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Dear Mr. Harten,

! have reviewed a sorias of industrial hyglene studies regarding ssbestos containing

electrical wire. From my perspactive as an occupational puimonary medicine specialist,
i am plaased to submit the following opinions,

1. Maxim Engineers, 1930

On 12/03/90 Maxim Englneers, Inc. & Dallas, Toxas engineering consultation firm,
releasad a raport titled Industrial Hyglens Exposure Dose Simulation Study, An
Evaluation of Alcbome Asbestos Concentrations Assoclated With Asbestos.
Contalning Riectrical Wire Stripping Operations, Project No, D963. The Maxim
Engineers report was prepared under the supervision of Kyle Dotson, 8 certified industrial
hygienist, for Ericcson, Inc. The stated purposs of the study “was (o evaluate the alrborne
concentration of asbosios fibers ko which an electrician employes might bo axposod while
stripping asbesics containing insulation off of elacirical wire,® The lest chamber that was
constructed for this study and the expenmental technique were describad in delail in the

body of the report. The Maxim Englneers report pravided three important findings:

§.  The cbsarved 8 hour tims weighled everage (TWA) worker exposure, based

on breathing zone sampling, was 0.012 fiber/cc by phase conlrast
microscopy (PCM NIOSH 7400 method),

2. The gensral workreom (fest chamber 10 x 10 x 8 fest) sirbome asbost )
fiber concantration was 0,006 fiver/ca. e
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3. The"area percent” of 4 different whes tesled ranged from 25-40% chrysolile
asbasios. There was no dalaction of crocidolile or amosite.

The Maxim Engineering study conchuded

The sample results indicate that airborne concentrations of asbestos fibers
In the slactricians’ breathing zone ware well below workpiace employee
exposure standards established for esbestos by the Occupationat Safety and
Health Adminisiration (OSHA) ard the American Conference of
Governmental Industrial Hyglenists (ACGIH). Additionally. the sample
resulls of the general workroom air indicate airbome ¢oncentrations of
atbestos fibere wore less than the current post-abatement final clearance
“clean air" standard esfablished for public and private schools by the
Environmental Prolection Agency (EPA). ~ *~ ™

2.  Pesnn Eavironmental Health Company, 1991

On 03/04/91 the Penn Environmental Health company of Pilsburgh released a report titled
The Moasuroment of Asbestos Fibers Released From Electric Wires Coated With
Asbestos-Contalning Insulation. This report was conducted for M. Theodore Goldberg
of the legal firm Goldberg, Hendersen & Goldberg of Pittsburgh. The stated purpose of
the study was "to delermine whether asbestos fibers are released upon working with the
wires." Fouwr samples of coaled electric wire were studied. A somewhat different
experimental approach was used, In comparison to the testing method of Maxim
Enginesrs, For the Penn Environmental study, wire slripping was pedformed Inside a test
chamber 30" x 15" x 16" Samples of the wire were subjected to bending, twisting, cutting
and stripping. The Penn Environmental Health raport provided two important findings:

1. Tha airbome asbestos fiber concantration was (in two tests) 0.0026 fiberkce
and 0.0073 fiber/ce. An 8 rour TWA wuy not caukuluted,

2.  Chrysotile was the only fiber type detecled.
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3,  Vittorlo K. Argento, Ph.D,, Environmental Engineering Services, Inc., 1992

On 01-10-92 Vitiorio K. Argento, Ph.D., P.E. (Environmaenta! Engineesring Services, Ine.)
of Duncanville, Texas released a roport tilled Asbestos Fiber Release Study Navy Cable
al e request of Erlccson Radlo Systems, Ine. The stated purposs of the report “was 10
evaluate the airborne concentration of asbestos fibers that would exist in the breathing
zone of an elactrician employee due to cutting, slripping and manipulating asbestos
insutated Navy cable." Dr. Argento presented a dolailed descriplion of "two inch diametar
navy cable” and two different kinds of "cne inch diameter navy cable.” These wires
conlained 20% chrysotlle asbestos In a waxy matrix. The stucy technique was very similar
to the Maxim Engineers study described above end was conducled inside a 10 x 10x 8
ft test chamber. This report by Dr. Argento revealed:

1.  The observed worker exposure, based on brcauiihg zone sampling, was
0.034 structures (transmisslion electron microscopy) /ec equal to or greater
than § micron in Tength for the one inch wire. Tt T e

2. The observed worker exposure, baced on breathing zone sampling, was
0.01 structures (ransmission eleclron microscopy) /cc equal to or greater
than $ micron In length for the two inch wire.

