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Abstract
Over a century ago, Connecticut industry began using chrysotile asbestos. Chrysotile found a home in several factories that

used it exclusively or predominantly. The occurrence of mesothelioma in 4 of those factories is the subject of this paper—2

have been reported previously and are updated here with new information; one was the subject of a prior internal corporate

study that was never published; one is reported here for the first time. Twenty-four cases of mesothelioma have been iden-

tified among these workers, including several who had no known amphibole exposure. It is likely that additional cases of

mesothelioma have been missed. The full scale of the hazard may never be completely known, but reports such as the present

one add to the weight of evidence that chrysotile causes mesothelioma in humans and that the full extent of the epidemic is

probably wider than retrospective studies have revealed. Continued vigilance is required.
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Introduction
Over a century ago, Connecticut industry began using chrysotile
asbestos. Once heralded as the “silk of the mineral kingdom”1
and “the magic mineral,”2,3 asbestos found uses in a multitude
of Connecticut-based industries, including brake linings,
automatic transmission products, phenolic molding compounds,
gaskets, protective clothing, shingles, wire and cable products,
and household appliances.4,5 Chrysotile, in particular,
found a home in several factories that used it exclusively or
predominantly in the manufacture of various products. The
occurrence of mesothelioma in four of those factories is the
subject of this paper—twohave been the subject of prior pub-
lished reports and are updated here with new information;
one was the subject of a prior internal corporate study that
was never published; one is reported here for the first time.

All forms of asbestos, including chrysotile, have been rec-
ognized as capable of causing mesothelioma.6–34 Despite
nearly universal recognition of its hazards in the mainstream
medical, scientific, public health and regulatory communi-
ties, there remains dispute in legal cases over the capacity
of chrysotile to cause mesothelioma. The continued reporting

of the occurrence of mesothelioma in chrysotile-exposed
cohorts remains an important contribution to the ongoing dis-
cussion. By focusing on four Connecticut chrysotile-using
factories, this paper highlights the health hazards of chryso-
tile asbestos and publishes for the first time additional
cases of mesothelioma among these factory workers.

Debate in Legal Cases
Defendants in asbestos litigation have argued for decades that
chrysotile does not cause mesothelioma in humans and that it
can be handled safely by industry.19,20,25,35–40 Historically,
from the defense perspective, this argument had the great
benefit of being product non-specific, meaning that the
defense could be applied uniformly by every defendant in
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the litigation that was defending chrysotile products, whether
those products were thermal insulation, taping compounds,
cloth, gaskets or brake linings. When 95% of the world’s
use of asbestos consisted of chrysotile, and thus the vast
majority of workplace exposures resulted from the manipula-
tion of chrysotile products, it is easy to see why a “chrysotile
defense” became the defense du jour among the asbestos
companies. If the asbestos industry could argue successfully
that chrysotile did not cause mesothelioma in humans, then
no chrysotile-containing product could ever be implicated
in any plaintiff’s mesothelioma case. As time went on, and
as scientific developments made it harder to maintain the
position, the “chrysotile defense” evolved into a few different
forms.

In its original formulation, the argument posited that there
was something fundamentally different and unique about
chrysotile—the sole asbestos member from the serpentine
family of minerals—and that chrysotile, by its very nature,
could not cause mesothelioma in humans. Chrysotile’s
wavy morphology, its propensity to break down into small
fibrils and be destroyed by the body’s defenses, its propensity
to be cleared from lung tissue, its chemical composition, and
its low biopersistence were all theories suggested by industry
expert witnesses.36,37,41–45 Occasionally, published literature
was cited to support these theories. For example, Wagner
et al. 46 found no mesotheliomas from the areas around the
South African chrysotile mines, yet a veritable epidemic of
mesothelioma around crocidolite mines. Likewise, McDonald
and Fry47 and McDonald et al.48 found no mesotheliomas in
their original studies of a Connecticut chrysotile-using friction
products factory (Company A in the present report). Acheson
et al.49 found several mesotheliomas in a crocidolite-using
factory in England, but only a single mesothelioma in a
chrysotile-using factory in a patient who likely had subse-
quent crocidolite exposure.

One variation of the chrysotile defense posits that “pure”
chrysotile, without amphibole contamination, cannot cause
mesothelioma in humans since it is the amphibole contamina-
tion that is responsible for mesotheliomas in certain chrysotile
cohorts.20,37,50,51 This argument has been dubbed the “amphi-
bole hypothesis”, charging the tremolite/actinolite accessory
minerals in certain chrysotile deposits with being the actual
cause of human mesothelioma rather than the chrysotile
itself.8,10,50,52 Industry experts selectively cite the published
and unpublished literature, including the alleged lack of
mesotheliomas among workers at the amphibole-free New
Idria chrysotile mine in California and the alleged lack of
mesotheliomas among workers at certain Quebec mines
where distinctions have been drawn between amphibole-
contaminated mines and non-amphibole-contaminated
mines.20,37,53–55 Defendant-manufacturers who obtained their
chrysotile from these sources have argued that their prod-
ucts could not cause mesothelioma because the “pure”
chrysotile they used did not have any amphibole
contamination.

Another variation of the chrysotile defense posits that
chrysotile (pure or impure) can cause mesothelioma in
humans, but only at exceedingly high cumulative exposure
levels on the order of hundreds or thousands of fibers/
cc-year.56–59 The argument asserts that cases of mesotheli-
oma have been identified among chrysotile miners only
because their exposure levels were historically extreme,
and since exposures from chrysotile-containing products do
not approach those extreme levels of exposure, the inhaled
dose for the end product user is negligible.60

A fourth variation of the chrysotile defense posits that
chrysotile (at high exposure levels) may occasionally cause
pleural mesothelioma, but can never cause peritoneal meso-
thelioma.20,30,59,61 The reasons given are usually twofold:
one, the familiar argument that chrysotile itself cannot
cause mesothelioma in humans; and two, that an insufficient
dose of chrysotile reaches the peritoneum and, thus, cannot
cause cancer at that site.62

These arguments are asserted almost every day in legal cases
in trial-level courts around the United States. Defendant-
manufacturers file legal briefs asking trial judges to exclude
or severely limit the introduction of testimony and evidence
from experts working on behalf of injured workers. Almost
always, the trial judges leave these matters for the jury to
decide when the jury renders its verdict. Rarely, a trial judge
may be persuaded by defense arguments and take the matter
away from the jury and direct judgment in favor of a defendant
on this issue, but those findings are often reversed and corrected
by an appeals court that reviews the trial judge’s decision.63,64

Underdiagnosis/Misdiagnosis
While the true rates of mesothelioma in chrysotile cohorts are
unknown, evidence indicates that, historically, and possibly
in the present, mesothelioma has been underdiagnosed and
under-ascertained. Particularly during earlier years, mesothe-
lioma was notoriously difficult to diagnose and many cases
may have been missed, undiscovered, unreported, misclassi-
fied, or misdiagnosed as other forms of cancer.23,26,65–79 The
United States Environmental Protection Agency has noted:

For mesothelioma, the undercounting of cases (under-
ascertainment) is a particular concern given the limitations of
the International Classification of Disease (ICD) used prior
to 1999. In practical terms, this means that some true occur-
rences of mortality due to mesothelioma are missed on death
certificates and in almost all administrative databases such as
the National Death Index. Even after the introduction of a
special ICD code for mesothelioma with the introduction of
ICD-10 in 1999, detection rates were still imperfect
(Camidge et al., 2006; Pinheiro et al., 2004), and the reported
numbers of cases typically reflect an undercount of the true
number….79
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As early as 1969, Newhouse and Wagner (1969) noted
that death certificates dramatically underestimated the inci-
dence of mesothelioma.80 The authors obtained 436 death
certificates and reviewed necropsy reports for 158 of the
deceased and histological material for 84. Mesothelioma
was certified as the cause of death in only 4 cases, but a
review of the histological materials identified another 15
cases. Five patients were originally certified on death certif-
icates as having carcinoma of the lung or pleura, but
review of the case materials revealed that they died from
pleural mesothelioma instead. Ten deaths were originally
certified as carcinomatosis or gastro-intestinal cancer, but
were revealed to have been peritoneal mesothelioma.

