Furthermore, it cannot distinguish between two mineral
varieties in the sllll!e mineral cho55 in cases such as the asbestos minerals and their
nonasbestiform analogues. It is surprising that such a basi' shortcoming continues to be
overlooked by responsible Investigators alleging to have identified asbestos by KRO.
One result of the inability of powder ~Ril to differentiate between the asbestiform
and nonubestifom varieties of a mineral is the potential error of prejudging an XRO
detected phase to be the asbestiform variety. for example, preparing calibration
standards of mixtures of talc plus chrysotlle could have the effect of causing a
serpentine peak in an unknown sample to be prejudged as the ubestlform variety, i.e.,
chrysotlle. A mixture of talc spiked with the serpentine mineral chrysotile will give the
s~e XRD pattern as a mixture of talc spiked with the very common platy serpentine mineral
antigorite. lt should be obvious that an unknown talc showing a serpentine peak cannot be
prejudged or branded as containing chrysotlle asbestos under such circumstances.
Unfortunately, the literature has articles by responsible authors who have overlooked that
error In logic [5,6,7].
For research purposes only, single crystal XRO can provide information as to whether
or not the specimen ct:>uld be asbestos. However, due to the difficulty of handling minute
specimens, single crystal XRO is inadequate for particles s111aller than about 20 x 5 Jllll,
and, of course, is also inadequate for routine monitoring procedures.
Amphiboles
Each of troe five amphibole minerals, anthophyllite, cumrningtonite·grunerite,
riebeckite, treii)Ollte, and actinolite has an asbestifom variety, nl!llely anthophyllite
asbestos, amoslte, crocidolite, tremolite asbestos, and actinolite asbestos, respectively.
Tremolite asbestos is quita rare, and actinolite asbestos is so rare that a recent HlOSH
project to prepare reference standard minerals has been unable to locate e source of pure
actinolite asbestos [8).
The amphiboles (named from the Greek "amphiboles," tneaning ambiguous) are
characterized by similar crystal structure and wide variation in chemical composition and
appearance. All amphiboles have XRO patterns which are similar. and are characterized by
having their (110) or (210) diffraction peaks occur within ±0.2A of each other (Table 1,
Figure 1). Reliable identification of individual amphibole species is difficult in the
absence of confirming composition date.
Examination of Table 1 and figure 1 illustrates that attempted identification of a
specific amphif;Jole on the basis of d Cl10) or d cu<ll has good potential for being in error.
For example, selection of Joint to111111ittee on Powder Diffraction Standards (JCPOS) card
13·437 as being definitive of tremolite presents serious problems. Twenty-nine additional
JCPOS amphiboles have their (110) or (210) peaks within ;tO.l"2e of this tremolite (110)
peal< at l0.51i"Ze. Identification of an uphibole as tremolite on the basis of a peal< at
10.56°26 is obviously an tdentfflcation with very low reliability. In other words, a peak
at that location is not 'necesurily tho mineral tremolite since it could be one of 29
other minerals.
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Table 1. Amphibole JCPOS Card No's., d(llO) or d( 210 ) peak position, and
relative intensity.              .
•a
JCP05 cerd I                L        26(Ctl)          l                 ~
••
·r          i
23-118
10-456
s.ssp
8.55 1
10.31
10.35
100
100
prieskaite
richterite
.1                                                      e. 53(1           10.37            70    mboziite
••

20-734
20-378
14-633                e.sT
S.Sl 1
10.38
10.39
100
70
deshkesanite
arfvedsonite
..,
:o
·n

21-149
19-467
20-982
23-665
23-664
23-667
23-663
. .T
e. s1 1
8. 50(1)
8.48 1
8.47 1l
8.47 1
8.46 1)
10.39
10.41
10.41
10.43
10.~
10.~
10.46
55
100
65
45
35
45
hornblende
ferropargasite, syn
richterite, syr.
richterlte, calcian, syn
edenlte, sodian, syn
richterite, calcian, syn
eckermanite, calcian, syn
e•
40

9-434                8.45(1      10.47             so       hornblende
13-499                8. 45(1      10.47           100        magnesioriebeckite
e                                   20~656              a.4sp             10.47          100     magnesioriebeckite
20-470                8.44 1       10.48           100        crossite
t                                   23-666              8.44(1            10.48            40    tremo1ite, sodian, syn
20-469                8.43p        10.49           100        hastingsite
23~1405               8.43 1       10.49            80        edenlte
r                                   23~1406                               10.49            40    paragasite

8.43p
20-1310               8.43 1       10.49            40        tremolite, syn
10-428                8.42(1       10.51           100        richterite, fluor, syn
23-603                8.42(1       10.51           100        tirodite
10-431                8.41( I      10.52            so        edenite, fluor, syn
19~1061               8.40(1       10.53           100        riebeckite
20-481                8.4011       10.53           100        hornblende
20-1390               8.40 1       10.53            90        winchite
23~302                8.40 1       10.53           100        CUil'ITlingtonite, mangoan
e                                   19-1063             8.39!')           10.54            70    richterite
oj
13-437                8.38 ll      10.56           100        tremo.lite
17-478                B. 38 1      10.55            65        kaersutite
"                                    23-4!15             8. 38!,           10.56            eo    eckermanlte
9-330                8.37(1!     10.57            100       tremolite, fluor, syn
17-750                8.36(1       10.58            25        richterite, ferrian
•d                                   20-386
22·531
8.35{1            10.59
10.59
40
30
eckermanite, syn
j oesmi th i te

8.35p)
16-401                8.33 2)      10.62            70        anthophyllite, ~gnesian, syn
17-725                8.33t        10.62           100        grunerite
e                                    17-745                                10.62           100    grunerite
20-376                8.31 1ll
8.33              10. 65        100      crossite
17-726                e. Jo(l      10.66           100        cUIIIllingtonite

;j
20-484
13-505                B.Z!T
8.27 2l
10.67
10.70
100
80
richterite
gedrite
23-679                8.27 1       10.70            90        glaucophane

I                                    9-455
20·453
11-253
23-310
8.26!2)
8.26
8.23!2
8.20 1
,l      10.71
10.11
10.75
10.79
55
100
100
75
anthophyllite
glaucophane
ferrogedrite
richterite, ferrian

13-401                8.11(2)      10.91           100        holmquistite
a (110)1 or (210) 2•
Maximum b2&(Cu) c 10.91° - 10.31° *    o.s·
Tab1~ 1 illustrates the very close proximity of the (210) or (110) XRO peak of all
amphiboles, showing the inability to identify a specific amphibole on the basis of
d(210} or d(110)'
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figure 1.               AmphibDle d(llO                              or d(ZlO)- peak positions (2s for CuK) and relative intensity,
An additional problem further affecting the reliability of Identification by XRO i>
the effect of shift in peak position caused by slight misposltioning of the sample surface
in the instr.-nt. For example, a 100 ~'b mispositioning of the specimen surface will
result in a shift of approximately 0.&·0.7 A in d·spacing at low ze angles [9). A slight
shift in the position of the peak (from a different emphlbole or mispositionlng of the
sample surface, for example) could go unnoticed, resulting in llisidentification of an
empbibole that is not even present.
In order to conclusively identify an emphibole by XRD, it is necessary to have an
essentially complete diffraction pattern. In order to obtain such an XRO pattern, the
•ample 11ust have a relatively high amphibole content and the pattern must be acquired with
a time-consuming slow scan. Acquisition and interpNltation of such patterns is time·
consuming, and discourages proper application of the full procedure, especially for
routine Monitoring where large numbers of sempl .. requiN> analysis. Shortened procedures,
such as single peak identification of amphiboles, provide good opportunity
for llisi~entification. The shortened procedure of single peak fdentification was apparently
used In a 1972 paper [7), where our examination of some of the same somples disagreed with
identifications of serpentine, tremo1ite·actino1ite anthophyllite, and anhydrite.
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Ch1orite•Serpentine
Chlorite is one of the most common accessory minerals found associated with tales ..
The chlorite group of 11inerals are somewhat analogous to amphiboles in that they exhibit a
wide variation in chemical composition and ·all have a simil•r crystal structure. The
diagnostic c.lllorite basal )(RO peaKs (001), (00~, and (004) are characteristic, and occur
at about 141i, 7A, and 3.5ll, nspecthely. As in the case for the amphiboles, specific
Identification of a particular chlorite species by XRO is difficult. The XRO problem with
chloritfc tales is that the serpentine first order basal peak overlaps the chlorite (002)
peak, and the corresp~nding serpentine second order basal peak overlaps the chlorite (004)
peak. Generally, however, the chlorite (004) and serpentine second order peaks are separate
enough to allow unambiguous 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
colll!)ilations of JCPOS data for the positions of the {004) basal peak for chlorite• and
{002), (004), or (0012) basal peak for serpentihes, respectively.
Table 2.   Chlorite JCPDS Card No's., d(004) peak positions, and
relative intensity.
JCPOS                    •
card I                 t:..         2e(Cul            1              ~
10-183               3.60           24.73             100         pennfnite
20-671               3.60           24.73a            90          kiimerer1te.
16-351               3.59           24.80             70          chlorite 1b
12-185               3.57           24.94             85          kotschubeite
7-160               3.58           24.87             60          kotschubei te
19-749               3.56           25.01             so          clinochlore
7-71                3.558          25.03              50         sheri dani te
16-362               3.55           25.08             80          chlorite la
19-751               3.55           25.08             65          sudolte
22-712               3.55           25.08             45          nimite
7·165               3.545          25.12              60         grochauite
7-78                3,541          25.15              60         thuringite
y.                           7-111             3.541           25.15               80       diabantite
12·242                3.54           25.16              100        leuchtenbergite
7-76                 3.537          25.111              so        r1pfdo1ite
13·29                 3.53           25.23              80         thuringite
7-166                3.523          25.28               so        daphnite
12-243                3.52           25.30               !12       apnrosiderite
21-1227               3.52           25.30              100        thuringite
3-67                 3.49           25.52             100         thuringfte
Table 2 illustrates variation fn position of the chlorite d(00 4 ) XRO peak.
Table 2 should be compared with Table 3 to see that the chlorite and
serpentine XRD peaks overlap and interfere with each other. Identification
and quantification of serpentine In the presence of chlorite is extremely
difficult at best.
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Figure 2. Chlorite d(00 ) - peak positions and relative intensity. The data of Table 2 are presented in graphfcol form

showing the variation in position of the d(004) XRD peaks for different chlorftes. Selection of JCPDS card

16-362 as dlagnostfc for chlorite can obviously result In ~lsidentfffcatlon •
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Table 3.                                              •
Serpentine, Kaolinite, Halloysite, and Dickite JCPDS Card Nos.,
peak position, miller index (hkl), and relative intensity.
JCPDS                 •
Card I                ~          2e(Cu)         l.            .lliill.           Serpenti nes
18-779          3.67             24.25        80                (002)      lizardite, 1~
9-444          3.66             24.32       100               (DOli)      antigorite, 6Q.
21 ·543         3.65             24.39        70              (004)        chrysotile, 2~
7-417          3.63             24.52       300              (102)        antigorite, 6~
11-386          3.62             24.59        60              (002)        lizardite, lQ., aluminian
21-963          3.61             24.66        80              (002)        antigorite, 6~
12·583          3.56             25.01        80                (oo.w      antigorite, 6Q., aluminian
13-4            3.56             25.01        70                (OO]l)     antigorite, 6Q., aluminian

·i
7-339          3.55             25.08       100               (002)       berthierine
11-388          3.55             25.08       100                (OOJl)     antigorite, 6Q., syn

7-315          3.52             25.30       100               (002)       berthierine
9-493          3.52             25.30       100               (004)       amesi te
Kao1 inites
6-221            •
3.58             24.87       10{)+              (002)      kaolinite, 1~
14-164          3.579            24.88        80                (002)      kaolinite, li_
12-447          3.56             25.01        50                (002)      kaolinite, ll
Hall oysite
9-453          3.63             24.52        90               (002)       halloysite, dehydrated
Dickite
10-446          3.58             24.87       10{)+              (004)      dickite 2M 1
Chlorite 2e Range:        24.73 - 25.52
Table 3 illustrates variation in position of XRO peaks of serpentine, kaolinite,
ha11oysite, and dickite. The XRO patterns of these minerals interfere with each
other and with chlorite (see Table 2).
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Figure 3. Peak positions and relative intensities. The data of Table 3 are presented In graphical form to illustrate the
variation in position and lnterferrlng overlap of XRD peaks of serpentine, kaolinite, halloyslte, and dickite.
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-                                                     -    CHLORITE dC004l       =   SERI'ENTII£ dt:m!,1000l.mt!!
=    KAOLINITE dl002l        -  HALLO'I'SITE dl002l       = DICKITE   ~
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Figure 4.    Peak positions and relative Intensities. The data of Tables 2 and 3 are presented combined, Illustrating
the problems of XRO ldentfficatfon when chlorite and serpentine, and possibly kaolinite, halloys1te, or
dickite are also present.
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Thr•• essential features are demonstrated in Tab)es Z and 3, and Figures 2, 3, and 4;
1'    The diagnostic peaKs show considerable variation in the position in
which they occur (Al&=0.79° for chlorites and 1.05" for serpentine;),
2.    The chlori tes and serpentines overlap and interfere with uch other.
s.    Basal peaks of the clay minerals kaolinite, halloysite, and dickite
overlap the positions of the chlorite and serpentine peaks, and will
interfere when present.
The s lgnifieance of t.Oe chlori t<~·serpentine interference is increased by the fact
that chlorite is a very common accessory mineral associated with tales, whereas serpentine
is much less commonly associated.
In spite of the chlorite-serpentine problem, numerous investigators have performed
KRO identification and/or quantification of serpentine in chloritic tales. lt is obvious
to us that they have misidentified asbestos as being present by overlooking the
chlorite/serpentine interference and by misconcluding that a chlorite peak was serpentine.
Other Methods
Infrared SpectroscopY (IR)
Tht infrared abscl'!>tion spectrutn of a material results fl'om vibrational and bending
fl'equencies of various atomic bonas within the structure. For example, Si·O stl'etching
frequencies produce similar IR peaks for all silicate minerals. As a result, lR spectra
are not particulnly useful for identifying the minerals present in a mixture, and the
method certainly is not capable of determining whether or not a detected mineral is the
asbestiform variety.
~ifferential         Thermal Analysis (DTA)
The rearrangement or decomposition of mineral crystal structures due to thermal
heating is a characteristic and rep!'oduclble reaction. lt follows that DTA """ identify
specific minerals in a mixture but the method Is not capable of detel'fllining mo.,hology.
Therefore, any DTA data which might point to the presence of a serpentine mineral could
lead to mlsidenfying chrysotile asbestos in a talc when the mineral could well be a
normally occurring platy antigorite having the same DTA pattern.
Elect~on      Microscopy
Electron mic!'oscopic techniques of identification of asbestos have been amply covel'ed
in other presentations during this worllshop. We do 110t intend to cover tl\at subject
again, but rather to point out some areas where asbestos can be mhidenti fled.
The high 11111gnlffcation attainable with ele<:tron 111icroscopy is, in itself, inadequate
as the sole index of mineral identity. For example, cheysotile is often identified by the
presence of a hollow central core and streaked electron dfffractiDn spots. But the clay
111ineral halloysite also teysta1lizes in that form and will produce a simfla~ electron
diffraction pattern. Therefore, in the absence of exact chemical composition, llalloysite
can be mhidentified as asbestos. Similar ca...., must be exercised to avoid OlisidentHying
other fibrous clay mine~als n asbutos, e.g., attapulgite and alpha sepiolite. In
addition, talc ribbons can be 11\istal<en to be a•bestos, especial1y when some tales have
particles which roll up into spiral tubes giving the appearance of a chrysotile particle.
Selected aru electron diffnttion is routinely used to identity a mineNl particle
.u amphibole. Many investigators si~~ply observe the electron diffraction pattern in t.he
microscope and decide on the basis of general pattern geoMetry whether or not the particle
is an amphibole. This can lead to Olisidentification, since numerous other minerals can
Qive electron diffract I on patterns with amphibole pattern geo111etey [1 0, 11]. Careful
.aasurement of an electron Qiffraction pattern is required in o~der to identify tne type
350
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••                                      •
of 11ineral which produced the pattern. Cheplical composition h further required in
to hove a chance at identifying the particular species when the lllineral is a lnember
complex group such as the amphibole$. Otherwise, ~isidentification.wl11 result.
I     Cosmetic Talc Free from Asbestos

II
ln the United States, we have a self•re!!ulating association known as the Cosmetic
Toiletr.v and Fragrance Association. In certifying the purity of the tales which they use,
they are aware that no single ~~ethod can identify asbestos and their most recent spec-
ification for cos ... tic talc [12) combines two method• (XRO and optical 111icroscopy) for
lllOnltorlng their types of talc.
'act
ine
''         The rationale Is that a ta1c is first examined by XRO, and if even the •manest
amount of amphibole is indicated, then the test proceeds into optical ~icroscopy using a
'     dhpersion staining technique to detennine whether or not the material contains
med     '    asbestifonn particles in the amphibole group.
ous
the
s-r.v
This paper has categorized the 1111in !llllthods which have been used for detection of
asbestos in tales. The basic principles of the various methods were categorized to explain
how asbestos 'has been and can be ll!isidentified in talc. Generally, misidentifications
arise by jumping to a conclusion from a single mineral charActeristic, when, in fact, .any
•     characteristics 1re required to fully Identify a mineral species and/or its variety.
ng

,.,.
np
ra
Both optical microscopy e.nd XRO require<! a more detailed review than other method•
since they have received the most attention from a monitoring point of v\ew.

This review is pt-esented with the hope that our guidelines will enable analysts to
avoid the mhi<lentification of asbestos in telcs.
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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? Can you confuse
amphibole with serpentine or amphibole with talc, or is tbat kind of a gross mistake
possible?
J. KRAUSE: Those kinds of mistakes probably would not g11nerally happ11n If you are
looking at pyroxenes or olivine. Electron diffraction h not one of my areas of real
expertise, but I think that you could possibly get feldspars that would give confusing
patterns, depending upon tbair orientation In tile microscope.
L. MADSEN:, We are using all the .ethods that have been talked about today for identi·
fication for asbestos material$ and do not in any way limit ourselve$ to fibt:r hngth and
aspect ratios.                        •
J. WAGMAN: 1 would like to COI!IIIIent that it is possible by lt·ray diffraction and
through a s.pecial technique to identify and measure the presence of asbestos fibers even
when they are in the presence of their non-fibrous counterparts. About two years ago this
was demonstrated in a study which we supported at the Naval Research Laboratory in which
samples were pre-treated so that fibers were first aligned and then the x·ray diffraction
intensities measured at two different orientations with respect to the x·ray beam and In
this way the intensity due to the non·fibrous counterparts could be subtracted from the
total diffraction intensities.
KRAUSE: You were putting the fibers in some specific preferred         orient~tion   in the
sample and then looking for those orientations by XRO.
WAG!Wi: That is correct, and this had the advantage of not only making possible
corrections, that h correcting for the non-fibrous material present, but also it greatly
enhances the detectability for the fibers themselves.
KRAUSE: ls this llll!thod being currently used?
WAGMAN: This is a llll!thod whose feasibility was demonstrated and there are two publica·
tfons on this in the literature. Actually our objective was to epply this method to
afrbornt SaJIIPles, which is a much .,oM~ difficult epplication incidently, l should think
than in the cue of talc. The probleJII here h a preparative probletn In that an air sample
usually has a lot of organic material, sticky ~m~terial present which interferes with the
ability to orient the fibers. This is a preparative problem which will havt to be overcome.
But I should think that in tbe case of talc samples you probably would not have that
problem.
352
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OF MINES R.AI{CH INSTITUTE
P.O. Box 112
GoLDEN, CoLO~.<DO 80401
W. H. Ashton                                             DATE
W. T. Caneer                                             PRO~£C T    NO,   _ _,.C'-'1'-'0~7:..!0~4;_,..   _ __
,_:.,e..-t.c•   Meeting with Bowling Green State University
Geological Sta.t'f
A paper entitled "Asbestos!orm Impurities in Commercial Talcum Powders,"
published in the January 1972. issue of The Compass of Sigma Gamma
Epsilon (Vol. 49, No. Z) stated that 18 commercial talcum powders exam-
ined contained from 4'1o to 46% asbestiiorm minerals. The average asbesti-
form content was 18o/o. The data in this paper has subsequently been .quoted
and has been a source of inquiry by interested individuals both in and outside
of government agencies. The amount of asbestiiorm minerals reported is so
large that the data could initiate costly FDA hearings on the matter. Since
our general observations at the Research Institute relative to asbestiiorm .
minerals in talc are at such a large variance to those 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. Caneer and Dr. Jerry Krause of the Research
Institute and Dr. Maynard Slaughter of the Colorado School of Mines.
REVIEW OF THE PAPER
A review of the paper suggested that a number of errors are present. Some
of these apparent errors may be illustrated by the following table which
appeared in the paper:
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SCHOOL. ,OF MINES         RES.~     •NSTITIJTE
memo toW. H. Ashton                         Page z                      June 8, 1973
Table I
Qualitative Mineral       Ana~yses    by X-ray Diffraction
Sample           Asbestosform Minerals              An:hy- Clay   Misc.
Number Talc (Serp. Trem-Act. Anth.) Carbonates drite (Mica) lVIlns. ~·
l       X           X         X                                 X        X       X
z       X           X                                           X        X       X
3       X           X                                             X      X       X
4       X           X         X           X             X         X      X       X
5       X           X         X                                   X      X       X
6       X           X                     X             X         X      X       X
7       X           X                                             X      X       X
8       X           X         X           X             X         X      X       X
9       X          •X                                                    X       X
10        X           X                                             X      X       X
ll        X                     X                         X         X      X       X
·lZ         X                                               X       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         X
18        X           X                     X                       X      X           X
*Additives and inert minerals and compounds.
:    .    According to this table, asbestiform minerals were identified by X--ray      dif-
frac tl.on. By the method of X-ray diffraction used, one could only expect to
identify mineral groups to which asbestlform minerals belong. Numerous
common non-asbestiform minerals also ocour in these groups.
A differentiation is shown for tremolite-actinolite and anthophyllite. It is not
likely that these minerals could' be differentiated by the X-ray methods used.
The mineral anhydrite (CaS04 ) is also reported by X-ray diffraction for all
except three of the samples. We have never found anhydrite in any talc sam-
ples examined at the Research Institute. Furthermore, from the standpoint
of geological occurrences and rock genesis, one would not expect to find
anhydrite associated with talc. With these factors in mind, a study was made
to de!:ermine how one may possibly make an identification of anhydrite in talc.
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CO Let_ .00 SCHOOL OF     MINES RESEARC\. ,NSTITUTE
r.1emo toW. H. Ashton                        Page 3                      June 8, 1973
It soon became apparent that a talc k-beta diffraction peak was being inter-
preted as belonging to anhydrite. A filter is used to screen out k-beta
radiation in X-ray difh·action analysis. However, the filter is not lOOo/o
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 samples. This is usually based on the
occurrence or a ?-angstrom peak. However, chlorite also gives a ?-angstrom
peak and chlorite is a common constituent of talc. A differentiation of the two
mL'1erals can usually be made based on other diffraction peaks. Since chlorite·
is a common constituent of talc and none was reported for the 18 samples, it
is likely that chlorite was misidentified as serpentine.
Table n wa.s presented in the paper and shows quantitative mineral analyses
by petrographic microscopic techniques.                                    ·
Table II
Qua.ntl.tatlve Mineral Anal:tses b:t Petrogral:!!!ic Microsco:2e
(Volume Percent)
Percent             Percent                    Percent
Sample            Talc               Carbonate                Asbestostorm
Number           Flakes                Grains                   Minerals
l                 73                     5                     22
2                 92              *trace                        8
3              **79                trace                       Zl
4                57                 20                         23
5                82              trace to l                    18
6                .72.                    13                    15
7                 89                       5                    6
8                 61                       5                   34
9                 80                       4                   16
10                  92                       4                    4
ll                  86              trace                       14
12                  76               20                           4
13                  48                       6                  46
14                  90                     4                      6
• 15                   74                    4                      22
. 16                 80              trace                        20
17                  70                       6                  24
18                  76              trace                       24
*Less than 1 percent.                                **Includes muscovite.
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memo tow. H. Ashton                Page 4                   June   a,    1973
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 also signllicant that no speclll.c asbestiform
minerals were reported in Table n -- only a total percent of asbestllorm
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 misidentllication o£ the edges of talc plates
and of talc shards as asbestiform minerals.
DISCUSSIONS WITH THE AUTHORS
01 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 M.t. Pleasant, Michigan, and
Pfeiffer is a geolqgist for Texaco in Midland, Texas. We discussed the
paper with Mancuso in Bowling Green and held telephone conversations with
Snider and Pfeiffer. We made i.t clear to these people that the data presented
in their paper could lead to very serious charges against the products. They.
reacj.ily agreed that their data could easily have errors, and if so it would
save them much possible embarrassment at a later date by co:rrec.titJ.g their
errors now.
Apparently the paper was submitted !or publication to m1 an issue of the
journal which was being devoted entirely to the Bowling Green Geology Depart-
ment. Apparently a Dr. I. 1. Oster (a .fruit fly expert in the Biology Depart-
ment) told them that he had been conducting experiments related to the
injection of talc products into mice for the purpose of determining the effects
of the injections upon the mice. He requested that the Geology Department
make mineralogical determinations of the asbestiform minerals in the talc
products. None of the three authors had had any previous experieuce with talc
mineralogy. but they decided that it would be a suitable subject for a paper.
Our discussions yielded the following signlll.cant results.
1. All three authors readily admitted that they did a "rush-job." About 2
·weeks was spent in gathering data for the paper.
Z. They agreed that 'asbestiform minerals cannot be identllied 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 o! talc plate edges as asbestiform
minerals by microscopic analysis.
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OF '·'INS$ RESEAR(. INSTITUTE
•.   ..
memo toW. H. Ashton                  Page 5                    June 8, 1973
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 chrysotUe).
5. Relativ-e to the identification o! anhydrite, they admitted that they    prob~
ably misidentified a k~beta talc peak.
6. They counted only 100 grains for their quantitative microscopic analy-
ses. Though their data is presented in terms of volume percent they
neither measured-the size or the grains counted nor considel:'ed the dif-
ference in the volume of a fiber as opposed to a plate. We pointed out
that the statistics involved are tota.IJ;y unacceptable.
7. They admitted that they probably made many er:rors 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 identif.i.es the talc products examined in the Bowling
Green Study.
Sample                                                      Quoted o/o
No.                     Brand Name                    Asbestiform Minerals
l         Mennen Talc Powder                                   zz
z         J &J Baby Powder                                      8
3         Com Silk                                             Zl
4         Estee Lauder                                         23
5         Cuti.cura (South Africa)                             18
6         Coty-Muquist de Boio                                 15
7         April Showers (N.Y.)                                  6
8         Remington Shave Talc                                 34:
9         Cash+nere Bouquet                                    16
10         Imprevu                                                4
ll         Avons Sachete Occur                                  14
lZ         Heaven's Scent                                         4
13         ExcalibU.r Spra;v (Avon)                             46
14         Loves Fresh Lemon                                      6
15         Mennens Baby Magic                                   22
16         Ammens Medicated Powder (ZnOl                        zo
17         ZBT Baby Powder                                      24
18         Cuticura (U.S. A. )                                  24
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memo tow. H. Ashton
SCHOO~   Of
Page 6

MINES RESEARC( NSTITUTE
-·
June 8, 1973
9. About a year ago Howard Jack, who was with the American Geological
Institute at the time, requested and got the list or various brands or
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 hi.s interest in the
samples.                                         ·
·we asked to see their X-ray diffraction patterns and also re'quested splits
of the samples. They could not locate the dUfraction 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 asbesti.form minerals. T~y
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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DEPARTMENT OF    laTH    8>. HUMAN SERVICES

Date          June 6, 1985
From          QRAC (Quantitative Risk Assessment Committee)
Subject       Asbestos in Talc
To            W. Gary Flamm, Ph.D.
Director, Office of Toxicological Sciences (UFF-100)
Using Linda Taylor's report [1] and other information on ashes-
tos and talc, we conclude that the added human risk of lung cancer
and mesothelioma from possible asbestos in talc is less than 10-8
lifetime risk and quite possibly orders of magnitude less.       We have
used, as our population at risk, infants that may be r.outinely dusted
with talcum powder for an estimated period of 2 years.
Infant Dose and Worker Exposure:
Based upon one experimental 2 yr. exposure scenario for talcum
powder dusting, babies would apparently inhale no more than about

6.5 x 10 asbestiform fibers per year (4.95 talc fibers/cc x !OOOcc/1
x .58 1/min. breathing rate     ~   43.8 min/wk powdering x 52 wk/yr. x
.1~   asbestos in talc).    The asbestiforE fibers are difficult to
detect, poorly defined in shape, and of a highly variable subtype.
We assume .1% tremolite or anthophyllite asbestos in talc based on
1977 FDA measurements and other recent samples [1, 10, 11].           To be
called asbestiform fibers, the fibrous silicates must be greater
thsn 5 um. and have length/width ratio greater than 3.        These
inherent detection and geometrical measurement limitations for
asbestos in talc 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 consensus that current talc mines are virtually free of
asbestos (offending mines have gradually been abandoned) and that
any residual silicates in tale are ao finely and eaootbly ground aa
to represent virtually no risk to humans whatsoever even where an
occasional fiber just barely satisfies the technical definition for
asbestiform fibers.     However, this consensus belief would require
better geometric measurements than currently exist for both current
commercial talc fibers and for workplace asbestos fibers during the
past 50 years.     Nevertheless, baby exposure in fibers per year is
crudely estimated at about 0.3 x 10-6 times that of worker exposure
in several well known epidemiological studies (e.g., Selikoff
study: 15 f/ml in workplace       ~
12,000 ml/min breathing rate x 60
min/hr x 8 hr/day x 5 days/wk x 50 wka./yr. • 2.16 x 10 10£/yr. vs
6.5 x 10 3f/yr for baby) [1].
A complicating factor, however,        is that human cancer risk from
these studies seems to follow different time-dose response patterns
for the two main cancer endpoints (lung cancer and mesothelioma).
Although several    hums~    epidemiological studies exist which could be
utilized for    quantita~ive     risk assessment purposes, it is most
illustrative to     co~s:oer    the largest of these occupational studies,
namely, that of SelikDff, et. el. [7,8] in which 17,800 insulation

workers were exposed to a mixed variety of asbestos fibers (.ainly
amosite and chrysotile) for about 25 years on average.         Through
1976, 2,271 deaths (12.7% of total) had occurred.
Luns Cancer:
Lung cancer rates were about 4.6 times average (486
observed/106 expected).         Since this nearly 360% excess lung tumor
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'W. Gary Fl~~S~ • • D.

rate seems to apply to nonsmokers alone as vall aa -.okare and
-3-
nonsmokers combined [6], then, assuming hypothetically that one can
extend excess relative risks to very low asbestos exposures, one
would expect to see an excess lifetime lung tumor rate aaong aabes-
toa exposed nonsmokers of about 1.8% (360% x the normal lifett.e
nonsmoker lung tumor rate of about .5%      ~   integrating 1979 survival
rates against Garfinkel's 1960-1972 nonsmoker age-specific lung
tumor rates [12, 13]),       Excess lung cancer rates appear to be
proportional to dose and duration of exposure, but not to some high
power of time-since-first-asbestos exposure [6], Thus, excess
lifetime lung cancer risk for talc exposed babies who will never
smoke would appear to be approximately the product of 1) an excess
1.8% 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 product
yields a value of .4 x 10- 9 added lifetime risk for lung tumors.
Similarly, averal'ing eventual smokers in with the lifelong
nonsmokers assumed above, the average added lifetime lung cancer
risk for th< talc exposed baby will be at worst about 10 times
higher or   ab~u:    .4 x 10-8    We note that current (1979) lifetime
total   respirator~·    cancer rates are about 5% and have nearly doubled
since 1960, possibly reflecting        rapidly changing smoking patterns
during and aftar World 'War II, primarily among women.        However,
decreased tar levels in cigarettes and decreased per capita use of
cigarettes since about 1965 should result in a gradual leveling off
or decline in the total respiratory and/or lung cancer rate of the
general population [14].
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Meaothelima:
•                  ~-
Th~   estimation of lifetime risk of .. sothelioaa ia aoaevbat .ore
difficult since the mesothelioma response data appears quite
nonlinear in tiae since first exposure.     We have investigated four
different aetboda of mathematically modelling the nonlinear
mesothelioma data.     They all indicate an upper bound on lifetime
riak for tale powdered infants of about 10-S risk and quite
possibly a much lower upper bound if the conservative assuaptiona
upon which they were based do not hold.     These four methods
consisted of mathematically treating mesothelioma as 1) a
nonincidental tumor with no time lag between tumor initiation and death,
2) a nonincidental tumor vith a 10 year time lag between tumor
initiation and clinical observation, 3) an incidental tumor, and 4)
treating asbestos as a firat stage intervener in an Armitage-Doll
multistage carcinogenic process {9].
ln fact •ethods 1-3 yielded virtually identical risks (.5-.75 x
10-6 risk).     While method 4 yielded a risk 2-3 times higher (1.5 x 10-S
risk), it could easily have yielded a risk up to several orders of
ma~nitude    lover than JO-e if we had simply assumed asbestos intervenes
at a :ater stage of the carcinogenic process in this hypothetical
Armitage-Doll multistage model.      There was general concurrence among
these four methods, anq it suffices to briefly summarize Method 1.
3 1
Method 1:      based upon fitting bt • (nonincidental analysis) 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 1979) for humans eXposed 2 yrs. to talcum
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W. Gary

powder during infancy is given by the product of the following teras:
-s-
(a)   (77 yrs. since first exposure for infants/37 yra. since first
exposure for 1922-46 cohort as of 1978+) 3 • 1 ~ 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 aesothelioma response of 3.75%
(180 mesotheliomas/4 ,800 cohort members),
This product yields a median life risk of   ~ ~     0.64 x 10-8 ,
Tumors other than Lung and Mesothelioma: (Selikoff study)
Although significant tumor increases were observed at other sites
in the workers (e.g., esophagus, stomach and colon), their risk is
-9    -8
dominated by that of the lung (less than 10 or 10 risk,
depending upon whether or not the baby becomes a smoker) and by
mesothelioma risk (less than 10-8 risk).
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       t~   the fact
that the more recent detection studies suggest .1% or less asbestos in
talc on average rathe' than the 1% assumed by Dr. Taylor' and 2) due to
a 10 fold conversion error going from fibers/cc 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 should be relatively smaller than
the infant's since their mouths and noses are considerably further from
the densest portion of the talc cloud than is the case for the captive
infant during the daily povdering period (the inverse square law for
exposure may apply).
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w, Gary

Finally, the risks t.plied by the Selikoff atudy are generally on
the high side of those implied by the other ..aller epidemiological
studies and we see little value in repeating calculations here for those
studies (see reference 6 for details).
Ovarian Talc Study:
For completeness, a discussion is presented on a huaan epidemi-
ological study purporting 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 purported to show s significantly
increased relative risk for ovarian cancer associated with talc use,
1) appears to have been misinterpreted statistically, 2) was uncorrected
for several likely biasing factors and 3) appears to have been strongly
contradicted by another study showing a reduced relative risk as signi-
ficant in the negative direction as the Cramer study was in the positive
direction.
The Cramer study's most prominent analysis (Mantel-Haenszel) was
adjusted for onlv 2 factors and gave a relative risk (RR) o! around
1.92 (p less than .003) and 95% confidence limits of 1.27 tc. 2.S9 ior
215 cases (talc users for genital or sanitary na!'kin dusting\      ,.~   :!2-"
controls.    Cramer's more comprehensively adjusted but   seemingl~·     de-
empbasi~ed   multivariate. regression analysis for 9 possible simulta-
neously confounding variables yielded a smaller and much less
significant relative risk of 1,61 (p•.03), with 95% confidence
limits of 1.04-2.49.    It should be noted that tbe crude relative
risk with no adjustments whatsoever was 1.89.    In any case, if the
authors had limited their logistic regression analysis as they
subsequently did for their Mantel-Raenszel analysis, to those 121
cases where the first chosen control did not refuse to participate
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W, Gary Fl. . . . . . D.