3.  The percent (Pwaight) of the different wires tosted was 20% chrysotile
asbosios. There wes no detection of crocidolite or amesite. The chrysotile
asbesios was impregnated in @ waxy resin. -

The above described study prepared by Vittorio K Argento, Ph.D cencluded:

The resulls of the girborne asbestos fiber counting, using the most current
analytical techniques and sampling methodology, show that akrbome
concantrations of asbesios fibers In the elsctrictan's breathing zone were
well below the allowable worker exposure standards eslablished for
asbastos by the Occupalional Safety and [lealth Administration (OSHA).
The airbomne fiber concantraiions were sven further below the maxdimum
worker exposurs levels recommended by the American Conference of
Governmental Industrial Hygienists (ACGIH).
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4. MVAinc, 1992

On 12/06/82 MVA, Inc. of Norcross, Georgia released 8 report litled Report of Regsults:
MVA0410, Studies to Determine Asbestos Fiber Release During Cutting and
Stripping of Wire Cables al the request ¢f Richard F. Scruggs, P.A. of Pascagouls,
Mississippi. The stated purpose of the study was to "determine under controlled
conditions, the lsvels of asbostos, if any, which might be released into the air when
asbesios-conlaining wire cable is cut and stripped and what might be re-suspended into
the air when sweeping the dust released during the cutlings.” Testing methods similar o
the techniques described in the above sludies were utllized within test chambers 4 x 8 x
S#. Four difforent wire cables produced by General Cable, Phelps Dodge, U.S. Steel
Corperation and General Cable Corporation were siudied. Again, similar to the methods
of the previcusly described studies, the test electricians were fitled with doutle personal

gir sampling devices. Area air samples were also taken after "aggressive disturbance" by
area sweeping. :

The MVA report did not give time weighted averages. A range of PCM and TEM results
was Qiven but the repert noted that "The limits of detection vary with the volume of air
collected. The delection fimits for the cutting and stripping experiments were less than 0.4
flcc.” The MVA repont found that

1. “PCM values of airbome fibers greater than & um were not significantly over
the delection limits during culting and stripping of wire cables.”

2. The levels detected (by PCM) during sweeping were limited by small
colleciad volumes. In an experiments in which 25 liters were collecied the
vbsurved lsvel was <.1 t/cc and in an experiment In which 20 liters wers
collected the lovel was <.08 fice.

3. Chrysotile was the only fiber iype detected.

The MVA study concluded:

PCM valuss of arborne fibers greater than § um were not significantly over
the detection limits during cutling and stripping of wire cables. Similae
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resulls were found for asbestos fibers >5 ym In the TEM analyses, howaver,
concentrations of asbastos fibers of all sizes in the air were increased over
background alr levels during the cutling and stripping of the wire cables
containing asbestos.

-

8. M. Douglas Muaellar, BCM, 1893

On 02/05/93 & report was submitled by M. Douglas Mueller, a cerified Industrial hygienist
end EPA certified building inspecior to Gallagher & Kennedy, P.A of Phosnix, Arfzons,
The report was titlod Test Chamber Studies on Shipboard Electdcal Cable Handling
Operations, BCM Project No. 08-6684-0101. The stated purpose of the study was "to
sscoriain if airborne fibers or asbosles structures were being gonoratod during normal
maring eloctrician tasks that would be adverss to the heaith of the marine electriclans
performing thosa activities.” Five different shipboard elecirical cables were studied. The
cables had been In service on U.S. naval ships for many years. It was possitle to
determine that these cables had besn manufactured by Anaconda Wire and Cable
" Company, Phelps Dodge Copper Products Corporation, Collyer Insulated Wire Company,
General Cable Corporation and General Electric Company.

The studies were conducted Inside lest chambers 10 x 10x 10t in dimension. A marine
electriclan performed the study tasks including cutling, stripping, manipulating and
cloaning. As in the previously described studies, breathing zone alr samples wers
obtained during wire manipulstion and slripping work performed by the test electrician
in addition, work areq samples were ¢isd obtained. The resulls are given in table 3 of this
study. The results were not averages and no attempt was made {0 give 2 TWA. Resulis
were-stated for both PCM and TEM. The study revealed:

1. The cbsarved worker exposure, based on breathing zone sampling, ranged
from <0.01 f/ce or structures (ransmission eleciron microscopy) /ec to 0.048
flce or structuras (transmission electron microscopy) focc with most of the
values in the undeteciable or very low range.