In her unpublished study of Company C (discussed below),
Haas81 commented on the inherent unreliability and uncertain-
ties of relying on death certificates for “causes of death.”

In their cohort of U.S. and Canadian insulation workers,
Selikoff et al.82 demonstrated that simply counting cases
based on death certificates resulted in a dramatic underreporting.
Whenever possible, the authors tried to use the “best evidence
available” to determine the actual causes of death, including a
combination of death certificates, clinical data, radiology, and
histological materials from surgeries or autopsies. Death certif-
icates listed 25 cases of pleural mesothelioma, but using their
“best evidence” approach revealed 63 cases. Likewise, death
certificates listed only 24 cases of peritoneal mesothelioma
but using the best evidence approach revealed 112 cases.

In that same cohort, Selikoff and Seidman identified 49
cases of pancreatic cancer using death certificates. After addi-
tional scrutiny by the authors, it was determined that 16
(32.7%) of those cases were peritoneal mesotheliomas.83

Specifically in Connecticut, Teta et al.65 noted the poten-
tial for misdiagnosis. They identified 19 cases of pleural
tumors in the Connecticut Tumor Registry and included
those cases in their analysis of malignant mesothelioma
because of their “concerns about diagnostic sensitivity,”
which were justified when they identified “several cases of
mesothelioma in this group” after pathology review. They
also reported that among 964 randomly sampled autopsies
from the Connecticut Tumor Registry that were originally
reported as lung cancer, one was actually a mesothelioma.
One in 964 is not a large proportion, but that one case was
identified in a random sampling of autopsies, not among
at-risk occupations or among individuals with known expo-
sures, so the true rate of misdiagnosis among those groups
is unclear. Additionally, of 5 cases of mesothelioma included
in their study from VA hospital records, 2 were diagnosed
before 1963 and were initially certified as lung cancers.

Teta et al.66 expressly commented on this perennial
problem: “It is widely recognized that mesothelioma is seri-
ously underreported on DCs [death certificates].”

Armstrong et al. noted significant misdiagnosis among
cases of mesothelioma in the crocidolite miners and millers
of Western Australia.84 Of 32 known cases, 19 (52%) were
originally certified as causes other than mesothelioma.

In a cohort of amosite factory workers, Ribak et al. found
that 50% of pleural mesotheliomas and 44% of peritoneal
mesotheliomas were miscertified on death certificates.85

Selikoff highlighted the diagnostic and reporting prob-
lems among his cohort of asbestos insulation workers.86 By
1986, death certificates had listed 89 cases of pleural meso-
thelioma and 92 cases of peritoneal mesothelioma. Using
their "best evidence" approach, there were actually 173
cases of pleural mesothelioma and 285 cases of peritoneal.

Sluis-Cremer et al. demonstrated significant underreport-
ing of mesothelioma among South African amphibole
miners.87 Death certificates only listed 16 cases, but the
“best available evidence” revealed 30.

In their study of mortality among workers in a
chrysotile-using plastics factory, Dell and Teta noted that
“mortality from mesothelioma is underestimated when the
underlying cause of death is used to identify cases.”88 Only
5 mesotheliomas were originally reported, but the authors
identified 4 additional cases after examining all the evidence,
bringing the total to 9.

In a cohort of gas mask workers from Nottingham, Berry
et al. identified 65 deaths from mesothelioma, “although only
54 were certified as such.”89

Silverstein et al. commented that “many cases of mesothe-
lioma have historically been misdiagnosed and death certifi-
cates have been notably unreliable,” noting in particular that
“[f]ew studies have gone to the lengths taken by Selikoff who
obtained medical records and tissue specimens for review in
a great majority of deaths in the insulators’ cohort.”

Aguilar-Madrid et al. noted an underreporting of mesothe-
lioma by 71% in Mexico: “only in 29% (7) of cases was
malignant pleural mesothelioma the cause of death annotated
on the decease certificate.”90

Kanarek noted that “published studies most certainly missed
many cases of mesothelioma that have occurred from chrysotile
asbestos exposure because of the difficult nature of the patho-
logic definitive diagnosis, the difficulty in documenting work
exposures of the past, the absence of study of many workers
who were exposed and left the industry without being included
in the studies, and the environmental exposure that occurred to
nonworkers. It is reasonable to assume that the total numbers of
cases that are documented is just the tip of the iceberg of a
potential world-wide environmental cancer epidemic of meso-
thelioma from asbestos, including chrysotile asbestos.”23

Loomis et al. explained that underestimation of mesothe-
lioma cases is “the primary concern,” due in part to inaccura-
cies on death certificates, misdiagnosis, misclassification, and
a lack of a unique code for mesothelioma until the ICD-10.91

Almost everywhere researchers have looked, they have
found significant underreporting, misclassification or misdiag-
nosis of mesothelioma. As a result, it seemed almost a certainty
that additional cases of mesothelioma have been missed among
the Connecticut chrysotile cohorts. For this reason, the author
undertook research to identify additional mesothelioma cases
in Connecticut, using records from the author’s law firm.
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Methods
The scope of this study was limited to the State of
Connecticut because all of the available data, from the
author’s law firm, were from that state. The research question
was “Did the available data from the State of Connecticut
lend support to the hypothesis that mesothelioma was under-
ascertained in cohorts exposed to chrysotile asbestos?” A lit-
erature search using PubMed was conducted to identify prior
published reports detailing the use of asbestos in Connecticut
industries, as well as reports identifying cases of mesotheli-
oma among those industries or studying the potential health
effects of asbestos in the State of Connecticut. Search
terms included combinations of “Connecticut,” “mesotheli-
oma,” “asbestos,” “chrysotile,” and “amphibole.” In order
to obtain the broadest possible results, no arbitrary date
ranges were imposed on the literature search. When relevant
articles were identified, a further search was conducted by
reviewing PubMed’s “Similar articles” suggestions and by
reviewing references in the selected articles.

Cases of mesothelioma from the records of the author’s
law firm were reviewed to identify individuals who worked
at the subject factories. Once identified, those individuals’
files were reviewed to determine work histories and exposure
information, including information from sworn testimony,
sworn statements, and Social Security earnings documents.
In most instances, sworn testimony was given in the course of
their legal cases, during which the individuals were subject to
extensive cross-examination by adversarial legal counsel.
Additional records were collected from the author’s files and
from corporate documents, both of which were obtained in
the course of civil litigation over the last 40+ years.

Diagnostic information for each previously identified case
of mesothelioma has not been repeated here. Information per-
taining to those diagnoses can be found in the original refer-
ences. Diagnostic information for each newly identified case
is described below.

Classification of exposure for each case was based on the
information described above, including sworn testimony
(when it existed for specific cases), documents obtained
from the companies in the course of civil litigation that
described their products and processes, and/or prior pub-
lished literature describing the companies.

Results
Twenty-four cases of mesothelioma have been identified and
associated with 4 Connecticut chrysotile-using factories.
Eighteen of those cases had no known amphibole exposure.