(refusal bias), then the resulting p-value can be predicted through
-7-
extrapolation of the other reported analyses to be greater than .05
and perhaps greater than .1.     Unfortunately, the authors 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 aani·tary napkins declined from a
relative risk of 3.28 (p less 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 (11%), the life style of singles might easily have
biased the original overall relative risk of 1.92 (3].      However, the
multivariate logistic analysis (RR•l.61) using all of the original 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,
anc smoking. The partially adjusted Mantel-Haenszel analysis (RR=l.92)
only adjusted for menopausal status and crude parity.
Furthermore, i t is generally assumed that an)' rea: posit1,•e
cancer effect will show an increased risk with increased dose.
Cramer only reported one subanalysis where he crudely considered
dose response.      He divided the small group of talc-dusted    diaphra~
users into those using diaphragms less than 5 years and into those
using 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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thoush not in a "statistically aipific:ant" faahion from 1.82 to
-8-
1.23 aa diaphragm use increased from lees than 5 years to               ~re     than
5 years,
In addition to the above interpretations of Cramer's own
results, several potentially biasins factors could not be adjusted
for by the logistic analysis.             First, a possible positive correlation
between talc use and ovarian disease etiology due to patient-perceived
, hygenic or eo11111etic reasons would bias the relative risk upwards
[4}. Second, a recall bias among hospital cases relative to
c~nity       controls is quite plausible since eases may hsve greater
incentive as well as opportunity to recall Whether they should
classify themselves as talc users [3}.                Talc users from the
community may well be modest in either participating as controls
(the refusal bias already discussed) or in subsequently admitting
talc use as a control subject.              The recall bias might be expected
to be even greater - as was possibly observed - for                est~ation    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,    sfte~       the refusal bia• is eliminated) than for those
engaged in    onl~    a    sin~;~    rype o: use.
Finally a talc anc ovariaL cancer study by Hartge, et. al,
[4}, appears to strongly contradict the reportedly positive Cramer
study. OVerall 135 cases and 171 control women matched by age, race
and hospital were questioned on talc use.                The estimated relative
risk of ovarian cancer by talc users was reported to be 0.7 (95%
confidence interval of 0.4 to 1.1).                 Adjustments for race, age, and
gravidity (pregnancy) had no effect upon the estimate. No aubanalyses
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resulted in relative risks significantly greater than 1. lt would
-9-
appear that no refusal bias was operative in the Bartge study since
none was reported.    Also it would appear that recall bias was non-
existent since there appeared to be no recall bias on the use or
nonuse of douching.
SUMMARY
ln 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 10-B    added lifetime risk and possibly several orders of
magnitude lower risk still, depending upon assumptions and uncertainties
alluded to above, especially those regarding geometrical shape of any
possible asbestos fibers in talc, and limits of detection for asbestos
in talc.     In addition, there appears to be no association between
customary human talc use per se and ovarian cancer.
Robert Brown
ATI ACHMI:N': :
Signature Page E
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DEPARTMENT OF aLTH & HUMAN SERVICES
•          Memorandum
Date         May 21, 1985
From         Robert Brown
BRAB, Division of Mathematics (RFF-118)
Subject      Four .ethods of quantitating mesothelioma risk based on the Selikoff,
et. al., insulation workers asbestos study. Technical support for
QRAC's asbestos risk assessment.
To
QRAC
In fig. I 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 line.          Uncertainties of
exposure in the early part of the century and the general decline in
intensity of asbestos exposure after World War 11 are possible sources
of error.        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 [8].          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
t0tal of 236 mesotheliomas for all 17,800 workers followed from 1967
until about 1978 or 1979.        Note that Selikoff only reported 175
mesotheliomas total; however, his reported follow-up period was also
shorter (1967-1976).
Plotting Peto 1 s homogeneous 1922-46 cohort subset, we see that

bt 3 •       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-10) 2 • 1 nicely fits the
data (with a different value for the constant b) and may be a reasonable
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Q~
•                                  •
way of looking at mesotheliomas since the time lag from aeaothalloaa
induction to death is not zero, The time of aesotheliosa induction is
not even a well defined concept and may be intimately entertwined with
the concept of stage definition in,    fo~   example, a aultiatage cancer
process.    Nevertheless, both these model fits aseume aeaothelioma to be
a nonineidental tumor (i.e., a life table vbere incidence is the ratio
#tumor bearers/#survivors, re-exprassed in man-years, per time interval).
If we assume mesothelioma annual incidence to be better approximated by
a prevalence or incidental definition, (#tumor bearera{#dead in interval),
then bt 1 • 64 seems to be a rough though not very tight fit to the original
Selikoff data,    Peto'a reported 1922-1946 data set does not easily allow
determination of a prevalence fit.     However, since the prevalence
denominator is defined in terms of deaths per time interval rather than
the much larger number of survivors to date, the first 2,271 deaths
(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 since
first exposure for the Peto subset (1922-1946 first exposure) is about

37 years (Peto's 1978 follow-up) or 35 years (Selikoff'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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QRAC
•                                •                 - 3-
Method 1:    baaed upon fitting bt 3 • 1 (non1nc1dental analysis) to a
1922-1946 cohort of the Selikoff, et. al. data.
A reasonably simple way to estimate the -.dian life (ML) risk to
aedian survival age 77 (in 1979) for humans exposed 2 yrs. to talcum
powder during infancy is given by the product of the following terms:
(a)   (77 yre. since first exposure for infants/37 yre. since first
exposure for 1922-46 cohort as of 1978+) 3• 1 • 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 mesotheliomas/4,800 cohort members).
This product yields a median life risk of~ • 0.64 x 10-8 •
Method 2: based upon b(t-10} 2 ' 1 (delayed observation or time lagged
nonincidental analysis).
Note that to estimate real mesothelioma incidence (time of
mesothelioma induction - the last stage of the multistage cancer
process) at age x, the worker must be assumed to have been autopsied or
surgically inspected at some average age, say x+ 10.     Thus, assumming the
worker stops exposure 3 years before death, the component relative and
absolute risk factors. for incidence at age 77 now are the following:

(a) ((87 yrs.-10 yrs.)/(37 yrs.-10 yrs.) 2 • & 9.03.
{b)   (2 yr. infant exposure duration/(37-10) yr. worker exposure
duration) • .074.
(c)   (infant/worker) exposure rate ratio • 0.3 x 10-6 •
(d)   3.75% •eeothelioaa response in 1922-1946 cohort
Thus   ~   • 0. 75 x 10-B •
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QRAC
•                                     •                  - 4-
Method 3:         based upon bt 1 • 64 (prevalence or incidental analysis):
The relative and absolute risk product factors are:
(a)   (77 yrs. since first exposure for infant/35 yrs. since first
exposure for tbe 2,271 deaths to 1976) 1 •64 • 3.64.
(b)   (2 yr. infant exposure/34 yr. ave. worker exposure duration
for 2,271 deaths to 1976} • ,059.
(c)   (infant/worker) exposure rate ratio • 0.3 x 10-6 •
(d)   7.71 mesothelioma cumulative prevalence to 1976 (175
mesotbeliomas/2,271 deaths).
Thus   ~ • O.SO x 10-8 •
Method 4:          based upon bt 3 • 1 (nonincidental analysis) and a first stage
effect in a generalized multistage process.
k-1
We assume that bt      fits the time-response data of s nonincidentsl
tumor and is consistent with a first-stage-only e.ffect in a generalized
multistage process (with K stages), where biological time             t   starts at
age of first exposure and continues until death !9).              Although this is
not precisely true for the 1922-46 asbestos worker cohort, it appears to
be   appro~imately       true,   Moreover the time lag from cessation of exposure
to end of followup (1976 ot 1978+ ) is assumed to be small compared to
total duration of exposure (i.e., exposure duration is a large fraction
of time since first exposure).           However, the exposure duration for
infants is very small compared to median lifespan.              Thus, while we fit
•                                   lt-1
worker yearly incidence data to bt                we should extrapolate yearly
incidence (I} for exposed infanta using the expression I • b(tK-l -
(t-d)K- 1) for a K stage multistage process with duration of exposure d
and time since first exposure t [9].
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QRAC
•                                         •                - 5 -
Nov K-1 • 3.1 from Fig. 1 and b can be written aa the product of a
constant K and f where f is the           ti~  adjusted yearly dose of asbestos

fibers in ml-yrs.       Km is a constant dependent upon the type and dtmen-
sions of the asbestos.          Since f • 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, K can be computed from the plot of I • K f t 3 • 1
m                                       m

in Fig. 1. At t • 20 yrs, I • 5.6 x 10- , implying that the lnK • ln

(5.6 x 10- )-ln(3.43)-3.1(ln 20) • -7.49-1.23-9.29•-18.01.
Thus K • 1.51 x 10-B (same as Peto obtains). Continuing, I •

K f(tK- 1-(t-d)K- 1) • K ftK- 1 (1-(1-d/t)K- 1) which roughly •
m                         m
Kmft K-1 (d/t)(K-1) ford much less than t (using Taylor expansions).
Thus yearly incidence is approximately l•K fd(K-l)tK- 2 •              Integrating

(without correcting for decreasing survival) over a total of T years
yields a cumulative incidence of about I             • K fdTK- 1 •   lf d • 2 yrs.
c       m
infant exposure duration, T = 77 yrs., K-1 • 3.1, f • 3.43 f/ml-yr. for
worker x 0.3 x 10- 6 (infant/worker exposure ratio) • 1.03 x 10-6
f/ml-yr., and Km    ~   1.51 x 10-8 , then 1c    = 2,2xl0-8 •
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 a standard population age-specific mortal-
ity or corresponding survival function into the above integral would
yield a median life risk of about 75% of 2.2x10 -8            or~     • 1.6xl0-8 •
This correction for survival can vary depending upon the limits of
integration and what functional forms are under the integral, but for
median life risk estimates the correction ranges from 1.0 down to .5 at
worst.    We also note that integrating I out to 100 yra. of life with
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QRAC
•                                 •                   - 6-
respect to s standard mortality curve should yield approxiaately the
same risk as cumulative incidence to median age 77 yrs. without any
mortality adjustments.   These approximately cancelling effects of tvo
mathematical refinements may support the utility of using the median
lifespan in simple calculations.
Comments on the 4 Mesothelioma extrapolation methods:
First and most importantly, it should be noted that the first 3
methods yield virtually identical median lifespan risks for babies
exposed to talc for 2 years (.5-.75xl0-8 ).   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 .assure
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 if one
avoids use of the approximations.
A second observation is that the rough mutual agreement of the
results of the 4 extrapolation methods does not necessarily imply that
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QliAC
•                               •                   - 7-
the obtained excess median life risk is accurate even if the infant and
worker exposure were to the same type and dimension of asbestos fiber.
For exa.ple, none of the four modela take into account the poaeibility
that accumulated doae rather than yearly dose rate might aore accurately
refleet the biological burden of asbestos due, for example, to its
ability to reside in vivo in the lung, pleural or peritoneal lining for
years without being excreted (although encystment may be possible).
Note also that we did not define dose on a mg/kg body weight basis.
Although, we prefer such a definition for routine compounds that are
ingested and metabolized, we strongly suspect that routine approach to
be inappropriate for asbestos,     ln addition, all 4 methods assume
linearity in response vs. dose at sll dose levels.     However, we have
virtually no reliable dose response data from any of the epidemiological
studies.
Furthermore, some investigators have suggested that the noneonatant
accumulated asbestos dose may be as conceptually consistent with a late
stage multistage carcinogenic process as the more usually defined
yearly asbestos dose rate appears to be consistent with a first stage
Armitage-Doll multistage process (9]. Although the theory and eomputa-
tions are more complicated 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 emaller
risks than those calculated above for a first-stage-only effect in the
carcinogenic process.
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Our third observation whieh ve have just hinted at is that method 4
above (the first-stage-only effeet in a multistage model) aay be just
another vay of implementing method 1, but just slightly aore computation-
ally difficult and having a slightly higher risk, partially because it
substitutes a theoretical ri8k integration against the current (1979)
u.s.   population's standard survival function for the iaplieitly observ-
able but poorer asbestos worker's cumulative survival of an earlier era
in a more toxic environment.    For example, the   ~tbod    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 increase in risk over methods
1-3.    However, since even partial intervention of asbestos fibers at
later stages of the carcinogenic process in the Armttage-Doll multistage
model imply lower overall risks, we prefer the simpler methods l-3 at
this moment to the more complicated multistage models whose proper
application with respect to the stage or stages affected is still very
much in doubt.
In general, we do not put a lot of faith in mechanical use of
sophisticated but unverifiable models, 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. E

LE
C

T
R

O
N

IC
A

LLY
 F

ILE
D

 - 2024 Jul 24 5:46 P
M

 - R
IC

H
LA

N
D

 - C
O

M
M

O
N

 P
LE

A
S

 - C
A

S
E

#2023C
P

4004072

RoA_08160



QlAC
•                                •                   - 9-
Su.u.ry:
All four mathematical methods of modelling the nonlinear
mesothelioma response data from the Selikoff study indicate a lifetime
added human risk to infants exposed 2 years to tale powdering of at most
about 10-8 risk,
.    and quite probably far less risk, if for example,
asbestos intervenes in the carcinogenic process at a later stage than
the first stage which was assumed in method 4 for the Armitage-Doll
multistage proeess,
Robert N. Brown
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Noveublr    15,   1984
Food Additives Evaluation Branch (HFF-156)
flequest for ()Jantitative Analysis of Risk fran Potential EKposure to
Asbestos fran Cosmetic Talc Use •
. QJantitative Risk Assessment camdttee
Attention: Ronald lorentzen, Ph.D. (HFF-100)
C!Tizml'S PS!Tl'IOO SJP-0404               Philip Do.ti.llet
1 Holyoke Larle
Stony Brook, N,Y. 11790
Mr. Philip Do.ti.llet has subnitted a petition requesting certain
mandatory labeling on cosmetic tales to warn CO!lS!lll'erS of asbestos
haZards associated with such products,
BI'CKGROOND
Co!m!tic talc is used as a face pc:ll>'der .and body pcll'lder by both adults
and children to lubricate the skin and prevent chafing and discanfort
caused by ITOisture and heat. 'l'he ~1 use of cosmetic talc in infants
has not been reported to be harmful , although the accidental aspiration
of excessive amJUnts in infants has been reported to cause serious but
reversible ~-sespiratory disease in sane instances and death in
isolated cases.
As diaoussed belOif, talc, a hydrous magnesilml silicate, occurs fairly
catCoouly in nature.    Table 1 lists the minerals that are ea:.nonly found
in talc deposits.
FPA STATUS
'!'here are no regulations ooncerning the use of talc as an ingredient in
cosmetic products. tnler current law, the burden of prcof that a
cosmetic: DillY be hat!llful in that it contains a harmful substance rest5
with FDA. FDA llllst have data or other infOilllation daronstrating that a
product OCI'Itains a poisonous or deleterious substance that is hat!llful
under custanary oonditions of use before any action can be taken either
to restrict or prohibit the use of an i.n.gndient or product.
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TADLE I
Ml""'ll                    ldHIIormu'-
CartlOniiH        C11at1o                     caco03
Oolomtta                   CaMg(C0312
MagnHota                   MgCO,
Tremolrto                  C.. ~S. 10zz!OHI 2
An~                        (FoM;i,.S.10zz!OHI2
Slfpenltno        AntiQO'lta                  Mg,So,05(0HI4
Clll'fiOtlle (unoommon 1   Mg,SI,05(0H)4
l.Jurdlta (uncommon)       Mg,S.,05(0H)4
Quartz                     s.o,
Moca.o.g . ........,...    Ko<Mg,Fo!o(SI,Af,D20 HOHI 4
Chlonte. o.g.P«lnonota     (Mg,AI,Fo) 1,(SI.Al)10,.UOHl 10 E
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.1'.!!£
Talc as a pure chemical cetqJOUnd is defined as hydrous magnesiun
silicate, ~<\Si4 010 <~)? _and consists of a brucite sheet containing
magnesiun 1eas sattCIW1~ betwen silica sheets that are held together
by relatively weak forces. A variety of elements such as nickel and
irm may be included in the talc particle lattice but are so bound
within6the particle that they are not free to exert tmf biological
action • Talc can be tubular, granular, fibrous, or platy, but it is
usually crystalline, flexible, and soft. Talc is a lllllS!ber of the family
of silicate minerals that have a similar atanic structure and occur
widely in a large t'll.lliler of different varieties. 'l'hese silicate
m:!:nerals are ·derived from mel:!:m:lrphic alteration of mineral rocks that
sometimes include the 811¢ibole and serpentine groups of asbestos after
their exposure to specific taq>eratures, pressures, and circulating
liquid solutions. Talc may be fOimed alao by the t:hel'lnal met:anx:Jrphism
of silicon dolomites.
The purity and physical form of any s~le of talc dust as well as the
other minerals that are associated with it are, therefore, directly
ralated to the source of the talc and to the minerals found in the ore
body fran Wich it is mined. Talc COIII.Dlly contains chlorltes and
camooates, the former being sheet silicate minerals contsin:l.ng
magnesiun, aluninun, and iroo. 'lbe carllooate mineral ~ts of talc
are mainly magnesite, dolomite, and calcite. Quartz (free silica), iroo
oxides, sulphides, arid various silicates can also be associated with
talc.
Since serpentine is one of the minerals fran Wich talc has evolved, it
can be associated with talc and is someti.lms a cont:amina:nt of talc dust.
Trewlite, a lllllS!ber of the 811¢ibole group of asbestos, and chrysotile
or antigorite of the serpentine group, are the CO!IIIXlllest asbestos
contarirlJ:lants of industrial talc dust, although (according to Pooley,
F.D., 1975) chrysotile has never been reported to be present in the
bigb-grade talc used in health and cosuetic talc. As talc dusts are
obt.a1mcl fran different sources, the lllli:Jtlnt and specific form of talc,
as well as the aDDUnt and nature of mineral contaminants, will be
different for each dust.
The U,S. Department of the Interior, in a letter dated February 24,
1984, indicated that, with regard to talc deposits and whether tmf were
asbestos free, talc deposits can contain the m:!:neral trewlite.
Ifi:Mlver, even for those deposits that do contain trewlite, it was
stated that it is ~t to understand the distinction between
na:t·fibrous (non-asbestiforn) trewlite, 'lilich may be CamDn. to some
talc deposits, and fibrous, asbestiform, trewlite, 'lilich is a vecy rare
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fonn for that mineral. Similarly, actinolite and anthophyllite only
very rarely have fibrous foimS. Therefore, the presence of trE!IIDlite,
actinolite, or anthophyllite in a talc deposit does not necessarily
indicate the presence of asbestos, because they usually are not fibrous.
Additionally, it was stated in the letter that the ndnerals crocidolite
and BIIDSite do not fom in the same geological envirorment as talc;
therefore, it is extrt!m!ly 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 811Dunts.
As to wbat percentage of talc deposits might contain 0. 5% or greater of
asbestos, this would have to be evaluated for individual deposits. It
is also stated that asbestos cannot be formed by shearing during Mining.
If asbestos ndnerals are not present to begin with, they will not be
formed by mechanical means during mining or crushing operations. This
last point is disputed by others.
Asbestos
Asbestos is not one mineral but a generic tenn used to describe a family
of naturally occurring fibrous hydrated silicates divided on the basis
of ndneralogical features into two groups: serpentines and lllqlhiboles.
'lhe :l.trportant property of asbestos as ~ed to non-asbestifonn
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
Catm>rdal :il!\X>rtance. 'lhese, together with their chemical carposition,
are shown in Figure 2 .1.
'lhe word "asbestos" is derived fran 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 camnercial utility, BllXl!lg them tensile
strength, durability, flexibility, and resistance to heat, wear, and
corrosion. As an aside, because of its many uses (insulation material,
as a fire retardant, l:lxrlngs for brakes and clutch facings, reinforcing
agent :ID CEIIII!llt and pipes, as filters, etc.) and its natural occurrence,
it is not surprising that asbestos is found in aoi>ient air, in drinking
water, and in foods •
'lhe ndneralogical classification of wbat is and wbat is not asbestos is
~lex, and as a result, many definitions of asbestos have appeared in
the scientific literature. One definition of the tenn, asbestos, was
published in the Federal Register in 1975 by the U.S. Occupational
Safety and Health Administration (October 9, 1975, pp. 47652, 47760).
According to this definition, asbestos is considered to include the
naturally occurring ndnerals chrysotile, EI!Dsite, crocidolite,
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76        Chapter 2
Figure 2.1
Prtnc•p•l Vanet1u of AlblltOa
Asbestos
.   Cllrvsot•le
Amoh•botes
Whne A-soesros
'.ttg3 •Sr20~I IQHt4                                              Antnoonvtllte
Mg.    ~=e• ..    •S•sOu• OH12
.,..r~mo:    te
CJ~M915 •S•qO~· ·0~:                                                      Blue      AsiJ~tstos
~ct:,orrte
Ca 2 Mg. Foe1'S S·aO:.z• 01-1'2
J.-o'.i•'!
~.,    'v1g ..     5·~0::·     ,..,.. :
SOURCE          Or Enc J Chad•eld, 'Tt,e p,obtems of 'v1easurement of Asbestos.' '" Ont1r10,
Rovat Comm•ss•on on Asoestos.                      Proc~edmgs      of   rh~ ~ov•l        Commtnron on
4sbe.tros. Second P,.Jblrr: Mt,trrq, J:r•d~v. O~r:lmf:Jtr 12, 198(), '!00ttec bv LVdll
Dono 1Toronro· ~oval Commtss1on ~n Ascestos t98t1 Aaoenon~: o\ .:;gurt 1
0   2 E
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trem:>lite, actinolite, and anthophyllite, if the individual crystals or
fragments are greater than 5 micr<m:!ters in dimooter, and have a length
to dimooter ratio of 3 or greater.
Each of these six minerals included in OSHA's asbestos standard occurs
in both an asbestifonn and a non-asbestifonn variety. Three of the six
minerals have been given different names for each of their two forms.
Chrysotile in its non-asbestifonn variety is called antigorite.
Crocidolite is called rlebeckite. .Aimsite is called
Cl.lllDingtonite-grunerite. The other three minerals--because they occur
in their asbestifom varieties so rarely in nature--are each called by
only one name, regardless of their fom. Trem>lite, anthophyllite, and
actinolite are labeled asbestos by OSHA in both their forms. According
to udneralogists, this is incorrect, and it is poor science.
HEAL'IH EFFECTS
Evaluation of potential health effects fran exposure to talc
contaminated with asbestos and fran other nonoccupational exposures to
asbestifonn fibers depends pr:!:marily on the results of epidemiological
studies of occupational groups exposed to asbestos. Most of the data
cane fran cohort studies (see Appendix I} of workers exposed to asbestos
of various types and in a variety of industries and occupations. Much
infOIIIil.tion has been obtained fran these studies. However, they also
suffer fran limitations c<l'liOOn to many epidemiological studies and fran
Scm:! additional problems related to determining dose (exposure} and
response (health end po:int, such as death fran 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 fran an exposure, it is necessary to obta:in
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 expo~es. Techniques of measuranent vary fran place to place and
over time ' • For ~le, fiber counts obta:ined by light microscope in
varioua :industrial sett:ings may need to be llllltiplied by a factor
varying fran 2 to 8 to obta:in a true count of fibers longer than 5 un.
Typically, a ctm.1lative dose measurement is used. This does not take
into account the time lapsed since last exposure nor does it distinguish
between short exposures of high intensity and long exposures to low dust
concentrations. In addition, a C'llllllative dose measurement doea not
change when exposure ceases. Variability in these exposure-related
factors affects mrtality responses in occupational cooorts. In sane
studies, exposure surrogates, 8\lCh as type of job and duration of
erqlloyment, are used to estimate exposure. These estimates may be less
precise than actual measuranents.
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Asbestos and Disease       95
Figurt   2.~
F'rlncipll Aabtstot·Rtlattd D••••••• and
CondJtlon• 1nd Tht.r Sh.. '" tht Hum•n Bodv
I•
f;-+----- Circmoma
~          otLaryn,                 '•

Carcinoma ---:'-.A                                             Thickening
of Bronchus                                                    of Pleura
'                                                                                           ••
Asbestosis ____:;:·.':·..:,::. ,..,_.......--
c.rr.,noma
01 Saomacn
-!~-·-):·--;<::;':::::=:::::-          )\

I        "
SOURCE. llluSifat•on bv Mr Jerrv Farrell Aud•o·V•sual Ce-ntre McMaster Un•vers•IV consul·
.\..,    ___
tiiiVt aSSIStance bv D• Dav•d C F MUir Orrector Occ.uoattonal Healtn Program
Htaltn Sc•tnces Centre McMaster Umvefsllv. Hamrlton Onteno
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...
There may also be variability in reporting causes of death,
ascert:a:l.tmmt of deaths, and diagnostic accuracy of the reported cause
of death. onaccuracies are particularly likely for ~Esotheliana and
asbestosis 1 .
Methodot~gical differences are a major source   of variation in CCJ11laring
studies . For ~le, the results obtained         will depend on the
criteria for selecting the cohort, the choice   of c~son groups, the
influence of other envirormantal factors that   may introduce caxpeting
disease risks, and the records available.
In addition, heterogeneity :Ill the time at wch onset of exposure ~~g:llls
can :llltroduce additional distortion :Ill the observed relative risks ,
especially because the types of exposure experienced by SCJDe workers in
the distant past may differ fran exposures experienced only IOOre
recently. Weiss also discussed how the results of l\lng cancer studies
can be affected if persons who left a job are not :lllcluded :Ill the study
cohort. He found that the exclusion of these workers could affect the
relative risk by a factor of 2 to 3.
hi. additional difficulty is enccnmtered when CCJ11laring dose-response
results fran IOOrtality and umbidity studies, particulerly if the
rotbidity studies are conf:llled to active workers, which is usually the
case. A bias is introduced :Ill studies of active workers, s:lllce those
with severe disease have probably already left ~loyment. Howev!3, 14
asbestosis generally progresses after cessation of dust exposures • •
Num!rous follow-up studies of asbestos-related IOOrtality have been
conducted on cohorts with varying :llltensity and duration of exposure,
type of exposure, type of work, t:l.m! and duration of follow-up periods,
differences :Ill the ~leteness of the cohort, ~leteness of llDrtality
ascertairm:!nt, availability of SI!Dking histories, geographic area of
analysis. Because of the variations noted, it is not surprising that
the standardized llDrtality ratios (s-lR.s) and dose-response results
differ greatly 8llDOg studies. In general, however, the sane major
diseases--1\lng cancer, ~Esotheliana, and asbestosis--have been observed,
althou&b not all investigators conducting these studies have reported or
detected excesses of all. three of these diseases.
Talc
The health effects of f!l~ have been studied only in relation to
occupational exposures - 5 • Data available on the health hazards
associated with occupational exposure to talc are not extensive.
Exposure to talc itself :Ill high concentrations has been shown to produce
excess IIDrt:B.lity, mainly due to respiratory diseases.
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Workers fran different geographic regions contairring talc with or
without fibers have been studied to detennine if any adverse health
effects are associated with the asbestifo:tm fiber content of talc.
Adverse effects have been found in scme studies 11100r1g workers exposed to
talc both with and without fibers. 'lhese studies are discussed in the
following paragraphs.
Epidemiological studies on workers exposed to talc containing fibers
have demonstrated adverse effects on pul.omary function. In a study of
121 New York miners and millers exposed to talc containing tri!I!Dlite and
anthophyll2ge fibers,· pul.omary function was found to be significantly
decreased.       Reductions in forced vital capacity (FVC) and 1-second
forced expiratory volune (FEV1 ) were associated with ~loyment duratim
and the lli!Dllnt of fiber present. Increased pleural thickening and
calcificat2sn were detected in talc workers with 15 or mre years of
~lO}'IlBlt •
A mrtality study of 398 NeW' York miners exposed to talc containing
fibers has dewnstrated excess mrtality fran non:na.lignant respiratory
disease, rFluding influenza, bronchitis, or pnelmlOia (5 observed/1.3
expected) . hl excess in lung cancer with an average latency of 20
years was also observed (9 observed/3.3 expected). Additional studies
have had conflicting results. Some investigators have found no
signifi~t increases in lung cancer and noanalignant respiratory
disease , whereas others have reported signifi~ ~eases in lung
cancer, attributed to the silica content of talc. '
M:n:bidity and tiDrtality studies have also been conducted on workers
exposed to talc with low or undetectable levels of fibers. A study on
the respiratory function of 103 Vet:nXll'lt talc workers ~¥cated that
there was a reduction in pulJOOnary function in SIIXlkers . After
adjUsting for SIIDking, the effect of the exposure to talc was not
statistically significant, although there was evidence of an
exposure-related effec3 in workers with an amrual dust exposure of
approximately 1.5 J!f!,/m • Exposure to talc dust was also associated with
small opacities seen on chest radiographs.
Galble et: al. 26 conducted a cross-sectional study of 299 workers fran
Montsna7Texas, and North Carolina who were exposed to talc containing
low l.ew!ls of silica and fiber. '!here was no significant difference in
lung function, respiratory syuptans, or pnetm>coniosis between workers
and controls, although there was a significant increase in bilateral
pleural thickening B!IDl1g the workers. Results of pulmxlary pathology
studies also have provided evi~~ of fibrosis in workers exposed to
talc that does not contain fibers •
A mrtality study of 392 Venront workers exposed to talc not containing
fibers s~ that there were excess deaths fran nonnalignant
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respiratory disease, excl~ :Influenza and pneuwnia, am::Jng millers
(11 observed/1. 79 expected) • This excess I!Prtality was associated
with small opacities seen on chest radiographs. hl excess of
respiratory cancer I!Prtal.ity am::Jng llliJ:lers was also noted (5
observed/1.15 expected) but was attributed to exposures other than talc,
37
In a recent case-control study , increased riak of ovsrian cancer was
shown for wrmm \>bo regularly used talc either (or both) as a dusting
powder on the perinel:rn or on sanit:axy napkins ~ to 'I«XXle!'l ~ did
not engage 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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Table 4: Relative Risks (RR) for CamDn Epitlrelial Olrari8n cancers Associated with Talc Exposure in
Perineal Hygiene
Types of Perineal Eltposure
As dusting powder       Q:1 napkins but
•    Cases
(Total~
Controls
215}
No perineal
exposure
123(57.2%)
Any perineal
exposure
92(42.8%)
but not oo.
napkins
43(20.0%)
not as dusting
Jl(l!!der
17(7 .9%)
Both ro napkins and
as dusting po!ider
32(14.9%}
(Total     ~ 215)     154(71.6%)      61(28.4%)       34(15.8%)              14(6.5%)            13(6.0%)
Crude rr                    1             1.89            1~8                    1.52
I"
3.08