2. The observed work ares exposure was very low, ranging from <0.003 to 0.02
with most of the values in the undeteclable or exiremaly low range.
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3, By TEM, allidentified structures were chrysoile.

The Mualler study concluded:
At no time did the airborne fiber or airbome asbesios siructure levels
approach or exceed the prescribed OSHA Aclion Level (AL) of 0.1 tice or the
Permissible Exposure Level (PEL) of 0.2 f/cc. Thus, it can be concluded
thst, based on the studies conductied to date and assuming the cablos fested
to be representative of shipboerd electrical cables that there would be no

excoedances of the OSHA AL or PEL during normal maring elecirician teska
associsted with shipboard electrical cable.

8.  Clayfon Environmental Consulfants, inc., 1984

On 01/31/84 & report was submitied hy Claylon Favironmeantal Consullants, inc. of Edisen,
New Jersoy to the legal firm of Lowenstein, Sandler, Kohl, Fisher & Boylan. The report
was titled Industral Hyglens Assessment Limited to the Evalualion of Asbestos
Fibers Released During Wire Stripping of Rockbestos Cable. The Claylon report
duplicated "the workplacs exposure of tha licensed electrician to airtbome fibers, including
asbesios” by stripping end culting 3 different kinds of wire over 2-hour periods within test
chambars. Clayton analyzed the cables for their content and collected personal air

samples from the elecrrician cutting the cable. Personal and area sample analysls was
performad using PCM and TEM. Bulk wire analysis was performed using polarized light
micrescopy (PLM).

Consistent with the above described earlier studies, the Clayton study found:

i. Personal and area gir samples analyzed by PCM were et or below 0.01 fice.

2 Personal and area air samples anslyzed by TEM were at or below 0.068
structures/ce.

3 The insulation {not including embedded wire) of two of the kinds of wire
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contalned 20% chrysotile esbestos and the third wire contained 50%
chrysotile asbestos. There was no amosite or crocidolite detected.

The Clayton report concluded

The resuits of the testing show that the eleclrician’s exposure to alrborne
asbastos fiber concsntrations was well below the current OSHA standards.*

Summary of englneering reports

Six separate studies of asbestos containing electrical wire were conducted by industrial
hygiene and enginesring consultants batween 1890 and 1984. The methodology of each
of the six studies was presented In detail and was very similar, Within specially
consirucied test chambers, experlenced eleclricians perforied tusks identical to the kind
of work done in the past in the construction of ships and buildings. Wire stripping and
simdar activilles were conducied conlinuously during sampling periods, producing a “worst
casa scanario® megsurement, rather than an 8 hour TWA, Phase centrast microscopy and
{ranamigsion electron microscopy were used 10 analyze personal sir zone, work area and
bulk wire samples. Although conducled by different consuitants, with analysis performed
in differont iaborstories in difforent cities and using wire produced by differant
manufacturers, (he results of these studies were remarkably consistent: activilies such as
stripping, bending, breaking and cutting asbestos insulaled eleclrical wire produces
minimal airborne asbestos dust with worst case (not TWA) exposwres an order of
magnitude less than the 1988 OSHA' peak exposura limit (PEL) of 0.2 fce. The results
wers also lower than the more recent 1994 OSHA? PEL of 0.1 f/ee, All of the asbestos
insulated wire was found to contain chrysolile with no delection of any amphibole fbars.

In summary, working with asbesios insulsied elecirical wire results in very low dose
chrysotile exposure. inthe rest of this repodt | consicer the implications of such exposure.

Low dose ssbestos exposure and the risk of asbestosis

In ganacgl, the risk of preumeconiosis increases with increasing Intensity and duration of
exposure (0 dust. Tota! or cumulative exposure is the product of exposure multiplied by
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duration of exposure and ls typically ropresented in “fider/ml-years®, For example, a man
who has worked In an environment where the average dust count was 2 fibers/ml for 10
years has & total exposurs = 2 x 10 or 20 fibsr/mi.years.

Most incividuals with some asbestos exposure do not develop asbestosis.? Residents of
chrysotile asbestos mining towns had an increased lung burden of asbastos fibers but no
increased incidenca of asbestosis.!

In the past, asbesles insulators snd cther workers with hands-on asbestos exposure were
heavily exposed, often (o levels In excass of 10 ml. Asbasiosis was common In such
workers; nevertheless, only 8 fow studies atlempted 10 establish a dose-relationship in
asbastos workers because of the difficulty encountered’in relrospectively eslablishing
reliable airbome occupational asbestos levels.