Company A
Company A was a predominantly chrysotile-using friction
products plant in Stratford, CT that has been previously
described.47,48,92,93 The company was considered to be the

largest and oldest asbestos factory in Connecticut.47 The his-
torical record is a bit murky, but Company A’s operation
seems to have begun around 1913 in Bridgeport, CT, origi-
nally manufacturing woven asbestos brake linings in a
textile-like operation.a

A basic description of the factory was provided by
McDonald et al.48 and was further elaborated by Finkelstein
and Meisenkothen.92 By the 1930s, Company A had begun
operations at the Stratford, CT location and manufactured dry
moulded and roll extruded wire back brake linings. The dry
process was discontinued about 1970, but the roll extruded
process continued into the 1980s. In the 1940s, automatic trans-
mission friction materials, friction discs, and bands were intro-
duced in substantial volume. Chrysotile, mainly from Canada,
was the only mineral type of asbestos used until 1957, when
some anthophyllite was added in making paper discs and
bands. About 400 pounds of crocidolite was handled exper-
imentally on a few occasions in the laboratory but only
between 1964 and 1972. According to surviving records,
over 5000 tons of asbestos were ordered from Canadian sup-
pliers in 1968 alone. The company had multiple chrysotile
suppliers, including, for example, one Canadian supplier
that shipped between 124 and 825 tons of chrysotile annually
between 1967 and 1983. Bruckman and Rubino reported that
Company A used approximately 600 tons of asbestos per
month.94 The plant gradually wound down and ceased oper-
ations through the 1980s, progressively laying off workers
and eventually closing in September 1989. The factory site
and surrounding areas remain ongoing problems for the
town of Stratford, including prior Superfund designations
and ongoing environmental clean-up.95

Mortality from malignant mesothelioma among workers
at Company A has been a source of continued interest
(Table 1). McDonald and Fry first reported standardized mor-
tality ratios (SMRs) in Company A in a cohort study that
looked at 3 separate asbestos-using factories (Company A
in the present report was reported as “Factory B” in their
paper).47 They explained that Company A was located in
Connecticut and manufactured brake linings from Canadian
chrysotile. The cohort consisted of all employees with
known Social Security numbers and who had worked in
the factory for at least 1 month before January 1, 1959, total-
ing 4028 men and 931 women. Twenty-one percent were first
employed before 1938, and 54% were first employed
between 1938 and 1948. Vital status was traced through
December 31, 1977 for 96.6% of the men and 91.1% of
the women, with causes of death listed on death certificates
coded by a qualified nosologist. Among the men traced,
38.8% (1508) were deceased, as were 14.4% (122) of the
women. The Standardized Mortality Ratio (SMR) for all
causes of death for men with less than 1 year of employment
and 20+ years of latency (time since first exposure/employ-
ment) was 131.2 (expected number of deaths 216.5).b The
SMR for all causes of death for men with more than 1 year
of employment and 20+ years of latency (time since first
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exposure/employment) was 105.9 (expected number of
deaths 560.9). The SMR for respiratory cancer for persons
with 1–4 years employment was 149.3 and was 168.4 for
those with 20+ years employment. The authors reported
that, among the 931 women in the cohort, the SMR for respi-
ratory cancer was 52.1 with 2.5 expected deaths. No cases of
mesothelioma were identified among workers from this
factory, even though the authors claimed that “[t]he opportu-
nity for recognition of mesotheliomas was also very good…
as the state of Connecticut has maintained a renowned cancer
register.” They concluded “that chrysotile in the manufacture
of friction materials was not responsible for the problem
[mesothelioma].”c

Two cases of mesothelioma at Company A were identified
by Teta et al. (1983) (cases 1 and 2 in Table 1)d in their
general survey of mesothelioma in Connecticut—Case 1
was confirmed to have peritoneal mesothelioma from avail-
able pathology materials, including an autopsy; and Case 2
was “probably pleural mesothelioma” based on their review
of the patient’s pathology material.65 According to sworn
answers provided in prior litigation, Company A has repeat-
edly stated that it never manufactured any brake linings with
amphibole fibers, so there is no reason to believe that these

early cases had any occult amphibole exposure, as has been
suggested in a recent paper that attempted to identify a so-called
“no-observed adverse effect level.”56 Additionally, matching
the prior sworn answers with McDonald and Fry’s47 descrip-
tions reveals that the only amphibole-containing textile products
manufactured by Company A were crocidolite rope packings
(not sheet packings) at its Pennsylvania factory from 1929–
1972 (not any location in Connecticut), crocidolite valve rings
from the 1950s to the early 1970s either at South Carolina or
Pennsylvania (not Connecticut), and amosite blankets (1929–
1944) and tape (1940–1970) probably at Pennsylvania (not
Connecticut).

In their follow-up study, McDonald et al. provided addi-
tional detail about Company A, including basic descriptions
of the processes in the factory, brief details about fiber use,
information about air sampling, and additional reporting of
SMRs.48 They refined the cohort further, filtering out some
employees who had worked initially in the “parent plant,”
reducing the overall size of the cohort to 3641 men and
905 women. The cohort was otherwise defined in the same
way as in the 1982 paper—workers with Social Security
numbers who had been employed before January 1, 1959.
Vital status was also traced the same way—status as of

Table 1. Cases of Malignant Mesothelioma Associated with Company A.

Case

Years of employment

at Company A Diagnosis Notes References

1 c.1920s–1950s or

1930s–1960s

“Slide review confirmed a

diagnosis of peritoneal

mesothelioma”

Female clerical worker; 30 years employment; asbestosis

also present; sister-in-law of case 2.

No known amphibole exposure.

65,66,97

2 c.1920s–1950s or

1930s–1960s

“Probably pleural

mesothelioma”

Female clerical worker; employed <5 years; no other

employment.

No known amphibole exposure.

65,66,97

3 1926–1937; 1942–45 Fibrous mesothelioma Female office worker.

No known amphibole exposure.

92,98

4 1940–1980 Pleural mesothelioma

(sarcomatoid)

Male maintenance worker and foreman.

No known amphibole exposure.

92,98

5 1983–1984 Pleural mesothelioma Male. Additional exposure as a Navy machinist for 20 years

(1948-68). Fiber digestion revealed amosite.

Known amphibole exposure.

92,98

6 1937–1967; 1971–

1979

Pleural mesothelioma Male, hot press department.

No known amphibole exposure.

92,98

7 1965–1985 Pleural Mesothelioma Male machine operator; radiology consistent with

asbestosis.

No known amphibole exposure.

92,98

8 1966–1983/1984 Pleural mesothelioma

(epithelioid)

Male machine operator in Department 4 (automatic

transmissions).

Possible anthophyllite exposure.

93

9 1961–1967; 1969 Pleural mesothelioma

(epithelioid)

Male machine operator in Department 4 (automatic

transmissions); occasionally “loaned out” to

Departments 1, 2, 15 and 32, and Quality Control.

Possible anthophyllite exposure.

93

10 1965–1977 Pleural mesothelioma

(epithelioid)

Male worker; forklift driver, mixer, inspector, quality

control. Additional exposure on a Navy ship and in

friction products plants in California.

Probable amphibole exposure.

This report
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December 31, 1977 with causes of death coded by the same
nosologist. With their adjustments to the cohort, they now
reported vital status for 96.5% (3513) of the men and
90.5% (819) of the women. Of the men who were traced,
1267 (36%) had died and 1228 (96.9%) death certificates
were obtained. Of the women who were traced, 114
(13.9%) had died and 112 (98.2%) death certificates were
obtained. However, unlike the preliminary report from
1982, this time the authors excluded women from the study
without further explanation and presented their findings
only for male employees. This effectively eliminated the 2
female mesothelioma cases reported by Teta et al.65 from
the cohort. SMRs were only elevated for malignant neo-
plasms (mostly in men employed <1 year) and respiratory
tuberculosis, with little or no evidence of a dose-response.
Twelve death certificates were coded as pneumoconiosis,
but none apparently revealed any indication of asbestosis.
No cases of mesothelioma were identified on any of the
death certificates. The authors concluded that the risks from
chrysotile exposure in this factory were minimal, particularly
as compared with cohorts of chrysotile textile workers.