Adjusted RR*                               1.92                      1.55                            3.28
95% confidence
limits                               (1.27-2.89)              (0.98-2.47)                       (1.68-6.42)
*ildjusted for parity     ana I1El1Cip8US8l status
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Note: A study (revielved in Appendix II) of mesothelicola incidence
in danestic dogs concluded that there was an association between
the incidence of mesothelicola and asbestos exposure; the soorce of
exposure of the dogs was fran the use of flea powders and/ or the
owners asbestos-related occupations (hobbies).
Additionally, an animal inhalation study (reviewed in Appendix II) with
talc (Italian 00000 grade) did not indicate talc to be carcinogenic.
Asbestos
Asbestos associated diseases generally have been related to occupational
exposures 1 such as those experienced by sane miners, insulators, and
factory '!NO'rkers (see Appendix I). Recently 1 ~r 1 there bas been
concern that exposures to asbestos and related fibers may present a
health hazard to the general public.
Because asbestos and other asbestiform fibers appear to be ubiquitous 1
virtually everybody is eJtp<>Sed to sane extent. During autopsy, asbestos
fibers have been detected in the lungs of tOOst urban residents studied.
Reported concentrations of asbestos in urban air are shcMn in Table 7-6.
EKposure to the general public is of concern because the population
involved is large and includes uohealthy persons, Also, exposure nay
begin in childhood (as with baby powder application) , leaving a longer
time for the developreut of adverse effects. Additionally, asbestos trey
enhance the carcinogenic effects of other naterisls. There is little
information about the health effects of lOOSt . nonoccupational eJtp<>sures
to asbestos (see NAS report, Ref. 100). Although babies have been
powdered with talc powder for many years, there is no evidence that this
bas resulted in an increase in asbestos~related disease.
Three principal diseases are related to eJtp<>sure to one or l!Xlre of the
canrercial asbestos minerals. 'lhese are: (1) lung cancer 1 nch
includes cancer of the trachea, bronchus, and the lung proper;
(2) mesothelicola, a cancer of the pleural and peritoneal nsmranes that
:invest the lung and abdaninal cavities, respectively! and
(3) asbestosis, a diffuse interstitial fibrosis of the lung tissue
often lead:.lrm after long eJtp<>sure to severe loss of lung function and
respiratory l'ailure, 'lhese diseases are not equally prevalent in the
various groups of asbest.Qs wm:kers thet have been studied; the aiOOUnt
and type of disease depend on the duration of eJtp<>sure, on the intensity
of eJtp<>sure, and possibly on the type or types of asbestos to nch the
individual was eJtp<>Sed. IX!ly lung cancer and mesotheliana will be
considered here. Asbestos appears to act principally as a late stage
carcinogen (prawting agant) that llllltiplies the underlying risk of lung
cancer that occurs in the absence of asbestos eJtp<>sure. The nature of
the dose-response relationship for asbestos-related diseases is
discussed below.
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TAIL! 7-6.    S~ry       of !nviroa-ntal Atbe1to1 !xpotu"re Saapte••
Hea•ured Concantn ..       lquival•nt Concentra•
tion (nc/•3)               tion (fibero/cal)b
llo. of                 90th Per-               90th Per-
Saraet• Set•                       sametu   Ked ian       ~•nti~•    ~            cantil!      leferaac::e
lo Pari• air                      161         o. 7          3o2    0.00002       o.ooou       S.'DIIti•n!!. al. t
1980
2. Paril                           19         0. 7          ~.2    o.oooo2       0.00017      Sebutf.en !1 !1•,
(outdoor       ~ontrol)                                                                       1980
3. Outdoo-r control                31         0,9           9.8      o.oooo3     0.00033       Coatt&Qt   !!. !!·'
••plu, for u.s.                                                                               1982
acbooh
4. Air of 48 u.s.                  187         I, 6           6.8    o.oooo5      0.00023      Michohon, 1971
citiet
~.   Air of u.s.                  127         2.3           7. 8   0.00008       0.00026      u.s.   Environ.antal
citi••                                                                                      Protection
Aa;ency, 1974
6. Air of five U.S.                34         6.7          )J, 9     0.00022     0.00106       licbolton tt at.,
cit iea (outdoor                                                                             1975, 1976-
control •-ph)
7, Mev York City oir               22       13.?          42.9     0.00046       0.00143      Mic::holton    !l !!•,
1971
8. Air o. S aile                   17       22.5          82.6     0.00075       0.00275       licholton et at.,
(0.8 lao) fro•                                                                                1971       --
atbeatot •prayin&
9. Air in u.s,                     31       16.3           72.7    o.ooos4       0.00242       Conatant !!      !!•,
achoolroa.t with-                                                                             1982
out .. bettOI
10. Air in Parh                    135         1.8         32.2      0.00006      0.00107       Sab .. ti&n at d.,
buildin&• with                                                                                1980      --
&1besto1 turfacet
11. Air in u.s.                     28         7.9         19.1      0.00026      0.00064       lfichohon !!.     !!•,
bu.ildina• "ith                                                                                1975, 1976
ce•ntitioul
aabeltot
12. Air in    u.s.                  54        19.2         96.2      0.00064      0.00321       lichohon. l l     !!•,
~uildi011    vitb                                                                            1975, 1976
friable aabettoa
13. Air in    u.s.                  54        62.5         550         0.00208    0.01833       Conttent ,U_     !!•,
echoolrooa• vith                                                                            1982
atbettot turfacet
14. 4ir in U.S.                     27      121.5         465          0.00405    0.01550       lfichohon. !!     !!.•,
achooh vith                                                                                    1978
daaa1ed ••~•tot
turfaeina
uteriah
IAda,ted fro• Nicholton, 1983.
bJa••d on eonvertion factor of 30 us/aJ • 1 fiber/e•3·
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(1)    I.mg Cancer
Nost epidemiological studies (reviewed in Appendix II) of asbestos
worlters that have dem::mstrated an excess lUI'lg cancer risk associated
with the inhalation of asbestos have produced results consistent not
ool.y with a linear relationship between C1.lllllative dose and mrtality,
but also consistent with the absence of a threshold. In all of these
studies, there appears to be a progressive and proportional increase in
the H (standard roortality ratio) for lUI'lg cancer with increasing dose
and no evidence of a threshold level, This evidence cannot be accepted
without sane qualification, ru:-ver. All of the studies have the
intractable difficulty of separating out the effects of C1.lllllative dose
fran duration of exposure.
Persons exposed to asbestos nonoccupationally can be at increased risk
of contracting these asbestos-associated cancers. In one of the first
studies linking asbestos exposure and mesotheliana, the disease was
found EIIIDng residents of an asbestos mining area in South Africa. ~e
subjects had presunably inhaled the material in the surrounding air.
In another study, persons living in households with asbestos factory
worlters in New Jersey were r r e d to be at increased risk of
asbestos-associated disease.
There is debate about the carcinogenic risk at low exposure levels of
asbestos because lUI'lg cancer .risks at low doses over a working lifetime
have not been estimated to date by observation but rather by
extrapolation fran observed risks at higher exposure levels. 44
Accordingly, there is no direct evidence of the existence or absence of
a threshold for lUI'lg cancer. It may arguably be the case that with
further inquiry and better info:tmation the scientific cmmmity will be
able to dem::mstrate 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 deloonstrating a
threshold level for the induction of cancer. At the present time, that
infOimation does not appear to exist. Since a threshold dose level for
asbestos-related lung cancer has not been established, many
investiptors conclude that it is prudent 50 asSUJE that there is none
and that arry dose may induce lung cancer. 4 A linear non-threshold
IJDdel :La less likely to underestimate the risk at low doses than any
other plausible IJDdel.
(2) Malignant mesothelianas are rare cancers that appear as thick,
diffuSe masses inSide any of the serous llli!IIDranes (mesothelia) that line
body cavities. Epidemiologic research has shown that exposure to
asbestos can produce mesotheliana. at two sites: the pleura (the serous
llli!IIDrane that surrounds the lungs and lines the thorax) and the
peritOl'lel.lll (the serous llli!IIDrane that surrounds the abdaninal organs and
lines the abdaninal and pelvic cavities).
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The status of pleural and peritoneal mesothelioma as marker diseases for
asbestos exposure stE!!IS fran the fact that these diseases seldan occur
in people who have not been exposed to asbestos in excess of notmal
El!bient levels .
The nature of the dose-response relationship for mesothelioma has been
less fiDmly established than that for either lung cancer or asbestosis.
Ilideed, it has been suggested that very trivial doses of asbestos are
~~s~~~i~ht;src~eme~~~C: !treaif46the~t1!e:thelioma
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~ ~
non4gccupational household or neighborhood exposures. 7 '     Ne!.nouse et
al.    reported nine cases of mesotheliorna in family contacts of asbestos
~s and eleven cases aiiXlOg 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 predaninated over peritoneal mesothelioma. The evidence
is not inconsistent with the existence of a dose-response relationship
for mesothelioma. Although deaths fran mesothelioma have been reported
after what appear to have been brief (for gas mask workers) or low (for
family con4~ct and neighborhood cases) exposures, the Ontario
Coim:rl.ssion concluded that the evidence suggests that the actual
exposures approached or were equivalen~.~r:;sorresponding occupational
exposures 1 it further agreed with the IARC' 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 manifestation of the diseases it causes. The latency
period for cancer is thought to be long; rarely less than 10 years and
often rore than 20 years. Mesothelioma appears to have the widest range
of latency--again, they rarely occur less than 10 years fran the time of
first exposure to asbestos, but ~ can occur as many as 40 years or
more fran the onset of exposure.    It has been suggested that the death
rates fran mesothelioma appear to rise at an expooential rate fran the
time since first exposure; death rate appears to rise at5 ~ ;~te between
~~~fiftrb~f0~1!!?ss~t f~tda~~~ate ~tha~

the incideDce of mesothelioma rises rapidly the longer the time period
since a person is first exposed to asbestos. As a result, the age at
mich a person is first exposed to asbestos becanes a very significant
factor in determining the overall risk of contacting mesothelioma.
'l<lhile the mesothelia:Ja incidence rates appear to be independent of the
age at which exposure first took place, the practical result is that the
risk of contacting mesothelioma is greater the earlier in life one is
first exposed. (This is ~rtant to keep in mind when considering baby
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powder exposure.) The magnitude of the risk will still depend on the
amrunt and duration of exposure (and, possibly, fiber type); and where
that exposure is minilllal, the risk, albeit greater for exposures earlier
rather than later in life, will also be minimal.
The disease rate of lung cancer among persons exposed to asbestos
appears to be quite unlike that of mesotheliana. Rather than geing
time-dependent, lung cancer rates appear to be age-dependent. 5 The
majority of lung cancer deaths, both in SI!Xlkers and oon-Slmkers, occur
after age 50 and over half occur after age 60, irrespective of the time
of first exposure. This suggests that the risk of contracting lung
cancer is IWCh greater in older groups than in younger groups. Asbestos
exposure appears to have the effect of m.lltiplying the risk of lung
cancer that exists apart fran that exposure; and the risk of lung cancer
contributed to by asbestos exposure appears to be virtually independent
of the age 'When that exposure took place and will be s:IJq>ly proportional
to Cl.llJllative 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 docunent significant cancer risks at various
GI sites. Cancer of the kidney has also been found to be significantly
elevated. .Atoong female workers, ovarian cancer has been found in
excess (Appendix I, #16). · VAU.le no other specific sites have been shown
to be elevated at theo.os level of significance, the cat~ of "all
cancers other than lung, GI tract, or mesothelial" is significantly
elevated.
Several epidemiological investigations reported in the literature
provide data on exposure levels of asbestos related to toortality and
specific cause of death, while mst do not provide exposure data. Those
with relevant data are revie:t.led in Appendix I (see Sunnary table). In
these investigations, different epidemiological approaches were used,
various definitions of the study groups were adopted, observations took
place over different periods of time, types of controls varied, time
interval fran first exposure was unknown, scme workers exposed to mre
than cae type of fiber, etc.
Several studies are briefly described belCYN':
Mining and Milling
-tile.       Three cohorts occupationally exposed to chrysotile asbestos
ildirlng and milling operations had a llDderately increased risk for
lung cancer (SMRs ~7.0 to 2.6). In the largest investigation,
McDonald!!;_ al. (1980) studied all eq~loyees who had worked for at
least 1 m:mdi'Tn Quebec mines. Fran 1950 to 1975, 3,291 deaths occurred
smong the 9,850 male eq~1oyees successfully traced and followed for 20
years or mre after initial eq~loyment. M increase in lung cancer
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mntality was observed (!Mt = 1.3, 230 observed vs. 184 expected), and

the risk increased with duration of Eqlloyment (00. .. 1. 0 for 1 year
to 1.6 for ~ 20 years) and level of exposure (00. = 0.9 for<. 30
1!1'PCf(yr) to 2.3 fort 300 nwcf(yr). Eleven cases of mesothelioola were
observed.
Anthgp1£111te. Male and female Eqlloyees of anthophyllite as~5~s
lliliies   Finland were studied by Meurman et al. (1974, 1979), • 'l>tlo
reported a Oio-fold increase in lung cancer iiDrt:altcy (44 observed vs.
22.4 expected) and no llX!sotheliane.s aomg the 1,045 persons successfully
traced. All lung cancer deaths occurred aomg the male E5lt>loyees, and
the risk was associated with estimated intensity of eJIPOsure (SHR .. 1.4
vs. 3.3 for low and heavy eJIPOsureB, respectively). Umg cancer risk
aomg IlOI:ISI!Dld.ng asbestos-eJqlOsed Eqlloyees was 1.4 carpared to a
relstivs risk of 17,0 for the asbestos-eJqlOsed Eqlloyees 'l>tlo srwked.
Crocidolite. For exposure associated with crocidolite ll1ining in Westem
lliiStralia, there was a similar increase in risk of lung cancer (SHR •
1.6, 60 obs~ vs. 38.2 expected) and a stroog association with
mesothelioola.     Twenty-six cases of pleural llX!SOtheliana were observed
aomg the 526 deaths, and the llX!SOtheliana risk increased with increased
duration and intensity of exposure. Follow--up period was relstivsly
short.
No increases in gastrointestinal cancer were observed for any of the
mining and milling cohorts reviewed.
~lanufacturing
Chrysotile. !bst asbestos eJIPOsures associated with manufacturing
processe§ ~~vs mixed fiber types, but Dement et al. (1982,
1983a,b) • ' examined the risks associated witn exposure to
cln:ysotile asbestos in textile factory workers. They observed a maxked
increase in lung cancer IIX>rtality (SHR • 3.2, 35 observed/11.1
expected), and the risk was stroogly correlsted with exposure level.
'lhere was also one peritoneal mesotheliana, Increased risks for both
luog CliiEICer and ncnnalignant respiratory disease were observed at
ex:posure levels lower than those reported in other st:ud:l.es.
Amosit:e. !brtality due to luog cancer was increased t:hree- to four-fold
(83 Ob~ /22.8 expected) for 820 factory workers exposed to aaDsite
asbestos.    The higher risks were Observed for the subgroup followed 20
years or longer after initial Eqlloyment (SHR = 5 .1, 52 Observed/10 .1
expected) • lhis cohort is a sCIIII!WI:u!tt unusual population because of its
limited duration of intense work eJIPOsure (1941-1945) and lang period of
observation. Other excess cancers, including 14 mesotheliane.s, were
also reported.
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Mixed. Nelohouse and Berry (1979) 64 reported increased risks of luog
cancer tOOrtality for both males (9-IR"' 2.4, 103 observed/43.2 eKpected)
and females (9-IR • 8.4, 27 observed/3.2 expected) in a follow-up study
of 4,600 male and 922 female errployees of an East Wndon asbestos
factory in which crocidolite and liliOOsite were used. Approximately 10%
of all deaths resulted either fran pleural or peritoneal I!ESOtheliana.
EXcept for 10 cases of I!I!Sotheliam, no increased cancer tOOrtality was
observed aDXX~g mre than 11,000 males and females errployed ~ 1941
or later at a British factory producing frictioo materials. •        In a
case-control study that corrected for total asbestos exposure, 5 of 6
cases had definitely wo:tked with crocidolite, Whereas 2 of 10 controls
had.
A cohort of 1,345 retired asbestos products ~s eoplayed fran 1941
to 1967 had increased risks for l q cancer (9-IR .. 2. 7, 63 Observed/23.3
eKpected) and gastroint68;wl cancer IOOrtality (9-IR .. 1.4, 55
observed/39. 3 expected).       0\Teral.l !lllrtality al!lXlg the 1,075 retirees
successfully traced to 1973 was 73%. The l q cancer risk was strongly
associated with the anw:runt of exposure, expressed as million particles
per cubic foot l!llltiplied by nmber of years of exposure (tqlpCf-yr),
ranging fran a. 91R of 2.0 up to 7 .8. lJ.rng cancer risk differed by type
of asbestos exposure (fi!R of 2.5 for chrysotile alooe vs. 5.2 for mixed
chrysotile and crocidolite exposures), Five I!Esothelialla deaths were
observed. Study results suggest thst effects of asbestos exposure oo
lung cancer risk may continue long after ths term:l.natioo of exposure.
Studies of a retiree cohort may result in an underestimatioo of actual
risks, since deaths III00!1g E!q)layees under68'e 65 would be anitted. The
Consl..l!er Product Safety Camdssioo (1983)         suggests thst the risks may
be understated by as 11llCh as two-fold.
No increase in lung cancer IOOrtality or cancer of erry other site, except
I!Esotheliam, was observed in the cohort of 5,645 E!q:lloyees of an
asbestos~ product manufact:ur:l:ng facility studied by l:lllgbes and
Weill (1980}.       In the high exposure 81.1bgroup, 1uog cancer risk was
increased for EIJilloyees exposed to crocidolite, and two I!ESOtheliam
deaths were reported. The low overall !lllrtality, 10.6%, and the 1£M
t:racin& rate, approxima~ly 75%, suggest that this study may have
resulted 1n an underestimate of !OOrtality risks.
Finkelstein (1983} 70 studied 328 asbestos-cement -workers hired before
1960 and E!q:lloyed for a minim.:ln of 9 years. Mesothelioma was strongly
associated with exposure level for productioo -workers, Whereas a
dose-response relatiooship was not observed for lung cancer. EKcess
lung and gastrointestinal cancers were observed.
ClEm!ESen and Hjalgr:lm-Jenson (1981) 71 studied cancer incidence anxmg
6,372 Danish males 'd\o 'WOt'ked in asbestos-cement factories between 1944
and 1976. There were 55 cases of respiratory cancer~ to 33
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expected, based on Danish Cancer Registry incidence rates. Three
mesothelianas were observed in addition to excess prostate, laryngeal,
and stanach cancers. Cancer incidence in the w.exposed E!!tlloyees at the
same factories was not increased.
Jones et al. {1980b) 72 studied a cohort of 578 females exposed to
crocioo!ite fran westem Australia during the manufacture of gas masks.
'Ihe 12 cases of lung cancer (SMR • 1.9, 12 observed/6.3 expected} and
the 17 mesotheliana cases (13 pleural and 4 peritoneal) were all exposed
to crocidolite, whereas no cases of mesotheliana or lung cancer occurred
moong the 102 females exposed ooly to chrysotile. Overall, 10% of
deaths were due to mesotheliana. Risk of mestheliana was stroogly
associated with duration of exposure, although no dose-response
relationship was observed for lung catlCer.
Similar results were reported moong 1,304 females who manufacsured gas
masks at three locations followed fran 1951 to June 30, 1980. Deathe
fran lung cancer <SMR .. 2.0, 22 observed/11 expected) and ovarian cancer
(SMR • 2.2, 17 observed/7 .8 expected) were increased. lung cancer
excess was higher for those exposed predaninantly to crocidolite
carpsred to these exposed predaninantly to chrysotile. Five of the six
mesothelicmas occurred in those exposed predanirumtly to crocidolite.
All stodies of occupational cohorts exposed to asbestos during
manufacturing processes had an overall increased risk o& ly,g cancer or
a dose-response relationshiP in the exposure subgroups. 9 ' Elevated
risk ratios ( 1.1) for W2:8¥.'&~s~f.u10 ~er were observed in six of
the n:f.ne cohorts reviewed." • • • • •
Insulation
Mixed.     All three of the coOOrt:s imrolved in end product use of asbestos
as li!Sulators were exposed to mixed types of asbes7fls• One of the
largest studies is that of Selikoff et al. (1979), wOO studied 17,800
I!EIIbers of an insulator's union, o..ieiiil! m:>rtality in this cohort was
12.8%, 2,271 deaths were reported tllrooah 1976. l.ung cancer risk was
increued fol.:rr-fold (429 observed/105.6 expected) and increases were
observecl for gastrointestinal cancer (SMR • 1.6, 94 observed/59.4
expect"Aid), c:ancer of the· larynx, pharynx, buccal cavity <SMR •1.7, 25
observed/14.8 expected), and kidney (SMR • 2.2, 18 observed/8.1
expected) • Dose-response relationships were not examined because of the
lsCk of exposure data. Mesothelicmas (63 pleural and 112 peritoneal)
accounted for 7. 7% of the deaths. Analysis of the relationship between
sud.d.ng and lung cancel" risk using data fran the Amerlcan Cancer Society
indicated a consistent lll.ll.tiplicative effect, in that a 10-fold increase
in risk of lung cancer was associated with SDDkillll: in both
asbestos~exposed and unexposed groups. A five-fold increase :In lmg
cancer ris~lfiS associated with asbestos exposure :In both BOOkers and
llClriSaDkers.
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El!ms and S~son (1977) 75 reported an unusually high risk of lung
cancer (SMR .. 7. 0, 35 observed/5 expected) and gastrointestinal cancer
(SMR 5. 9, 13 observed/2. 2 expected) for a cohort of 162 insulators and

pipe coverers elll>loyed in Northern Ireland during 1940. Overall
IWrtality 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 ~loyed before or after 1933. Ascertainnent bias is
unlikely to explain the magnitude of the risks reported for this cohort.
Shipyards
Mixed exposures. Rossiter and Coles (1980) 76 studied 6, 076 dockyard
ici:kers ~loyed before 194 7. 'lbey reported no increase in lung cancer
tWrtality (SMR"' 0. 7, 84 observed/119. 7 expected) or gastrointestinal
cancer (SMR • 0.8, 63 observed/83.3 expected). Mesothelioma was
reported for 31 (3%) of the 1,043 deaths. However, since Less than 20%
of this cohort have died, excess cancers may not be fully apparent.
In a study of 2,190 Italian dockworkers, Puntoni et al. (1979) 77
observed increased risks for lung cancer (SMR • 2-:-2',!23 observed/54.9
expected), gastrointestinal cancer (91R z 1.3, 74 observed/58.6
expected) , laryngeal cancer (91R a 1. 9, 15 observed/7. 7 expected) , and
kidney cancer (SMR = 2.0, 29 observed/14.7 expected).
EXPOSURE
Talc
Values bet:Tt.leen 800,000 and 960,000 tons have beelJsrwrted as the BIIDllilt
of talc used camnercially in the U.S. each year. •         Talc is used in a
numer of industries, for a variety of purposes; e.g., the manufacture
of ceranics, paints, paper, rubber, roofing, insecticides, stucco,
plastics, textiles, and soaps. Pulverized talc is also used as an
ingredient in such conSI.IIIer products as cosmetic talcu:ns, paper mache,
and lllldeling caJpJUnds, in spackling, patching c~ds and putties, in
autQII)tive and boat body repair fillers, and caulking c~ds. The
uses of talc in food products include rice coating, peanut polishing,
candy mlding, and salami dusting. It is also used as a filler and
excipiEnt for pharmaceutical pills, and for dusting contraceptive
diaphragms. Each product carries with it a distinct and individual
inhalation and/ or ingestion potential of the mineral C(ll'tlonet1ts. 1m
estimated 30,000 tons of cosmetic-soade talc are used in cosmetic,
phal:maceutical, and food products.
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Talc Contmdnation
The table below shows the8~r~cipal minerals that can be ccubined with
talc in natural deposits. -
MINERALS CXMDNLY ASSOCIATED
Willi TALC IN NA'IURAL DEPOSITS
Carbonates:       calcite, dolanite, magnesite
Alq)hiboles:      trem:>lite, anthophyllite
Serpentines:      chrysotile, antigorite, lizardite
Others:           quartz, mica, chlorite, rutile, pyrophyllite
A 1968 study conducted by United States researchers92 an 22 talc samples
for cosuetic use showed values between 8 and 39% fibrous particles,
whereas a similar §~ an 80 industrial talc samples cmdilcted by
N.B.S. researchers indicated the presence of fibrous particles in the
samples in percentages "Which vary fran 2 to 30%. Tn both cases the
fraction of these percentages made 1jfl of asbestos was not specified.
Research conducted in Great Britain on talc powders for various uses
has shc.T.m. that of the 27 samples examined, 3 contained trem:>lite. More
c~lete and significant data are indicated for 20 tales for cosn-etic
use and one talc for pharmaceutical use sampled in the New York area
fran 1971 to 1975: of the cosuetic products analyzed, 10 contained
trarolite and anthophyllite in BDDUnts varying fran 0.1 to 14 wt.%, and
showed a detectable quantity of chrysotile. (This iS in cooflict with
Pooley who stated that no chrysotile ~6been found in cosuetic talc.)
In an Italian article published in 1982 , 15 samples of talc products
(for industrial, cosuetic, and pharmaceutical uses) were analyzed for
asbestos contamination using transroission electron microscopy and the
associated analytical techniques such as electron diffraction and x-ray
microanalysis. In eight of the 15 samples, the presence of asbestos was
detected; in seven cases trarolite fibers were observed and in one case,
chrysotile (see Table 9).
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TABlE 9.   PERCENTAGE OF FIBROUS PARTICLES AND ASBFSI'OS FIBERS             rn   SC11E '
COSMETIC TALCS.
KEY:   (a) % fiber in the particular matter
(b) % fiber 5 un in the particular matter
(c) % asbestos fiber in the total fiber
(d) :t asbestos fiber in the particular matter, and
(e) variety of asbestos
(a)        (b)             (c)      (d)              (e)
A 6.1±0.9       1.6±0.5         (2        <0.1
B 21.6±1.6      5.0±0.9         <2        (0.4
c 11.1±1.1      3.2±0.6         (2        (0.2
D 4.9±0.5       0. 7:!:0.2     32±4. 7     1. 6:!:0. 3   TrE!In:llite
E 10.3:!:0.7    3.2±0.4         <2        {0.2
F 5.1±0.6       1.8:!:0 .4     10±3        0.5:!:0.2     TrE!In:llite
Consuner talc products marketed before 1973 were variably contaminated
by asbestos. In ?§1ober, 1976, the Cosmetic, Toiletry, and Fragrance
Association (CTFA)      revised their guidelines for talc and recOIIIIBlded
that no Sall1>le containing asbestos detectable by x-ray diffraction and
optical microscopy with dispersion staining should be sold. Adherence
to the revised CTFA guidelines is volUntary and mxdtoring of Sall1>les is
left to individual manufacturers.
Sall1>les of coSUEtic talc products were analyzed :In 1979 by the Division
of Cost!etics Technology using x-ray diffraction (XRD) • ~les found to
be cootaminated with trE!In:llite or anthophyllite by XRD were also
examined by optical microscopy (CM) to determine crystal nmphology. In
all cases, the 8111>hiholes found (trE!In:llite and anthophyllite) were
present in the massive (non-fibrous) form. '!he level of detectability
is approximately 0 .17. for trE!In:llite and 2% for anthophyllite. None of
the s.!ll{lles was found to contain serpentine at a detectability limit of
1-2% (XRD). 'lhese samples were submitted for sm analysis and, if                          /   .   '
fibers were found, the Sl:lq)les were to be examined by energy dispersive
x-ray analysis (EDXA) to· determine the nature of any fiber-like particle
detected. '!he results of the latter (5m and EDXA) analyses are not
known to this reviewer. No analyses of cosmetic talc have been
perfm:med by F'l).o\ since 1979. As noted previously, there are non-fibrous
fonns of minerals with essentially the same chenical cooposition as the
asbestos varieties. In sane cases the non-fibrous form has the same
name as its fibrous counterpart I e.g., trem:llite. According to the U.S.
Department of the Interior, non-fibrous (non-asbestifOilll) trE!In:llite is
the CCUIIDn form of this mineral, whil' fibrous trem:llite (asbestiform)
is a very rare form for this mineral.
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It
Asbestos
As stated above, asbestos bodies can be recovered fran the lungs of
virtually everyone in the population, on autopsy. These observations
suggest that the entire population is being exposed to asbestos.
Several studies have assessed the envirar:ml:'lltal air pollution by
asbestos using the transmission electron microscope (TEM) or the
scam:i:ng electron microsc2J: (~). ~ cities have eh.cMl levels
as follows: 0.1-1.~ qo··pn- or ng· ) of chrysotile asbestos in
Fllglish ctt:tee, 10 -10 ~stos fibers per cubic me.t:er of air in
bseldorf, and 0.1-10 ng 3 of chrysotil.e asbestos in Paris. Higher
concentrations (0.1-100 ng· of chrysotile asbestos) have been found in
U.S. cities. The highest concentrations have been found in New York
City (see Tab.le 7-6).
Asbestos fibers have been detected in rural locations (0.01..0.1 ng m-3)
reooved fran known sources of e::d.ssion suggesting the existence of
background air pollution by asbestos fibers (especially chrysotile) in
industrial countries.
It is to be noted that an appreciaticn of the extent of air
contamil:lation by asbestos depends upon which of two approaches to its
measurt'llllmt is adopted. If the conventional practice of counting cnly
fibers longer than 5 1.111 is follt:Mad, the concentrations 8J11S'f fran
jmmdiate industrial activities are low or undetectable and even scme of
those in and around asbestos industries approach tolerable levels. But,
if the concentration of sme.ller fibers is taken into acCXIUnt and
particularly the l!WlSS coocentraticns 3evealed by electron microscopy,
the situstion changes. Up to 10 ng/m SeEI!lS to be virtually ubiquitous
in urban camamities.
It is to be noted also that analysis of ad>ient air saq>les for asbestos
has utilized techniques different fran those used in occupational 3
circunstances because typical urban air tna:y contain up to 100 ug/m of
particulate mstt:er in which one is1 attanpting to quantifv asbestos
concentrations fran about 0 .1 ng/'l!f" to perhaps 1000 ng!ui:'. ltrus
asbestol DillY constitute only 0. 0001 to 1% of the particulate mstt:er in a
given ~~q~le.
It is difficult to make quantitative estimates of exposure to asbestos.
A carom unit of C\DJlative dose for occupational exposures is obtained
by uultiplying the average concentraticn of fibers in workplace air by
the nt.llber of years that an individusl woxked there (full-time
equivalent). The ~ation of fib«rs in workplace air is expressed
as fibers > S ,un long/em , as counted by the li$ht: microscope (1M) urlder
specified conditions ({U.S. ~ticnal !:nstitute !or Oc:cupationsl Safety
and Health, 1977)) (fib«rs/cm ) yr. It is to be noted that C\DJlative
exposure me.aaures clo not take into account close rate per unit time,
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duration of exposure, and ages at exposure. These three factors,
particularly the third one, could be very fn¥>rtant in determining
effects on health.
Another measure of exposure that allows caJllarison of different exposure
situations is expressed as "lifet:!Jl2 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 infoxmation obtained fran occupational
studies , it may be necessary to convert nonoccupati~l exposures to
equivalent occupational dose expressed in (fibers/em ) yr. Assu:n:ing an
inhalation rate of 12000ml/minute, an 8-hour wrk day; 5 days/weeki 50
weeks/year, the a:oounts of inhaled fibers wrkers could acCI.IIlllate in
one year, according to wrk group, are shown below.
total life-time
wrker ltrollP         exposure level duration      exposure   ~r    xear      exposure
insulation
wrkers (aoosite,        15 f/ml        25 yrs     2.16 X 1010 f/yr       5.4 X 1011 f
chrysotile)
British textile
workers (chryso-        15-30 f/ml.     20 yrs     2.16-4.32 X 1010 f/yr 4.32-8.64 X 1011 f
tile)
amosite factory                                                                     10
wrkers                  35 f/ml.      1.46-yrs    5.04 X 1010 f/yr       7.36 X 10 f
cenent wrkers
(chrysotile,              9 f/ml       12 yrs     1.296 X 1010 f/yr      1.56    X   1011 f
crocidolite)
Similar calculations for the general population are shown below:
If aoi:lient air   concentrati~ are asS\IIled to be 10
ngJm3 , using the EPA
conversion factor_~£ 30 fibers (f)/ng, the population as a Whole is
exposed to 3 x 10 f/ml. Using the further as~tions:
(1)    average breathing rate - 12.72 liters/min.
(2)    24 hours per day, and
(3)    52 _weeks per year as the exposure duration;
It is calculated that an individual is exposed to 2.0 x 106 f/year.
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Using the ft~tions and the data generated in the baby-powdering
experllle1t      (concentration • 8.58 f/cc during powdering! 4.38 f/cc
during settl:i:ng1 with 13.6% and 86.4%, respectively, of the t:llne - with
elq)Osure t:lme of 43.8 minutes per week; breathing rat~ of 0 5.8 1/tnin.),
elqXlsure of a baby fran baby pclllder could be 6.6 x 10 £/year. It is to
be noted that theae calculations assune that all of the talc is
asbestos. If a m:>re realistic value o! 1% asliiitos is used, the Tl\llber
of fibers is calculated to be 6.6 x 10 f/yr.
'!he carcirJogenie potential and the hazards of exposure to asbestos have
been wll doetmented. Also, several types of asbestos are known to be
geological contami.nants in talc ore. Since the accepted best index of
exposure to asbestos requires counting the respirable fibers in the
wrkar's breathing zone, a probl.an arises in the methodology of
dist:f:.nguish:l.ng as'6estos fibers fran talc. O:w:acteristically, tale bas
a tenderu:y to curl and stand on its ~ which may result in many
erroneous counts by optical microscopy.
'!he latest USPHS/NIOSH method for counting asbestos fibers requires
phase contrast microscopy at X400-500 lllll&llification, and m:bitrarlly
defines a fiber as a particulate with a length to width ratio of ~~1 or
greater, and a max:iDun width and mfn1nnn length of 5 micraneters.
This method is a crude determination of total fiber exposure because of
the resolution limitations of optical microscopy. 1-'0st aixbon1e
asbestos fibers are less than 5 tm 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 asbestos exposure fran
talc, s011e authors have stated thst scanning electron microscopy (SIH)
should be considered as an adjunct to the USPHS/NIOSH method when
counting fibers in a dust envircnllent, Phase contrast microscopy may
suffice :in an asbestos envi.nxment, but the resolution limitations of
optical microscopy and the inability to distinguish rolled talc
particles and talc "shards" fran actual asbestos fibers will allow a:tly
a crude detel'lllinatim of the total fiber exposure.
Other than What was presented above, it is rot known ather cosmetic
talc (used today) is contaminated with asbestos or asbeatifOtm minerals,
What foxm is :Involved (t::I'elDlite·fibrous or nonfibrous), or What levels
of aabestos, if contaninated.
In a recent (August, 1984) report100 by the NAS Ccmnittee on
Nonoccupational Health Risks of Asbestifarm Fibers. e evaluated the
human health risks ass6ciated with DOI.'DCcupational expowre to
asbestifarm fibers with ea¢asis m :inhalation of outdoor and indoor
air, it was concluded thst tlOOOCC'U(I&tionsl exposure to asbestifOtm
fibers 4n air presents a risk. to human health, '!he Canldttee made a
quantitative estimate of the risk of excess lung cancer and mesotheliana
thst mfiht occur :in persons breath:l.qg low levels of asbestos in the air.
A concentration of 0,0004 fibers/cnf-was deeDed reasonable to use :in
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such calculations because a variety of llE88UrE!Illel'ts of indoor and
outdoor air indicated that 0.0004 f/an3 is the approximate average level
that may be encountered. If a person inhaled air containing asbestos at
that level throughout a 73-year lifetilre, the cootnittee' s best judgEmmt
is that the lifet:ine risk of mesothelicma would be approximately nine in
a ndllion (range 0 to 350 per ndllion, depending on asS\Jil)tions
regarding the relatiOrl!lhip of dose to risk) • Risks for continuous
lifetilre exposures to higher or lower levels would be proportionately
higher or lower. Epidaniological data and the estimates derived fran
them indicate that the corresponding lifetilre risk for lung cancer would
be about 64 in a million for male SIOOkers (range 0 to 290), 23 in a
million for female SI!Dkers (0 to 110) , and 6 and 3 in a million,
respectively, for male and female nonSIOOkers. '!he risk to nO!lSIIDkers
appears greater for mesothelicma than for lung cancer. The Coomittee
also E!llpbasized the strong dependence of mesotheliana rates on time fran
first exposure and exposure of children to asbestos (although ma:inly
fran school exposure). (See NAB Risk Assessment - Attachment III.)
'!he only infoi!ll8.tion available on cosmetic exposure is that of bsby
powder use noted above. Infants exposed to asbestos fran talc could be
exposed to an additional amJUnt above background of the order of 0. 04 to
0.08 f/cc for approximately 2 years. This would result ~ an increase
of 0.05% in the cumulative lifetime exposure of 1.95 x 10 f to 1.951 x
lOaf, with a similar increase in the lifetime risk (e.g., 9 to 9.0045
mesothelianas per million) • However this estimate is based on a linear
dose response function, assu:ning no dose-rate effect. Cwulative
exposure measures do not take into account dose rate, duration of
exposure, or age at exposure. Although the cumlative amJUnt of
asbestos would appear to be of no consequence, the estimated exposure
level is 100 to 200 times greater than background. Data on acute
exposures of this magnitude are not available.
This 1!lellD is to request a risk assessment of the potentia exposure to
asbestos fran use of cosmetic talc.
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APPENDIX I
)3?idanio1ogical Studies on .Asbestos
1.   In a follow-up   s~ 7 of a birth   cohort consisting of 10,939 l!l!rl
and 440 wanen (exposed for at least one Jronth) , dust ~sure and
tOOrtality of cbrysotile miners were analyzed using the 'man-years"
method and the "case- and uultiple-control" approach .
.Ai:oong l!l!rl the overall excess tOOrtality was 2% at Asbestos and 10% at
Thetford M:llles, which was the dustier regioo. (see Table 2). 'lhe
wanen, mstly Eq>loyed at Asbestos, had a standard:Lzed li'Drtality
ratio (SMR) of 0.90. During the five decades, 1926-75, 4350 l!l!rl
died c~ with 4107 expected on the basis of Quebec age- and
year-specific death rates, a Sit of 1.06. 'lhere had been a. 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); SMRs of 1.02
and 1.10, respectively. Table 2 provides data on deaths of the IDilil
by age and cause of death.
Four exposure levels were used in these analyses 1 the mean
concentrations were: low: 2 •5 to 4. 2; medil.lll: 4. 3 to 9. 4; high:
14.4 to 23.6; very high: 46.8 to 82.6 million particles per cubic
foot (111:'PCf). Quantitative exposure was estimated as "'m'lative
dust exposure during the first 20 years fran onset of ~loyl!l!rlt.
Tables 6 and 7 analyze the 3291 deaths, 20 or mre years after
first ~loyl!l!rlt, occurring fran 1951 to 1975. ~son with
Table 2 shows that, although 26.3% of all observed deaths were thus
excluded fran the analysis because they occurred before 1951 or
within 20 years of first Eq>loyl!l!rlt, over 90% of deaths fran
pneum:;>coniosis and fran lung cancer were included, and percentages
were also high for lll!llignant neoplasms of other sites (except the
la:rymt) and stroke.
When account is taken only of length of service (Table 6), trends
of risk, as ~ed by the ratios of observed to expected
deaths--that is, SMRs in which the standardization was by both age
and era--wre generally without clear trends, probably reflecting
differences in selectioo. and other factors. Exceptions were deaths
attributed to pneu:noconiosis and accidents: of the 42 deaths fran
pru!liiX)COniosis, 36 -were in men with at least 20 years • service.
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TABLE 2. Deaths        of~.    by year, age, and certified cause of death
Cause of death (ICD code*)         Age at death Yesr of death
Before 1946 1946-55 1956-65 1966-75 Total
All causes                           <45           564               136  54               754 }
45-64             111           438      842      702    2093 4463
~65                                      389     1227    1616
Pneuooconiosis                       <45               0              0         1
(523-524)                         45-64            1               6       10       13   36} 46
~65                                          7       8    15
Malignant neoplasms:                 (,45              2              2         2
lmg        (162-164)               45-64
~65
0              12        51
20
72
89
13~     } 250
109
Oesophagus and stanach              (45                5                2       1
(150-151)                       115-64
265
4               22       34
12
17
57
7~
69
} 154
Colon and rectum                    <45                4                1       0           5
(152-154)                       45-64
~65
1               8        20

18
30
47
36    }    88
Other abdauinal                     <.45               5              2         1           8
(155-159)                       45-64
}_65
1               6        15

14
30
36
36
} 80
Larynx                              <45                0              0       0
(161)                           45-64
~65
2               5        6

2     1~    }   21
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Other                           45              12                   4      1           17     ..
(140-148! 160; 165-205)     45-64             2                 28      52     48    130 } 276 •
65                                    28        101     129
Heart disease                   45              28                 25      18           71
(400-443)                   45-64            25                154     355    285    819} 1543
65                                   166        487     653