— - — - f e e

In 1575 Weill ot ai* reported on a large scale study of 858 workers employed in two New
Orleans asbestos cement factories. Waill suggested that giffuse asbestosis weuld not
likely oceur in workers who had a cumulstive work exposure of less than 200 fimi-years.

In 1878 Berry ot af reported on & study of 197 asbastos workers employed after 1950 for
an average of 16 years. Berry estimated that the average annus! exposure was 5 fimlbyr
and the cumulative exposure was 84 {/mi-yrs. The overall prevalence of *possible
asbestosis’ (as determined by two physicians) was 5.6% but the prevalence of the discese
fell to zero below 8 cumulative lifetime work exposure of 10 f/ml-yrs.

In 1882 Finkelstein’ reportad on his study of 201 workers at an amosite asbestos-cement
factory who ware first exposaed 1o asbestos dust prior to 1980 and who had been employed
for at loast 18 yoars. Using ‘limited” air sampling data, Finkelstein calculalod an 18 year
fiber exposure and the cumulative prebability of being ceriified by the Ontario Workers'
Compensation Board as having asbestosis. Finkelstein reporied that among heavily
exposed workers wilh an estimated cumulative occupationsl exposure of 200-24¢ f/ml-
years the probabllity of asbestosis was 90%, in contrast 1o workers with & S0 /mi-yr history
for whom the probability was 10% end workers with a low exposurs of 10 fimi-yrs who had
an asbestosis probability of 1% of less.

In 1983 the British Occupationat Hygiene Society! (BOHS) updated Berry’s 1979 report

.-




LA. Feingold, M.D,, F.R.C.P,(C), FCCP Namative Report Page: 9
Re: Asbestos containing slectrical wice

To: Mr. Olle Harton, Hawkins and Pameti
Date: 09-30-96

with a study on 295 men who were employed afier 1950 and who had a tolal of at feast 10
yoers of asbestos exposure by 1978. The BOHS commiliee eslabilshed 7 abnormal
radiological and clinical criterls for the diagnosis of asbestosis and reporied that the
probability of at lsast one of these crilerla occurring was 7% In workers who had a

cumulative asbestos exposure of 50 inl-yrs and was less than 2% In workers who had a8
lifetime exposure of only 25 fiml-yrs,

In 1984 the Ontaric Royal Commission on Matters of Health and Safely Arising from the
Use of Asbestos in Onlarlo® (Canade) summarized the evidence pertaining o & dose-
response relationship for the develupinent of asbestosis by stating:

. . . our assessment of the evidence finds us in agreement with Dr.
Finkelstain's comment {in testimony fo the Royal Commission on 07/28/01)
that thera is probably an effeclive threshold below which clinical asbestosis
may be unlikely o occur, although there -may bDe~occasiondl cases
developing in vary susceptible individuals. Al low lavels of occupational
exposure 10 esbesios the fibrotic'process in the lungs, if indeed it can be
Initisted, will not itkely progress 1o the point of clinical manifeatation or sven
the mildest discomfort. On the basis of the availsble date, our best
judgeinent as to the [felme occupational exposure 10 asbesios at which the
fibrotic process cannot advance is in the rangse of 25 {/cc-yrs and below.

In 1985 Doll and Pelo' accepled the same cumulative dose threshold In an imporiant
report propared for the British government. Further support of the often-quoted Ontario
Roysl Commission report was published in 1990 by Huang" who studied the
dose-response relationship for asbosios exposure in a chrysotile product factory for which
exposure data had been availeble for many years. In that report, the threshold for 1%
prevalence of asbestosis at the factory was 22 fiber/ml years.

In 1981 Browne'? theorized that fibcogenesis only predominates when the fiber burden is
“excotsive.” A threshold effoct was therafore "implied.”

The effects of macrophigo mediators on the surrounding tissues depand on
the quantity released. Macrophages are modulating agents capable of
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producing fibrinclysis and fibrogenesis, and fibrogenesis will only
predominate when the fiber burden is excessive. A threshold effect is there-

{fore impliad In this fibrinolysis-fibrogenesis balance...