Five additional cases of mesothelioma (cases 3–7 in
Table 1) were first reported by Egilman and Billings.98

Finkelstein and Meisenkothen further clarified and refined
the information on those 5 cases, providing additional details
on their work histories and calculating an approximate risk esti-
mate based on the 2 cases that would have been cohort eligible
in McDonald et al..92 All 5 cases were confirmed pathologically
via biopsy or autopsy. Finkelstein andMeisenkothen based their
description of the factory on McDonald et al.,48 applied
McDonald’s definition of the cohort (male workers employed
at least 1 month prior to January 1, 1959) and utilized the meth-
odology of Hodgson and Darnton99 to calculate “mesothelioma
risk expressed as the percentage of total expected mortality
attributable to mesothelioma per fiber-year ml−1 ‘average’
cumulative exposure.” They noted that most of the new cases
were ineligible for McDonald’s original cohort because they
were either female or because they began employment after
the cut-off date. Given the lack of updated mortality informa-
tion, they assumed that 80% of the cohort had died by the
end of 2000. The 2 cohort-eligible cases yielded amesothelioma
risk of 0.002% of total expected mortality per fiber-year/ml,
similar to chrysotile cohorts from South Carolina (0.007%)
and Quebec (0.001%), but an order of magnitude less than
North Carolina (0.027%).

Among the cases of mesothelioma occurring at Company
A, one was originally certified on the death certificate as “pre-
sumed lung cancer,” “asbestos exposure,” and “Parkinson’s
Disease,” but was confirmed to have had mesothelioma
after expert review of the available records.98

A decade later, Finkelstein and Meisenkothen updated the
series with 2 additional cases (cases 8 and 9 in Table 1), both
confirmed via biopsies and immunohistochemical staining,
and reported on previously unpublished air sampling data
from the 1970s.93 Once again, they adopted McDonald’s

definition of the cohort and tracing of vital status. Neither
of the new cases would have been cohort-eligible because
both men began work after January 1, 1959. The authors reit-
erated their findings from their prior paper and reminded
readers once again that there are multiple cases of mesotheli-
oma among these factory workers.

A new case of mesothelioma (case 10 in Table 1) has been
identified in another worker from Company A who worked in
the factory from 1965–77 in a variety of positions, including
6 months as a forklift driver, 8 years mixing raw asbestos and
other materials to make sheets of friction material, and
approximately 3 years as an inspector and quality control
engineer. Before his stint at Company A, he had other expo-
sures (likely mixed fiber) during the course of his service in
the U.S. Navy as a fireman in a boiler room on a destroyer
escort for 6 months and then possibly ambient exposure in
the ship’s commissary where he served approximately 18
months. After his stint at Company A, he transferred to
another factory owned by Company A in Los Angeles, CA,
where he had additional exposure to chrysotile-containing fric-
tion materials from approximately 1977–1978. After that, he
worked from 1978–1984 at another friction product factory
in Los Angeles that did not manufacture friction products
but instead received sheets of material and cut the sheets to
size and secured the linings to brake shoes, as well as reman-
ufacturing used brake shoes. He was diagnosed with pleural
mesothelioma (epithelioid type) via pleural biopsy with immu-
nohistochemical staining in 2020 at the age of 76 and died
5 months later in 2021. Because he began work in the
factory after January 1, 1959, he would not have been eligible
for McDonald’s original cohort.

Company B
Company B was an insulated wire and cable factory in New
Haven, CT that has also been previously described.100 From
1920 to 1986, the factory exclusively used chrysotile asbes-
tos or chrysotile-containing products in its manufacturing
operations. The original mine source of all the chrysotile is
not known, but at least a portion of it is known to have
come from Canada. The company has stated in the course
of litigation that it used chrysotile “lap and roving yarn,”
“cable filler,” “raw chrysotile asbestos fiber,” “S.A. asbestos
tape,” “AM asbestos mylar tape,” “asbestos mylar tape,” and
“asbestos insulation.” Air sampling data during the period
1971 to 1981 ranged from non-detectable to 0.94 f/cc (n=
55; mean: 0.28 f/cc; median: 0.20 f/cc).

Two cases of mesothelioma had previously been identi-
fied in employees of this factory.100 One case was a pleural
mesothelioma in an employee who worked in the plant for
33 years and had no other likely sources of asbestos expo-
sure. A second case of pleural mesothelioma was identified
in another employee who worked in the plant for 30
months as a computer operator on the floor above the manu-
facturing area, but he was also the son of a lifelong asbestos
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insulation worker and undoubtedly had additional domestic
exposure (likely mixed fiber).

A third case of pleural mesothelioma has now been iden-
tified in a worker employed in the plant for approximately 21
months during the years 1942–1943. Born in 1922, the man
was diagnosed with mesothelioma (epithelioid type) in 1992
via surgical biopsy and immunohistochemical staining and
died only 1 month later at the age of 69. He served in the
U.S. Navy from 1943–1945, including 3 months of land-based
training, 16 months of service on a Liberty Ship, additional
short land-based assignments, and perhaps a one-month stint
on another ship (the historical record is unclear, as is his
precise military rating, but it appears that he was involved
either in aviation support and/or communications). After the
Navy, he worked for 26 years as a stock clerk for a local
plumbing contractor.

Company C
Company C was an insulated wire and cable and household
appliance factory in Bridgeport, CT that exclusively used
chrysotile-containing products in its manufacturing opera-
tions from approximately 1932 to 1980. The original
source of the chrysotile is not known. The factory used chrys-
otile products in its wire and cable department until 1980, and
chrysotile-containing phenolic molding compounds in its
small appliances department until 1973. Bruckman and
Rubino (1978) reported that the factory used approximately
3–6 tons of asbestos per month in its production of insulated
wire and cable.94

In the course of litigation, Company C has stated that its
asbestos-containing wire and cable products included “a
layer of insulation containing chrysotile fully encapsulated
in an elastomeric or resin binding agent,” described by the
company as “CHRYSOTILE ASTM D2100 bound with
encapsulating resins, elastomers and/or other fixatives.”
Company C has further described its use of chrysotile prod-
ucts in its wire and cable department as “manufactured prod-
ucts such as tape, yarn, paper and roving.”

In 1933, shortly after Company C first began using asbestos,
a medical consultant wrote to the president of the company,
noting that “you have asbestos dust in Bridgeport.” In early
1934, a knowledgeable observer wrote to the medical consultant
and indicated that the Bridgeport plant had “atmospheric condi-
tions” that “are not nearly so good as in York. In this Plant a
much more inferior asbestos material is used and at one of
my visits I noticed considerable atmospheric contamination.”
A few months later, the medical consultant again wrote to the
president, noting that “there is in both York and Bridgeport
an amount of asbestos dust large enough to be probably
harmful and eventually cause trouble.” Years later, Bruckman
and Rubino reported the existence of local exhaust ventilation
that vented to baghouses, but the date that those systems were
installed was not indicated.94

Haas first reported on the “dramatic excess” of mesotheli-
oma in this factory, identifying 6 cases of mesothelioma
(including one peritoneal) but did not perform any formal sta-
tistical analysis specifically related to mesothelioma.81 The
report was held internally by the company and never pub-
lished. It is not known whether Company C ever acted
upon its ethical obligation to inform the workers of this dra-
matic excess. In 2014, sworn answers in civil litigation
revealed an additional 4 cases, bringing the total to 10 meso-
theliomas. Company C stated at that time:

“Subsequent to the study and per the recommendation of Dr.
Haas, [Company C’s] epidemiologist began a systematic col-
lection of death certificates of employees and retirees
company-wide for approximately 20 years. Over 100 000
death certificates were collected. Four more cases were dis-
covered among retirees who worked for at least some time
at Bridgeport. Of the total of ten Bridgeport cases spanning
nearly six decades of work, only three worked for the wire
and cable business for some period of time.”