Respiratoty tuberculosis        45            118                 30        1          149}
(001-008)                   45-64            20                31       27       7    85 248
65                                     5           9     14
Other   res~iratory             45              60                   3      0
(470·52   1 525-527)        45-64             5                 12      28    37     63}
82 234
65                                    17        72      89
Cerebrovascular
(330-334)
45
45-64
65

12

42
39
38
122
11}
96
161
268
Accidents                       45            170                  41      17          228 }
(800-999)                   45-64            18                 44      71     51    184   461
65                                     9         40      49
.All other known causes         45            114                  23       9          146}
45-64            25               82   112           82    301 669
65                                    67        155     222
Cause not known                 45               40                  1      0           41 }
45-64               3             16     19          15     53  125
65                                     6         25      31
*COde iii the 7th revisidri of the International cliSsificatidri of Diseases
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TABLE 6. Deaths, by cause, in relation t:o duration of service
Cause of death (see table 2)   Length of gross service {yr)
Very short ( 1)   Short (1      5)    Mediun (5- 20)      Lorlg ( 20)  ~..-e  cohort
0        SMR      0            SMR    0        SMR        0      SMR   0        SMR
All causes
l'ne1m:lcol:dosis
Malignant neoplasms:
Umg
885

47
1.07
1.15
0.97
629

29
1.09
5.00
0.83
679

50
1.15
3.39
1.37
1098 1.07
36 34.62
104   1.61
3291
42
230
1.09
13.55
1.25

OeSO!iJagus and st:amch        37       1.30       25           1.27   18    0.91     50     1.47   130    1.27
Colon and rectlm               22       0.78       13           0.67   23    1.16     21     0.62    79    0.78
Other abda!dnal                20       1.98       12           0.92   14    1.04     21     0.90    67    0.98
l.arynx                           6      1.48         5          1.75     1   0.34       4    0.78    16    1.07
Other                           67       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
Respiratory t:uberculosis           7     0.62          7         0.89    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
C=ebrovascular                    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    0.96   183    1.17

All other known causes          130       1.03        94          1.07    94   1.05    132     0.85   450    0.98
Cause not known                   35                  14                  12               8            69
Col.UIDS headed   o give
the mmers of deaths of tren, 20 years or l!m'e after first: eoployrrent, occurring during
1951-75; figures under headings SMR are ratios of deaths observed t:o those expected on basis of male mortality
in Quebec.
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TABLE 7.       Deaths, by cause, in relation to dust concentration
(a)    Gross service:       less than one year
Cause of death (see table 2)         AcC1.111J.llated dust exposure {see table 4)
Low               MediUII         High        Very high
0          SMR       0      SMR   0         SMR      0  SMR
All causes                             311        1.12         260   1.13   162 0.95     152. 1.03
Pnel.m:lconiosis                          0       0              0   0         1 5.66      0 0
~lalignant     neop1aQDS:
I.mg                                   19     1.17          12     0.91    9 0.88        7 0.80
Oesophagus and stanach                 12     1.24          12     1.50    9 1.51,       4 0.81
Colon and rectun                        5     0.52           7     0.88    6 1.03        4 0.81
Other abdaninal                         3     0.48           6     1.17    4 1.04        7 2.12
Larynx                                  2     1.45           2     1.77    1 1.19        1 1.40
Other                                  20     0.99           23    1.38   13 1.05       11 1.04
Heart disease                           136       1.15         112   1.15   63 0.87       59 0.94
Respiratory tuberculosis                    4     1.05           1   0.32    1 0.44        1 0.48
Other respirato:cy                      11        0.74          10   0.82    3 0.33        5 0.66
Cerebrovascular                         25        1.14          18   0.98    9 0.67       10 0.90
Accidents                               16        1.30          19   1.86   10 1.27        7 0.90
All other known causes                    45      1.06          29   0.82   26 1.00       30 1.33
Cause not known                           13                     9           7             6
See footnote to table 6
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7(b) Gross service:     one year, less than five years
Cause of death (see table 2)       AcCU11llated dust exposure (see table 4)
low               Medi\.111            High      Very high
0           SMR      0         SMR     0       SMR    0     SMR
All causes                          141      1.12             246 1.09      130 1.12      112 1.04
Pneuroconiosis                         0     0                   3 12.80       0 0          0 0
Malignant neoplasms:
lJ.Jng                              5      0.66            13      0.95   6     0.82      5     0.78
Oesophagus and stanach              8      1.83             7      0.90   4     1.03      6     1.64
Colon and rectu:n                   2      0.46             4      0.52   4     1.04      3     0.82
Other abdaninal                     2      0.70             7      1.37   2     0.75      1     0.41
2                                      1

3.17            1    0.89             1.71       1   1.90
14     1.53          16     0.98         9   1.08       4   0.52
Heart disease                         51     0.95             99     1.03   59     1.19    42     0.92
Respiratory tuberculosis               0     0                 5     1.64    1     0.61     1     0.65
Other respiratory                     10     1.49             16     1.34   10     1.66    10     1. 78
Cerebrovascular                       18     1.83             17     0.98   10     1.19     4     0.49
Accidents                             11     1.89             12     1.10    3     0.47    12     2.14
All other la1awn causes               16     0.83             40     1.16   16     0.91    22     1.33
Cause not known                        2                       6             5              1
See footnote to table 6
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7(c)   Gross service:    five years, less than 20 years
Cause of death (see table 2)      AcClm.llated dust exposure (see table 4)
Low               Meditm          High           Very high
0          SMR       0      SMR   0        Sl1R       0     Sl1R
All causes                          161      1.10             194      1.07    170 1.22           154 1.26
Pne\m>coniosis                          0    0                    0    0           1 7.36           1 8.42
Malignant neop1asma:
lulg                              13      1.41             14       1.22     7         0.83      16 2.17
Oesophagus and stanach              6     1.21              6       0.99     5         1.07       1 0.25
Colon and recttm                    4     0.81              7       1.14     9         1.92       3 0.74
Other abdaninal                     6     1. 78             3       0.72     3         0.95       2 0.75
Larynx                                0    0                  0      0         1        1.44       0 0
Other                               9     0.85             19       1.44    11         1.10       9 1.03
Heart disease                         66     1.06             81       1.05    72         1.22     68 1.31
Respiratory tuberculosis                3    1.55               9      3.94      5        2.64      4 2.28
Other respiratory                       5    0.64               5      0.51      5        0.69      7 1.12
Cerebrovascular                         8    0.73             13       0.94    14         1.34     15 1.67
Accidents                               8    1.07             10       1.06    10         1.33      9 1.28
All other known causes                29     1.30             21       0.77    25         1.17     19 1.01
Cause not known                         4                       6                    2              0
See footnote to table 6
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7(d) Gross service:      20 or rore years
Cause of death (see table 2)      Accurulated dust exposure (see table 4)
Low               Medil.lll         High        Very high
0       SMR       0         st1R    0       SMR     0     SMR
All causes                        367 0.98             253 0.89           183 1.07        295   1.50
Pnet.m:)Coniosis                      4 10.49             7 23.75            5 30.10       20 101.52
Malignant neoplasms.:
'Illng                           28       1.21            20    1.08   24       2.20     32     2.65
Oesophagus and stanach           17       1.36             6    0.64    8       1.44     19     2.89
Colon and rectl.lll               7       0.56             4    0.43    1       0.18      9     1.39
Other abdan:ina1                 10       1.18             3    0.46    2       0.51      6     1.35
IMynx                             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     94     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                           16      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                         5                     0              1              2
See footnote to table 6
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/mlllg those in the very short and short service groups (those with
gross service of less than 5 years (Tables 7 (a) and (b))), careful
study of differences between groups according to severity of
exposure showed no coosistent pattem. Table 7(c) deals with men
with gross service between 5 and 20 years; their service bad also
been caq:~leted before the start of the study interval. 'lbere were
fairly consistent trends for higher SHRs the greater the dust
exposure for total m:>rtality, for pnelm:lCOniosis (although based ro
roly 2 deatba), heart disease, and stroke. In addition SHRs were
highellt in the group with the mst severe exposure, for luog cancer
and "other'' respiratory diseases. The authors stated that all
these findings are Ul.'lderstandable as pulnxlnary f:lhros:ts could -well
contribute directly to card:to-puli!Xl!'l8ry disease and, in additim,
might adwn:sely affect the probability of survival in any
life-threatening condition. Table 7(d) concems 3105 men with at
least 20 year..s service, and an average of alnxlst 32 ~s of
e!\)loyment. Here the mst severely exposed had the higbest 91R not
only for total m:>rtality but for all listed causes other than
la:cyngeal cancer and accidents. Furthe'r, the tendency for
increased risk with each /11.lglmntation in exposure was caJt>letely
consistent for pneunDCO!liosis and for heart disease, and positive,
although rather leas consistent, for total m:>rtality, luog cancer,
respiratory tuberculosis, and other respiratory di seaSA.s.
The other foxm of a priori analysis, with exposure calculated to
age 45 at which age the study interval started, is S\J!Jllarl.zed in
Table 8. 'lhe total ti\Jli)er of deaths observed in this analysis was
3448 (77 .3% of the deaths), with SMR • 1. 07, very close to that for
all causes in the caJt>lete cohort as seen in Table 6. Indeed, for
each cause of death, SHRs fran both methods of analysis were always
close. Clear trends were found for SHRs to be higher the heavier
the exposure, for total I!Drtality, pnetmlConiosis, lung ca:ncer,
cancer of the colon and recttm, respiratory tuberculosis, other
respiratory di.seeses and stroke. 'lhe trends were mst clear-cut in
pneutlDconiosis and luog cancer. The luog cancer trend was
essentially linear as shown in the Figure below, where exposures of
30 nwcf-year or I!Dre have been broken ~ further. into 4
classes. 'lhe trend for respiratory tuberculosis was also
cmsistent in the tw:l areas, but mt those for the other causes
listed.
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Dust exposure and 1rortality in chrysotile mining, 1910-75
TABLE 8. Deaths, by cause, in relation to dust exposure aCCl.llllllated to
age 45
Cause of death (see table 2)                 Dust exposure (qx:f-y) accuwlated to age 45
(30                            30 (. 300     ~ 300
0                            0        :J1R   0          M
All causes                                   1668           1.02            1138 1.04       642 1.30
Pnam:lconiosis                                        5     2.98             12 10.81        27 54.00
Malignant neoplasms:
1.A.mg                                          91        0.93              81    1.18   70       2.25
Oesophagus and stanach                          68        1.22              42    1.14   26       1.58
Colon and rectun                                34        0.62              28    0.77   18       1.11
Other sbdaninal                                 37        1.00              21    0.84   10       0.88
Larynx                                           9        1.11               6    1.08    2       0.81
Other                                          129        1.10              83    1.06    38      1.08
Heart disease                                    696        1.06             463    0.99    240      1.14
Respirato:ry tuberculosis                          21       0.94               25   1.67     15      2.20
Other respiratory                                  71       0.84               55   0.98     40      1.62
Cerebrovascular                                  119        0.96               86   1.08     46      1.32
Accidents                                        104        1.28               60   1.00     33      1.16
All other krlol«i. causes                        237        0.95             154    0.92     74      0.99
Cause not krlol«i.                                 47                          22             3
See footnote to table 6
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Table 9 shows deaths fran lung cancer.
TABLE 9.    Deaths fran lung cancer in relation to dust exposure and
SDDking habit
St!Dking habit              Dust exposure (q>cf.y) acctmJlated to age 45
(. 30                30 '- 300    ~   300    All
0        ~1R         0      ~     0    ~      0    ~
Non-SDDkers                 5       0.18         6   0.36    8   1.24     19 0.38
MOderate smokers           73       1.14        64   1.35   52   2.31    189 1.41
Heavy SDDkers              13       2.12        11   2.39   10   4.50     34 2.63
All SDDking habits         91       0.93        81   1.18   70   2.25    242 1.23
See footnote to table 6
Table 10 St~I~~~arizes the findings from the Miettinen approach--that is, more
than one control for each case, excluding those for smoking habit; the
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TABLE 10: Dust exposure in deaths fran pneuroconiosis and fran malignant
disease and in controls TlUI!i:lers 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
E'rieu!pcooiosis
Deaths                  7        9                13             17       46
Controls(3)*          63        49                21              5      138
Relative Risk+          1        1.65               5.57         30.60
l.urlg 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 stcmach
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 abdaninal 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 1atynx
Deaths                  13·      6                  2             0       21
Controla(3)             36      21                  5             1       63
Relative risk             1      0.79               1.11          0.00
*FigUI'es iri braCkets are l'l.iilbei's of controls for eaCh aeath. MetbXl of
selecting controls is described in text; those reported here were not
matched for SI!Dking habit.
+Risk calculated by method of Doll in relation to those with exposure
less -than 30 mpcf. y.
**Excluding five deaths coded to 162-164, but found to be due to
malignant nesothelicma.
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mi.s 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 regard to the matching. Matching was
taken into account in the full analysis, however, which generally
confirmed the tendencies shown in the two a priori approaches and
relative risks were fairly s:imilar at Asbestos and Thetford Mines.
Linear dose.-response relations have been fitted (Berry, G.,
1.lllpUblished) for lung cancer (without regard to SIOOk:ing habits);
using the data on which Table 10 is based, but taking into account
the matching of controls for each case in texms of date of birth and
place of employment, the fitted line was:
Relative risk= 1 + 0.0014 (qJpCf-y)
the standard error of the r'timate of the slope being 0.0005. The
linear fit accounted for X , with one degree of freedan, of 21.37,
leaving only a very low value for deviations fran linearity.
1here -were in all 11 deaths (including one wauen) from malignant
mesotheliana 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
shown between indices of exposure, based on dust concentrati<n
(11\'Pcf) 11111tiplied by length of service, and lung cancer,
pneuooconiosis , and total tll.llber of deaths.
Because of concern regarding the risk fran concentrations of
asbestos dust nearer current standards, the data for the 1904 liEn in
the cohort ElllPloyed for at least 20 years in the low and nediun dust
exposure groups -were analyzed. The concentrations to which these
men were exposed (Table 4) averaged 6.6 ~pcf, or perhaps 20 f/'ml.
The total nortality was 620 deaths, and the ~was 0.94. The
authors stated that this might be a true healthy worker effect, but
not all cause-specific !:Mls -were below unity. 1here -were excesses
for pD~~.~~DCooiosis <10.3 excess deaths, leading to X2 on the usual ~asia,
IIDd.with one degree of freedan, of 159.27), fo; lung cancer (6,4, X •
2.
0. 99h .~r of esophagus and stomach (1.1, X" - 06) 1 "other'' cancers
(1.7, ~ • ~.06); respiratory tuberculosis (1.3, X "'0.17); an4 stroke
( 1. 8, X - 0. 07) . Apart fran pneuoocaniosis, these values of X' are so
low, even for lung cancer (where the associated p-value is 32.0%), that
the observed excesses do not reach conventional levels of statistical
significance. Moreover, the lung cancer ~ for the low dust exposure
srouP (1.21) was higher than that of the medi1.m exposure group (1.08);
the authors stated that only the greatly enhanced fJ.!Rs for those with
high and very high exposure allow the conclusion that there was a
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response to exposure. Nevertheless, the lung cancer SMR for all
1904 men was 1.15, in close conformity with that which might be
predicted fran the figure (about 1.20) or the relative risk of 1.16
fran the fitted line (Berry, G. , unpublished).
It is noted that exposure to asbestos was presented as dust exposure
in rrppcf. The current trend is towards providing information in
terms of fibers rather that dust c01mts, although there is an alloost
c~lete lack of epidemiological data based en fiber UEasurements.
The problem with this is there is no easy conversicn. The. authors
note that studies showed that, at relevant dust levels, the
conversicn factors range fran about 3 to 7 fibers/ml for each tq>pef;
although other data point to a lower range, 1 to 5. This is a
recurring problEI!I.
<XllCUJSION:
The study suggests an overall small increase in lung cancer
associated with asbestos exposure. A ccnsistent dose-response
gradient was observed; SMR of 0.9 (low exposure 30 llllPCf-yrs) to 2.3
2.
.,
for highest exposure category ( 300 nwcf-yrs. ) •
In this cohort study' of ch:rysotile m:lners and millers, cnly workers
with at least 20 years of erq>loyment were chosen.
Dust measurements after 1969 were reviewed but no quantitative
exposure data were provided. Fiber ccncentrations for various areas
of the mills and mines rqed fran 9 to 36 fibers looger than 5
micraneters/ml of air.
Table 4 shows the various causes of death observed in 130 deaths.
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TABLE    41   Categorization of causes of death accord:iiig to death
certificate infonnation Catt>ared with categorization follCMing
review of all available medical records and pathological
material in 130 cases
Underlying Cause of Death as Categorized
on Certificate of Death, (OC)*
Cause of Death                                    All     Asbestosis         All
as Ascertained               UIIlg               Other    Including         Other
(BE)*               No.  Cancer Mesotheliana Cancer Pne\m:>cc::m.osis Causes
Lung cancer         25         18                          3              2           2
Mesotheliana         1                       1
All other cancer lB             1                         17
Asbestosis          24          3                                      14              7
All other causes 62                                        1            1             60
Totals             130         22            1            21           17             69
*BE - best evraence
OC - death certificate ca1.1Se
The expected mrtality experience was calculated 1.1Bing national
rates of Canada (Table 5).
TABLE 5:      EXpected and Observed Deaths AI!Dng 544 Asbestos Miners and
t1illers, Thetford Mines, Quebec, Jan.-Nov., 1961 ADG, 1977*
Total
Exp,          Obs.         0/E
Total deaths                                     159.9          178            1.11
Total cancer all sites                            36.7            49           1.34
Lung   cancer                                   11.1           28            2.52
Pleural mesotheliana                             **               1
Cancer of the gastrointestinal tract              9.5           10            1.05
All other cancers                                16.1           10            0.62
Total
Noninfectious pul.uaJary diseases                   6.7             30         4.48
Asbestosis
All other ca1.1Ses                                **
116.5
26
99          0.85
Person-years                                                  7,408
"'Eiqiected aelithS are based upon age-specific cteath rate data for
Canadian white males.
**Death rates not available but these have been rare ca1.1Ses of death in
the general population.
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Asbestosis and lmg cancer were majar causes of death am:mg these
workers, Table 7 details the m:rrtality experience acCOTding to time
from onset of exposure and shows an increase in nmtality between 30
and 50 years fran first exposure to asbestos. There is, however,
little excess oortality after 50 or oo:re years from first exposure.
The authors stated that perhaps this occurred as individuals at high
risk of death (because of their particnl ar susceptibility or because
of other associated factors, as cigarette srroking) may have died
preferentially in earlier years.
TABlE 7:    Ratios of Cbserved to EKpected Deaths AllDng 544 Asbestos
Miners and Millers, Thetford Mines, Quebec, Jan.-Nair. 1961 -
Aug. 1977
Ratio of Observed to Expected Deaths
{Nid:>er of Deaths in Parentheses)
Years from Onset of l'inployment
20-29     30-39      40-49       50+
Total deaths                              0.65    1.27       1.28     0.91
(8)       (60)       (66)       (44)
Total cancer                              o.oo    0.98       1.95     1.30
(0)        (11)      (24)       (14)
IJJog cancer                           o.oo    1.94       4.19     1.67
(0)        (7)       (16)        (5)
Noninfectious pulmJnary diseases
(incl. asbestosis)                              5.29      3.64      3.60
(4)        (9)        (8)        (9)
Causes other than cancer ar
noninfectious pulmonary diseases 0.42             1.16      0.91      0.59
(4)             (40)       (34)      (21)
Nuroer or deaths
Asbestosis                             3        8         8         7
Mesothelicma                           0        0         1         0
Person-years of observation            1,623    3,067     1,805       914
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The study results indicate that a small :!.ncrea.se in lung cancer risk
occurs as asbestos exposure increases, but the lack of quantitative
exposure data makes it difficult to evaluate this association.
3.   Mortality of Italian chrysotile asbestos 'l«lrkers was studied82 using
two different reference groups. In the first analysis the obsetved
nmber of deaths was ~ed with the expected ntl!iler in the
population of all Italy. Persoo-years of obeervat3si( were
ealculated according to the method of case and Lea        and !l1.1ltiplied
by age-specific death rates to ~e the expected l1lll'ber of
deaths. Secondly, a case cootrol study of carcinana of lung and
larynx was undertaken. Only two exposure categories were
considered, the first with C\m.llative exposure up to 100 fiber-years
and the second, all those with a Cllll.llative exposure greater than
100 f/yr. (The lower of the two exposures corresponda to the
British standard of 2f/cc for 50 years' ~life).
In Table 3 the r.mt:ality of the cohort is divided into 2 groups
according to period since first Enq?loyment: deatha occurring up to
19 years since first etploynvant and deaths occurring over 20 years
since first etplO)'IlElt. The overallllX>rtality ~ed to the
national figures is also shown.
One death fran pleural mesotheliana occurred 35 years after starting
e!lllloynvant in a. worker with 33 years exposure.
A significant excess of laryngeal cancer is seen when examining
llX>rtality aver the '\Ybole period of observation. Four of these
deaths occurred after 20 years since first e!lllloyment. 'lWo of the
six workers dying fran laryngeal cancer had less than one year of
exposure. There is also a marked excess of respiratory diseases,
both influenza and pne1.llJXIia and "other" respiratory diseases,
consisting chiefly of chronic obstructive lung disease. Asbestoais
was reported in 9 cases.
li:lrtality fran lung c;ancer is shown in Table 4. No deaths were
observed before 1961, nor did any deaths occur fran this cause in
subjects under the age of 50. However, a11a1g those of 50 years or
uore, the SHR rises to 111 in the quinquenniun 1966-70 and reaches
226 between 1971 and 19751 for llW!l'l of all ages it is 206 in the same
period.
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TABlE 3:     N!mber of deaths observed and expected by period since first
exposure, and cause. (Period of observation :fu::m 1946 to 1975)
Period since first exposure (yr)        Up to 19                      20 and
over                 Total
Person-years observation                12683                         8776                              21459
•    Cause of death
All causes
Cbse:rved EKpected
112          54.2

207**
Observed EKpected
220        160.2
~        Observed EKpected SHR
137** 332          214.4    155**
All malignant neoplasms (140-205)         12       10.0      120         38       37.0       103        50+         47.0     106
Lung and pleura (162-163)                 1        1.7       59        10+        8.7       115       11           10.4     106
Larynx (161)                              2        0.4      500          4        1.5       267         6           1.9     316*
Gastrointestinal (151-159)              4         4.8       83        15        14.5       103       19           19.3      98
Other sites                               5        3.1      161          9       12.3        73       14           15.4      91
Non-malignant respiratory diseases
(470-527)                          12            2.3     522**     20          11.8      169*      32           14.1     227**
Influenza and pneumnia ( 480-483)     8            1.6     500**       4          4.6       87       12            6.2     194*
Other respiratory diseases(470-475,
•        500-527)
Asbestosis (523.2)
'l\b!reulosis of the lung (001-008)
c..llovascular diseases (400-468)
Cinhosis of the liver (581)

13
22

0.7
3.9
14.8
2.1
571**
333**
149
429**
16

100
22
7.2
3.3
67.7
7.8
222**
152     18
148** 122
282** 31
20

7.9
7.2
82.5
9.9
253**
150**
148*"
313**
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       74     26             36.4      71
U!known                                     5                              3                          8
*p (    0.05; **p ( 0.01
+These nmbers include one suspected case of mesotheliana of the pleura
Figures in parentheses are ICD (7th Revision) code mmbers
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TABLE 4: Cbserved and expected deaths fran lung cancer (162-163) by age
and calendar ti.IJ:e
Age               Calendar years of follow-up
1946-60   1961-65 1966-70 1971-75        1946-75
Up to 49          Ill served       0       0               0      0            0
Expected         0.5    0.2            0.3     0.3         1.3
SMR
50 and over       !llser.ved       0       1            3           7*        11
Expected         1.7    1.6          2.7        3.1        9.1
SMR                    63          111        226       121
All ages          Obsex:ved        0       1            3           7*        11
Expected         2.2    1.8          3.0        3.4       10.4
SMR                    56          100        206       106
*'lbese mmers include one suspected case of         mesotheli<m~.      of the pleura
Table 5 shcMs the distribution of the deaths of men with lung cancer
and their controls in the two exposure categories, in the upper part
of the table, and the deaths fran laryngeal cancer with their
controls, in the lower half of the table. Ten of the deaths fran
lung cancer are in the higher exposure group with a relative risk of
2.89. However, tests of the significance of the association of lung
cancer and high exposure gave a two-tailed P value of 0.18, thus
denmstrating no statistically significant difference between the
proportion of cases and controls reaching the higher exposure level.
Nor is there a statistically significant excess of laryngeal cancer
in the higher ~~e categories (relative risk 3.33, t;«>-tailtld P
value 0.2S), althoUgh all but one of the deaths occurred in tbis
g:roop.
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TABlE 5:   Distribution of patients with lung and laryngeal cancer
and their matched controls according to CUIUlative dust
exposure.
Subjects              Dust exposure
Up to 100 fibre/yr        101 and over fibre/yr
lJ.mg cancer           2                        10+
Controls              22                        38
Relative risk          1                         2.89*
Laryngeal cancer       1                           5
Controls              12                         18
Relative risk          1                           3.33**
1InclUdltig one case of lung cancer dlllgri()sed iri hOspital bUt
reported in death certificate as "cardiac failure" and one suspected
case of mesotheliana of the pleura.
*two-tailed p value 0 .18
**two-tailed p value 0.28
Table 7 sbaiis the distribution of the whole cohort according to the
selected exposure categories. For this analysis, workers included
in the higher exposure category contributed to person-years
observation in the lower category "up to 100 fibre/years" fran the
date of first Elq)loyment to the date they reached the Cl,mllative
dust exposure of ''m:>re than 100 fibre/yr," after which they
contributed to the higher category, 'lbe mean value of cmnlative
dust exposure in the higher category was about five times that in
the lower (75 fibre/yr calq)ared with 376 fibre/yr), About
two-thirds of the cohort reached the higher exposure category. In
Tables 7 and 8, 1!18!1.-years fran 1 JaiUll!ry 1946 only are included in
the total. 'lbus, tb:>se who had acCl,mllated a dose of 100 fibre/yr
by 1946, imDedi.ately entered the higher exposure category.
The age-standardized death rates and the associate measure of risk
for overall!IDrtality and sane selected causes of death are shown in
Table 8. 'lbe relative risk for lung cancer obtained by examin:l:ng
the whole cohort (2.54) is s:l.ml.lar to that calculated for the case
control study (2.89, Table 5). A higher death rate for laryngeal
and gastrointestinal cancer is also seen in the IIDt'e highly exposed
group, although cottq:Jarison with the national statistics showed no
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excess for gastrointestinal cancers. Non-malignant respiratory
diseases, including asbestosis, tuberculosis and cardiovascular
diseases, showed an increase in relative risk, lb!reas death rates
for all other causes were a:i:J:IDst equal in the t:loio exposure groups.
TABI.E 7:    Distribution of wrkers according to C'lllllllative dust
exposure. Period of observation fran 1946 to 1975
Dust exposure             Up to             101 and over    IJn1<na;qn
as ffr>re/yr              100 ffr>re/yr     ffr>re/yr
Mean value within
categoriea                      74.7        376.2
Nulber in study                  927*        611                  6**
Person-years
observation               8365             12976              118
*IiiC1ildiiig the 611 'Wciikei's fu the category 11101    ana
over
ffr>:re/yr'' before they had reached such C\J!lllative
exposure. Person-years are additive, Whereas I'IUIIber of
workers are not.
**Including 4 dead E
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TABLE 8:    Crude and age-standardised death rates per 1000 person-years
and relative risks by selected causes.
Curulative 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
Lung cancer (162-163)             0.24       0.28              0.77   0.71     2.54
Laryngeal 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 pnel.llJJl1ia ( 470-4 75,
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-standBidised    aeaffi rates
'lbe gradient of risk. for lung cancer with time since onset of
exposure (~ 0,6 for ( 20 years vs. 1.2 for) 20 years) and
calll\dar time (~ 0.6 for 1961-1~5 vs. 2.1 for 1971-1975) was
observed. Significantly higher risk was noted only for laryngeal
cancer. Increased relative risk for lung cancer (2.9) and laryngeal
cancer (3.3) was f=d when case-control groups were ccnpared by
exposure level.
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4.         !tl:riitt,.·o£ workers ~act:urhlg                                                  frlctim materials using
c:b:l:ysotile was studied on a population of 13460 workers.                                                                                     Elqxlsure
conditions are sl.lo!m. in Table 1.
Table I .Wtctn ct.mc't'lflfllllltn uf tJ.'rbnros m
!l'tnuJ
ft.''                .'iJHforl~t'l  (;fl,.~
#If
,_
f{lm/J
""'"~
41flf'Y
f'ft·l~)l        10.20             .>20             >10            >lO
1932·<11         <tl·5                 :!'~$         J-Ill           2-!'i
1~51...,..       <OS                   l·'           !-5
0 ,_,
1-2
!'>1fl.'N        <it·~             0~1                             IH-~
~""I
1' -to
'lbe observed mrtality was ~with that expected, based on-i ~
sex-, age-, and period-specific death rates for England and Wales.;,. t
using the subject-years uethod. Attention was restricted to the
period fol.l.owin.R 10 years exposure, and folla.1-up was to the end of
1979. In addition to umtality fran all causes, the separate causes
of death considered were cancer of l q and pleura, cancer of the
gastrointestinal tract, and all other cancers. Table 7 shaws the
total mrtality. Apart fran 10 pleural mesothelicmas there was m
sign of any excess umtality.
rt.~hk 7         ( Jhwn ··d llnd t'\fWl    wd lilort-~lm llf'('f lit I f'fl(\ (II,, l!nl t"\fiJ•\Utr' f Vmu/lt't ol plt>llfdl llh'\o ldlt'/l!tltt.l\ tift iudl•tl "'
J14~'1'1Uh«'U''I
Olh
'•r
.':"'"1
""'.,
\lhdtl'lo!.'\                                                                             llhllli                                                      l!,lo, II
I Uftl(oljhj pkl!r tl ~.il't\:\'1                                             I"IIM         jltf (                                           we.:•        II \
(t!l'lfrllti"!J~I .. .,tt.~r
t •rlk<rt.'l~""
flit
,, .
HI' -:                                           ,'»J.
(j
.!'" J
1'\41    u
c~dk'te": rte.                                                              u•m            IIJ!"t                                       !I I            !.!II 1
,_.,.......
Wbr!f1 t:1ie subjects were divided :Into groups according to duratim of
E!XpOS\ll'e, there was still no sign of excess DDrtality mr of any
trel:ld :In DDrtality with duration of euployment. Dividing the
subjects according to the period of first euployment again llhawd no
excess DDrtality apart fran the pleural mesothelianas. 'lh1s applied
ewn to those with 30 years' follcM·up ..tlo were first euployed
before 1950, ll.ben dust levels wre hiHJ.l (Table 1).
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i:bs fran other cancers, there were 2 in !ll!l1. due to cancer
larynx (3. 6 expected) • Eight of the lit1llell died of cancer of
the ovary (8.1 expected), and 22 of cancer of the breast (24.4
expected). 'lhe nmtslity experience of ~rkers who caq~leted 10
years • service is sham in Table 8.
\1,.,,                                                         n .., ... ,l
lollul\ Ill' od/l'r /II           rt Ju                             •Ill                        11-/11                       . ,.
1 ofTO 1'1/IIIHUI' f\1'1/1\'
\u 111/>/t'l 1·\t Un             _•,n~.J     .'I Nft/1            /.'fl},ljs{Vtl.'•            1'1~~     Ci•,'l'        .J~ ~       1'1 , ...
till\
'''"
,.,, ,,,,                    (    .,.,
fomwulolo'illh
\ll\,111'\~
I 'I'
I~",           H: ,-,
I 'I'
.l~l    ...                        :I     1   .,                        "·
11\'-                                                          IJ                                                  ~·
I IIIII.! .on.lpkur,al ,,mu:t          .:•               :o
I           '\/',
I" '
""                  ".                    ',
lo ·'''••mt\~l!n.ol '""''':'           :•                111 I     :<               \ol;)\
:/\:                              I '            '                      '.
f llh\ I \olll\1,'('
I    ~~           I
L!
~~
11
.,
:I
1::.           Uti -I          '                     "       •:"                      ,-" ,,
flthor \olll•o•
"                    '- I
EKcept for deaths fran msotheliana, there was no excess in this
group, even 10 years after eaq~leting 10 years' eq>loyment. A
siml.lar result was obtained when restricting attention to th>se wl:i:lt,_
:1-
had c~leted 20 years' exposure.                                          .~                                                                     t

An additional 187 deaths have occurred since the original analysis.
Cklly one of 40 deaths in waie.'l and 12 of 147 in !ll!l1. were due to lung
cancer.   Ckle of the uen certified as dying fran pleural IIESOtheliam
was 50 and had worked at the factory for         two weeks in 1960 (when
aged 29) as a grinder exposed to chrysotile (only kncMn asbestos
exposure). With regard to msotheliana, the cases obsexved here
were analyzed in a case-control study using the mthod of Uddell,
et al. 'lhe effect of exposure to crocidolite was exsmined. Four
matC'fied controls were chosen for each msotheliana., where matching
was for (1) sex, (2) yesr started work in factory (:1: 1 year),
(3) year of birth (:1: 4 years), (4) Sl.ltVival up to t:i.DE of death of
msotheliana., and (5) l:lq)loyed at factory during crocidolite period
for same t:i.DE as case.
Eighty percent of those dying of msotheliana had ~ on the
.croo"ldolite contract Ca!{'Q'ed with only 8% of the controls. 'lhose

liana, however, had also been exposed to higher levels
le than the controls; 90% had been exposed to toore than 5
ed with 25% of the controls. 'lhe confounding effect of
exposure to chrysotile was eliminated by considering only cases of
msotheliana and their controls who had been exposed to chrysotile
at a level of at least 5 f/ml. 'Ibis left 6 cases with 10 controls.
Five of the 6 had had definite crocidolite exposure.
A case-control study of deaths due to lmg cancer was carried rut
for males who had started work before the end of 1960 and who
survived for at least 10 years after start of exposure. 'Ibere were
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.J:'i....
llf6 Wtbs fran lung 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 fran lung cancer. Within the restricted set of lll!n there were
86 who had died of gastrointestinal cancer, ~ were also included
in this study (without additional controls) . Each occupational
history was integrated with respect to time to give the CIJilll.ative
exposure up to the date of death for the cases, and for controls up
to the date of death of the corresponclliJg case of lung cancer. 'lbe
total duration was also calculated. 'lbese tw 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 CIJilll.ative dose weighted by the time
elapsed since the exposure occurred. This measure was evaluated up
to the date of death and attaches IIXISt illportance to the earliest
exposure.
'lbe distribution of duration of exposure and nm1lstive exposure                               rJJf
to death are given in Tables 13 and 14.                          ..                              i. .t
l.1hlc I'         /1ntrtf1um•mo1,/llrdttf'IIOft'\f1c•\l4rt'Hf'I''Jt'alh
••
-:,_     '!'
llcfrllllf"' ut
,,,,,,,,,.,,.,,.                                                     I  'Jot\•f.tlt"'
1 \flU\&.,<'
/em~
('"'""'"'''"l•hll   I um:                .....,,...,,,.,,Jtllll
'"'''"'
IH)II
'"'"
Ill,.,.,
._ •I 'I
''""'''"
,,••
....
I ollh <'YI
,!11
~"
,,'

••••hf'''
,'"•
1 otlflf''
t Ull
"""
(11\l
,, . :
1111
u.I'IH'f
...
II• I
I    ~~~
~··....."'
,,                           ...
'~                      I'                      '"
II                                       .....
I '"

··~                       '"
l.ahl<..'l~       I '""'''lllltm,, oJ, mmii,JtH't' /\/'IHtlrC' '''      ,j,.,,,,
"0
( Wln/1/IAIIU'
r\fi.UUff'
If-\ mil
rtf Ulhftt"LI
( mttml.t               ....
,.,..,,                   ( lmtrtHIII""fWI
( ld4J·•fMfVf
L'"''               ( rlt&J~I """'aiW/
.....
4'U"-tN             ua1t1~r              c'ulk'rr
ow
·~·                                                      ~·
I\,!                                                                                    lUll
IU-4'1
~~       ......
llll .... l'ifl
I.!.S
,,
~·

II

y,

.....
liN
0101
I o•
0 KJ
ti.!.S
111"                    uti•                       ...
'lbe 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 C\.lliJlative exposure. For
gastrointestinal cancer, there is no sign of an increased risk with
C\.lliJlative exposure, and alt:b:lugh there appears to be a trend with
duration of exposure up to 20 years, this trend is not supported by
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t:iie tlliiers
with n:me than 20 years ' exposure and could have
occurred by chsnce. 'lbere was also no sign of increased risk with
duration of exposure or with omJlstive exposure calculated to nine
years before death or with the llES.Silre of exposure weighted by
elapsed time (tables not given). Restrict:!Ilg the analysis to cases
1>ho survived for at least 15 years after first
exposure also did not show any dose-response :relationship.
For lung cancers, a linear relatia:!Sbip between relative risk and
Cl.lllllative exposure was fitted using mthods "t't'ropdate to matched
data. The coefficient was eat:imate3 as 0.00058 per fiber·year/ml.