Further details about the 4 additional cases are not known but
are presumptively contained in the internal records of
Company C.

Haas identified the initial 6 cases solely from death certif-
icates and from a list of deaths maintained by Company C’s
insurance carrier, which she noted to be a limitation of her
study, stating that no attempt was made to confirm the
causes of death listed on the death certificates. She estimated
the total number of workers “based on 1971 figures for active
employees”—2429 males and 1560 females (total 3989). The
surviving report does not include information about the total
number of deaths in the entire cohort, but it does note that the
6 deaths from mesothelioma were among 104 total male cancer
deaths. Haas utilized 2 sources for comparison groups. The first,
Connecticut’s tumor registry, was used for expected cancer
occurrence rates and the author noted that the “Connecticut pop-
ulation differs in age, sex and socio-economic composition from
the employed and retired population of the Bridgeport plant”
but “[n]onetheless, meaningful comparisons can be drawn if
adjustments are made to accommodate age and sex differences.”
The second, Company C’s company-wide mortality informa-
tion, “permitted some comparisons of proportionate mortality
by cause of death,” but the author also noted that the group
would provide “some comparison data for active employees
but is not useful for retirees. The diagnostic groupings used, par-
ticularly for cancers, were often broader than desirable for this
study.” Haas also noted a significant limitation of the study:
there was no data of any kind on “probably [a] large number
of individuals of great interest, namely those employees who
left [Company C’s] service before death or retirement.”

Haas listed 3 findings of her study:

1. “A dramatic excess of mesothelioma deaths was observed
during the period 1967–1974.
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2. Among males under 65 years of age, no overall excess
cancer mortality could be documented. Estimates of
excess mortality could not be made on persons over 65
years since no data were available for the size or age
and sex distribution of the retired Bridgeport population.
Without further information on this group, meaningful
conclusions cannot be drawn about the overall cancer
risk. A significantly higher percentage of males over 65
died from cancer compared to all causes of death than
is the case for [Company C’s] employees over 65 as a
whole.

3. For females under 65, an increase in the Standard
Mortality Ratio (SMR) to 133 (28 deaths observed; 21
expected) was noted. The excess was not statistically sig-
nificant. A higher proportion of deaths among Bridgeport
female retirees over 65 are due to cancer than is expected
based on [Company C’s] national experience. The differ-
ence is not statistically significant.”

Haas described the mortality from mesothelioma as “without
doubt an important excess” and “unexpectedly high.” She
noted that mesothelioma is “exceedingly rare in the absence
of predisposing exposure” and wrote that “[n]ot more than
one such death would be expected to occur in every 10 000
deaths, or about one case per million persons per year.”

The original 6 cases were all male, all died between March
1971 and March 1975, were all “rapidly fatal,” and had an
average age of 66 (ages 61, 61, 62, 66, 70, and 78). Duration
of employment at the company was available for only 4 of
the cases: 20 years, 39 years, 41 years, and 45 years (average
36 years). Unfortunately, information about their work histories
is unclear, incomplete, and vague. The author reported only
limited information about 5 of the cases, noting employment
“at some point” in the Housewares or Facilities departments,
or that “in most cases” “some part” of their work was in FAN
assembly. The author added, somewhat gratuitously: “In the
course of this investigation it was noted that clouds of what
may be asbestos fiber were released by manipulating insulated
pipes in that work area.” However, the plant medical director
added a handwritten marginal note annotating that sentence:
“Bad statement. On a brief tour of now vacant [illegible] in
July 1975, I showed Miss B. [illegible] insulated pipes. There
were no ‘clouds’ and I am not sure it is asbestos!” Work
records for the 6th case had been destroyed, but it was known
that he retired from work sometime before 1965.

Haas did not conduct any statistical analysis of the meso-
thelioma cases, apparently due to a lack of data on expected
numbers or a suitable comparison group, but repeatedly com-
mented that the mesothelioma occurrences were a “major
problem” and “extremely worrisome” and called for addi-
tional study of the problem. She offered no explanation as
to why age-adjusted rates for Connecticut or the United
States were not appropriate for estimating expected mesothe-
lioma deaths. She did draw some conclusions about general
cancer mortality, however.

Among all male employees under 65 (active and retired),
and using Connecticut rates for comparison, there was no
excess cancer mortality (SMR 105), no excess lung cancer
(SMR 94) and no excess for gastrointestinal cancer (SMR
101). Haas was unable to draw any conclusions regarding
cancer excess for male employees age 65 and older due to
a lack of population data for comparison. Instead, she ana-
lyzed proportionate mortality for males over 65 and found
that 27.3% of deaths were due to cancer, compared with
18.6% of all retirees over age 65 among Company C’s
employees as a whole, and noted that the difference was
significant.

Among female employees under 65, the SMR for all
malignant neoplasmswas elevated but not statistically significant
(SMR133; CI 84–182). Fifty percent of deaths among this group
were due to cancer, which Haas noted was “significantly higher”
than CompanyC’s nationwidefigure of 37%. For female retirees
over 65, the proportion of cancer deaths was “modestly
increased,” but not significant. “No cancer rates for female retir-
ees over 65 could be derived in the absence of population figures
for female pensioners over 65 years of age.”

Haas drew several conclusions and made several recom-
mendations, including the need for additional study of the
mesothelioma cases, the need for additional data and clarifi-
cation of the population at risk, the need for appropriate com-
parison groups, the need for proper ascertainment of causes
of death, and the importance of establishing a prospective
company cancer registry. It is unknown how much, if any,
of this additional work was subsequently done except for
the “systematic collection of death certificates” previously
mentioned. It is striking that Haas did not make any explicit
recommendations to notify workers about their past exposures
or to reduce the employees’ current exposures, although her rec-
ommendations to identify and follow exposed employees, to
“reevaluate” possible asbestos sources in certain areas and to
“explore in greater depth” the work histories of the mesotheli-
oma cases might necessarily involve some form of notification.

While this unpublished study has many limitations and
uncertainties, it is still an important contribution to the
overall weight of evidence on chrysotile. Given the relative
rarity of mesothelioma in the general population (as Haas
noted, about one case per million persons per year), it is strik-
ing that 10 cases have been identified among workers from
this factory, including the 6 cases initially identified by
Haas during her short 7-year study period. One cannot help
but wonder whether the perennial problems of underdiagno-
sis, misdiagnosis and underascertainment have missed addi-
tional cases from this cohort. Haas herself speculated about
this possibility: “Malignancies with questionable site of
origin and cell type should also be reviewed, since some
may have in fact been mesothelioma.” Given the historical
literature reviewed above, it would be entirely unsurprising
to find additional cases of mesothelioma if underlying
medical records and pathology materials were available for
these workers.
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Company D
Company D was an ammunition factory in Bridgeport, CT
that manufactured shotgun shells with chrysotile base wads
from approximately 1961 to 1981. Bruckman and Rubino
reported that the factory used approximately 40 tons of asbes-
tos per month.94 Chrysotile (from a Canadian supplier) was
mixed with wood flour and paraffin wax, blended in a
ribbon blender, and stored for use. The mixture was fed
into a Colton forming machine, which dispensed pre-set
quantities into ring molds where the mixture was stamped
into shape and formed into the wads for use in shotgun
shells. Additional details concerning the plant, its operations,
the occurrence of disease, and asbestos air sampling have
never before been published.