'lbat is, for a oml]stive exposure of 100 fibers-years/ml, the
:relative risk was est:imated as 1.06; the upper confidence limit was
1.80.
<XNCLUSIOO:
No gradient of risk    was observed with quantitative exposure level~"')    ....
.. , ~
No evidence of excess mortality due to cancer at any site, except : t
msothelioma, even when eDIIdned by duration of exposure or ~
of initial eut~loyment.
No increased risk of lung cancer or gastrointestinal cancer was
associated with either duration or C\.IIlllative exposure in the
case-control analysis.
5.    A report83 on dust exposure and mortality of workers :in a chrysotile
asbestos fric:tion products plant c:oosisted of data on a cohort of
3641 men eut~loyed for at least one mnth. Individual exposures were
est:lmated (in ~-years) fran illpinger masurE!IEilts. Table 1
shows deaths by CSllSe and age at death.
•It          HI
,,                        ••J:
12

"...
.::lt
2~
..
~           ll           2l
,.,         ,,.             •
J              I
101
27l                       510
l1•          24'          "
SJ
..,.
7            l           12
S6             91
'"&1
•l           ll          9l
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Table~
information is presented in Tables 2 and 3.
f:ttrrnurttd avtruffc dust concmtnlflo''·' fmpc/)
/Y,IO-CJ
/tiT"'"'" pruc·rnt~ ltJ.I0-70
IWO-Y                  fQJlJ-0            19t'JQ-Y
Puh ~:n\lhf ••)tc
She.:t pae mgs
,.,.he'"" products               •                             '
Ftbrt rnum
Mnuna
114

Ill
2                     'II <             •

Other
~•llbnard ~~        mach•nt.·s
2U
1I

2                  ,,..
II !
Wart: mcxdd utruded         brak~  hmn1
avflliRJ                                             Hl                          .1                     l                 I
Other
P~r
U!Olrlft$11'111$M)R t1f
I                              I
"''I>!             l>l
l>l
NnvabcSint. proct'U                                                                                      11-2                0·2
Gronv1nf,
Metal fl ICIIIon                                                                                            "'~

l>l
fl.!
Brtlr.e shaft                                                                                                                 1>2
Cnrc
Otic bralte                                             2                           I·!                     "''
0·!

02
I>!

Trutrcure                                               2                           I·~                     I                 I>!
Orak~ Pihi\Nht!l pre"'
Rrtm•)I.Jid mlll                                    24                         Ill                      7·!               ~
Gt•nchnJ                                            41                         l                     2                   I                     - f-

Other
R.JnC t.n•sh (Jr•ndmal
Pac mg

~·6

I    ~              I
l                  "''
I                   i- ,_
W.rehouse                                               2                           l
I>!
0·2                "''
0·1                     '
·-
Table 3 Aft a• start, duronan of tmploymtru~ and du.r1 tfpt•surt (mtn onf.vl
Vuratwn of tcrt~u '""'" tyJ
-----·--
~I                  fw<J                                J-<:10             alO            Torol
N"                                   125J                        .,..\ 1·%                   ~11                  Hi                'HI~
A•rntc        ••e                           2~fl2                                             Jlr.,l~             29-M                 Jo-9!
11 •1an      ()')
3CH~              •o• ,.
...
1>38                    lll                       IIHH
CiroM trtvlct ()'l
~IKrvtc:t(y)
Aver~ dull concennat1on
(} l7                   lll
..""               21UU             0·04
Imp<!\                                     :! 28                  206
""                  1·136
Table 4 Sl.lll!lllrlzes the t!Drtality experience of the cohort by
c:hn'ation of work. 'lbe !MI. based on Com!ecticut rates was 108.5
(107, 9 on u.S. rates). 'lbe excess was mainly due to people M1o had
~for less than 1 year (SMR 129.9); t:OOse who liOtked ooe or
had an SMR of 101.2. 'lbe lowest !MI. (97 .2) was for t:OOse
liOtked 20 or tlDt'e years. 9olRs were raised for the three
s of malignant neoplasms. Again this was mainly due to
ld.81'        in liEn eq>loyed for less than one year; in none was there
evidence of increasillg risk with increasing c:hn'ation of exposure.
NJ mesothelianas were observed.
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Table 5 gives MRsbytotalaccmulateddustexposme.            The SW
lack of any clear or systemic exposure-effect pattern is present.~?
The SIR for respiratory cancer for aren in the 2 highest dust groq&L
cabined (125.8) was higher thm for the 2 intezndiate dust grzxq;
combined (103.3) but still substantially below that for the lowestzr
exposure category (167.4). A shilarpatternof      relative riskwas
obtained fran the Mantel-Haenszel analysis (Table 6), which shomd
anincreasingriskonlyifthe~l~suregroupisignored.
The nmre detailed analysis for respiratory cancer in Table 8 shows
that the samepatternis sharedbymen inthelac~estaccuxulated
dust category regardless of duration of emplqmnt.
Table U Male           deaths from         respirororv    ranrer        20 yearn
uficr   /at    employmcnl        rn rdunon       rft hrunon        0jsen.t~~       4nd
clutt   cxpoture
Dusr r*pmurr      ImpcJ v)
-                      ----
<IO                Ill-<4I)                340
.--    --_         --                        .__
U SMR              0 SMR               i     SWR E
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Tabkd       R&v~       risks of respiramy     cancer by dust exposure from     ( I) Man&- Haenszel analysts and (2) SMRs

w/v                                                                    Chr-sqwr
<IO            to-czo          ZO-<40    *O--30           a80          fiffivencr      LJnanIv
The other respiratory group of diseases that included pneumconiosis
also shcwed little indication of an exposure response. Six of the
12 whose deaths were fran pneumconiosis (ICD 523) had woxked in the
plantforless     thanayearandonly     3 oftheother12hadatotal
dust exposures index of 10 uppcf-yrs. or mre. Table 7 shows
details frandeathcertificates     given ICD code 523. Inno casewas
asbestosis mentioned but anthracosilicosis or silicosis were give->
asthecauseofdeathinallbut2cases.             ItwasfurthermtedtFh*
all12hadeitherbeenbornorhaddiedinthecoalminingarea~~~
Pemylvania.                                                        r=
Table 7     Dearhs arrributed fo pnertmncontosis              (ICD 5.73)
c’asr No     Employment                                   tJmh                Deah                                C mmfid   COWI
--                                           plac t              --
Agr aI       DYlOllfMl         Ti #cd dust                       Ate       Plow
slan Iv)                       fmprf   v)                        (V)
1          36           2 months           01           Sandy Run, Pa       64        Freeland. Pa               Anthntmhrms
f          26           h2 months          Dl
0 2          Taylor.
WlltePBwTe.
Pa    Pa    57        Taylor.
Wdkcs-Barre.
Pa     Pa         Anthraanaulrmus
khcous   and emphysema
4          ::            5 months          02           Wdmmgwn. k          SH        Wdkcs-Ram.   Pa            3’ anthnawkows
5                        I II months       07           Pennsylrrnlr        t9n       Walkes-Bane. Pa            Anthnaulwus
6          ::            3 months          0 I          Wyowung. Pa         53        Wynmma. Pa                 Anthnmvham
7          50            I y IlIm          20           Mcrlw               79        H’mdhcr. Pa                Cod workers
pwcumomnurrs
n         47            3 years          I:.:          Scrmton. Pa         75        Sbmnton. Pa                AnthncouLnn8s
9         35            3 ycan                         Nancmkc.   Pa                 Nmocoke. PI                slhcous
IO          Sl            20 ,can                        scrmclln. Pa        ::        fhlpporf.  Cl              Pu;;~ulllu
II          40            I6 years         2::           Nmwc~~ke. Pa        6;        Rn*epon.   Cc
I2          II            30 ycrn          514           Nmnmkc.    Ps       62        Bndgcpon. Ct               Pneumomnwsa
concluded that if it is accepted that the high mrtality
es (including respiratory cancer) inmen employed for
le&.thmlyearwas        probably duet0 sam formof selection, then
the results suggestthatthe     adversehealtheffects  0femployn.mti.n
this chrysotile friction products plant were small.
#rkers73 inan asbestos textile factory,which~re      exposed to dust
kvelshi&erthancurrentstandank       permit, vere ditided into 5
aborts on thebasis ofdurationandperiodofmrkinscheduled
areas (Table 1).
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?he m&r     of deaths in each group attributed to lung cancer
(includes mesotheliam), other cBI1cer8, respiratory diseases and
other causes are CaqaredinTable     2withthenuxherexpected,which
calculated fran national death rates by 5-year age-groups.
Lung cancer mrtality in the area of the factory was lcwer than the
nat~malaverageamngrm       (SIR = 87) and similar for wumm (SR =
1.?=1959-63.
first exposed before 1933 (cohorts 1 and 2) suffered a
~excessoflung          cancermdrespiratorydisease,          particularly
those-wfith 10 or mre years' exposure prior to 1933. There is also
sag excess mrtality    fran lung cancer and mesotheliam (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 and5 caMned), although the excessisveryuuchless
thm in the first 2 cohorts. There were 16 deaths attributable to
gastrointestinal  cancers comparedwith 15.70 expected. No excess
foranyofthesembics        approachedstatisticalsignificance        inany
cohort,andnoperitonealu~sothelianawasreported.              Inorderto E
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+-
&-%&iishbemeen      exposures of 1933 and after 1950, observed
expected deaths for those first exposedbetwen 1933 and 1950, and
those first exposedlater tJere detenained (Table 3). There is Cl-
m idence of m excess of lung cancer and respiratory deaths amng
those first exposedbetween 1933 and 1950, although very mch less
thsnincohortsland2.       Therehavebemfewdeathsamngthose
first exposedafter 1950, but there still appears to be an excess of
deaths franlung cancer15 ornmeyears after first exposure (5
observed, 1.86 expected; p = 0.04)).
?hisisshowninTable4,inwhichQathsfnrml~cancer~ludiqg
pleuralmesothelianas 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.
The 6 workers first exposedafter 1950who died of lung cancer were
all---m&ers; five wrked Fn areas where dust levels were hi& in
onemayhavehadprwiausqxxurefrananotherjob.            No
haveoccurredinthisgroupalthmghintiewofti
period none would be expected yet. Asbestosis was
fti-in3ofthe6cases.           Themmbersaretoosmallforthe
magnitxde of the excess of lung cancer in those first employedafter
1950 to be estimted with any precision. Dust levels associated
with various processes are shownin Table 5.
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I        i

:        I
8       .
1        1

b        :
*       .
<I
:    <I
x    <1
I    <I
4       J
were similar to that of Doll (1955)l"!! h
in that there was a lo-fold increase ihr
1 and a three-fold increase for Grou&&
nerewasapp   roximately 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 S-fold increase in Gruup 5.
No increase ingastrointestinalcancerwas     obsemedforall   groups
C&M.
7 . Inastudy84 of asbestos textile factory workers, excess lung cancer
mrtalityhas      beenreported.    Observedandexpecteddeaths due to
1=x3 -9         other cancers,  respiratory disease andother causes are
shown in Table 1, together with death rates for asbestosis and
mesotheliam. In xmn first exposed before 1951 (cohort 11, there1
wre 22 deaths due to lung cancer caqared with 13.85 expected (P
0.05) 20 or mre years after first exposure; while in later
(cohort 2) there were 8 canpared with 1.62 expected (P
If it~reassumdthatallnmnotknomtohave               diedor
un the follow-up date, 31 Decmber 1978, these
tios muld becorn?22/14.12 (cohort 1; P 0.05)
; P O.OOl), respectively.
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Mrtality           experience of 679 male asbestos textile                                   wakers
The excess mortality 20 or u-ore years after first exposure due to
nomalignant respiratory disease in lllen first employed before 195gT
(28 observed, 18.63 expected; P 0.01) was largely accounted foE%
deaths specifically attributed to asbestosis. The observed
incidence of mesotheliarm rose steadily fran 0.0006 per annun at iw
20-25 years after first employmnt to 0.004 per annun beyond 35
years amng pre-1951 employees. The absence of deaths due to
asbestosis orumotheliana in later errployeesmaybe due to their
relatively short period of follow-up rather than to a substantial
reduction in risk. Applying the incidence rates for asbestosis and
mesotheliana observed in cohort 1 in successive five-year periods to
the correspondhg man-years of observatim of cohrt 2, cnly 1.9
deaths due to asbestosis and 0.4 due to mesotheliam would so far
have been qcted,      and it has been reported that 10 men in cohort 2
have &eadybeencerttiiedashavingasbestosis           (metal..,
1979)        Thereisno widenceofexcessumtalityduetoanyother
cause of'death:    14 deaths (12.60 expected) were attributed to
gastrointestinal   cmcers (ICD nos. 151-154) in the two cohorts,
including 6 (5.38 expected) 25 or mre years after first exposure;
at$g~~ peritcneal laesotbelia~~ have occurred.
&aak              datasre           showni.nTable 2.
sa5ic
Tm                 F'revious and revised estimates of mean dust levels    in                                  fibres;I-1
(weighted          by the number of men at each level) in selected    years
1936        1941    1946      1951      1956    1961      1966      1971          19-2
------m--
Previous      estimates            13.3        14.5    13.2      10.8       5.3     5.2       5.4      3.4           -
corresponding         to early
fibre   counts     (Pcto   et
al..    1977)
Jevised      estimates             No measurements     prior     32.4     23.9     12.2      12.7      J.'           -.:
corresponding         to modern   to 1951
counting      of static
samp I esc
There estimates    are based on prellmrnary          data   on 126 men first   employed   between   1951 and          1955.
and should   be regarded   as pravlslonal.
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s statedthatthe   average dustlevelswere  inthe region
of 30 f/ml in 1951 and remained high until about 1974. It was
fuder    stated that levels prior to 1951 wre probably not uuch
hi&erthanthis:
The cuxulative exposures of the eight men first exposed in 1951 and
who later died of lung cancer 20 ormre years after first exposure
are canparedwith thoseofunaffectedcontrols      (Table 3). The
analysis is based on cumlative exposure up to the end of 1971, and
the control group cmsistedof 42ri~mbornbemeen19Oland1914ti
entered the factory be-      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 smkers. Xhere is no evidence that
theirexposureswereananalouslyheavy,altlxmghthismaynmely
reflect the inevitable inaccuracy of individual exposure estinmtes.
Estimated                                                                        1951 and

Table   3.               exposures        of   men first       exposed         between
1955                                                                                                             t
i'c
Cumulative         exposure    (fibres/ml-years)             to   DeCeMm    197f'
o-       loo-          150-      zoo-        300-        400+              Total
-----m
Men dying from lung          11                    0           4         1               1               8
cancer over 20 years
after  first exposure
Other men born              2       4             4          14         9               9             42
1901-1914
The observedrelative risk for lung cancer 20 ormreyears          after
first exposure in post-1950 employees was 4.9 (8 observed, 1.62
expected;   95%confidence limits, 2.1-9.7). ThAs is significantly
bi&er (P = 0.01) than that observed in um entering betcJeen1933
and 1950 (22 observed, 13.85 expected); but, as the majority of
loyees in this study were still employed in 1951, it
that this apparently msrked increase in risk is largely
The eventual relative risk for lung cancer amngxwn
cumlative exposures of about 200-300 fibres/ml-years
magpitude of the average exposures of men first
eaployed in 1951 or later (Table 3)) is therefore probably between 2
and 3. This is in wly             close agreemxt with an earlier
analysis (Peto, 1978)         whichwas basedontheassm@m          that the
relative riskmuldbe        a&t2    inmenwhohad suffered cumlative
exposures of about200 fibres/uiL-years and indi~tedthat       lifelong
zurrto        2 fibres/mlmightmer&uallycauselung       alcerinabollt
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'lhe risk  of lmg cancer 20 years after exposme in post-1950 workers
was 4.9   (8 obs. vs. 1.6 exp.), which is significantly   higher than in
workers   initiallyqmsed     in 1933-1950 (20 obs. ~..13.8 exp.). A
relative   risk of 2 to 3 for 19 cmcer amng men mth cudative
exposures of 200-300 (fibers/cm )(yrs.) was estimated. No clear-cut
gradientinriskoflung      cancerwas associatedwith increased
exposure, suggesting that exposure estinutes may be imprecise.
8.     Chrysotile textile workers (South Carolina)85 were studied to
investigate the risk of exposure to this asbestos-type mineral.
Themrtalityandexposure          datawere analyzedin -ways.        The
first fonIued the or&odox man-years life table approach of Hil1104
and others, whereby standardized mortality ratios (SlRs) are derived
francanparisonof&servednuhrs            ofdeathswithnudxrs       expect&
franmrtality      rates in a standard population. In this case age-c t
sex-, race (colour)-, and year-specific rates for South Carolina. >c
mre us&d. The secondapproach, essentially internal and                   z.
followed the Mantel-Haenszel (or log rank) Gi
yZelding relative risks fran entirely intracohort
In calculating SlRs a"lagtir&oflO        yearsbefore
death (or end of 1977) was inqosed in determining exposure, and only
deaths20yearsormrefranfirsteu@oymnt~reincluded.                      Inthe
Mantel-Haenszel analysis the same exclusions were applied, controls
being selected frm all other mapbers of the cohort of the same sex
and colour (black or white) who rrret the following criteria:       (1)
alive at death of case, (2) saw year of birth, if in or after
1900, or within five years if before 1900, (3) within five years of
date of first employmnt, before or after 1938. The statistical
significanceof     differences be~obsexvedandexpectednuhrs                in
9s analysis and for departmes fran 1%ity             were calculated as
X values by the method of Peto and Pike.           Lines were fitted to
qmure-response results by Liddellusing          themethodof Hanleyand
Liddell
---   (tobepublished).
f dust concentration in millions of particles per cubic
)and durationofexposure     inyearswere established for
Tables 2 and 3 give exposure estimates.
Table 2   Esnmaied   average   prrvarliq         dust conccnrrationr                      (mpr/)           in mnrtt depanmmrc.           1931)JO
lOJO                                            l94U                                IWO                           I voo                           1970
tbepNalmn                                                  3.5               l                            24               .                 I4                    .             IJR
CUdWIg                                     3.1             l                              1,s

I?        ’                WV
ifz12;                                     3.5   2.8                     1’                     1.724                          .                                1.h
I.1
Tmtrng                                           6.1               l                            4.0                   :                              I.1
2.    I                 .                I.5                                                                  .         I?
I.4                                .        I.0    l            ccn                     .           I).   5
‘Aqmenr   ~provcmcnr usually uwc~rlrJ             wth          NChNCal           change
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f&k        3- Ap         +IUO”, dumrion of rmploynunt.            and dust expOsUre (mm              On!,l

Lmgfh       of gmrr rtnwc       f veers )
No                                                                    930                  514                    421               465           2410’
Average           81 urn     (yeus)                                    25.6                 23.9                   L&S               23.2           25.77
Gmm semce
.‘C (yem)                                                          8:;                 2.43                   1050             31.86           8.71
Net enia  (yew9                                                                               I.81                   7.5s            2P51            7 59
AVCS~C dun c0wcntrataon               (mpcfB                              2.1 I               I A6                   I.67              I 23           I4tl
‘Excluding       live whew employmcnc          Instortes were mcumpktc
Mortality of themales ofknmnage                                                  shcmbyage                         and cause is
presented in Table 1.
Covv   ofdrcuh       f/CD code)            .
AU caules
Mltgnant   neoplarmr:
Lung (Ib2-164)
Owophagus rnd uomech ( I SU- I5 I )
Co&n ml rectum ( t 52- 154)
Other rbdoaund.(IJSI5Y)
Luym (161)
Other (ru~8.     160. 16S3J5)
Heul Qrue      (4w-443)
Rm&~rlory    tubercukms (ltlJI4WlII)
Other rapwrtory     (470-521: 52SS27)
Pnumococuoir      (52-b
GnbfovascuLr      (U&334)
Acadanu (BUO-9991
Other known cauw
Cmllec not known
.          Table4 suzmarizes thenmtalityexperiencebasedonthemdified
life table analysis. Overall, the NR (all causes) is 27%above
expectationandperhaps twice thatinmneqhyed        5 years ormre.
rN                 c omplrrr cctkm
_       - _..__   --       -         ---
0     S\fR          0     SIIR
--              -
I711   l.lb.7       570 1274
w      7n 2          IO     1639                                         20    3173
6 107 v               s    14h.J                                         tl   151.4
I? 1w2                  7    l2J.V                                          7   , 4b.2
6Y lllX4              34       n7 tl                                      71)   Ixn
I 231.8              I    147x                                           I   1115
,;I) - 51.3           ,A,   - l4S.h                                      27    557 5
(W     -
9     HlO            14       IV30                                        v      76 ?
Accdcnts                                       In    121.2             n       IN. 7                                      Y      w54
Other known                                    30    I lb9           :I4      175.5                                      ?I      v2 3
Not known                                        3                     3                                                  0
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- 36 -
is (a) a 7% excess of deaths even in men eqloyed less
than me year, unexplained by any asbestos related cause of death,
and (b) a 32%overall excess in deaths of "other Imum causes," the
S4Rs areprobably samwhatinflated,mrtality       inSouthCarolina
having presumbly pravided sn imperfect basis for caqarison. kch
of the excess, however, is clearly attributable to respiratory
cancer, pneumconiosis, and gastrointestinal cancers. Table 5 shows
the cohort mrtality,  related to dust exposure. There is a steady
gradient fran 115.5 to 264.4 for mortality (all causes) and a much
steeper slope for respiratory cmcer and also for selected other
respiratory diseases (which include pmmconiosis).      Nocleartrend
is apparent in the other diagnostic categories.
Table 5       Male drarhs   10 years uf~er jirsr emp’loymcnr.         hy cuusc.   m rdaaon      to dust exposrcre     fmpc$vJ   accumuiared       to IO
wart   More     death
All cau5es                                37b     IIS.          55       125.5         63       IJbY         41        17QU        33     2b4.4     r
Mahgnrnt ncoplasms                                                                                                                                   k
;F.:3                                   28
31
I4     140.0
II44
143.1          45      221.6
lH2~7          4aI     217.0
30.4~2
44.9          7i!l    419.5
xl34         U
w    103 F.9 i
Ya3.5
I Iem dwasc                               143      103.5        2;:      tz::          29       It66          IO      -RX6          i:    149.9
Ropm1osy     lubcrcul~nlr                    3    2644           II      -              u       -             I:        634.4       0
other rcrpratory:                            II      MY                   1IV.S                 421.7                  1407dl            1:wt.o
Pnaumoconwwr                            (0)   -                                     $1      -             (yb     -             Q)
Ccrebrovascular                            2v      I IS.3       +        <“.()                  124.4                    u3.4              v0.n
Accldcnls                                                        2         54.1         5        IS24           I        4Y4              IN-0
Orhrr known                                ::     I::::          9       Il6.V          4       630            :        111~5       :     atA 3
No: known                                  10                    II                     2                                           I
Table 6 shows the results of the posteriori Mantel-Haenszel analysis
for certain diagmstic groups only. The nuuber of deaths included
in this analysis falls short of those used in tables 4 and 5--for
example, 490 cmpared with 570 fran all causes; in the mnainder no
matchingcontrolcouldbefoumi.          There is clear wnfinmtion of a
statistically    significant linear trend in lung cancer,
pnegocmiosis,anddeaths         (all causes) butno convincing
a# - tim for the abdminal cancers.
3!ki!!
.. -
death ascribed to nresotheliana was found--a mm born in
?iilRz      died in 1967. He was first errployed at the plant in 1925,
work& as a mile spinner frcm 1933 to 1955 and as an oven helper
until he left in 1965. The tumur was stated to be peritoneal but
there was no necropsy.
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All     CJ”.c’\
131     JS       s\        17      24       I1 4:   lllhl
Ik.ith*
I x wed                              \4x 0   Jh.:     4h.5      12 4    10
Hc 1*.,II\C   rl\h                       I     I 05      I.41     I21     ? I7

This study shows thattherelationshipof                               lungcancermrtality               cc?;c
accumlateddustexposureisvirtuallylinear.                                                                -e
The pattern of m rtality    in this cohort of chrysotile textile
wxkers is simLlart0 that reported forQuebec chrysoti+~w~;lnd
m illers, particularly those emplayedat Thetford M ines.
the SMRSfor&e factoryworkers are sumwhat-                than for the '
m iners (perhaps due inpart toquestions ofcaqzmbilitytiththe
reference populations). There is the samescarcity of deaths
attributed to nesotheliana and, in both cohorts, the relatimship of
lungcancerumtalitytoaccumlateddustexposure             isvirtually
linear, It is onlywhenactuallevels        of exposure are exminedthat
the astonishing difference betxen the experience of these ttJ0
chxysotile-exposed cohorts is seen. This is illustrated in F ig. 1
tire,    to facilitate  carparison, t$9 SlRs inbothcohorts arebased
on exposure accumlated to age 45.        In fact, the slope of the
exposure-respmse line for lmg cancer in the textile tis            is 50
almxt exactly the findings of Jkmnt et al.
cokmfranthesameplant;the       agreemzfsvexy     close (see
Thr!datashowninthisgraph~basedonmrtalityfor
only,15 years ormre frm firstenplqumtandtherefore
differ                   samwhat frau the figures in Table 5.
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*’ .
ryxi,                                        ,’                   ,/’
,’
,’                   /
,y,”      I
,’
cc,’
Fig 2 Rtsprarorv    canctr    SMRr tn wht      nun   I5 won or
Fig I Resp~roror,v CUIICW SAIRs in rthon              IO clus~                     more /ram )ijr tmploywnr        m rthion   I0 accvmula~tcl cltlsl
cxposun accumulurtd   10 age 45 in chwsodt             producnon                   rxpwurt.  Cumpanwn        uj rhls sludv and Jlar oj Dtmtnr     Cl
and wxnk manujbcfure                                                               41 ’
Various reasonswere discussed to determinewhether thediffer&&:
observed were due to errors in exposure estimstes, etc. Assuning -+=
errors, the difference rmains,at least 10 fold.
9 . Anothercohort    of chrysotile asbestos factory (textile) workers in
aPemsylvaniaplantwas     studied,which included those employed
during 1938-1959 for at least one mmth. Cm&Mite         and aaosite
were used at this plant also. Exposure dataare showninTables 2
and 3.
l Astcnrks shown I unrt temtle prtaccues mdtcrw rppnwmatc                dars of mprmcmcnts           usu.tlly nsuwrtcd      ulth techmcsl change Figures IN
fncnon and other J epanmcnts are cswnacs for each Jccak
Table 3   Agt aI sIar1. durunoll     o/tmplovmtnr.        and dusr txposurt          (malt      onir    I
NO                                        I248                      YUtl                       855                   1013                         4ux*
Arcm&c 8p at rtrn (ycm)                  284tO                    2931)                     3077                    27.2’                         28.92
Grou Yrvhx (yero)                         0.40                                              I I.01                  W63                           IO.71
kl YMCC (yc8n)                             0 38                    %                          8dc5                  27.3 I                         9.1&l
Averqe dust conccntrarton   (mpcf)         2 6~                    2:ro                       2.73                    I .cR                        2.3:
‘Exddmg    two whcu   ctnploymmt      hwuncs      were acomplete.
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b wasa~lyzedasin#8above,usingPenmyhmia               death
rates for reference. Mortality   databyage   andcertified   cause are
presented in Table 1.
Maligpantneoplasms,beart disease, and"otherrespiratoq+'disease
were mainly responsible for the higher SMRin these lmg term
UOlhXS.   ~otherrespiratorycategory~ludedbrwzchitisand
pteumnb (ICD 470-502) and pmmconiosis (I(=D 523-4) and was
chosenforstudybecauaeexpectedfigures        for pnemxadosis alone
were not available.   Table 5  shows SlRsby  cause andbyaccumlated
dust exposure. The SMRfor all causes rose steadily fran 93.1 for
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an exposure at under-10 mpcf.y to 215.2 inthehighest
category ( 8Ompcf.y). Respiratory, abdominal, andothermalignant
diseases and therm-malignantotherrespiratory
contributed to this rising trend. a14 deathcertificates        a
diagnosis ofmesothelianawas specified:       1Owerepleuraltmmrs
and four peritmeal.     These deatha occurred in the period 1960-75.
he (in 1960) was 16 years after first qloymnt;        the rmaining 13
occurred25-53 years after firstenployment.       lhoof thedeaths fran
mesothelianahadbeengiventhe       ICDcode199 (malignantneoplasm of
otherandunspecifiedsites);      another 30 deatha 15 ornmeyears
after firstemployumt~regiven        the code199. Seventeenofthese
30 deaths occurredbefore1965,     theyearafterwhichmstofthe
deaths franmesothelianaoccurred.      Thediagnosis givminmanyof
these caseswaa consistmtwithanunrecognizedperitoneal
mesotheliaoa.
82 I     I30        I2S.b
Haltgnrnt ncoplasms
Rc Iralorv                  .    ?I     tlh.Y           ii349           II)              6   IflU      II   41tl.l
AJ 0md                           26     vu. 2     :    13u.5                   ‘%
Other                           47    13tJ.4              bl   5       1:     148.6         :A::!:   I’7    237.2
372.11
tlcan Jlscne                      221    102.7     4:        IIY. 2       Ml      13ll.6       1305     2;     108.5
Rcsplrrtory    1uhcrcuI~lYs          I    34.3       0   -            -          -             lb’47      I    lb3.b
.   Other resptrrt~wy                                                                              b23.3           I bW 2
hcumocomos8s                                                                                         (E,   -
Ccrcbrovuculrr                     y;,   - 7ll.3
43 b    ,:I   733
I??.0            IIll
w0    -263.0
133.5        Gil.2             29.3
ACWJClUS                           ::    1211
73.3I   17:    Iwo
50 2            2:       IN+
lW.7         IY3.V      :      914
Other known                                                                                    172.:             Y7.8
NOI known                          I2                I                      0                             :
The Mantel-Haenszel (log rank) analysis lo5 (table 6) bore out the
expqure-response relationships observed in Table 5. There is a
fall (5% overall) be-     the Ilumbers of cases used in
sia and in the man-years analyses presented in Tables 4
B       The deficiency is explainedby failure to findmatching
&S&3     for every selected case.
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Rumrm,o~o~s (ICD 523)                    3          4                 I1       28      W5b    39.17
E acd                                 14.b        8. I   I~~                 14.3
RcT we risk                             I         404     13.72     I:.:,   37AJa
Lam&;+        (ICD lb2-4)                           4       10         0      II       5.77    4.90
ttcctcd                          .    it.4                 80        5.6
k    IlW risk                           I         it83     I.54      2w      ii2
Abduntd      caacer (ICD 150-9):        26          8        5                     7   3.22    I.09
iiilzt%a                              21.8        b4       7.0       i.3
I          I.15     Mb        2.45    ii5
All CIusca
Deals                               451     .   81      121       loo      99       we     26.12
!ixfz”,k                             47trb
I        104.5
082   II&b
I.20    804
I.6    72.0
2.12
The present cohort in the Pennsylvaniaplantwas constituted in .ik
exactly the samewayas that in ~5SouthCarolina    chrysotile     Ti
textile plant described elsewhere.                              -+*
~P~lvaniacohortwas~sedtoasomewhat~~average
dust concentration: 2.32 qxf cqared with 1.80 npcf in smith
Carolina. Themrtalitypattern          inPennsylvaniarese&ledthatin
SouthCarolinainshawinga~singSMRwithincreasingdust~stne
for all causes of death, for respiratory cancer, and for
pneumocdosis. For respiratory cancer,howwer, the -for                 the
1-t     exposure group (less thm 10 qx2f.y) was 115.5 in South
Carolinabutonly69.9       inPemsylvania.      BycontrasttithSouth
Carolina,where the SMRstendedtobe above100 for wesun#aa
to asbestos, and for all causes in very short-term employees,
opposite was true in Pennsylvania. It seems likely that in both
cohorts lackof ccaparabilitywith        the relevantstatepopulations
may be the explanation. Having regard for this possibility,          the use
of relative risks is perhaps mre appropriate than ZMRsfor
respiratory cancer mmtalityofthe          two cohorts.
that the relative risks of death fraa all causes,
cancer,andpneumconiosis inthe twoplantswere
ly similar.     Inbothcohrts      the relationships of
respiratory cancer to exposure wlere essentially linear (figure) with
slopes thatwerenearly       identical (SouthCarolina, RR-l+        0.059
mpcf.y; Pennsylvania, RR = 1 + 0.051 uq3cf.y).
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T8bYi$llg2
;                                                             - 42 -
‘VI risks based on SMRs by cumultanvr exposure tn IWO plants
--
=,‘=v                         mPdY
<IO                IO < 20            20     < 40
All    c8uscs:
Sow8 Cuolm    plrnc                       1.0                 I4Y                f.E
knmylvml8  plull                          1.0                 0.88
I.0                IJJI
2 7Y
b40
b03
21.36
14*2Y
1967
38.74   .
hnnsylvuur         plmt                    I.0
Figures m ~trbo UC rcl~uvc           risks cakulrted   from SMRs JI zero crporurc   derived from Lctcd line.
Similarproportions ofalldeaths   inthem      cohortswere from
malignant disease (17% in SouthCarolina a&18% i.nPennsylvania~,
bathe types of mal~cydiffered.         ZnSouthCarolina respiratory
cancer accounted for 47X, abdaniml 252, and other types 28%whereas
inthePenrlL3ylvanbplantthecomspm~proport~were                    -3
reversed, 27%, 29X, and 44%. Moreover, in South Carolina no
systenic relationship with exposure was seen for EbdaniMlorothe$
types ofmalignmtdiseasewhereas     inPmnsylvaniatherewas          ,5
evidenceof sucharelationship.
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risk of mesotheliana in the Pennsylvah plant (14
cases in 1392 rde deaths (1%) caqaredwith me case in 867 (0.1%)
inSouthCarolina)      raises thequestionofwhether     the abdauimlmd
mreparticularlyother        types of cancer includedmdiagnosedcases
ofnwotheliaaa.       There is saw support forthisidea     inthe
substantialnudxr      codedto ICD199 (malignantdiseaseofother       and
mspecifiedsites)      andthefactthat17      ofthesedeaths occurred
before1964whenmslQquntmesotheliana          started tobecanemre
generally recognized. Once again there is evidence in this study of
the special riskofrpesotheliapaassociatedwithBcposureto          even
quite small proporticm of @$bole,         in this case predanhmtly
auosite.
The very similar exposure-response relationships for respiratory
cancerandasbestosis observedinthis         and the SouthCsrolinaplant
supportthepreviouscazclusFonthattherisksofthesediseases~
chrysotile production (mining and ~Llling) and in textile               i c
msnufacture arequite different.       In the thirdplantstudied,a      ';.I;
friction materials plant in Connecticut, there w little or no 5:
excess risk of respiratory cancer or asbestosis.          Tbisw  also
true ina frictimuWerials        plantintheulited        * dan.
Possible reasons for the striking epidemiological FE! ferences--fibre
size distr&ut~      inparticular-havebeendiscussed
elsmbere.“”    LV’
10. Mortality was studied 70 znmngasbestos-cement workerswhohadbeen
hiredpriorto1960     mdwhohadbec?lleaployed for a rrdnhun of 9
years.
Table 1 gives the mrtality  rates for
- each
_    of the three exposure
groups of production mrkers, for the interval 20-33 years frm
first fqosufe.
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- 44 -
exposure levels (in f-y/ml) we:                                        Group A-44; Group B-92;
and Graq C-180.
Themrtalityobservedaxmg       the employeeswas caqaredwith the
mrtality   predicted fran Ontario population rates (Table 2). To
increasdthe m-years of observa&n in each cell, the se-d
group, fisted as P + M in the table combines the experience of
T&de 2 MorrPliry among the factory workers compared wth the popularton of Onfarto
&we                         Group             Yean mncefirst 44ponue
iw9                20-24                  23-33                Tad JO-33
Clbr   &rp    OIE   Obr     Exp     OiE    Ohs     Esp    O/E   06s   Esp    O/E
8.9   I     2       lI4l    I.4    34      II 6   20    M)    34     21
Alluuvr
F+M

I:

11.9
5.0

I4        7
IS.5
5.9
I4
1.2
39

I5 I
14
‘6

bl
14
P                        I.9 I
P+M                :     25 I        I’:      243     3.0
3.2   20
23       5.; 69
62      29
34
C                  3     1.1 27
F+h4               I zt               6
3      :.:
I0
2.1
6.0    II
I     111 1
IO I1.U

17
32- ci
2 0 7J.c
C                  : 0:30                     I ’
04     0543   I’i                        25 lh
II   I
Mcsotheltomr                P                  I     -     -         2    --             4       -     -      0    __
ICD 163.158.228
G88tromratm8l cancer                                 0.5   0
ICD. l5GlW                  ;+hl

0.7
03

0.9
07
03

04
0.7
0.4
29
33

34

i.i
0.7
:r‘1
i’
Noa-tnaligttutt             P                                        I    0.7    I        3     08     38     4     15    2.7
rrtory dtscasc          P+h4               i     0.6
04    I
E?E. 1M5l9                  C                  0     0.3   0      i       0.9
0.4    03 3     4I    Ii!    I
4.0    71   04
19     37

lrhwmtc                     P                                        2    47     04      5      :.i     1     7     9.3 04
ltcrrt dlw8x                P+M                :     49
3.9   I 4       3    6.2    05      6                    9    I? 2 0.7
[CD. 41M14                  C                  3     2.1   I         I    2.4    0.4      2      29     1     3     5 3 0.6
10 deaths fran nxiligmt ~sotheli.ana (5 pleural, 5
) mmg the 58 deaths occuming intheproduction
ional mrtality   of 17% (table 3). In addition,
workers died of a pleuralmesotheliana.    All
exposed to both chrysotile and crocidolite in
*pipeplant*        The mean age at death of these 10 mn was 51 years
and nane was over 60 (table 4).
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AL
T&k         3     &J&@   ram from mesothcl~oma and lung CMCW mmg                  the prodvcrion     workers Shed            on best evtdemce)
Timr nnce fin1 upasurc                                           Age
lyean)
Js44        e-s4             u-64                s-n                      7sormon
Mawlhcboma               No of cases                           2
I s33                  Mao- errs                           413             d                62                                           A
$eCof Tcyr~WO man-years)              4u               54                 43                                          0
M33                                                       I                5
Man-years                           124              493             42                  2,;                      2%
Rate (prr 1000 man-years)             R.0             IO. 1               62                0                      0
Lull cmcef               No of CIYS                                                                                 6
I E 33                MUl-YCUS                            4,;              8hP             2                   244                      2t.5
Race (per 1000 mawyears)                                                 Ill.7            24.6                    46.5
-33                 Man-
Noofcaacs
cm                            1248             493i            A                   2,:                      zt s
Race Tper 1000 man-years)             0                 0             22.7                28.2                    46-5
Omrno rates (based OII                    0.1             0.5             1.7                3.5                      3.8
ntal stausha 1410-4)
(per lUJU man-yean)
The mortality rates for mesothelim aumg the productim kmkers