One case of mesothelioma has been identified among the
workers from this factory in a man who was employed from
1967 to 1971. Surviving records covering the period of the
man’s employment revealed that the company purchased
522 tons of chrysotile in 1967, 420 tons in 1968, 481 tons
in 1969, 330.45 tons in 1970, and 382.65 tons in 1971—an
average of 35.6 tons per month during those 60 months,
not far from Bruckman and Rubino’s later estimate of 40
tons per month. The man’s first job in the factory involved
washing and brass plating the lead shot. He was later trans-
ferred to different positions operating machines, including
operating a “cutoff machine,” a “drawing machine” and a
“shotshell case stacker.” Safety training involved only
safety glasses and steel-toed shoes, but nothing about asbes-
tos as far as he could recall, and he denied ever having a res-
pirator. The man testified in his litigation case that he was
exposed to asbestos in the factory because he worked in
close proximity to where the raw asbestos was stored, but
he never knowingly worked directly with asbestos himself.
He undoubtedly had exposure to the ambient asbestos in
the factory from the manufacturing operations (chrysotile),
as well as some incidental contact with factory maintenance
workers who performed maintenance on plant systems (fiber
type unknown). The man also sold newspapers as a child on
the sidewalks immediately adjacent to Company C and
Company D, which were located near each other in down-
town Bridgeport, and presumably had environmental expo-
sure from the emissions from both factories.94 He was
diagnosed by surgical biopsy and immunohistochemical
staining with malignant mesothelioma (epithelioid type,
likely peritoneal primary, but with potential involvement of
the pleura) in 2016 and died from the disease 25 months
later at the age of 71. He had no known asbestos exposures
aside from the exposures associated with Company D.

No air monitoring contemporaneous with the man’s
employment survives, but the company collected sampling
data in the 1970s, much of which does survive. Most of the
surviving reports do not identify counting criteria, but com-
parisons were made in the reports to the then-existing
OSHA standards, so it is reasonable to assume that the

analysts applied the OSHA counting rules, counting fibers
longer than 5 µm. Between September 1973 and December
1981, 453 samples were taken at various stations, ranging
from non-detectable up to 10.3 f/cc (n= 453; mean: 0.54 f/
cc; median: 0.21 f/cc). The highest exposures consistently
involved the mixing operation where chrysotile was mixed
with wood flour and wax (n= 46; range: 0.12–10.3 f/cc;
mean: 2.60 f/cc; median: 2.02 f/cc).

There were 15 area samples included among the 453 total
samples. The area samples are shown in Table 2.

Bruckman and Rubino (1978) reported 30-day averages
for “source oriented” environmental sampling for chrysotile
outside Company C and Company D between October 17,
1975 and November 14, 1975.94,101 Sampling stations con-
tiguous to the factories revealed a range of 3–33 ng/m3 in
the ambient air around the factories. The same study mea-
sured “non-source oriented; rural” chrysotile levels ranging
from <1 to 6 ng/m3, and “non-source oriented; urban”
levels ranging from <1 to 9 ng/m3. While the conversion of
mass measurements to fiber counts is fraught with variations
and methodological uncertainties,102–105 the authors used a
conversion factor of 1 ng/m3= 0.001 total f/cc, yielding envi-
ronmental concentrations outside Company C and Company
D ranging from 0.003 f/cc to 0.033 total f/cc.

Discussion
It has been over a century since Connecticut industry first
started using asbestos.e As in most places around the
United States, the vast majority of that asbestos was chryso-
tile. The true incidence of mesothelioma among workers in
Connecticut’s asbestos-using industries is not known and
may never be known, but this paper presents data specifically
on 4 Connecticut chrysotile-using factories in order to high-
light the new cases of disease identified in these factories, and
to bring attention to the fact that additional cases of mesotheli-
oma have likely been overlooked in prior studies. The under-
ascertainment of mesothelioma cases in chrysotile-exposed
cohorts can lead researchers to produce risk assessments that
rely on flawed, obsolete or incomplete data. In addition, it
makes arguments by defendant-manufacturers that their chryso-
tile products cannot be responsible for an injured worker’s
mesothelioma incorrectly appear to be plausible.

Company A has been the subject of numerous investiga-
tions and reports, from 1978 up through the current report.
Ten cases of mesothelioma have been identified among the
former workers, including 6 with no documented amphibole
exposure. It is interesting that, for one reason or another,
none of the 10 mesotheliomas would have been included in
McDonald’s cohort. Three of the 10 cases would not be
included because they occurred in females (Cases 1–3).
While McDonald and Fry included females in their prelimi-
nary cohort, females were subsequently dropped from the
final cohort by McDonald et al. This is curious. In the
interim between those 2 papers, Teta et al. identified 2 of
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the female cases and commented that they “were not included
by McDonald and Fry in their recently reported cohort study,
which was based on death certificate information and employee
records. The diagnosis of mesothelioma, however, was not
ascertained since no mention of this disease was made on
either death certificate.” So, McDonald and Fry did not pick
up the first 2 female cases because the death certificates did
not mention mesothelioma. Since McDonald et al. applied the
same definition of the cohort (and also dropped females from
the study), they were likewise not recorded in the final paper.
Even though the 2 cases identified by Teta did not fit the tech-
nical definition of the cohort, McDonald et al. should have dis-
cussed the discovery of these 2 cases in order to avoid giving
readers the false impression that there were no mesotheliomas
among these workers. McDonald could have initiated a discus-
sion about the 2 cases as an edifying starting point to highlight
the limitations of their own study, including the need for more
comprehensive follow-up of the cohort, the need to include
females in the cohort, the need tomore closely analyze the avail-
able diagnostic data, and the obvious inadequacy of relying on
death certificates to identify cases of mesothelioma.

Five of the 10 cases would not be in the McDonald
cohort because they began work in the factory after the
cutoff date of January 1, 1959 and because they all died
after the end of the tracing period on December 31, 1977
(Cases 5 and 7–10).

Finally, 2 of the 10 cases would have been included based
on their first year of employment (before January 1, 1959),

but neither died before the close of tracing (December 31,

1977) so they would have been counted in the cohort as

exposed and contributing person-years, but disease free

(Cases 4 and 6).
Most of the cases of mesothelioma among former plant

workers at Company A have been overlooked in the subsequent
literature.35,92 It has been difficult to understand why that is so,
when the first cases were identified and discussed in 1983 and
1986, followed by the publication and re-publication of several
new cases in 2005, 2010 and 2020. Despite these prior pub-
lications highlighting and re-highlighting the cases, the
occurrence of zero mesotheliomas was erroneously repeated
numerous times in subsequent reports, including as recently
as 2018.14,36,57,99,127–132 One reason given for these omis-
sions is that there has been no update of McDonald’s orig-
inal cohort in any subsequent epidemiologic study and,
therefore, the latter case reports do not change the picture
epidemiologically. While it is true that the later reports
are not epidemiologic studies, it is also true that there are,
in fact, multiple cases of mesothelioma among the employ-
ees from this factory, which renders the 40-year-old epide-
miology woefully obsolete and any related risk assessments
inaccurate. Other authors have (unconvincingly) attempted

Table 2. Air Sampling Results from Company D.

Date Description

Results

(f/cc) Notes

Sep 27, 1973–Oct 26,

1973

Colton wad job 0.56 Time-weighted average; room sample North

corner

Sep 27, 1973–Oct 26,

1973

Conventional assembly 0.3 Time-weighted average; general room sample

June 7, 1974–July 24,

1974

Colton wad job 0.43 General room sample

June 7, 1974–July 24,

1974

Conventional assembly 0.16 General room sample

June 27, 1978–July 19,

1978

Bldg. 340-1M, Combin Area 0.07 Time-weighted average

June 27, 1978–July

19,1978

Combin Room adjacent to Foreman’s Office, Bldg.

340-2

0.04 Time-weighted average

June 27, 1978–July 19,

1978

Foreman’s Office, Bldg. 340-2 0.01 Time-weighted average

June 11, 1975–July 7,

1975

Colton wad job 0.22 Time-weighted average; general room sample

June 11, 1975–July 7,

1975

Conventional assembly 0.00 Time-weighted average; general room sample

Jan9, 1975–Mar 7, 1975 Colton wad job 0.37 General room sample

Jan 9, 1975–Mar 7, 1975 Conventional assembly 0.07 General room sample

Jan 2, 1976–Jan 19, 1976 Colton wad job 0.49 Time-weighted average; general room sample

Jan 2, 1976–Jan 19, 1976 Conventional assembly 0.49 Time-weighted average; room sampler

Dec 18, 1980 Dry wad cyclone Bldg. 341-1M 0.004 Area sample, main aisle

Nov 4, 1980 Colton wad mfg. Bldg. 340-1 <0.004 Area sample, main aisle
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to explain away some of the cases of mesothelioma by hypoth-
esizing mysterious, as-yet-unidentified amphibole exposures.56

There has been no true epidemiologic follow-up of the
cohort since McDonald et al., despite intense interest in the
intervening years. Ideally, a new study should be conducted
with a new employment cutoff in the 1980s and with vital
tracing through 2023, which would enable researchers to
capture the entire occupational cohort. Unfortunately, it is
unlikely that any formal follow-up is possible now, given the
period of time that has elapsed since the plant closed, the bank-
ruptcy and dissolution of the original corporation, and the dis-
persion or loss of documents, records and percipient
witnesses. It is known that some historical documents still
exist in the possession of the company’s bankruptcy lawyers,
but those documents cover scattered years and, in the author’s
experience, are a large mass of jumbled litigation records, tax
documents, financial documents, workers’ compensation files,
medical records and other materials. The company filed for
bankruptcy the first time in the late 1980s, the factory in
Stratford shut down in 1989, the company emerged from bank-
ruptcy in 1996, the company went back into bankruptcy in
1998, and emerged from this second bankruptcy in the 2000s.
A trust fund was created to compensate asbestos victims,
paying pennies on the dollar for their claims, and much of the
surviving historical documentation went to the trust’s lawyers,
who never appear to have organized or systematically searched
the documents in any manner. It is theoretically possible, but it
would likely be a herculean task for researchers today to comb
through that material to try to find useful data to properly update
McDonald’s cohort, if the necessary data even exists in the mass
of surviving records.

Company C has never been officially updated and no
known follow-up has been done of Haas’ original study.
Ten cases of mesothelioma have been identified among
former workers from this factory, including 6 in Haas’
unpublished paper. While complete exposure histories are
unknown, no amphibole exposures have been identified in
the (admittedly sparse) surviving record and it is extremely
unlikely that this number of mesothelioma cases in one
factory has occurred by chance. It is not known whether
Company C continued any formal surveillance of this
cohort over the intervening years aside from the collection
of additional death certificates.

Company B and Company D have never been the subjects
of any known epidemiologic studies or properly followed up in
any systematic way. The cases identified so far have been self-
selected as individuals who sought legal advice after their diag-
noses. The true extent of mesothelioma cases among the factory
workers is unknown. Four cases of mesothelioma have been
identified among the former workers from these factories, 2
of which had no known amphibole exposure.

The underascertainment of mesothelioma cases among
these, and other, chrysotile cohorts would significantly impact
the legal debate in asbestos litigation by threatening the viability
of the “chrysotile defense.” If cases of mesothelioma in these

cohorts have been systematically missed, undercounted, misdi-
agnosed or not published, the reported rate of disease would be
erroneously and misleadingly low or nonexistent, challenging
defendant-manufacturers’ arguments that their chrysotile-
containing products could not have caused disease in exposed
workers. The overlooking of the cases from Company A is a
prime example of this. Risk assessments for chrysotile have
repeatedly omitted,14,36,57,99,127–132 undercounted,133 or dis-
missed56 cases of mesothelioma from this factory, resulting in
incorrect and unreliable conclusions that are based on obsolete
data. Likewise, the existence of the cohort from Company C is
entirely unknown in the published literature, and another chrys-
otile factory with 10 cases of mesothelioma could significantly
affect chrysotile risk assessments.

Recent history has demonstrated that when chrysotile
cohorts are closely examined, even where proper follow-up
was not done or cannot be done, or when they have adequate
records available to researchers, mesothelioma cases inevita-
bly reveal themselves (Table 3). As just 3 examples, the
cohort from Company A has needed more than 40 years of
follow-up, including study of internal corporate records, his-
torical documentation, death certificates, review of underly-
ing medical records, and the fortuitous self-selection of
stricken workers who happened to pursue compensation in
the legal system. The cohort from Company C was never
publicly available and only surfaced through later litigation,
but the study benefited from official company support, access
to internal corporate records, a sophisticated company with
state-of-the-art knowledge going back to the 1930s, person-
nel files, information from the company and the company’s
life insurance carrier about worker deaths, employee
medical records, death certificates, and the company’s
“death files.” Despite incomplete follow-up of Company A
and Company C, strong evidence of multiple cases of meso-
thelioma in these chrysotile factory workers has been uncov-
ered. Additionally, in their (properly followed) study of the
New Jersey plastics factory, Dell and Teta benefited from
official company support (Teta worked for the company),
support from a major university research department, long-
term follow-up, a sophisticated company with state-of-the-art
knowledge, access to prior mortality studies conducted inter-
nally at the company, company records, government records,
and death certificates (Table 3).88

Limitations
This report discusses 24 cases of mesothelioma associated
with 4 chrysotile-using factories in Connecticut. It is
likely that additional cases of mesothelioma in these facto-
ries have been missed. While it is also theoretically possible
that the occurrence of disease may be overstated due to
incorrect diagnoses or to inaccurate causes of death listed
on death certificates, this is unlikely for 9 of the cases
from Company A, which were confirmed by pathology
materials, autopsy records and/or immunohistochemical
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staining. One additional case from Company A was deter-
mined by Teta et al. to be “probably mesothelioma” after
review of the available pathology material—not a certain
diagnosis, but still highly likely. Similarly, all 3 cases
from Company B and the one case from Company D were
confirmed via immunohistochemical staining after surgical
biopsies. This means that the 14 cases from these 3 compa-
nies are likely to be correctly ascertained. The surviving
records for the 10 cases from Company C provide no

evidence that they were confirmed by pathology. The 6
cases originally identified by Haas were derived from her
review of death certificates, and the 4 additional cases
were identified by Company C during subsequent collection
of additional workers’ death certificates. It is somewhat
implausible that death certificates would erroneously list a
highly specific, rare disease like mesothelioma (particularly
in the 1960s and 1970s) unless the certifying authority had
some evidence for it.

Table 3. Cases of Mesothelioma and Percentages of Total Deaths Among Chrysotile Cohorts.

Cohort Fiber type Cases of mesothelioma

% of cohort deaths from

mesothelioma References

Connecticut friction product

plant workers

(Company A)

Predominantly

chrysotile (some

anthophyllite after

1957)

10 cases Updated death numbers not

known.

56,65,66,92,93,97

Connecticut wire/cable and

appliance factory

(Company C)

Chrysotile 10 cases (6 originally reported by

Haas (1976))

Total death numbers not

reported. Updated death

numbers not known for

comparison with 10 total

cases.