are displayed in table 3 as a function of age. Table 5 gives the
crude incidence rates for nresotheliana amng all the             !>
asbestos-exposed eqloyees, g related to the time interval since <f
first exposure. Pet0 --et al.  havesuggestedthattheincidenceo$~
mesothelians follows a power function relationship with time. The=.
data are consistentwith this suggestion,with an exponent value of
bemthreeandfour.
Therewere       deaths franlungcanceramngthe58deaths          inthe
production workers--a proportionalmxtality      of 34%. Pathological
informtim     about 17 of these 20 cases indicates four wre
adenocarcirtanas,eight~esquemnrs,f~~resmallcell
undifferentiated,   and one was a large cell undifferentiated tumr.
As agroup, thesemenwere firstexposedto         asbestos inthis plant
at an older age, and they died later in life than the pllendying of
u~sothelicm (table 4).
Table 4 Some rharacterlstics of the cases of mesotheltoma
and lung cancer (Classtfied uccordtng to best evtdence)                           Table 5 Inctdencc rum o,fmesothelioma along the
productron and mumtrnuncr workers exposed to asbestos
Alran       Range           Sfac.hrJ
de ,uno,n                                            rime    SIUI      firs1 uposwe           I.?+-1

Mcw1Ilehoma         ta-dJJj                                                                                        Is-19          a-24         U-29                  -34
Iv-32           43
g    :: !E,Y@=                  i;;         c-57            54
17-30           ?d                  Noofuwr
Larcncv (ye*-                                                                                                    Id              106:         55:                  12
Lungunccrsfn       = :!li                                                         Fs;;cd
04          3.7         9.0                     9.6
A&’ all llf\l capw1c            ?4          31-s:           h4
N           tc7n                                (per lam man-yerw
Age at death                                                50
La1encr (ycrrsl’                25          I 724           36
‘I ~tcncy ts the snwrval from hrs~ rrpnure   to JcJth
workers at this asbestos-cemnt factory exposed to historical dust
conditions have experienced increased mrtality rates fran
respiratory and malignant diseases. Xhelung cancermrtalityrates
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did mt increase steadily with increasing estimates of cumlative
~sure;infact,thenreninGraupCexperiencedthel~stcancer
rates of all. This may have been due to the mall nmbers involved,
to differences in smking habits, etc. Rates of death fran
mesotheliamwere related to themagnitude of the emulative
exposure.
The cunhtive    eqosure awng production workers was estimated (to
within a factor or 3 to 5) to have been abwt 100 f-y/ml, and the
SMRfor theperiodafter       20yearswas 850. The authors concluded
that the lung cancer rates, at a cumlative exposure of loo-f-y/ml,
may be raised several-fold.
11. Table 1 presents observed deaths and standardized %grtality ratios
(Wb) for selectedcauses ofdeathfor        the cohort of production
and maintenance-service wrkers (1075 men) for the intervals 1941-69
and 1970-3, which comespond to the original follow-up and the
update periods, and for the total follow-up period 1941-73. For
period 1941-73, this cohort had an overallmrtality       rate 20.4% ;F
higher than that of all United States white males. This excess k:c
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 sm excess also in cancer of the
digestive system and all other cancers. For respiratory disease,
the excess is due enttiely to pneumconiosis and puhxmry fibrosis,
19 cases of which were due to asbestosis (EC 523.2). The pattern
ofdeathswas sixnilarduringbothof       the follow-up periods, although
overallmxtality    and cancer rates were samwhat hi&r        during
1970-3. The increase in uverallmrtality       for 1970-3 was primarily
duet0 a large increase indeathrates      for stroke. whether this
increase is in any way related to occupational exposures is unhuwn.
T4DlF   I
Oa.,tn\t,,     [)I ,,,,s   A,,, SMRz ION SII~I TFD CA~SIS ok Dt4rtt                 BY PtRtotJ Ot Fottw.
, P, 1075    MI 4 ft,rtrw.     INOU   4 tl\trl     I) STATFS    hSDFbW3     COUP4~h      1941 -67    *bD
I’OI I DUlll    lltnoc(~tI   1973
2--c
1941-7J                   1941-69              1910-l
ObSCWCd       ObSCWCd                             ObSCWCd
CauxofDeath                   Deaths SMR    Deaths SMR                          Deaths SMR
All causa                                 181   1204    616   II58                          I65        1416
Cancer (I40 205)                        I13  I590    I38   154.5                          35        1195
Dl8csllvc~15&159t                     55  13111    :“,  136.1                            9       I47 5
Rapwa1ory(l62      163)               63  2104          2707                            I4       269 2
Allothercanccn                        55  IZOb     43   115.0                           I2       t46.3
scrokc(33o- 334)                         14   964    2::     16.1                         26        I83 I
Harrdirur(~          443)              321   I065          108.4                           52        97 1
Raptramry dmaw (41s 527)                 bU  1130      54  118.2                           I4       I551
Pneu~ottrusir    and
pulmonrry fibrosa
023 52st                               31                       25         -         6          -
Asb&ws~s~5232t                               I9                       I6        -          3          -.
Allothcrcauvl                              II3          92 5          96        94.6      I7         82.5
Du~hccrclScatanuc      located               31          -            II         -        21         -
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of exposure were based on midget inpinger counts expressed
in million particles per cubic foot (xqpcf). Five classifications
wereused. Thesewere:
no exposure (O), less than 5 mppcf (2.51, 5-10 qpcf (7.5), lo-30
uppcf (20.0), 30-50 nppcf (40.01, 50 or mre qpcf (62.5).
Tocaaputecua~lativedustexpaslaefareach~,thedustlevelat
eachjobandtimeperiod~mrltipliedbyyears            atthatjob     and
suxndacross all jobs duringhisworkinglifetin~.         This total
cumlative exposure canbe thought of asnqpcf-years.
TMLC 2
OWEUVLD     &ATM      AN0     SMRS     m         RMUATOUY     CANCEU     DY    tOYAL
DUST Ermwrc           AND      Rwoo     or Fauwur.   1075 Wlw
~ETlUlM Iwi           47     AND    FOUDWD    TNUDUDN 197)
-                                                                                                       -
Toul Dw                      Man
ElpOBW8    Numbu          EIpOIMfC               WI-73              I94149                  19107~
(m9pcfqan)    of Men       (mppcf-yan)         Datlm        SMR     Daib       SMR      Dwlr        SMI
under I25        437            62                 I9      197.9     I5       200.0       4         Ma5
125-249          224           I82                  9      180.0              roO.0                 IO.0
25@0499          265           352                 I9      327.6     I:       309.5       :         175.0
mo- 749          I05           606                  9      450.0       8      470.6        I       131.3
not               44           916                  1      777 8        5     714.3       2       lam.0
Table 2 shows therelationshipbe~totaldoseexpressedas
uppcf-years andmrtality    franrespiratory   cancer'. Foreachdose
interval, actualmans are shm.        These data, plottedon
arithemtic paper, are also shown in Figure 1."
kaLcrelationship            shamisnotsinply   the resultottime    and the
0               fulfiiling     0f latent +Gd  wts.            As mtedlB  a
&bus           paper, thedoseratemakes an important contribution.
Therewere5nresotheliamdeaths                                        observedinthiscohort,ofwhich                        3
occurred during 1970-1973.
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a   700

200
100
-I
100     200    300       400   500   600    700     000                900   1000
CUMULATIVE      OUST EXPOSURE vwct    - yrsl
F~c.t RI I Total osbcsws   dust crpuwrc   l ttd   roprator)   cancer mortaltty.
In an earlier report, it was speculated that the raathematical form
of the dose-response relatimship was the cumlative normal. The
theoretical basis for this cmjmtye8was the response cmve in
bioassayexperimmts.      Sc@idermsn       has fitted a different cume
to these data, while Pet0    believes it is best described by a
simple linear relationship.  It does appear that anitting the
Canadiandataandadding4uxxeyears         of follow-up change the
relationship and make a linear relationship mre likely.       By use of
the five data points franTable1,    this relationship canbe
,~~$~~-~5on:                 predicted SMR- 100.0 + 0.658

'll!Z%orrelation between emulative exposure and respiratory cancer
SMRis 0.982. This prediction line is superiqosed in Figure 1.
Respiratory cancer risk increased as the quantitative mposure level
&creased. The SMRfor thelowestlevelwas       2.0; for thehighest
level, 7.8.
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exposure with respect to lung cancer risk
termination of exposme.
me sMypopulationof -- retirees are "survivors," and mrtality
experiencemaynotreflectactualrisks     associatedwithasbestos
exposure. Most likely, risks were underestimated.
12. Mortality of asbestos factory workers exposed to crocidolite,
chrysotile, and/or amsite in the produ@m of textiles or
insulationmaterialshas   been reported.    Thelevelsofexposure
we reported as follows:
(1) before1945 the dust levels in certainjobswere                                                      said to
average 20 fibers/ml orhigher;
(2) jobs classifiedas                   "low-mderate" were probably 5-10 f/ml;
(3) inn~~~pm&ction      jobs and sane departumts the levels were 5
i                                               *$
5,
(4)   after 1955, nmny areas were probably above 2 f/ml.
Laggers were considered separately.
The male cohort consisted of 4600 men and 922 WCUBI. There have
been 775 deaths aumg the male workers. An analysis of the 545
deaths thatoccurredaumgmrkers,       excludinglaggers,whohadbeen
folhed    for 10 years or longer is presented in Table 1.
Asbestos-related disease is rarely if ever manifest in those dying
within1Oyears offirstexposure.       IntheTables,    thedeaths fran
fm3othelialtumrs    are given inparentheses but are included in the
totalnwherofobserveddeaths       inanyparticular    diagnostic
category.
c2 Yan                        >2 Yan                      c2Yan                          a2 Yur
084)                          (5541                       (937)                         (512)
Gae    d Dmb                  obcrrod         Eqmod            Obund         w=-d     -                      waw       -                   w
All aam                                     Il8(4)             1110          89 (7)         95 3   hbzq 16)                122.2    I76-(l9,                I025
Gomsd~rdp&un(ICD                I62.163)      l7(3)             I I .Ol      lM( I)          9.0    JI*(6)                  12.8     Y.(7)                    I(4
Ch-mauhla_ca(ICD            l5&15.)           IO                  90          9 (4           73                              95                                1.2
Its(I)
OllroRmvl                                      6                  7.4         8 (1)          5.8       :::I                   79
-akrrginmrydirw
W4,                    6.3
I9                I7 5         I6             I4 7       20 (I)               II.6        =a                    I59
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&re          46 deaths fran~sothelialtumrs,        19pleuraland 27
peritoneal.    All have been validated by histologic examination.
Nearly all of the pleural tumrs were identified m            the
intrathoracic tumrs (carcinanaof thelmgandpleura,             ICD162,
163). Theperitonealtumrswere          includedwithgaatrointestinal
tumrs if certified as a peritoneal mesotheliana (IQ) 158) or if
confusedwithcarcinanaofthebowelorpancreas.              Theywere
included with "other cancers" if certified as carcimnatosis (ICD
199) or as sarcana or other tumrs. 'Rm deaths fran rmothelial
tumrswereidentifiedaarmgcauses          ofdeathnotshowninthe
Tables. There were, apart frfxn pleural mesotheliana, 103 deaths
francarcinawofthelung,whichrmainstheumtccmmn                     tzumr of
asbestos workers.
Statistically    significant excess mrtality   fran chronic respiratory
diseaseisseenanlyamnngthosewithlongandsevere~sure.
Asbestosis was given as the cause of death in 13 instances but as -3
theunderlyingcause        ofdeathin34  of thedeaths franlmgcancez.,
andin        of thedeaths frcmeitherpleuralorperitoneal               --C
mesotheliana. In four instances, coronary thrakmsis was the ac*
cause of death. Inthemajorityoftheabovecases,expofmrehad=
beenlongandsmzre.
Table 2 shows themrtalityexperiences     of the laggers. The
majority of these men were first eqloyed after 1955. It is the
custan,hwever,   for laggers toworkoncontract       forvarious
employers, and sanenlayhavebadprevious exposure, so the authors
are not entirely sure of their durations of exposure. 0nly
appmximtely 2% of the entire group has been followed for 30 years
orlonger,butto    date theirexperienceisnotdissimilar          fromthat
of other swerely exposed male workers.
oburred   E+cIcd
All QYIQ                                839 IO)     s7 2
=--       Canan af luq and pleura (ICD 162.163)   25.(J)       5.6
Gwrointatmd    uncer (ICD I w1- IJO)     8 (5)       41
othcrunan                                8           JI
Chmw raprrtory    discaw                I2           74
0) c 0.001.
Mortality experience was also e2mmhed according to the length of
follow-up, and an analysis of the standardized mortality ratios
(SIRS) for cancers of the lung and pleura is presented in Table 3.
kgeneral,    the WRincreaseswith      increasedlengthof     follaw-up and
withincreasing~sure,butforthosewithlong~sure,the~
arehigher inthegroupwithfollmmxpsbetmen20               and30 years.
0nly 20%of these workers have been followed up for 30 years or
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q,    andaxmntly                              about half of the deaths frwlmesothelial
aq@!wmdbem20
c-                                              and30 years after their first
TAXIS 3
C&NC    II\   ot     Tttt       1.1 Nt,     4~11    t’ltl’n~         IN   M~ltr        (SMRst
Low to Modcrr1c
ElpOWC                                             !kvcre E1poIurc
LcnRc h of
Fdbw-up (yearn)                 . 2 Ycan                         -2 Year,                      -. 2 Ytrn             ~2 Yeera
I&20                           104                             II2                           ZSJ                  4b3
20 JO                          I59                             2bI                           2lU                  b75
30+                            271                             I84                           265                  44b
-111   &
employment.  Hcmver, ashasbeendeumstratedpreviously,
~rofQathsfrommesothelial~swill~tinuetorisefar
Sam tinoe.
InTable 4,afiner      subdivisionofjob    categories sndofperinds of
eqloyumtinthe     factory arepresented.      Itismtewmthy      that in
categories land 2,groundwrkers,        canteenworkers, andproduction
workers with very little snd short exposures to dust, the SIR was
176, andtherewere three deaths franmesothelial tumrs. Up to
1955, the estimated level of asbestos in the air was 2-5 fibers/ml-q
TABLE 4
CANCtRS        Of        Ll   Vi     k\D     PLflR4           (SMRs)

Duratton of Eqwsurc
Eaposurc
Calqory                        ,2 Years                          2 JYun                             J or Horc Yean
Low to moderate
I 2                                       l7b                                    0                              216
3                                         I?6                                  ICI                              IS2
Severe
4                                         247                                  227                              714
5                                         238                                  ?3b                              5b7
Wer,      lookbg at the death rates for mesothelial tumrs graded by
exposure category (Table 5), it is found that the rates reveal a
very definite relationship to length and smrity    of exposure.
- .-   T_                               Mfwrtttt               IOMA         Dk4Ttt R~TCS
Eapowrc Cetcpry                                                                                                      Raw per
and Duratton                                                                                                       I amoo
(years)                      Plrurr                    Pcrttoncum                       S years                 S years
Males
Lo* to moderate
-2                                  3                              I                            12.031                 33
-2                                 3                              4                             7.300                 93
Scvcrc          .
.2                                  6                             IO                            15.428                lo4
-2                                 7                             I2                             7.827                243
Laucrs
-2                                  3                              2                            7.893                  63
Fc(Iu‘;cI2                               I                              4                            2.690                 I86
Lou to moderate                     I                              0                             2.066                 4a
severe
c2                               a                               s                           9.531                 I36
>z                               4                               3                           4.38a                 360
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wxmn were employed in the traditionally    female jobs of
and doubling; 100 were employed in mattress
&do
Y      ite was wed heavily in textile dqarQmnts
was _generallyestimatedtobeveryhi&,
_ _                     andwcxm&re
--
also enployed in other production depammts, as well as in
offices, canteens, andotherlow-exposure departments. me se
patternofanalyses      hasbeenadopted, andTable 6 shows theobserved
versus theexpectedmrtality        inthe general population, for groups
with 10 years or ume of followup.
T~BLF 6
hkMtM.lTY        Exrrrltwu    OF FEYAI   E   FAUORI      WORKERS
Low IO Modcme                           s? Yan                        a2 Yan
(98)                                (3%)                          (I-1
Coux of Death                            obcwal           ExpCCtCd         ObXfWl               Expatcd   Obwd
All aula                                               3JY I )           22.0           88*( 13)               656      mn
CaaemoClungrndpkun(ICD         162.163)                 3.f I )           0.5           l5:(7)                   I.9    21:w          -f”,.:
Gm~mnrs~~~l    QI#I ( ICD I 50- 158)                    3                 I.9           l4q4)                    5.7     9’(Z)            -2-b
olbcranccfs                                             4                 32            16 (2)                 I I.9    WI)               - 5.3
Cbmmc rapmtay     duaw                                  3                 2.3            6                       68     lo*                    3.2
l p < 0.05
tp < 0.01.
sp < 0.001
Inthelow-mderateexposuregroup,          therewas medeathfrma
mesothelial-pleural tmmr. In all, there wre 13
pleural-mesothelialtumrsidentifiedandeightperitoneal               tumrs,
approximately the szm proportion of all deaths (10%) as mung the
males. Almngthe severelyexposedwomentith1               =I==--,       *e
wasagreater~~sofl~cancerthansnnongnraeswi~simllar    T
exposure. Also, apart frcmperitonealmsothelimas,           therewas an
excess of deaths fraugastrointestinaltumrs         andother cancers.
Cancers of the wary, uterus, and breast were analyzed separately.
In the group of severely exposedwmmwithlongperiods              of
enplaynwt, statistically     significant excesses of cancer of the
breast Cobs., 6; e34)., 2.1; p 0.05) and ovary (ohs., 3; exp.,
p.74; p 0.05) wre noted. Nottwxmchreliance              canbeplacedon
awe       set of figures frun one caqmratively small cohort of
wandother          factors relatedtomritalstatus        andparity that
may operate inindustriallyewployedwcmnmaybeof             importance. As
in the males, the mesotheliana death rate (Table 5) relates clearly
to the degree andlengthofqmmre.
~themalecohort,SMRof5.4farlungcancerwasobservedinthe
severely exposed workers ( 20 f/cc) with    2yearsofexposure
(54/10.4) and 2.4 for those in the low to moderately exposed group
(5-10 fibers/cc) (3U12.8). Risk increased with duration of
follm-up and severity of exposure. Nheteen pleural and 27
peritonealmesothelianaswereobserved.
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- 53 -
*-
Tn'ilkfemale cohort, the SMRof 6.0 (3/0.5) for lUK#canCerwaS
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 yearsand    2years
of employmnt, respectively.      An apparent excess of breast (6/2.1)
and ovarian (3/0.7) cancer was observed in the severely exposed
Thirteenpleuraland7peritonealmesothelianaswere
!!z%ed.
13. The experience of wticm      woxkers in the U.S. has been reported
by Selikoff, et al.    With re dtoexposuredata,recmstruction
ofwork situaFGiZandextrapo f=atimto     thepastsuggests that these
workers would have been exposed to dust levels of 4-12 fibers/ml (as
time weighed averages). Whiletheremighthavebefmperiodsof
little or no exposure, there could also have been tims of peak
exqosuresmchhigherthmthecalculatedaverages.
undulyln#   CIK8 d hall                   Eapctd*
Tad ~tb-dl      QY                                    I954               253
Tad au-d        8ha                                    12.1               95
cmaf d lrty                                           60                42
PlKrdm-                                               ?                  3
~mh8liau                                              t
Cuar drrqlum.        uamch. cdon~mum                  97                2i
CIU     d kfynr. plwynr. b&lad cavlly                   I7
CIKU d kidney                                         0.7                 ii
All aher au                                          140                15
NKidwia8pwhmmfydiE8Ka.          WI                      4.0               I4
t                 I2
Allahau                                               1593               IU
%qocad     dab     are bwd a~      wlwe nuk r)rqmcdk      US. dath rrta of the U.S.
Nuiarl   Catu    Car Hahb Swnia.        l%9-1962.   RMO for rpdk     uwa  of dalh for
1943-IW   m     exlr8pdrld   fmln ma for 1949-1955.
*Rata l m na rvdabk.     kl lhae have been nrc awes ofdath III the mrl  populrtm.
;rabres shows the mortality rates for workers with 20 + years of
followed to 1962. The authors point out that while deaths
re
F ted to asbestos exposure seen in insulation workers may
samtimes occur in less than2Oyears franfirstexposure       (lung
cancer, asbestosis, and occasionally, mesotheliapa), these are not
cmmn and, therefore, data on experience beyond the 20-year point
was thoughttomre     clearly define theinfluenceofexposure.
Observation of survivors was extended to 1976 (Table 3). The sm~
overall pattern of causes of death continued, although distribution
ofdeathsbycausechangedsamhat,reflectinganukerof
epidmiological influences. Thus,pleuralandperitoneal
mesotheliana,whichtendtooccur      saxzwhatlater thanbronchogenic
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a,          becameproportionately more camm. Thus change also
reflects the smallerproportions ofoldermenwhoever           smked
cigarettes, md also a "survivor effect."       Since the sardrers in the
originalgrouphadincreasedmrtalityrisk           (especially franlung
cancerandcardiovasculardisease)        therewouldlikelyhavebeen
caqaratively fewer of these and still fekFer who cmtinued smking
atleastthesaare~t,armngthecohort~~s,astheyears
wentby. Eheptaa influenced-by other factors asso&tedwGh
advancinglapsedti~~sinceonset         ofexposure,thismuldm&efor
fewerdeathsoflmgcancer,with           mre men at risk of dying of other
asbestos-associated disease.
TANE   3
Exmo        AND OWWED       DEATMS A~MG 632 NEW YORK-NEW JERSEV
Asmsm       INSLILAT~N Warm       JANIJARV 1. I943-DECEMDER 31. 1976
(I 3.925 Mm-yan of obwndonl
lJa&rlyiq   C~rw of Dmth                 ElpClOd.        oberved
Toul~rllarr                                            128.9           478
Tad anar. all siua                                      57.0           210
cJnardlu#                                             13.3            93
~lmmabdimm                                             t               II
~ImmakliaM                                             t              27

zzfizzr                                                :.:             I9
C8naf d don-mum                                        8.3            23
Cmar of bqnr. pharynx. buccal cavity                   2.8               6
Canaf d kidney                                          I3                2
All ab    anar                                        24.5             28
Nanirfa~iow   pulmmwy diaaoa. tarI                       9.3            45

All   aher auan                                        262.6            21:
l Eapcrd dark an bud upon while mrk rlr-rpcllk      U.S. Darth nttr of the U.S
Natimml Ccncn far Hallh    SWuta.   1949-1976. Ram for tpcilk    ause of death for
1943-1946 wereacnpdaud   flan ram for l949-I9J5.
tRrta are na wr~h#c, kt Mae hove bm rwe awes ddath     in the 8enwrl populrtton.
Lang cancer remined the mst impartant cause of excess deaths, with
93 observed, 13.3 expected. Gastrointestinal cancer was also
increasedasseenintheoriginalreport        (43observed,15.1
!=P=-1.     seventy-six percent of the original cohort enrolled in
194TI5d died by 1976.
Gig:
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- 55 -
V~ons                        in distributim             of deathsby                        cause overtime                             are shcwn in
Table 4.
LrlkD2OYW                                         IOWYW                                           Nm”Yw
NubdEkaAtmiaqCauqwy                                                 32s                                                561
MD,yDndok8mtKiR                                                 Nm                                                6263                                              z
umhflyiq      CDrrd          RJ                   W’                 olrr*rl                   V’                       -                             F#                    -
Tad bllr.         rll aw                                 9.0                   9                         m4                          If9                    2m.s                       m
lrd-.ducr                                                                                                1x5                           53                    4x4                       I55
c-dS                                                  ;:                    :                          1.0                          26                    Ial                        67
ClrrJ-                                                  t                   0                          t                             4                     t                           1
hriarrlII'-*--                                          t                   0                          t                                                   t                          24
C-de                                                  0.02                                             0.4                             :                    I.0                         I
C-d-                                                  0.1                   :                          I.5                             6                    3.8                       I3
Cuarddr-rrtUWl                                        0.2                   0                          I.9                             7                   6.2                        I6
==r            *m8*                                                          2                          a8                              2                       I9
cmDuduRDy                                              ::                                               0.4                             0                      (9              It:
AEa&raDmr                                              0.5                   t                          5.5                             5                     I&5                    '71
Nddali8mpwhmfydkEm888.
8Ohl                                                  0.1                                             I.6                             4                    7.b                      41
t                  :                          t                                                   t                          38
Anakfaw                                                   7.8                  7                         b5.3                         :                     189.5                      I54
‘w       till   we bud rpr rhw wk wrpak             U.S. hrh   nla d tk U.S. Nat-1                                        Camus tar Hrllb               w               196&19X         b       6~
#@88aml6dd8D1bf8r      194%I948 vJereutnpobmlfNJmntcrfar       lU9-1955.
tbm are lo( l mkbk. k~ ~hme kn km rare QW ddr~h II tk ml               pogulrwon.
‘Ihe experience of workers exposed after 1943 (reflecting     postwar
%leaner” conditions) has also been reported.       In the 15,520
man-years of observation dming the less than 20-year period (Table
6), therewas no unusualmrtalityexperience.          Altogether there
~efekRrdeathsthanexpected,andtherewasnoincreaseincancer
deaths.
TAILL 6
EXPKTED AND Oaerv~o     lkrna     AMM; 633 NEW Y-K-NEW    JERSEY   Aslf~ttx
IWHJLAWN Warms     FM      EWLOVED JANLAW I. I~~~-DKEMII      31. 1962.
AND OltlvED   ROY First EMPWWENT-OKEMBER il. 1976
-     -                   @whoa     Iran Oma d Em@oyma)
Law Ikll20           Yan                  20-M         Ysln
-kc-
NvLrdh6mAtcriuyCatqmy                                       03                                     523
hW.yundOkcmtim                                        15.520                                 3281
UM          Cxw     d b~l                Expcud*            Okewed          Eapamd*               o&rwd
TaDlu1m                                                39.8                   23           24.8                    39
tadm.8llaila                                            5.1                    5            5.0                    I5
Wdlwl                                               I.1                                 I8                      8
Mrrrruiom                                              t                   ii           t                       2
t                   0               t                     I
bfwlmm                                               0.7                 I            0.6                     2
cm~lg.pb8ryns.bosllc8wty                               0.2                              0.3                      I
0.1                 :,           0.1                      I
Allakraw                                                 3.0                  I           2.0                     0
NwlQplpmlmmry~ulul                                         0.5                 0            06                      7
0             t                      6
Allakra                                                3f.2                   ID           19.2                    I7
l Eqaa4 hlk       we U      rppn whw mrk wm               U.S. death rawa of the U.S.
NM       CSHRV fw Hnlth Sutmtu.      1949-1974. llrtr   la rpscrk awes of dmh for                                               _
IWi-IW    rmncnpdwd        Inn ram for 1949-1955.
*Rata are m rrrikhk.   kc tLw krr km nn aw          ddath    in tk 9encd poplotlr.
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Inus 3281 mm-years of observation 20-34 years fran onset of
exposure, therewere 3 tins asmany cancer deaths as expected,
primarily due to lmg cancer.
NO dose-response inference is possible because of the lack of
exposure data.
14. (kservations on 17,800 asbestos insulation workers ix@ U.S. and
Cana& followed fran 1967 to 1976 is discussed below.     During the
decade of observation 2271 deaths occurred (Table 121, whereas only
1658.9 deaths were expected. Theexcessdeathswereprimarilythe
result of an increased rnmber of instances of cancer at several
sites.
TAUI I2
DbArle    AWJU, 17.800 Asusta               lsr I AlMJ% Wonwra           Ik Tltb lJ*mn            Sl*rb*      -3
4w1 C~AOA        JAWAW I. I967 DMW~R       31. I976
NIAWM OI Mb* 17.600                                                       -a
MA*-YbAnS   (lb oI)RVATKM t66.#Jf
obnwad                       R8llo o/e
un)rrlyt~@ Cmac d Dath                        ElpCld             (BE,         (DC)            (BE)         (DC)
Told dark. all Qma                                I658 9           2271         2271            1.37          I 17
T-1 am.         rll WC)                            319 7            995          922            3.11          2.6
CUKWTdlM#                                         105.6           486          429            4.(0          406
nanl    maahehmu                                  t               63           25             -             -
kttaaalamalrkav                                   t              II2
Maaklmu.          ll0.s.                          t                 0             ::          1             I
CUE#Of~                                             7.1                           II         2.53          2.53
CIloadvanvb                                        I42                ::           ::         I.54          1.26
CanaT ordm-mm                                     18 I               59                      I.55          I 52
C8radlsfytla                                        4.7                              9       2.34          I 91
CJcra d gbwylk. kcal                               10.1                :I          I6         2.a           I59
Caa     or kdacy                                    #.I               I9         2::         2.36          2.23
AU abet aver                                    131.1                184                     I.40          I.91
?hlakwmplmmfy
-.        Carl                                590             LIZ             188          3.59         3 I9
t               IU               RI
All ab         QIO                              l2ao2             IOU            II61          oi3           091

%qusd             w      us U      mp wku nvlt r~qdic    US dath ma d the U.S.
.         1 M                 cam   for Hdtb &tam.    lU7- 1976.
+ku           IIV Y mubbk.    kc tLr bn km nn ayl~ ofdatb III the 6mcrrl oopllrtion
;     (w):      -      mba.         NsaW       d&lb      cUe#stttd     JkCr     myr   d     bat   rvr~hbk      tnfamma~
---       i-y.      rrgal.           dimal).
(DC). NW              ddmk       a M          ftutn dath     mr116cm i ~kmwon             only.
Apart fran lung cancer, mesotheliana, 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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Elquud*         (BE)           (DC)
1650.9        2271           2271                I .37       I 37
319.7         -5             922                3.11        2.66
I75          23                M            I.J2        2.81
72           5                I9           0.70        2.65
91           9                 7           0.99        077
I.9
20.4         d                 2:           I.47       I - 37
13.1         I5                I5           I.15       I I5
20.1         I9                I6           0.95       0.60
6.6         I2                 8           I .a2      1.22
IO.4         I4                17           1.3s       I .&3
l hPad    4nIh   era bd    rla,    diIe     mu& a#uqudk         us. &all              rum OT th us.       -f
NmhdCamlarHrkbSudim.                 I967-1976.
(BE): Irr mlrpr.   Nuder   ddacl      alqonzd     rhur maw        of &         rvrilrbk       dormata
(umpy.a@aLcbdi).
(DC): Nuabu ddnclr    m narU        from datb anhate        irfanrtior         dy.
Fkanapurely statisticalpointofview,        inviewof   the increased
incidence of cancer of several sites mung asbestos insulation
workers, it was qxxted that a proportion of these mn would suffer
m ltiple cancers sixrultaneously, wenbeyond thetendencyof syfh
findings to be m & amng individuals with cancer, in general.
Again, this muld not be reflected in tabulations of causes of death
by single underlying cause, as is the usual practice. Analysis
derunstratedonehundredmalignantneoplams        presentbutnotcausing
death (Table 14). -times      these additionalneoplasmwze
24

:,

I9

42)
iim

E
LE

C
T

R
O

N
IC

A
LLY

 F
ILE

D
 - 2024 Jul 24 5:46 P

M
 - R

IC
H

LA
N

D
 - C

O
M

M
O

N
 P

LE
A

S
 - C

A
S

E
#2023C

P
4004072

RoA_08247



- 58 -
mm&nedonthe        deathcertificatebutas      an"other significant
condition," not in the section on the underlying cause of death.
Farty wre present mmg the 1064 cases he           death was due to
causes other than cancer or asbestosis (Table 15). hung the 168
deaths of asbestosis, cancer was also present in 7, 6$ of these                            I
beingbronchogeniccarcirrma.        Analysis of the circumstances leading
to death,howwer, indicated thattheunderlying          causewas
asbestotic puhmary insufficiency, and that the lung cancers were
present but with m decisive influence at the tinre of death,
Nineteenother   cmcerswerepresentamng         the 486 deaths of lung
cancer and 10 other cancers accaqanied the 175 deaths of
u~sotheliana. There were 9 YncidentaY' neoplasms zmmg the 99
deaths of gastrointestinal umcer. Although experiences are so far
limited, it may not be wholly unexpected that there me
proportionatelymre     incidfntalneoplasm9 accaqmyhgdeaths of
colon-rectm cancer, ccqared to those of lung cancer (8.5% 3
3.9%). One my speculate that this could be due to the longer           -3
TAUE I5
MDRTALITV EXPFRILNCE AMONG 17.800 Aswna     INSULATION WOIXEU IN THE UNITED
STATES END CANADA 1967-19761 O~;E~V&TION# IN 2271 CONSECUTIVE DuW
Nuwrr    OF INCIDENTAL MALIDNANT NEOPLMMS (mn CAUSING DutW     IN Rf%~mrc
TO UNWRLVING C~wt OF OUTH AS ESTMLWI~D av &ST EVIDWCE (BE)
kid8aul M8ligwI
Number d                Nop(ucnr
Datlu d           No. of         loI8l
uddyi~C8aledoatb               Underlyiq C8w8       Datlu        C8llWl
alar        rll lam                             995            43            50
4%             17            I9
63             4             4
II2             5             6
-d*                                            IO             I             I
Cnmud-                                         22
Cumd-un                                        59            :             :
C.aawdlwyar                                                  0             0
Cuardphynr.          baccalav~~y               :I                          3
Gnomdkdaey                                      19           ii            0
AU ahu ancms                                  I84            a             9
-lalspl-ry
-.    IOU1                                 212           IO            10.
I66            7             7’
All atlrr    awa                                iw4            37            40
T-1                                          2271           92           I00
??sil d Ihew wcn lung callcm.
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2                                                         -    59 -
JkL
clInka   course of n-my patients with colon-rectun cancer, caqmred
to lung cancer, with greater opporhmity, sinply in terms of tin&
to develop additional disease.
Multiple cancers ere present, overall, in 2.1% of deaths amng
these asbestos insulation workers (48 of 2271). It is perhaps to be
~ctedthatthiswasmrrelikelytobethecaseamxlgthosefor
wba~~cancer was the primary ause of death (4.5X), while only 3 of
the1276otherdeathshadthis        finding.
It is now ~~11 appreciated that mst asbestos associated disease is
firstseenafterconsiderableperiods       frmonaetofexposure     inboth
occupationalandemiroxmntalcircmstances.          This is truebothfor
the presence and ext~;l~f parenchyml fibrosis and pleural fibr@ .s
and/or calcification,       and for asbestos-associated neopl.
Sarrelhitedexcess   diseasewas obsemedinless than2Oyears freae
onset of exposure (Table 16). Auxmg12,683 mn with such
experience, covering 89,462 mn-years of observation, the mmher of
cancer deathswas aboutdoubled,with42.6       deaths expectedand
observed. There wzre no excess deaths of gastrointestinal cancer
and only 5 deaths of nsotheliana, with these in the 15-19 years
from onset category. Age, year and sexspecificnmtalitydataof
the U.S. Naticmal Cancer for Health Statistics indicated that 11.9
deaths of lung cancerweretobe expected. Thirty-sixoccurred.
There were 8 deaths fran asbestosis.
TABLE 16
DErtns    Aumii     17.m     Azrrsna        INSULATION Wmrms        IN T M UN~D STrm                 AND CANADA                 JANU~Y       I. 1997-Drus               31. 19m.
ANALYES     Iv   DU~ATIDN          ROY      ONSET DE EMROVMENT
DdOfU2OYUUl8fW4hUl                                                         lO=MRYmkrti
Tad Mea                                                          I2683                                                              lr+al
Muo-yan dobrvulial                                                      89.442                                                             nm
aulio o/c                                                          -*
undadyiq      curw    at Dalh               M’                (DE)            (DC)       (DEE)      (DC)           -0                   (W)      (DC)         (ai)      (#)
Total bh,      l u amm                                292.9            32s            323        I.11        1.1s               1379.0           Iw1      I-          I.41       I AI
GE.     l n ruI                                        42.6             83             77        1.95        I.81                277.1            912      W          W
Q=-dlrrl                                             II.9             36             32        3.03        2.49                 93.7            450       m         an         :=:
Pbnlrnbdiaam                                          t                2                                                                         61          23      -          -
hr#rlmhuuoou                                                                            :       I           z                    :              lo)          Y-                 -
Maabulamo.        I.O.S.                              :                   Ii             I      -           -                    t                 ow-                          -
0.6                  I                                                      4-s             I7         I7     264        Ly
I.5                 I            ;       r           z                    12.7            21                 IA3        I.42
GuardaIm-lulunl                                       4.1                 4             4       -           -                    34.0            ss          ii     I62        IJ)
GWdluyu                                               0.4                                                                                          9            7   2IDB       IA3
Cuardpbm~buoal                                         I.3                :             :       1           1                      ::            I8          I4     2.m        IJ)
cuar   d tidry                                                                                                                     7.0            lb                W          214
AYakfaocu-                                           21.:             2              3i         -
I.29         -
I.39                IIQI                       ::        I42        2.@2
Ncmduuim      pulmooury daom            iaal             5.2                8          II        Is4         2.12                  53.8          PIE          In      3:n        3n
t                                                                          t
AUrl*rauaa                                            235.1           2:              23:        Ii0         I -.Ol             1oo.l            iii         9:       G9        m
;                                                                                                                                                              1997-19x
tRula  l ru oa whlablc. bat lhw hvt ken ncC aw   d&h      in lk 9aoml p)rltion.
(DE): lac evidmw f’hnbrr ddmrb      atqDnad  her review of berc wAaUc wfmmhm                                      (mapy.         smqim~, -1).
(DC): Numkr oldah       u mxudd kom deutb arMco~~ inbmmoa       mly.
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0                                                           0
- 60 -
-h.(_I
mzotherhand,         extensive diseasewas seenmmg the12,051m
whohadreached20 ormreyears          franonsetduring      thedecadeof
study*   Here,  1376.0 deaths  were anticipated;   1946  occurred.  There
wre 160 deaths of asbestosis and 912 of cancer. It was at this
tiue thatbrmhoge&        carcinanau&e itsheaviestcontribution,
with 93.7 such deaths expected and 450 observed. One hmdred and
seventy deaths ofrnesothelianawere thenseenand the increase in
gastrointestinal cancer found. Table 17 depicts these data in sane
detail, in five-year periods fran onset of employmnt. Lung cancer
dataare givenasbothexpectedandobservednuhers               of death. This
practice cannot be followed for mesothelicma, where expected deaths
cannot be caquted for the generalpopulatim.          Instead,both the
mmberofdeaths ofpleuralandperitmealmesotheliam,                aswell as
the~erofdeathsofthesecausesperthausandpersansyearsat
risk are provided. The latter does not take into accomt variations
inachimedage,butthisu~yhaveless             influence thanachieved
duration frmonsetof      employment. Itwillbe       seen thatverynlaj
increasesinnuxbersofdeathsoflungcancer             are firstseenat     %-
15-24years franonsetofwrk,withcontinued             further increases.
Iheextraordinaryincreaseindeathsofmesothe~~,bothofthe
pleuraandtheperitoneun,       isnotobserveduntil      samhatlater,
reaching 2.78 deaths per thousand person-years at risk for pleural
mesotheliam at 35-39 years frau onset of work, and 5.47 deaths of
peritonealmesothelianaper      thousandperson-years at45 +years fran
onset.
- IO             ,   8.190        M3w              0.7          0     0     2;5               0     0     t            0      0        0
l&I4                 9.a3         29.al3           2.7          7     5               I.82
-     0     0                  0      0        0
15-19                9.948        34.066           a.5        29     27     3u        317     2     2     0.06          3     0        (I)
-24                  8.887        11.269         17.0         59     57     3.U       3.36    6     4     0.19          3     2        &U
25-29                6.m          a657           21.0       IO5      96     500       4.s    13     5     a63         I9      :        a92
a-34                 3.547        II.598         18.4       II2     103     6.a       5.59          3     an          23
Is-39                2.Q20          5.403        II 5        95      57     5.a       4.m    I:     4      2.n        I9      5        z
I.ia           3.m            81         u     131     4.93      3.82          3      I.27       I6      3        sn
45   l               I.448          5.505        I78          69     51     3.89      2.u    If     4      2.u        29      s        547
9V1~ud1              arc buod upm rhce auk we                 U.S. dmtb ma     d tlr   U.S. N9ccoul Ca   Er Hdhb   m         I-7-19,.   C
-1.
(~)~leumlrrp.Nrmbcrdda~hacqmad~~amirrd~r~~~i~tia~r~.~~).
(DC): Numb      d datlm u -        hm datb cm16mc           ~akumm~m sly.
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- 61 -
In%&her reflection of the clinical concerns amng these wmkers,
Table 18 indicates that approximately one-third of all deaths were
due to lung cancer at 30-34 years fran onset, while nsotheliana
accounted for 13%of all deaths at 35-39 years.
Altogether, lung cancer was responsible for 21%of all deaths
observedinthis   cohort andmesotheliana for8X.
Ywn fmm                  LOW
C8W                                             TOl4l
lad
E!z&,     Ortl     (8E) (lx)                                   (8m         (DC)
c IO       51      0     0                                                         ‘i
ISi4       85     I 2        5.9                 :   0        i              0
Is-19     I89    13.1      14.1                  I.6 0         2.7           I.6
sz4       320    18.4      II.0                  09    0.6     2.1           2.5
25-29            27.1      24.7                  4.9   0.8    0.3            5.2
m-34      iii    52.9      30.1                  6.8   I.8    9.4            6.5
35-H      253    25.7      22.5                  75    2.0   13.4            7.9
203    19.7      15.3                  79    I.5    9.9            6.4
d2     15.6      12.0                  6.6   I.1    9.7            4.1
The study results indicateahigh    increase inriskoflung    cancer
associatedwithasbestos    exposure,butthelackofexposuredata
makes it difficult  to show a dose-response relationship.
15. Asbestos cexmtbuildingmaterials      plantwrkers    havebeen studied8'
to&mmine      the risk of respiratory malignancy in relation to
duration, degree, and fiber type ofexposureto asbestos. Subjects
are classified into 5totaldustcategories        forwhichmeanlength
of follow-up andmanage at initial exposure are caqarable.
(Table 1)
TUUl
wnom       8~ ~OLWW-W      WtT)IIN
EXPOSUIL  CAtEatmEs
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- 62 -
standardman-yrapproach,~ted~sofdeathsfor
each exposure category were calculated on the basis of
race-age-cause-specific rates for both the U.S. and Lnuisimna male
populations for 1950, 1960, and 1970.
Cause-specific standard mrtality    ratios, WR (100 x observed
nudxrofdeaths/expectednuher),wereobtahed           forvarious causes
for each of the 5 exposure categories (Table 2). S4R for all causes
caMned~generallylow,butincrease               sughtlywithdegreeof
exposure: 60, 64, 75, 80, and 94. SR for respiratory system
neoplasmsrmainl~forthe3lcwestexposuregroups,butexceed
100 in the 2 highest categories: 77, 70, 26, 290, and 226. The
verylawSMRinthemtddledustcategaryisprobablyachance
occurrence;withonly3.8     respiratoryneoplasmdeaths     expected, the
probability (assuuhg a Poisson distribution)    of observing one or
freer is 0.11.
TOWIOMM
WIckIna0 *r ti rnctu aumM4 ---‘W’)
L 10                           11-W                  Bl-loo                    101-n,
1t8- aam                       M-l.aBn                 w-m                       C-tU)                         s.fm
Qur4foaa                            o/et           run:        OA          #MCI         on             l ua       on             olz          on            OMn
Anen                          asol              7    00    141/a10.0            04    y/70.1              70   4Yol.t              w     1awt10.1             Y
w     moIl(nuv
w-1              I MO-.
am                         MI77         3        70     r7nr.c              ta     7flLO              Y    14iW.O             141     lYlL0               01
Dcrtm        rrrm
llaelm                    lWU.0                41     1w11.m              Y      Y4.J               71    w.0                -          amA                 a1
-mwluv               we
wm tlaelal               10/UH.T               77       u11.4             70     l/3.0             a8      VI.1             am04    1m.a               a4
oau      l-u)               aw1.0                 a0       u13.0             o(i    w4.0              01      an.4             141      Y7.1                   a0
urw      cuau
v-w            m
t-                         lawOlS.7               a0     7w115.e             a     w40.1               a    14fao.s             u      l   1nr.r          la
U14aw-                         7oll40.7              Y      Wl’).O              Y     lUl&l               74     u11.0             70     #aa0                Y
In the 3 1-t      exposure categories, the WR for over-all mortality
andrespiratoryneoplasms are caqarable, as demonstrated
graphically (figure 1) by the extensive averlap of their respective
95 percent confidence intervals (basedonaPoissondistribution).
~thecontrary,therewasnoaverlapineitherofthe2highest
exposure groups. AssuuingnoassociationbeWfzentraceandcauseof
death, the close agremmt of the over-all and respiratory
malignancySMRintmelaw~~egmupsisadditiana1~~
that, although sm underestimation might have occurred because of
those lost to vi-,    there are no excess respiratory neoplasms in
these categories.
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No excessmrtalityoccurred     inanyexposmegroup        foranycause      3
other thanrespiratoryneoplasms.
The analysis was also performd with the nudxr of deaths expected
UI the basis of Imisiana death rates. Because lung cancer rates
are bigber in Lmrisiana than in mst states, the expected hers      of
respiratory neoplasms are greater than with the U.S. rates, thus
resultinginlowerWR.       The patterns observed for the 5 exposure
categories wre the SD as with the U.S. rates; over-all mortality
SMRwere 56, 64, 71, 73, and 83; respiratory neoplasm SMRwere 64,
59, 23, 225, and 187. As with U.S. rates, no excess mrtality   other
than forrespiratoryneoplasmswereobserved.
%opleuralmsothelianaswere         diagnosed inthetotalstudy
population: one personwas employed for1Omnths            (withhown
wposure cmly to chrysotile), the other for 14 yr (with mst of his
~loynrentinttEpipeplant,whichresultedinexpo~etoboth
chrysotile and crocidolite).     Becausethesenmdied18and19yr
after initialeqhymnt,        respectively,neither   fulfilled   the cohort
critezionof    aminimmof 20 yrof follcrw-up and therefore arenot
Included in this analysis. Itwas consideredpossible that this
tumrwasunderdiagnosed inthispopulation,
The results of Newbousel’lL suggesttbatthe     latent period for the
develqxxmt of asbestos-related neoplasm may be less than 20 yr, as
withthe2mesothelimasfoundhere.          Uslngkwhouse'sn.&mdology,
the effect of latency on the mortality experience of this population
was assessedbyperfoming     the analysisby5-yrperiods       after
initialerI@oyment.    In each analysis, persons with follow-up of
less than the prescribed minixrm are excluded; an individual
person's exposure is calculatedatthe     start oftheparticulartim
period. Becauseeachperiodisonly5yrinlength,itwas
necessary to condense the original5    exposure categories into three,
althoughtheexpectednmhersofdeathsremainverysmall.
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-64-
Redits for the 2lcwestqxxure        categories (representing the
original 3 lmest groups) indicate no discernible pattern for
respiratoryneoplasm~astimesinceinitial~sureincreases;
those for thehighestexposure category exhibit an increasing trend
aslongas 30yr. since initial exposure (Table 3).
RESCIRATOAY MALIGNANCY 1TANMNO    YOCITALITY RATIO@ SY .YN
COLLOnr-V AN0 TOTAL DvtT AT START OC nntO0
To caqare the preceding results with Bse which wuld have been
obtainedwithadifferentstudydesign        , an alternate method of
analysis was perforwd for this cohort (menwithatleast20      yrof
follow-up) by considering 4 control subjects for each case of lmg
cancer. These control subjects were selected at randan fran amng
meninthec~~~wereborninthesameyearasthecancer
patient, were of the sm race, had sunrived at least into the year
follming that in which the patient died, and if they subsequently
died, did not die of a malignancy.
The mean total dust exposure (accumlated within 20 yr. after
initial errploymnt) was 164.1 mppcf-yr. for the cancer patients and
77.8 for the control subjects. A 2-way analysis of variance (the
mtched sets acting as a blocking factor), with Scheffe's mltiple
caqarisons, foundthattherewerenodifferences          amngtheexposure
nMnsofthe4      sequencesofcontrolsubjects,butthatthemandust
exposure forthepatientswas    significantly greater thanthatof    the
mtrol   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
esttite   of relative risk,was calculated for each category relative
tothelowestdegreeofexposure.
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- 65 -

The over-all pattern of the odds ratio is similar to that of the
respiratoryrnalignmcy    SMR: the risk inthe secondexposure
category is caqarableto       thatinthelowest,    anunexplaineddip
occurs in the third category (doubtless the same chance occurrence),
anda significantlygreaterrisk         is obsemedatthe 2hi&est
exposure categories.
Because information had already been collected on the entire cohort,
the case-control appmach, using only a subset of the populatim,
doesnotmke fulluse of the dataavailable.        Moreover,although
this alternate appmach provides estimation of the risk for each
exposure category relative to thelowstcategory,noassessmntof
the risk experienced in the lcwest category is possible. Despite
theselindtations,   theobsemedpattexnofriskacross       exposure
categorieswas similar to thatobtainedwithman-yr.,      prospective
&sign, and analysis.
The preceding analysis was based on emulative dust exposure, which
has 2 cciqments:    (1) duration of exposure, and (2) average dust
conqntration.    To assess the contribution of each, the population
was divided into 9 duration-by-average-concentration categories.
For these grcups, themeanvalues ofeachvariablewithinafixed
categorywzre canparable across the categories of the other, and
man follow-up timswerehamgeneous         (Table 5).
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-           u ewllmt                 (Vfl
k~owcvmwum
wwvn’                   (8                          S-10                          > 10
<S        n-     1aaa                      n-an                           O-la
r.ot                             4.)                         ta
or:                              4.7                        21.0
WO@                              P7.S                           m..)
*a0            n-la01                           II-m1                          r-sa
17.0                             lS.0                           lZ0
0.a                                                            0l.T
ST.0                             2                              27.0
>20            n-704                            II-aa                          n-1m
34.0                             m.4                            ao.?
0.7                              4.4                           a.0
17.1                             31.7                           as.)
The SFRfor respiratory malignancy for these groups (Table 6)
generally indicate increasing risk with duration of anploymnt,
which is concentration dependent, and increasing riskwithaverage
concentratim,which    is&ration    dependmt. These results are
consiste!nt with others,   which indicate4 that it is not sufficient                                  ,
to equate total exposure with either duration or average
concentration; eachconstitutes an important caqment of risk, and
eachexhibits &greeswithno       apparentexcesshazard.
otur*r,ua        -1                   w
Llr~ou8t-lfetla
w*       0                       t-10              >H             *w-
<a         7/1aot                 war                   lfl#             1wa1
70                      01                   a                  91
s-n         lYl7.1                  inr                  1-4               ni
n                     m                  ml:                 1W
>#           ana                    was                  7n.r              rulao
Y                      131,                al.8                 1W
AM mt         0-m   YM4                     u7.a                 auaa
74                      w                   a10*
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fn%iessingthepossible           influenceoffibertypeexposureonrisk
of respiratory malignancy, workers with exposure to chrysotile only
(n = 4,201) were caqared with 2 groups of mrkers exposed to
crocidolite:       thosewith steady employumt in the pipe plant (n-
1,004) and those with intermittent exposure to crocidolite through
occasional maintenance t~ork in that area (n = 235). Persons with
exposure to amsite (n = 205) were excluded fran this analysis. All
f0iiaw-up    times   W=   similar,andtotalfiber       exposures were
caqxmbleauungthe          fibertypegroupswithin       each category of
exposure (Table 7).
The pattern that emerges fraa the SMR(Table 8) suggests that the
addition of crocidolite to chrysotile enhances the risk for
respiratorymalignancy,     particularly for thoseworkers exposed
intermtttently   in maintenance jObS.   me exposure history of this
latter  group is characterizedby exposuretohigh concentrations of
duatforshortpetiodsoftime.
TABLE 8
STANDARD   WORTALITV   RATIOS  FOR REWRATOW          MALIGNANCV
av CIWR   wm
ranr.4     lWl2.0         u4.4         -0
Y       ?7            wa                77
am2       010.7         u1.4              7n.a
l.OWT        0            w7t              au*
10 0       II1 s          7Ia.o        MS
100       w             241'             1SS
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The risk increasedrmre steeplywith increasedquantitative    exposure
thanwith increased durationof 0qAoymnt. Wessmrtality          for
lungcancerwas observeddy      forgroupswithmderate     andhi&
cumlative exposure (SR 2.9 and 2.3).
Therewasnodetectableexcessriskofl~cancerinpersons
errployedforless   than2years orwithlowexposure.          Therisk
appearshi&fortklosubgroups       exposedtocrocidolite,butonlyin
thehighexposuregroup(       2OOqpcf-yr.).     Therewasnoincreased
riskobserved forgastrointestinalcancer      inany subgroup.
Therewere 2 pleuralmesothelianas         observed (one qloyedless      than
1 year and one for 14 years).
'Iherewasno increasedriskofrespiratory           cancer for exposures
be1ow10qpcf-yrs.
There was a low (75%) tracing rate.
16. In a study of female asbestos workers 35 cauparedwithnaticmal
rates there was an excess overallnmtaiity   amng those ti mrked
in jobs with low to mderate exposure (Table 2), which was partly
accountedforbydeaths    francancer.
Table 2
Mrtality   of Warn with LDWto Moderate
Asbestos Bcposure
Allperiodsof
enplayment
Registered cause of death                        (126 wmm)
ObS.           Exp-
All causes                                        29l           18.1
Canceroflmgandpleura                               2l
8             82
~~seaseexcludingcancer
1;            1::;

P   .
~thegroupwiths~e~rmre~hadworkedfarl~sthw~
years (Table 3), there was an excess of cancer of the lung and
pleura.
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- 69 -
K xtalityofW a n e n w ith             SevereExposure
D u r a tio n o fe q l o y m n t
L e s s th a n           tire th a n
R e g iste r e d c a u s e o f d e a th                       2 yrs                   2 yrs
( 5 5 7w c m n )         ( 2 3 9 wcxml)
obs. E xp.                a m . E xp.
A ll   causes                                          55          4 9 .9        56;        2 4 .5
E & ;n g a n d p l e u r a                             1663        1 ;::         E8           :::
R e s p i r a tory d i s e a s e excluding                                         2
cancer
O th e r d i s e a s e                                :i          2 ;::         ii         1 2 ::
ac).
3pp O   0 :0o l0 1
H c w m e r , th e m s tm a r k e d i n c r e a s e d m r talitywas            inth o s e w i th
s e v e r e e x p o s u r e w h o h a d w o r k e d fo r m r e th a n W o y e a r s i n th e
a s b e s to s fa c tory; in this g r o u p th e r e w e r e excess d e a th s frm c a n c e r
o fth e l u n g a n d p l e u r a ,frcm o th e r         cancers,a n d frcm respiratory
diseases. T h r e e d e a th s registe r e d a s cancer o f th e p l e u r a w e r e
i d e n tifie d a s p l e u r a l m e s o theliol tu m r s ; in all th e r e w e r e 1 1
m e s o th e l i c m w , six o f pleural a n d five o f perito n e a l origin.
In this stu d y th e r e s u l tsw e r e a s s e s s e d b y c a q m r i n g th e n u h r o f
o b s e r v e d d e a thswith th e n u h e r o fe x p e c te d d e a ~ 6             T h e " e x p e c te d "
d e a th s w e r e calculate d b y th e Y n a n - y e a r s " m e th o d , m u ltiplying
years o f risk b y d e a th rate s . E xcessm o r tality h a s b e e n te s te d b y
tre a tin g th e o b s e r v e dn u h e r o f d e a th s a s a P o issonvariable w ith
e x p e c ta tio n e q u a l to th e m s n - y e a r s e x p e c te d r n a b e r o fd e a th s .
M o r tality a s a fu n c tio n o fle n g th o ftim e             fra n firste x p o s u r e is
slm m i n T a b l e 5 .
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Table 5
Mortality   by Length of Follow-Up since First Bcposure
Years since first   exposure
Lessthan             10 to 20      More than 20
Registered case of death       (922 waren)        (692 wumn)      (655 -1
as.       Bcp. tbs.        Elsp.   ohs.       Bcp.
All causes                      25       23.7      361    29.3     79;       39.4
Canceroflmg     andpleura                                  06
Other cancer                     i        P:f      1%      718     :z3       1:::
Respiratorydiseaseexcluding                                           1
cancer
other disease                   119      1;::      1;     1;::     2;        23:;
There were four deaths in all registered as cancer of the ovary; three
of~seoccurredamxlg~withsevereandlongexpasureand,
caqaredwith the expected mher of 0.6 in this particular group, this
was a significant finding (p-0.0025). The histological r&ew suggested
thatatleast~oftheotherdeathsIn~groupthatwereregfstered
as carcina~tosiswere     duet0 this cause. The possibility that ovarian
cancer may be caused by exposure to certain @irous magnesiun silicates
such as talc and asbestos has been raised by several reqchers.
StrongmMenceofalinkwasfoundbyGrahammdGraham,                      who injected
mice, hamsters, guinea pigs, and Dutch rabbits with tremlite asbestos.
Themiceandhmsters       showedmlesims,presumblybecauseofa
protective layer of peritcmeun summdhg theirovaries,whichis
absent in the guinea pig and rabbit. Both of these latter species
developed an atypical papillaxypatternofovarianepithelial
hyperplasia,whichtheauthors       suggestedwas similar to early ovarian
it3ALal tumrs inwxwn.        Additionally,birefringentbodieswere
3 send in sections of six out of Wlve ovarian tumrs, and m                of
nine ruJzIml ccmtrols. These bodies were thought to be asbestos (but
were not  -1        l
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APPmDIx II
1. Meez,1iam    inPetDogsAssoci.atedwithExposure   ofTheirCkmerst0
G&lawn, L.T., Damn&i, L.M., Maguire, T.G., Dubielzig,
R.R., an: Chrg, A.# Bmiron. Res., 32, 305-313 (1983)                     .A
Thispaperdescribesthefindingsofanepidmniologicalstudyofpet
dogs and the incidence of msotheliana and asbestos exposure.
Eighteen histologically-confirmednmotheliaws~re
diagposed at the Veterinary Hospital of the University of
Pennsylvmia (VHUP), Philadelphia, fraa April 1977 to Deceuber 1981.
~asbestos-relatedoccupationorhoMryofahouseholdmemberand
use offlearepellents      on the dogwere significantlyassociatedwith
rnesotheliams. Inaddition,therewasatrendindicatingan
increasedriskofmesotfElianaswithanurbanresidence.              Lung
tissue fran three dogs with squmuus cell carcinma of the lung had
~m~llev&        of chrysotile asbestos fibers than lung tissue fran
TheVHW is auqorveterinaryreferral         center for
the Northeas; and Middle-Atlantic regions of the U.S. Each year
there are approximately 17,000 ahissims and visits to the VHUPand
an additional 6000 submissions of biopsy specimens to the Pathology
Department (couldnotascertainwbether       thesemxdxrs refer to all
animds or to dogs only).
Acancerand nomancer control patient were selected frm hospital
records and matched to each mesotheliaw case by age and date of
diagnosis (& 1 year), sex, and breed. Excluded fran the noncancer
controlgroupwere dogswithany respiratory disease or suspected
~&P-Y.       Dogswithrespixatorycancer~reexcludedfrcrm~
cancercontmlgroup.
Because controlshadbeenmatchedonage,         sex, andbreed, these
characteristics for the cases were first canpared to the entire
canine hospital population. The odds ratio (OR), an estimate of the
relative riskofdisease     fpreachcategxy,was      determinedusing the
Mantel-Haenszel prow&e.        Agewas controlledinsex     canparisons,
and sex ms controled in age comparisons. Odds ratios for other
risk factors were determined $or matched pairs using the cancer and
rxm--cancergroups separately.     Ihe controlgroupswere then
ca&ined and odds ratios calculated for matched triplets.      Using a
95%confidence interval, the null hypothesis of an odds ratio equal
toom3wastestedwith       caquterprogrms    developedby Rothnsnami
&ice.     Characteristics of the patients with mesotheli      and the
source of asbestos exposure of their owners are listed in
Table I. The distribution of mesothelians by site was six (33%)
peritoneal, five (28%) pleural, five (28%) both peritoneal and
pleural, and m (11%) pericardial.
Themanage (k1SD) of theumotheliana dogswas 8.0 k1.9 years;
17 (94%) were male and 15 (83%) wre purebreeds. Whencaqared to
the entire canine hospital population, males had a relative risk for
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Panenl

I:
If
In
'7
IP ‘- permmeal. PI = pleural. Pe = pcruardml
Breed
Mued
German Shepherd
German Shepherd
Doberman I’mseher
Irish Seller
Bouvrer des
Flandres
ered'
Bonner des
Flandres
German Shepherd
_oslon Terrier
lnsh Seller
German Shepherd
Bernese Mm Do;
()Id an Sheepdog
German Shepherd
German Shun
Hdlr Pmnler
\lued
German Shepherd
‘ IemaIe—xpayed
‘ \ch Included in cane-conlml annlyxu L nahle In cunlau owner [or mlernew
TABLE I
Cunanzusrus or III CANI\O PAIN NH Durmm 0 mm Mrsmmnmu A1 VHUP nnwn u I977 A\l) Will. mu 1mm [\wsuu m Axursm_
T)“ uI asheslus erpnsure
Age 3! Site of _____ ______ . _ we. ____ ,m. .. _ _ . ...
dugnmrs Year of mew» Owner newpalmn «n ”muchUId Ulher
Sex hears) dragnmn lhehoma" hobby I“) nerghhnrhm-d pusuhIe
M II I9‘ll I’ Aulu bum repair (I)! I \Ienuve home Nune
remodeling
M 7 W7“ I‘ Auln meehamc III! ( hanue nI htaI- Nune
mg \\ \lem
M 9 I973 P lruck reparr IUI ad- hone Atenmpnnlcd
Jaecnl In shipyard uw her In pub
' adlaeenl lo
\hlpyard
M II I97ll Wk H N l me Nnne N m:
I—S" ll I979 l‘e I’Iumhlnp healing (‘emcnl Immn Nune
\hcel rmk \pneklmg
«III
M II I979 I' \une None I lea puwder
M IO N") l’drl'l — —— —-
M Il I979 I’I IMme Nnne None
M 7 I9“) Pdd’l Sheet met ‘51.“ Hm; Demolinon and He: powder
at shopmrd IO) conslmelron sue
M ‘ N70 I'd: Pl Nnne None None
M ‘ mu PI Nnne Home Imulalron. Flea powder
mmlmchon me
\1 In NH I‘M’I I‘npe_nmg .n \hlp- None Flea powder
\ \nrd IO)
M J I977 PI \une .\une None
M NH I’e \une Demuhllon J: cun- Vane
\lruellon _les
M N IWI P \uzu MCsthle :0» Home msuIalIon Mme
M I I Whl I’I -— — ——
M K l‘ml Pl (hl burner and Iurnme None Flea powder
Inuullullun «(n
M 6 Will I’ Aulu bud) and med Nnne Accompanied n
puns \upply rm ‘ owner to
work
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llEa&helh     of 16.6 (      6.4-97.3). Whendogs 1 to 4 years of
agewere assiqedarela "0% risk of 1.0 the greatest risk was
observed in dogs 5 to 9 years of age (OR= 16.9,             3.4-84.3).
Theriskforpurebreeddogswhenccmparedto           &gs "p05&xedbreeding
was 1.7 but this difference was not statistically     significant (
0.51-5.9). The relative risk for individual pm-&reeds represent      ?a '
bymre thanone dogwithmesothelia~was          Bouvierdes Flandres (OR
= 124.3,        62.6-246.7), Irish Setter (OR - 5.3, C$5x 1.4.9.6),
andGexmnw       herd (OR = 3.3, CL95x 1.3-8.2).
Thecancerand noncancer control patients representedawidevarie~
of diseases andcmditions;notumetbantwodogshadthe              sm~
diagnosis. Owners of 16 of the 18 wsotheliana patients wrrre
contactedand intemi-d.        The OR for suspected risk factors for
caninemesotheliumare      showninTable 2. Ihefindingswresimilar
whenn~sothelicmapatientswere      caqaredtoeither     the wnceror
noncancercontrolgroup.      Howver, for 11 of the 14 risk factors
studied, a stronger associationwithmesothelFanawasnotedinthe
analysis using the noncancer controls. lIxposure of the mner to
asbestos at work or through a hobby was fomd to be significantly
associatedwithrrrrsothfUam     in theanalysis usingnoncancer
controls, (OR = 8.0,         1.4-45.9); when cancer cont1&~1~7 uss
the odds ratio was 2.3,Yz!i twasnotsi@ficant(
relative risk for mesotheliam with both control 2%' &xd.&d          was
3.5 (cL95z 1.1-11.0).
Informationon theuseofpesticides          and insectrepellentswas
ob~becausgtalcrrraybe~~tedwithasbestosandother
mineral fibers.       The relative risk for all form of pesticides was
elevated andwas significantwhenanypesticideusewas              considered
in conparison to Mxlcatlcer controls (ORfll.0,             1.5-82.1). The
risk associated with arry pesticide use when the(3% trolgroupswre
canbinedwas also significant (CIRF7.6,             1.2-49.0).
Preliminary udcroscopic observations of %3i  s     cammcially available
pet flea powders and sprays revealed large ammnts of quartz,
silicates, and silica, and small amunts of antigonite, a fiber
closely related to cbrysotile asbestos. While asbestos fibers were
wtspecificallyidentified,         exposureofhmms      toothermineral
fibers has been associated with @mnary disease (e.g., silicosis).
Results of the lung tissue fiber analysis are presented in Table 3.
Ihethree~swithmesothelianahadthehigtrestlevelsof
chrysotile fibers.      'Ihe auphibole consisted of tremlite and
actinolite,    except in the case of control dog 1, where it was
catmrcial amphibole in the foxm of amsite and crocidolite.           The
authors stated that the tremlite and actinolite were probably
contaminants of the chrysotile.
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1. .."kntel,  14. and Haenszel, W., J. Natl. Cancer Inst.,    22, 720
(1959)
2.    Miettinen,   O.S., Bianetrics, 2, 339 (1969)
3.    Rothrran, K.J. and Boice, J.D., U.S. Depart. Hlth, Edu. & welf.,
NM P&l., 79, 1949, Washington, D.C.
4.    Blejer, H.A. and Arlon, R., J. Occup. Med., 15, 92 (1973)
2. An Animal Model for Inhalation Exposure to Talc; perfoznd by
W&ner, J.C., Berry, G., Hill, R.J., and SkictrPre, J.W., In: Dust
and Disease, ed. TAlvln, R. and Derrrent,M.J., Pathotox. Publ. Inc.,
pp. 389-392 (1979)
Methods: Ninety-sixmale and96 female (barrierprotectedcaesarian
derived; Wistar strain) 6-8 week old rats we randanly allocated to
one of the follo&g    groups:
(a)   talc - Italian 00000 grade (92% talc -al,      3% chlorite   and
1% carbonate minerals; quartz was found in the powder at
0.5-1.0X level); no asbestos minerals of either trennlite    or
chrysotile varieties were detected;
(b)   super fine chrysotile   asbestos (SPAchrysotile);
(c)   controls -noexposuretoeithermaterial.
'fbe animalswerehousedfourto      acage except&        ininhalation
chahers (in a separate roan) when there were 6 to a cage. Rats
were fedonaproprietarybrandofautoclavedcubes             andwater ad
libitun;hane   cages-e     suppliedwithfilteredaix.        Threw&Z
sacrFficestendays    after the endofeachexposureperiodandatone
Y-•      The nmahing animals were allowed to live until they died or
appearedtobe distressed. Afullnecropsy           examinationwas carried
,tmt an all animals.
Tkdustcloudsweregeneratedfor          7*hours aday, 5 days aweek.
After6~~'~surehalfoftherats~renrnredand
transferred to ordinary cages andwere replacedby another 24
animalsperdust.       Theseratswere inturnre3wedandreplaced
after 3nnnths' exposure, andall exposure ceasedafteranother 3
=ths    (48 rats were exposed for 3 unnths, 24 for 6 unnths, S& 24
for 12 months). The dosagewas calculatedas theproductof
aoncentr "5 ionandtinre.    Thewanrespirable    duatconcentrationwaa
10.8 u&m for each dust and the cuxulative doses, i.e., the product
of ycentration      and th,   were approxhately 4100, 8200, and 16400
q/m hrs. for the 3-, 60, and 1211unth aposures.
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Results : sunrival data wre not presented. The amunt of dust in
thelungs was deternrlned for the sacrificed rats. For talc, the
man arm m ts of dust in the lungs were 2.8, 4.5, and 12.3 rqg per rat
at the end of exposures of 3, 6, and 12 mnths, respectively.    h
cmtrast, the amunt of SFAcrysotile was close to the detection
lim it of the u&ml and was estbm ted as only 0.6 n&at after 12
months' exposure.
Anassessmentwasmade of the severity of fibrosis inthelungs     of
rats sacrificed at the end of exposure and one year later (see
Table lbelw).
TABLE 1. lnkalatlon Expenment         . Mean F~brosts at End of Exposure and One Year Later (Number               ot
Rata
Length d expoure
Matenal                     fame                 3 months              6montM             12 months
Wan talc                      End of exposure              22   (6)            2 7    (6)        34 (61
1 year later               24   161            34     (4)        4 6 141
SFA chrysotde                 End of exposure              26   (6)            30     16)        3 2       (61
1 year later              22   (61            32     14)        4 2 (41
conrols                       End of exposure              I6   (6)            I 9    (6)        13        16)
1 year later              16   (6)            15     (3)        19        (3)
Themainfeatures are thatboth Italian talc andSFAchrysoti.le
produced fibrosis to a sim ilar extent, andthattherewas   SQIY!
evidence of progression after exposure was discontinued in the
1mgerexpQsedanimals.
Tbermberofratswithlung         tum rs are shown inTable 2. One
~occurredinthecontrolgroup,tkl~adenamata~observed
in the rats exposed to talc, and 13 lung tum rs, including one
rnesothelicaraand3adenocarc~~~eobservedinthesFA
chysotile group.
tAN.E      2. lnhalatm Experiment - Lung Tumors
bbmber                          Number ot lung tumars

Material        Exposure          at         Adenomas        Monoma-                A&W-      Mesothal-
risk’                         toss               carcmomas    loma
ltakan                3months          39            0                  0                     0          0
fak                 6months          16            0                  0                     0          0
12 monms          24            2                  0                     0          0
- SFA                   3monms           40            0                  0                     0          1
chfysolik           Gmonths.         16            t                  2                     1          0
i2monms           22            3                  3                     2          0
controls                               71             1                 0                     0          0
‘Number sunnnq       at leau 300 days from start ot exposure
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Stlld)’ Type Of Fiber Exposure No. in Total No. lung Cancer Slope Gastrointestinal Time Duration 1ype Analysis
NO- Activity TYPE (how measured") Cohort Deaths mesothel— Obs exp. 91“ Cancer since of of uethod
(O/E) ims obs exp SMR RR first Exposure Control
SMR exposure
mining chrysotile "9ch 10733901) 1156301) 100“!) 23018!» 1.25 0.11: 276 272.11 1.01 20+ At least Quebec a,b
" 10w: 2.5-1.2 1.1.007) (1.06) mppcf-yr years one population
medium 10.36.11 84“) 1(F) ‘ umth
57 high: 10.4-23.6 (0.9)
very high: [66.8—
1 82.6
( )
mining chrysotile 10—36 ffml SM 178 1 2811.1 2.5 nppcf—yr 10 9.5 1.05 20 yrs 20 yrs Canadian
81 (8) (1.11) 0.30 death
rates
mining chrysotile Curulative 95? 332 1 11 10.5106 0.17 19 19.37 98 20 yrs At least National 8,c
sure (1.55) 20 yrs: 20 yrs: 20 yrs 30 days death rate
‘ (100 fly 1 1.7 59 f/ml-yr 1. l..8 83 (Italian)
. 2100 fly 20 yrs 20 yrs:
(2,3) (207) 10 8.7 115 20 yrs:
20 yrs 15 1h.5 103
(137)
friction Chrysotile Cunnlative 13,660 ”—1339 8 11 At least NEtionEI a,d
materi- chrocido- exposure (0.9) 151 139.5 1.09 f/ml- 103 107 0.96 10 yrs rates in
als lite (f-y/ml) (6) E yrs U.K.
0-9 F 299 2 8 11.3 0.71 0.06 29 27 1.1
65 10-09 (0.9)
50-99
100-356
Upper
friction chrysolite (1) 36111 1267 0 73 1118.7 59 1114.4 20 yrs At least Connect- e,f
materi— g3 level . 1 month icut
313 < . 0.16 rates
83 b5 2.06
5>20 1.56
2.20 1.06
Total 1.8A
textile chrysolite 1951- 10.8 flcc 822 793 9 51 23.? 2.1 16 15.7 1.02 from 10 At leastWatiml
crocido— 1972 - 2.9 f/cc (M) (1.3) to 10 yrs death
lite 2814 2" 1 greater rates
(F) (1.0) F than
(2,3) 3 0.9 3.3 20 yrs
‘15-‘51 . ‘
‘ ,
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Study Type of Fiber Exposure No. in Total No. lung Cancer Slope Gastrointestinal Time Duration Type of Analysis
No. Activity Type (how measured*) Cohort deaths mesothel- Cancer since of Control method
. (0/E) iomas first Exposure '
Obs [hp 9411 RR erposure
cement chrysotile f—yr/ml
products crocido- (mean) (1) 328 125 11 37 5.6 6.6 f/ml-yr 8 5.14 1.98 20—33 yrs at least Ontario 3
‘ lite A - 41; 6.82 9 yrs ' death
B - 92 rates
C - 180
70 P=production 186 58 10 20 3.3 6.1 K-0.067 1. 2.5 1.6 18 yrs
workers (1.7)
18 yr-112.5f-
yr/ml
”maintenance
workers
C=unexposed
workers
4 general chrysotile nppcf (1)
. manufac- crocidolite cumlative 1075 781 5 19 197.9 55 39.9 1.1. retired Ave. 25 us male g
turing amsite dust exposure (1.2) 9 180.0 workers yrs population
67 {125 (62) 19 327.6 0.658 (3-51)
125—2149 (182) 9 1050.0 nppcf-yr '
250499 (352) 7 777.8
500-7109 (606)
750+ (976) 63 270.0
general chrysotile f/ml
manufac— crocidolite 14600 545 1:6 103 193.2 2.10 40 311 118 from variable national
turing anosite 2 (M) (1 .710) 10-30 death
614 (tab- 5 922 200 21 27 3.2 BA 20 10.2 196 yrs rates of
tiles 5-10 (f) (1.69) U.K.
insula— 220
tion
materials)
insula— airysotlle (6)
tors crocidolite 4-12 63?. 478 38 9313.3 699 43 15.1 285 20+yrs U.S.
7t. atmsite f/ml death
1. a,
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Study Type of Fiber Exposure No. in Total No. lung Cancer Slope Gastrointestinal Time Duration Type of Analysis
No. Activity Type (how measured") Cohort donLlls mesotlncl- Cancer since of Control nethod
(0/13) 100135 first Exposure
Obs Exp SMR RR exposure
Textile chrysotile cmulative 679 201 7 7.8 13.6 1.5 f/ml-yr 14 17.6 1.1 10—30 yrs at least national
crocidolite exposure(1.5) 1.0 ‘ 10 yrs death
‘ 81a (f/ml-yrs) rates
100—lu00+ 12 10.65 2.6
30f/ml (ave.) 10—25 yrs
Textile chrysotile nppcf
crocidolite (ave. dust 21:10 857 1 66 (not given) 8.2 36 (not; given) at least at least S.Carolina
cone.) (1.27) 10 yrs one rates e,f
P level 59 199.5 mpcf.y 26 151.7 20 yrs month
4 2.11 0.059
85 1,6 1.86
5,(20 1.67
220 1.23

. Total 1.8
(1)
Textile chrysotlle nppcf 14022 1392 114 70 mpcf.y 73 20 yrs at least Penna. e,f
annsitc (ave. dust: (SMR= 0.051 1 mnth rates
crocido- cone. ) 109) ‘
lite {2 level 53 105 510 112.7
86 <
1,6 2.40
5,<20 2.73
220 1.58
Total 2.32
(1)
r I.
' .1
“11'. - _
wn’_ 1.2,

0".

E
LE

C
T

R
O

N
IC

A
LLY

 F
ILE

D
 - 2024 Jul 24 5:46 P

M
 - R

IC
H

LA
N

D
 - C

O
M

M
O

N
 P

LE
A

S
 - C

A
S

E
#2023C

P
4004072

RoA_08280



Analxsis method used
(a)
(b)
(C)
(d)
(e)
(f)
(g)
man-years method-case
case-Lea-nultiple controls analysis
McDonald & Liddell
case—control - Liddell
Hantel~Haenszel log-rank method
man-yrs life table method - llill
nodified lifetable method - Enterline
Exposure masuranent procedure
, (1)

(3)
(1')
(5)
(6)
(7)
(8)
(9)
(10)
I;
‘3
7',
‘2“ grew .ééi‘_'l ,
.\‘
2"" .3
‘ w ‘7'! 2.: 9.
midget inpinger
menbrane filter collection
phase contrast microscopy
thermal precipitator
static "arbrane filter
sinulated conditions
actual conditions
NIOSH methods
not stated
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Risk Assessment
Exposure,       laboratory,     and epidemiological        data provided     earlier    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 precision     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.
Many of these issues            apply in the assessment         of risk from
asbestifonn       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
200
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National    Research Council    (1983).   These principles       are suwarized    here
to provide    a framework   for assessing   the health     risks    from exposure  to
asbestiform    fibers.
me 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   food,
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 developx              for using data at
high doses, usually         only available         from studies     in animals,     to estimate
risks    for humans at low doses (Armitage,                1982; Cornfield      et
-s  al.,   1978;
Crump et al.,       1976; Fishbein,        1980; Food Safety Council,            1980; Krewski
and VarRGin,         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 sensitive     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 method8 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 thO8e 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.      The se
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).
Howe ve r , 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                          k
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     leve 1s.     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 examp lc ,
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;     a small dose that causes damage to a fern cells          may not lead
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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 x-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     (Hoe1 et
al.,  19831, an error        in assuming a threshold      when none really    exists
would severely      harm those persons who got the disease despite            a low
exposure    l
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
(Hoe1 --et al.,        1983).    Other measurements,          such as amounts in the blood,
amounts entering           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 individuals      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 -m              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 chrldren       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
sensitivity        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         s
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 government