81

New Jersey plastics

manufacturing and

research and development

facility

Chrysotile 9 cases (a 10th case was identified

who died after the close of the

study period)

0.5% (9 of 1859 deaths) 27,88

Quebec chrysotile miners

and millers

Chrysotile 33 cases (38 cases were identified,

but 5 were found to not be

miners or millers)

0.4% (33 of 8009 deaths) 53

Russian Federation chrysotile

miners and millers

Chrysotile 13 cases 0.1% (13 of 11 110 deaths) 34

Balangero chrysotile miners

and millers

Chrysotile 8 cases 1.6% (8 of 499 deaths) 16,32,134–136

Balangero chrysotile mine

workers, subcontractors,

and non-occupational

exposures

Chrysotile 27 cases Not reported. 16

Baie Verte chrysotile miners

and millers

Chrysotile 2 cases 1.6% (2 of 126 deaths) 137

China—chrysotile workers Chrysotile 2 cases (a 3rd case was found in a

worker’s son, but he was

excluded from the study

because he fell outside the study

period)

1.5% (2 of 132 deaths) 52

China—chrysotile factory

workers

Chrysotile 2 cases 0.8% (2 of 259 deaths) 26,104

South Carolina chrysotile

textile workers

Chrysotile 3 cases 0.2% (3 of 1961 deaths) 138,139

Italy—chrysotile textile

workers

Chrysotile 14 cases 6.9% (14 of 203 deaths) 140

North Carolina textile

workers

Chrysotile 8 cases 0.3% (8 of 2583 deaths) 91,141

Zimbabwe chrysotile miners

and millers

Chrysotile 2 cases (a 3rd case noted as

“probable mesothelioma” and a

4th case as “probable terminal

mesothelioma vs lung cancer”)

Death numbers not reported. 6
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Another potential limitation of this report is exposure mis-
classification. If the workers had amphibole exposures in
their pasts, that could weaken the conclusion that these
cases were caused by chrysotile exposures in the subject fac-
tories. Where alternative exposures are known, however,
those were addressed earlier in the case descriptions and
many cases either denied alternative exposures or had avail-
able histories that suggested a dearth of alternative exposures.
If the cases had other exposures outside of the factories that
could also potentially blunt the relevance of the workplace
exposures, but only if those outside exposures were amphi-
bole exposures. Additional chrysotile exposures outside of
the subject factories would not significantly bias the results
since the fact would remain that the subjects had
chrysotile-induced mesotheliomas. Chrysotile exposures
outside of the factories would only add to the subjects’ cumu-
lative chrysotile exposures.

For the cases arising from Company C, Haas noted the
lack of complete information about the subjects’ work histo-
ries—“pertinent work exposures prior to employment at
[Company C] cannot be eliminated from consideration”—
but opined that “[s]uch exposures are unlikely to explain
all cases.” She noted that 3 of the cases began work at
Company C at the ages of 17, 20, and 22, where “virtually
the entire employed life was with [Company C],” suggesting
that they had little, if any, opportunity for prior work-related
exposures.

Conclusion
Chrysotile was first used in Connecticut industry over a
century ago. The present report documents several cases of
mesothelioma in chrysotile-exposed Connecticut workers.
Some of these cases had not been previously reported. It is
likely that cases of mesothelioma have been missed over
the decades, either from misdiagnosis, misclassification, or
a failure to be captured in official statistics. Experience
with chrysotile has been a long one, and a deadly one, for
Connecticut workers. The full scale of the hazard may
never be completely known, but reports such as the present
one add to the weight of evidence that chrysotile causes
mesothelioma in humans and that the full extent of the epi-
demic is probably wider than retrospective studies have
revealed. The known rates of disease must be considered a
conservative minimum. This realization has important impli-
cations not just in legal cases but also for public health pro-
fessionals, including occupational health professionals, and
is a strong counter-point to industries and interest groups
that seek to minimize the health hazards from chrysotile
and perpetuate its use around the world.

Continued vigilance is required in order to identify,
catalog, and preserve information about chrysotile-related
mesotheliomas and to document the true extent of the
hazard. Chrysotile risk assessments based on obsolete,
incomplete, or incorrect information may yield faulty

conclusions, poor public policy outcomes, and erroneous
public health recommendations, particularly in parts of the
world that still use chrysotile.
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Notes
a. An employee handbook from 1945 states that Company A had

been known “for over thirty-five years” (c.1910); that “the first
forerunner” of Company A began in 1904 making asbestos
brake linings from the spinning and weaving of asbestos yarn;
and that in 1939 Company A consolidated all of its facilities in
Stratford, CT. McDonald and Fry (1982) included in their
cohort employees “employed before 1938” (Factory B in their
paper).47 McDonald et al. (1984) reported that Company A
“began work in 1913” and had exposure surveys available to
them dating from 1930, 1935, 1936 and 1939. They also noted
that the “parent plant” manufactured woven brake linings from
1905 to 1939 about 10 miles away.48

b. A standardized mortality ratio (“SMR”) is a ratio used in epide-
miology to compare the number of deaths observed in a particu-
lar group (in this case, workers from a given factory) to the
number of deaths that would be expected in that group. If the
observed number of deaths is equal to the expected number of
deaths, then the SMR would be 100. For example, if 5 deaths
are observed and 5 deaths would be expected, then the ratio
would be 5/5, or 1. The result is commonly multiplied by 100
to express the SMR. An SMR over 100 represents an excess
risk in the study population. An SMR less than 100 represents
less risk in the study population. Many worker populations are
healthier than demographically similar comparison populations
(healthier people are more likely to be working than unhealthy
people), which can bias the results of epidemiological studies
and partially obscure occupational hazards. Based on
McDonald’s results, the cohort from Company A appeared to
have a number of workers who were already sick when they
began work at Company A, hence the elevated SMR for all
causes for workers employed less than a year but with more
than 20 years of latency.

c. If one listens carefully, faint historical echoes can be heard from
Fleischer and Drinker, who declared in 1946 that “pipe covering
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is not a dangerous occupation.”96 Continued study of both indus-
tries—insulation workers and workers from Company A—has
proven both conclusions to be wrong; a precautionary lesson
for all researchers who study asbestos cohorts that appear to
have little or no incidence of disease.

d. Teta et al. (1983, 1986) identified a third case of mesothelioma
(their Case 2) as “a male employee . . . who was employed
during the period 1921 to 1932.” McDonald (1986) indicated
that the man did not work in the friction product plant but
instead “worked in another plant—a small asbestos textile
factory—from 1921 to 1932” and did electrical work from
1937 to 1940.97 Responding to McDonald, Teta et al. (1986)
further explained that the man worked at a textile plant “which
was the parent plant to the nontextile brake lining factory . . .
and for this reason was included by us as an employee of the
company as a whole.”66 This case cannot be strictly included
in the cohort from Company A if he worked in the “parent
plant,” but it is worth noting the occurrence of this other case
of mesothelioma which is peripherally connected to Company
A. The textile “parent plant” was a woven brake lining factory
and, thus, still a chrysotile exposure arising from the same
company making the same category of product (automotive
brake linings). Regardless of the man’s own occupational expo-
sure, it was noted that the man’s brother worked at Company A
for 30 years and “he resided consecutively with his brother for at
least 17 years and with his wife for over 15 years prior to his
death,” strongly suggesting the likelihood of domestic exposure
and further supporting Teta et al.’s inclusion of the man in their
original report.

e. A variety of studies over that time have reported on the occur-
rence of asbestos-related disease in Connecticut and the inci-
dence of mesothelioma, including some that were not
exclusively devoted to asbestos-related disease but nonetheless
reported or utilized data from Connecticut.106–126
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