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 nonoccupational      settings.
First,    an overview     of mathematical     models for carcinogenic       risk
assessment     is 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 mode 1 s .   Finally,     these   assessments   and   the committee’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  l
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,O)     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, s.                     (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 -l(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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A&tage      and Doll (1961),       Peto --et al. (1982),        Kalbfleisch       and Prentice
(1980), Hartley      and Sielken       (1977),  Hartley      et
-w   al.    (1981),    and
Kalbfleisch     et al. (1983) have applied            this model to carcinogenesis.                    If
the cumulatiz      incidence     I(t,d)     is small,     then equation        (2) may be
simplified    to
P(t,d)    f   I(t,d),                                                                       (3)
where 4 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(t).                                                               (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 -set al. (1976),  Hartley   et al. (1981),
-e                    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 0 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 Comf ield --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 important ly , 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 zree          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 cormaittee    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  (S) becomes
I(trd)     = c*TCdIC(t),                                                          (6)
where To is the duration               of exposure       to asbestos       at dose d, IO(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    UMSuted     in
fibers/cm3.         Although      d is referred        to as dose, some authors            would
call    it dose rate and would refer               to the product          Tad as (cumulative)
dose.      Equation      (a), 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 IO(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 lo/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 0.03-3X due to asbestos            exposure.
Mesothelioma       Risk   from   Nonoccupational         Environmental      Exposures
The committee  reviewed    two estimations    of mesothelioma    risk, one by
Peto and his colleagues     (Pete,  1982; Peto et &.,       1982) and the other by
Nicholson  (1983).   These analyses     and theirconsequences      are summarized
in this section.
Using the data of Selikoff      et al. (1979) on mortality           among 17,800
-Y
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’-    t0 represents           time since first          exposure at age to.         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 - to).        This same phenomenon was noted by
Schneiderman      et
--    al.    (1981)     and   Nicholson      (1983).     Fitting    equation     (7)
with b = cd to the data of Selikoff                    et al. (1979) for men up to age 80
-7
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 10-S.               Using
this calculation,           Peto --et al. (1982)-estimated             the lifelong     mesothelioma
risk for this worker group                to be 15X, 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-l).    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-l.     Mesothelloma    Death Rates      in   Various   Studies
and Predictions    of Riska
Corresponding    Lifetime
Risk (%Ib by Age at
Study Population                        Relative  Risk                First  Exposure (yrs>
and Reference                           (b x lo81                     20
--m    30     40
North American Insulation               4.37                          15       7         3
workers’ (mixed exposure)
Selikoff  et al., 1979
Factory workers  (mixed                 4.95                          17       8         3
exposure)
Newhouse and Berry,   1976
Chrysotile     textile                  2.94                          10       5         2
factory    workers
Pe to, 1980b
Australian       crocidolite            5.15                          17       8         3
miners
Hobbs -s et al.,     1980
U. S. amoslte factory                   4.91                          17       8         3
workers
Seidman et al.,    1979
^                    -         -    .
“Adapted from Peto --       et al. (1982).       The death rate at time t - t0 since
first    exposure at age t0 Is proportional              to b, obtained       by fitting
equation     (7) with k * 3.2.
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 mesothelloma              Inflated      by a factor      of 1.26, the
observed relative         risk among insulation         workers   (Selikoff     et al.,     1979).
(I.e.,   6 years of school         age), assuming the fiber    level       was 0.003         fiber/cm3
(l/1,000   of the exposure         of the Insulation workers).
A second risk assessment was done by Nicholson           (19831, 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 TO 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 t0 until         age t.      In this
case, latency         is implicitly       included      in the dependence on (t-to),                because
k is greater        than 1, but no minimum latency                 is assumed.        These assumptions
are supported         by the work of Peto (19821, Peto St.                       (1982),     Nicholson
(19831, and Schneiderman               et al.    (1981),      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          exposutes      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 mesothelioma,      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
mesothelioma     for nonoccupational            environmental        exposures      to 0.0004
fibers/cm3     (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
(61, TO = 73 and in equation              (7), t0 = 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
fat tor . Fbr 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 DoseJa
Estimated  Individual        Lifetime   Risk x lo6
Exposure                    Median Exposure                 High Exposure
Disease                Group                       (0.0004 fibers/cm31              (0.002 fibers/cm3
Lung cancerb           Male smoker                 64 (0 to 2901c                 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)
aLifetime      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
( f iber/cm3)yr,       estimated    from nine studies     with varied    results.
Mesothelioma        risks    are calculated    with c = 2.53 x low8 and k = 3.2,
estimated      from five studies        with varied   results.    See also explanations
in text.
bSex differences           for lung cancer risk are due to difference8             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:
l 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.
l  Use of the linear   model.    The models used by the committee        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 eatimates     do not unduly overstate      the risks.
0 Count-ass    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,
however, that the number of fibers       in ambient air would be much greater
because 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.
l    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.
l   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 vrn 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 cone          lus ions
can be drawn from the estimates        in Table 7-2:
l   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.
0   Individual    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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I(t,d)                                                                              (8)
I&>
= cumulative   lung cancer mortality                by age t at dose d
baseline   cumulative  lung cancer               mortality by age t
= c*(TOd),
where (TOd) = 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,

C       = (1 +       P/100),                                                                  (9)
where P is the percentage    increase    in lung cancer risk per unit dose
[% per (fibers/cm3)yr].     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).   Ihe 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 = 0.11; female
smokers = 0.04; male nonsmokers = 0.01; and female nonsmokers = 0.005.
Thus, using 2% as a value                         for   P, the   lifetime      risk        of    lung     cancer       for
a male smoker is
to.ll)(l             + P/100)       = (O.ll)(l     + 0.02)    = 0.1122.                                  (10)
Ihe increased          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 10s5, 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 Studizr        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.        Estimated Increase   in Lung Cancer          Risk   per Unit     of
Exposure to Asbestosa
o-45 )(,/3J
Percent Increase
study   Occupation of                                 in Lung Cancer Risk
No.     Worker Cohort          Asbestos      Type     per (fibers/cm3)yr              Reference
Insulation              Amosite               9.1                             Seidman --
et al.,
manufacturing                                                                 1979
Asbestos                Crocidolite,          1.3 males                       Newhouse and
product      manu-      chrysotile,         8.4 females                       Berry, 1979
facturing               and amosite
Asbestos                Amosite and           0.3                             Henderson and
manufacturing           chrysotile;                                           Enterline,
some crocidolite                                      1979
Asbestos                Chrysotile;           1.1                             Nicholson
product manu-           some amosite                                           et al.,        1979
facturing               and crocidolite
Textile                 Chrysotile            5.3                             Dement -w
et al.,
production                                                                    1982
Textile                 Chrysotile            0.07 early                      Peto,      1980
production                                     employeesb
0.8 later
employeesb
Insulation              Chrysotile            1.7                             Selikoff        et     al.,
manufac-                and amosite                                            1979
turing
Yining                  Chrysotile            0.06                            McDonald        and
and milling                                                                  Liddell,        1979
Ziining                 Chrysotile            0.15                            Nicholson
and milling                                                                  et al.,            1979
aAdapted from Table 4 in Schneiderman et al.,                1981.
-F
bEarly employees began work before or during                1950.    Later   employees    began work
after  1950.

E
LE

C
T

R
O

N
IC

A
LLY

 F
ILE

D
 - 2024 Jul 24 5:46 P

M
 - R

IC
H

LA
N

D
 - C

O
M

M
O

N
 P

LE
A

S
 - C

A
S

E
#2023C

P
4004072

RoA_08297



216
Schneiderman       et al. stated     that the investigators        may thus have missed
asbestos-rela=daeaths            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,
Schneider-man et al. (1981) concluded              that the range from 1.1 (Study 4)
-T
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       (71, the numbers c and k must be deter-
mined.      Then the lifetime      risk L at d = 0.0004 fibers/cm3,        assuming
t = 73 and t0 = 0 (continuous            exposure  from birth  to age 731, is
L = c(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-to)   to estimate    these
parameters.       Most of the following    analysis    is similar    to that of
Peto -s  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 - tO)3*2,          with b = 4.37 and
k= 3.2 + 0.36 (standard                 error>.         In equation          (111, 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).        With k = 3.2, Peto et al. (1982) also fitted                            four other data sets
to obtain        four values of bynThe                 equation       I(t,d)     = b(t - tO)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 - t0 (the average time since first                          exposure).      These
values are given in Table 7-4.                       In addition,         Table 7-4 contains         the
estimates        of c that are appropriate                  for equation        (71, based on the
corresponding          estimate      of b given by Peto -s          et al. (1982).           When exposure
is not continuous            from time of first              exposure      (to) to the age of
observation         (t) for these studies,                the relationship           between b and c
changes from c = b/d to
4.56 b/d                                                                          (12)
1 - [l - k/k-to>]           3.2      l
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TABLE 7-4.    Estimated Constants for Equations     (l-l)
and (12) for Five Studies
study                         b x lOa      da      48       --t-tp           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         NAb      NA      NA               NA
1980
Seidman --et al.,             4.91         35        1      35               7.22
1979
aEstimated       from data given in Tables 4 and 10 of Schneiderman et al.
(19811,      using estimated median values.    The product de from c=Fs
3 and 4      above is the estimated cumulative   exposure in (fiber/cm  )yr
of their      Table 10.
bNA = 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/cm3          la 9 per million.     This is calculated   from
equation (11) with c = 2.53 x lOBa, the median of the range of the
c values in Table 7-4, and k = 3.2.             The highest value of the -gyp
Table 7-2 at d - 0.0004 uses equation (11) with c = 7.22 x 10
upper value of c 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 pO88ible lower limit,             especially
if the low-dO8e linear assumption in equation (5) overestimates                the
individual    lifetime   risk.
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Peto (i982)     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/d         for 73 years.         As mentioned above, these investigators
effectively        assumed k = 3, but their            equivalent      c was higher than that
used for the corresponding              estimates      in Tables 7-2 and 7-5.
TABLE 7-5.     Sensitivity   of Estimates  for Lifetime Rirkrx
of Flesotheliome   to Valuer of k end c
Lifetime          Rirk       Estimates
x 106, Using k Values from Various Studies
Pet0 et                   Pet0 z
‘II& Study               Schneidenun     lhir Study   al., ca2    Thir Study    eA., 1982                                            Nicholron,
(lov)                    et al.,  1981   (middle)     Giddle)     (high)        (high)                                               1983
1C   k         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-S
2.53           0.7                      4                        9                        34               120                   290                21,000
x 10-a
7.22           2                        11                       26                       96               350                   a20                60,000
x 10-a
xAl1 ertimater  are derived from equation                               (ll),   L = c(O.O004)(73)k,               vhere t * lifetime
rirk at a continuour   exposure to 0.0004                              fibers/cm3   for a lifetime               of 73 yearr.
Note :   mir        table    demonrtrater           that   the        risk   ertimate!,         are   extremely     l enaitive         to changer      in
the       value    of  k.
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The Use of 0.0004 Fibers/cm3 and 0.002 Fibers/cm3 a8 the Median
and High Nonoccupational         &vironmental    hxpoeure Levels.   The lifetime
ri8k eetimates given in Table 7-2 are based on an a88Umed continuous
environmental       ambient exposure equivalent     to either 0.0004 or 0.002
fiber8 longer than 5 Urn per cm3 of air breathed.            The committee
believe8 that 0.0004 fibers/cm3          is a reasonable assumption for a median
population       exposure level and that 0.002 fibers/cm3      is a reasonable
high exposure level (considering           only exposures from breathing ambient
air continuously).          These assumption8 are discussed below.      The effect8
of UOnCOntinUOU8        high exposures are discussed later in this chapter.
Table 7-6 8ummarizes Borne environmental  asbestos sampling data
provided by Nicholeon (1983).    To convert from ma88 measurements
(ng/m3) of airborne exposures to fiber counts (fiber8/cm3),     the
committee used the conversion factor of 30 pg/m3 for 1 fiber/cm3.
(See Chapter 4 of this report,   Schneiderman et al., 1981, and Consumer
Product safety Commi88iOn, 1983 for further    explanation.)
The dose-response data used in the committee'8           risk estimate were
taken from measurement8 of exposures in the workplace, where the fiber8
tend to be longer than those in ambient environment8 not close to major
8OUrCe8    Of a8be8tO8.      As discussed in Chapter 4, there would typically         be
approximately      2,000 fiber8 per nanogram in workplace air; in remote
area8, however, there would be approximately             70,000 ambient fiber8 in a
nanogram.     To convert ma8s in the workplace to ambient air, the committee
used the number of fibers          longer than 5 pm that would be found in the
workplace when the workplace ma88 equaled the remote ambient fiber mas8.
The dO8e estimate In number8 of fiber8 would be approximately                35 time8
greater (70,000/2,000)        if the actual sizes of fiber8 In ambient air were
coneidered.      If we assume that all fiber8 are equally potent, then the
risk estimates would be correspondingly          higher.      On the other hand, fiber
size apparently      affect8    fiber potency, but the appropriate       adjustment
factor8 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 8tUdie8 (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 a8be8tOS surfaces,       the median is 0.0006 fibers/cm3            (range
of median8 for sample sets 10 through 14, 0.00006           to 0.00405
fiber8/cm3).     If these three medians are weighted by assuming persons
spend approximately     one-fourth   of their time outdoors,        five-eighth8      of
their time indoor8 in uncontaminated        rooms, and one-eighth         of their time
in asbestoe-contaminclted      room8, a reasonable estimate for a median
population   exposure 18 0.0004 fiber8/cm3.
The committee also used 0.002 fibers/cm3   for a high           value of
continuous exposure in its calculation8    for Table 7-2.            This value wa8
obtained by ueing the median of the 90th percentile8      in         Table 7-6 for
each exposure subcategory.   For outdoor air, the median             is 0.0003
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TABLE 7-6.    Sumury        of     tnvironmentel      Ahertos      Exporure      Saaplere
Ueeeured     Coocentre-             Equivelent       Conccntr4-
tion   (ng/a3)                      tion   (fiberr/cm3)b
No. of                     90th Per-                            90th Per-
Senplc    set I                              Samples     Hedim          centile              Uedien         cent ile             leferencc
1.   Parir      eir                         161            0.7                 3.2          0.00002       0.00011               Sabartien         c        G.,
1980
2.   Perir                                   19            0.7                 5.2          0.00002       0.00017               Sebrrtien         c        G.,
(outdoor          control)                                                                                                   1980
3. Outdoor            control                31            0.9                 9.8          0.00003        0.00033              constant G g.,
samples,             for U.S.                                                                                                     1982
l chools
4.   Air of      48 U.S.                    187            1.6                 6.8          0.00005        0.00023              Nicholson,            1971
citicr
5. Air of         U.S.                      127            2.3                 7.8          0.00008        0.00026              U.S. Environmental
cities                                                                                                                         Protect ion
Agency,   1974
6.   Air of       five   U.S.                34            6.7               31.9           0.00022        0.00106              Nicholron      g G.,
citier       (outdoor                                                                                                         1975,     1976
control        rumple)
7.   New York          City       l ir       22           13.7               42.9           0.00046        0.00143              licholron         g        g.,
1971
8.   Air 0.5 mile                            17           22.5               82.6           0.00075        0.00275              licholron         c        aJ.,
(0.8 km) from                                                                                                                  1971
l rbcrtor #preying
9.   Air in U.S.                             31           16.3               72.7           0.00054        0.00242               Conrtant    s        IL.,
l choolroome             vith-                                                                                                1982
out l sbertor
10.   Air in P8rir                           135            1.8               32.2           0.00006        0.00107               Sebmtien         G        &.,
building8   with                                                                                                              1980
asbestos  l urfeces
11.   Air in U.S.                             28            7.9                19.1          0.00026        0.00064               Nicholron     et l l.,
building*    with                                                                                                              1975,    1976 -
cementitious
l rbertos
12.   Air in U.S.                              54          19.2               96.2           0.00064        0.0032!               Nicholron     et rl.,
buildings    vith                                                                                                              1975,    1976 -
friable   l rbertor
13.   Air in U.S.                              54          62.5              550             0.00208        0.01833               Conrtent     et l l.,
rchoolroomr      with                                                                                                         1982       -        -
l rbestos   rurfeces
14.   Air in U.S.                              27         121.5              465             0.00405        0.01550               Nlcholroa        et l l.9
rchools   vith                                                                                                                 1978          - -
deaeged l rbestor
surfacing
uterirlr
aAdapted from Nicholron,        1983.
bBered on conversion     fector     of                 30 ug/m3   -        1 fiber/cm3.
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fibers/cm3;      for indoor uncontaminated    air,     it is 0.002 fibers/cm3;
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/cm3          (as assumed in Table 7-2) plus
an additional          risk    from a lo-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     lo-year    exposure      is approximately      0.003
fibers/cm3,        i.e.,     0.02 x (200 x 6)/(365           x 24).       Using equation      (61, 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 (65)
in Appendix G for the lifetime                   mesothelioma       risk,    L, at t = 73 for an
exposure of 11 = 10 years starting                    at age t0 = 6 at the dose level d,
this risk can be calculated                  from the formula:
L = cd{l-(1          -1 /(t-to)lkl       (t-t()lk,
with d = 0.003,    11= 10, t - t0 = 73 - 6 = 67,                       and k = 3.2.   This
lifetime mesothelioma    risk becomes
L = ~(0.003)         Cl-[ 1-(10/67>13’2          )(67>3’2   = 845~.
If c is the median             value of Table 7-4 (i.e.,  c * 2.53 x 10B8>, the
estimated  lifetime            mesothelioma  risk, L, from the lo-year exposure is
21 x 10-6.
‘Ihis risk    is then added      to the background        risk of 46 x 10W6 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
exposure 8, 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      meeothelioma     risk would be 910 x 10B6.          If k were less
than 3.2, the corresponding           lifetime  risk for mesothelioma       would be less
than 67 x 10w6.        These calculations      show that childhood       exposures    to
asbestiform     fiber8    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- would lead to a mesothelioma               lifetime       risk of 2.25 x 10’6
(9 x lo- a divided      by 4) plus a lung cancer lifetime               risk of
0.73 x 10’6.      The lifetime    individual      risk     for such a person would be
3 x 10’6 for both types of cancer.
A Male Smoker Living          in an Area Contaminated             with High Levels of
Asbestos Who is Also Exposed to High Indoor Concentrations.                                As an
example of a hi h-risk            person,     consider     an urban male smoker expoeed to
0.003 fibers/cm 9 for one-half              the time and 0.018 fibers/cm3                 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 10’ 3 for the two forms of cancer taken together                                (230 x
10’6 for meeothelioma           and 1,600 x lo4          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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1 (Pages 1240 to 1243)

Page 1240

08:18:55             IN THE COURT OF COMMON PLEAS

               FOURTH JUDICIAL CIRCUIT

    STATE OF SOUTH CAROLINA  COUNTY OF DARLINGTON

ANTOINE BOSTIC,               )

Individually and as           )

Personal Representative of    )

the Estate of BERTILA         )

DELORA BOYD-BOSTIC,           )  C/A No. 17-CP-16-0400

                              )

       Plaintiffs,            )

                              )

       vs.                    )

                              )

IMERYS TALC AMERICA, INC.,    )

et al.,                       )

                              )

       Defendants.            )

                  TRIAL - VOLUME 6

         BEFORE THE HONORABLE JUDGE JEAN TOAL

DATE:            Friday, November 9, 2018

08:47:59 TIME:            8:47 a.m.

LOCATION:        Darlington County Clerk of Court

                 1 Public Square, B-4

                 Darlington, South Carolina

REPORTED BY:     Marjorie Peters, RMR, CRR, NCRA-RSA

----------------------------------------------------

                 COMPUSCRIPTS, INC.

            A South Carolina Corporation

        Court Reporters & Legal Videographers

                www.compuscripts.com

                   1.888.988.0086
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10 (Pages 1276 to 1279)

Page 1276

109:31:01      A.     No.

209:31:02 (Exhibit D-7214 was presented.)

309:31:02      Q.     Would you pull up 7214, please.

409:31:31                 Do you have the cover page of that

509:31:34 document?  It should say certificate on that cover

609:31:46 page.  Thank you?

709:31:48                 Do you recognize what that is?

809:31:49      A.     Yes, I do.

909:31:50      Q.     What is it?

1009:31:51      A.     It is a -- it's a cover page from the

1109:31:55 Food and Drug Administration, which prefaces their

1209:31:59 response when they were asked for that report.

1309:32:04      Q.     Would you go to page 4 of 102.  If you

1409:32:15 would please read that part of the third paragraph

1509:32:17 that starts with, "In addition"?

1609:32:19      A.     "In addition, FDA surveillance

1709:32:22 activities that were conducted in the latter portion

1809:32:24 of the 1970s show that the quality of cosmetic talc

1909:32:27 had significantly improved and that even when

2009:32:30 asbestos was present, the levels were so low that no

2109:32:33 health hazard existed.  Our scientists recently

2209:32:36 reviewed the data from the surveillance activities

2309:32:38 and concluded that the risk for a worst case

2409:32:41 estimate of exposure to asbestos from cosmetic talc

2509:32:44 would be less than that -- than the risk from

Page 1278

109:33:54      Q.     Does that address that issue?

209:33:56      A.     It does.

309:33:56      Q.     What is your answer as to whether or not

409:33:58 the FDA is involved in the regulation of talc?

509:34:01      A.     As I said yesterday, the FDA has

609:34:03 regulatory oversight over talc and other cosmetic

709:34:06 products.

809:34:07                 MR. MARTIN:  May I have a moment,

909:34:08 Your Honor.

1009:34:23                 Dr. Hopkins, thank you.  Your Honor,

1109:34:24 I will pass the witness.

1209:34:25                 THE COURT:  Very good.

1309:34:26                 Mr. Swett.  Like Mr. Martin, I told

1409:34:31 you yesterday that I would allow some additional

1509:34:40 opportunity for limited cross-examination, but you

1609:34:42 are at about the end of the time for this witness.

1709:34:45                 MR. SWETT:  Thank you, Your Honor.

1809:34:46 May it please the court.  Good morning.  Good

1909:34:49 morning, Ladies and Gentlemen.

2009:34:50                 JURY:  Good morning.

2109:34:54                 MR. SWETT:  Do we have the Elmo?

2209:34:54                  RECROSS-EXAMINATION

2309:34:54 BY MR. SWETT:

2409:35:09      Q.     Good morning, Dr. Hopkins.

2509:35:10      A.     Good morning.

Page 1277

109:32:47 environmental background levels of exposure to

209:32:49 asbestos from non-occupational exposure over a

309:32:53 lifetime."

409:32:54      Q.     You were asked yesterday whether or not

509:32:56 there was any audits or review by the FDA.  Does

609:32:59 that give you any idea of surveillance or reviews by

709:33:04 the FDA?

809:33:04      A.     It indicates that they were doing

909:33:07 surveillance in the 1970s.

1009:33:10      Q.     What does surveillance mean to you?

1109:33:12      A.     They -- surveillance, you look at

1209:33:15 published literature and other information you can

1309:33:18 get from other national bodies to see the health of

1409:33:22 the employees, and others.

1509:33:24 (Exhibit D-9688 was presented.)

1609:33:24      Q.     I'd ask you to look at one last

1709:33:31 document, 9688.  Would you pull that up, please.

1809:33:38                 Would you read the caption.

1909:33:39      A.     It's captioned, "FDA authority over

2009:33:42 cosmetics.  How cosmetics are not FDA approved but

2109:33:45 are FDA regulated."

2209:33:46      Q.     You were asked questions yesterday

2309:33:48 whether or not the FDA was involved in the

2409:33:50 regulation of cosmetic talc; correct?

2509:33:53      A.     I was, yes.

Page 1279

109:35:11      Q.     All right.  Let me show you P-157.  This

209:35:19 is the Blount article that we have been discussing.

309:35:21 This came directly out of Johnson & Johnson's files;

409:35:24 right?

509:35:24      A.     It has a J&J stamp on it.

609:35:26      Q.     Right.  Just so we're clear, when you

709:35:30 reviewed this document, you got it from Johnson &

809:35:32 Johnson's lawyers; right?

909:35:34      A.     This is -- this document's in the public

1009:35:38 domain.  I may have read it there, or I may have

1109:35:41 just read it because I can download documents from

1209:35:43 the publishers.  So I'm not sure -- this goes back

1309:35:48 to 1991.  It's a long while.  I can't remember

1409:35:51 whether I read it recently or back in the '90s.

1509:35:55      Q.     No, sir.

1609:35:55      A.     I certainly read it.

1709:35:56      Q.     This document is not in the public

1809:35:58 domain.

1909:35:58      A.     Well, you need to show me which document

2009:36:00 it is, please.

2109:36:01      Q.     I'm talking about the Blount article

2209:36:02 with Johnson & Johnson's Bates numbers on it.  This

2309:36:06 document is not in the public domain, is it?

2409:36:08      A.     That document isn't, no, but the main

2509:36:11 report --
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81 (Pages 1560 to 1563)

Page 1560

105:01:41 question.

205:01:41                 Walter Bristow was one of my

305:01:46 mentors, and he and Jack Grimball were the kings of

405:01:51 how they handled proffers, and they always handled

505:01:53 them the way I'm going to suggest that they be

605:01:55 handled, which is you just proffer it at the end,

705:01:59 and all of the objections and proffer were taken out

805:02:03 of the presence of the jury at one time so you

905:02:05 didn't have to pull them in and out and in and out

1005:02:07 and in and out.  That's how I would much prefer to

1105:02:11 handle this, if it can be handled that way.

1205:02:13                 With respect to any other slide

1305:02:16 shows, please exchange them, and that at least will

1405:02:23 obviate any kind of delays during courtroom time.

1505:02:26                 Now, anything further from you all?

1605:02:29                 MR. HERNS:  No, Your Honor.

1705:02:30                 THE COURT:  Mr. Swett.

1805:02:30                 MR. SWETT:  Your Honor, just very,

1905:02:31 very briefly.  Since there's some talk about

2005:02:35 proffer, our position on this issue of Dr. Longo and

2105:02:39 Sanchez is, it's that last link that's totally

2205:02:41 improper.

2305:02:42                 If he wants to say what's the proper

2405:02:43 method to test talc, this is it.  But it's the next

2505:02:47 step:  Well, Dr. Longo did it wrong.  That's the

Page 1562

105:04:07 three or four times now, and that is what the ruling

205:04:12 is.

305:04:12                 MR. SWETT:  Thank you, Your Honor.

405:04:14                 THE COURT:  All right.  Anything

505:04:18 else?

605:04:20                 MR. EWALD:  No, Your Honor.

705:04:21                 THE COURT:  All right.  Court will

805:04:22 be in recess.

905:04:28                 MR. EWALD:  Thank you.

1005:04:30 (RECESS, 5:04 p.m.)
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105:02:50 step that's just totally inappropriate.

205:02:52                 THE COURT:  I understand that very

305:02:54 fully.  I think I have covered that in my rulings.

405:02:57 You may be articulating it a little more clearly

505:03:00 than I was articulating it, but I am not preventing

605:03:05 Dr. Sanchez from talking about his method of

705:03:10 testing, talking about the AHERA method, the ISO

805:03:14 method and the Blount method; but what I'm not going

905:03:18 to allow him to do is to characterize incorrectly

1005:03:22 how Longo used those methods, implying that the

1105:03:27 method's okay, but he somehow was improper in the

1205:03:32 way he used the method.

1305:03:33                 If they want to say that, they're

1405:03:35 going to have to get much more specific about what

1505:03:37 he said about how he used those methods.  That's all

1605:03:41 I'm saying.

1705:03:42                 And the reason for that is, he is an

1805:03:44 expert witness who can give opinions about matters

1905:03:48 and has that elevated status; and in order to give

2005:03:51 opinions that are legitimate to the jury, his

2105:03:55 foundation for the opinion must be stated.  If that

2205:03:58 opinion is an opinion about testing that somebody

2305:04:00 else does, the platform for that opinion has to be

2405:04:04 accurate.

2505:04:04                 So I think I have made that clear
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1             CERTIFICATE OF COURT REPORTER

2        I, MARJORIE PETERS, the officer before whom

3 the foregoing proceeding was taken, do hereby

4 certify that the witnesses whose testimony appears

5 in the foregoing hearing were duly sworn; that the

6 testimony was taken in shorthand and thereafter

7 reduced to typewriting by me or under my direction;

8 that this transcript is a true record of the

9 proceedings; that I am neither counsel for, related

10 to, nor employed by any of the parties to the action

11 in which this hearing was taken; and, further, that

12 I am not a relative or employee of any attorney or

13 counsel employed by the parties hereto, nor

14 financially or otherwise interested in the outcome

15 of this action.

16

17

18

19

20

21 ___________________________________

22 Marjorie Peters, RMR, CRR, NCRA-RSA
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Exhibit C 
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15 November 1972 

Dr. A. J. Goudie 
Jolmson & Johnson 
Research Center 
501 George Street 
New Brunswick. New Jersey 08901 

Dear Dr. Goudie: 

Here Is our modified thinking on the ba)Jy powder samples 
lOST and l09T. After looking at several fresh samples on 
the Hgbt microscope we have not been able to substantiate 
the tremollte levels we originally reported. 

Yours sincerely. 

Ian M. stewart 
Manager. Electron Optlcs 

Group 

ajw 
Ref: MA 2546 
Enclosures 

Protected Document--Subject to Protective Order 

J&J-0005504 

JNJNL61_000078806 

DX7052.0001
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Exhibit D 
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·1· · · ·IN THE CIRCUIT COURT OF THE STATE OF OREGON

·2· · · · · · · ·FOR THE COUNTY OF MULTNOMAH

·3

·4· ·KYUNG LEE AND JOE LEE,· · · · · · ·)
· · · · · · · · · · · · · · · · · · · · )
·5· · · · · · ·Plaintiffs,· · · · · · · )
· · · · · · · · · · · · · · · · · · · · )
·6· · · · · ·v.· · · · · · · · · · · · ·)· No. 23CV40369
· · · · · · · · · · · · · · · · · · · · )
·7· ·BI-MART CORPORATION, et al.,· · · ·)
· · · · · · · · · · · · · · · · · · · · )
·8· · · · · · ·Defendants.· · · · · · · )

·9

10

11· · · · · · · · TRANSCRIPT OF PROCEEDINGS

12· · · · · · · ·Volume 20, Pages 2642 - 2732

13

14· · · · · · · · ·Thursday May 23rd, 2024

15· · · · · · · · · · · · 8:45 a.m.

16· · · · · · · ·Multnomah County Courthouse

17· · · · · · · · · · · Courtroom 16-C

18· · · · · · · · · · 1200 SW 1st Avenue

19· · · · · · · · · · ·Portland, Oregon

20

21

22

23· ·BEFORE:· Hon. Katharine von Ter Stegge

24· ·REPORTED BY:· KELLY ANTRIM ELMORE, CSR, RPR

25· · · · · · · · · · · · · * * *
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·1· ·BY MR. STUTE:

·2· · · · Q· · Let me just show you this document,

·3· ·Dr. Kuffner, in the interest of time.· Is this the

·4· ·document you've seen before?

·5· · · · A· · Yeah.

·6· · · · · · ·MR. ADAMS:· Do you have a copy, Counsel,

·7· · · · of what you're showing the witness?

·8· · · · · · ·MR. STUTE:· It's an admitted exhibit, and

·9· · · · what I'm showing is -- I don't have a copy for

10· · · · you because I wasn't anticipating using

11· · · · documents.· But this is DX7214-0001.· This is

12· · · · defendant's Exhibit 7214, for the record.

13· · · · · · ·MR. ADAMS:· Appreciate it.

14· · · · · · ·MR. STUTE:· Thank you for that.

15· ·BY MR. STUTE:

16· · · · Q· · And Dr. Kuffner, have you seen this

17· ·document before?

18· · · · A· · Yes, I have.

19· · · · Q· · What is it?

20· · · · A· · This is the letter from -- from the FDA to

21· ·Mr. Dulay (phonetic) in 1986 denying citizen's

22· ·admission.

23· · · · Q· · And that 1986 is after 1974, which is the

24· ·document that plaintiffs' counsel just presented

25· ·you.· Correct?
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09:18:02

09:18:09

09:18:20

09:18:42

09:18:46

09:19:04

·

TRANSCRIPT OF PROCEEDINGS, 05/23/2024 Page 2665

www.LNScourtreporting.com
YVer1f



·1· · · · A· · Correct.

·2· · · · Q· · And what is the point of that document in

·3· ·summary fashion so the jury can understand the point

·4· ·of it, Dr. Kuffner?

·5· · · · A· · At the end of the day, the petitioner was

·6· ·asking that they -- of the FDA that they add

·7· ·asbestos warnings on the talc-based products.· And

·8· ·the FDA essentially said we deny your petition.· We

·9· ·don't think asbestos warnings need to be put on

10· ·products.· And one of the reasons they gave is they

11· ·said we understand there was some testing from the

12· ·early '70s and based upon how the science was

13· ·evolving at the end of the day, we discount that --

14· ·the reliability of that testing.

15· · · · Q· · In other words, this is the FDA saying to

16· ·a citizen petitioner that it does not believe

17· ·there's asbestos, based on it's testing in Johnson &

18· ·Johnson Baby Powder.· Correct?

19· · · · A· · That -- that -- that would be correct.

20· · · · Q· · Thank you, Dr. Kuffner.· I don't have any

21· ·more questions for you.

22· · · · · · ·THE COURT:· All right.· Thank you,

23· · · · Dr. Kuffner.

24· · · · · · ·THE WITNESS:· Thank you.· Thank you.

25· · · · · · ·THE COURT:· And so we are ready for our
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·1· · · · · · · · · ·CERTIFICATE

·2· · · · I, Kelly Antrim Elmore, an CSR, RPR, do

·3· ·hereby certify that I reported in stenotype the

·4· ·testimony and proceedings had upon the hearing

·5· ·of this matter, previously captioned herein,

·6· ·before the Hon. Katharine von Ter Stegge, that

·7· ·I transcribed my stenotype notes through

·8· ·computer-aided transcription; and that the

·9· ·foregoing transcript constitutes a full, true

10· ·and accurate record of all testimony adduced

11· ·and proceedings had during the hearing of said

12· ·matter, and of the whole thereof.

13· · · · Witness my hand at Portland, Oregon, this

14· ·23rd day of May, 2024.

15

16

17· · · · · · · · · · · __________________________

18· · · · · · · · · · Kelly Antrim Elmore

19· · · · · · · · · Oregon CSR No. 21-0020

20· · · · · · · · · Expires 9/30/24
· · · · · · · · Registered Professional Reporter
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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,     )
                         )
   v.                    ) Calendar J1
                         )
AVON PRODUCTS, INC., )
et al., )
                         )
        Defendants.      ) Court No. 
__________________________ ) 20 L 004505

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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ribbon and a sealed copy? 

A. Yes, I do.

Q. 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 it? 

A. Yes, that's true.

Q. 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:

Q. 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.  
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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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