Quinlan* also demonsirated dose-related cellular responses. Fibrogenic reactions were
observed only for high concentrations of asbestos:

Differential cell counts revealed @ dose-related infiltration of neutrophils that
precaded elevations in gens expression. Noutrophi! infifiration into fung end
focal lesions of fibrosis as well a8 increased levels of hydroxyproline were
observed only at high concentrations ot asbestos. These results indicate that
high airborne concentrations of asbasics cause molecular changes in lung
that may be relaled {o antioxidant dsfense and the lriggering of cell
profiferation, s feature of asbestosis and lung cancer.

Asbastosis as a blological threshold for an Increased risk of lung cancer

In 1847 the British Anpual Report of the Chief Inspacior of Faclorias noted that “Thirty one
cases of carcinoma of lungs and pleura were found st autopsy of 235 cases of
Asbestosis.¥ Commenting on this report, a 1948 editorial in the Journal of the American
Medical Assoclation'? cbserved that . . . the availabls evidence shows that the occurrencs

of cancer of the lung is related to pulmonary asbestosis and Is not merely a possible
sequela of exposure 1o asbestos dust. . . -

In 1955 Doli'® reporied that of 143 men who worked for at least 20 years with asbastos,
11 developed lung cancer compared 10 an expecied incldence of 0.8, Doll observed:

All the cases of lung cancer were confirmed histologically and all were
associaled with the presence of asbastosls.

The landmark 1978 study by .Hammond, Selikoff and Seidman'” sttempted to define the
relative risks of lung cancar in 8 group of 17,800 asbesios insulators. Hammond et al
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quoted a lung can¢er incidenca of 11.3/10C,000/year for non-smokers and
122.6/100,000/yesr tor smokers who had not worked with asbesios. Of the 17,800
insulators studied, 891 claimed to heve been nonsmokers and 4 died of lung cancer,
resulling In a corected Incidence of 58.4/100,000/year. The rest of the group studied by
Hammond et al were consldored cigarctto smokers and they were found o have an
Incidence of lung cancer of 601.6/100,000/year.

Unfortunately, the 1979 Hammond repont did not identify the sub-cohort that had as-
beslosis. Subsequent analysis of lung cancer cases derived from the original 17,800
cases publishad by Kipen et al (including Selikoff)'® revealed that all of the patients who
disd of lung cancer also had pathological evidence of asbestosis.

In 1880 Liddell and McDonald™ reported a study of Quebec chrysolile asbestos miners.
Ligdell and McDonald Identifled 118 lung cancer deaths which represented an excess of
52 deaths over predicted. Of 40 men whose last chest x-rey was rated a3 normal by the
ILO system, the SMR for lung cancer was rot elevaled at 1.08; however, of the remalning
miners whose x-rays were abnormal {and who presumably had asbestosls) the SMR for
fung cancer was 3.5. Liddell and McDonald commanted:

. . . most, but not necessarily all, cases of lung cancer atiributable to

chrysotile exposure in mining and milling probably have small parenchymal
opacitios before desth.

In 1981 Berry™ reporied on & study of asbestos workers who were Certified by British
Prneumoconicsis Medical Panels as having asbestosls. Berry cbserved that the
standardized mortality ratlo {SMR) for lung cancer Increased from 8.1 for men classified
as 10% disabled to 25 for men with & S0% disability. These findings suggest an increasing
risk of lung cancer with increasing degrees of asbestosls.

fn 1989 Siuis-Cremsr and Bezuldenhout™ reported an aulopsy study of 399 former
amphibole asbestos miners in South Africa. Thidy-five cases of lung cancer were
identified on autopsy. Of the 369 patients, 302 were found to have no pathological
evidence of asbesiosis, 69 had "slight" asbesiosls and 28 had moderals to sovers
asbeslosis. Inthe group of 302 without asbestosis. the authors calculated that 12.4 fung
cancers were expecied ( based on smoking habits) tad only 11 were observed for an SMR
of 887. Ofthe 69 patierts with slight esbestosis, 3.8 lung cancers were expecied but 15
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were observed rosuluné in an SMR of 4,16, Among the 28 patiants who were
demonstirated to have moderate or severe asbestosis on aulopsy, 1.8 lung cancers wers
axpecied but 9 were obsarved for an SMR of 5.63. The suthors concluded:

The SPMR for both the 35 cases proved by necropsy and the 25 cases”
certified as bronchial cancer on the death cerlificate show no excess
bronchial cancer in the group without asbestosis whereas there is an excess
In those with asbeslosls. The excess increases with the severity of the
esbestosis found at necropsy.

In conclusion this study suggests that asbestos csused bronchial cancer is
almost always associated with some degres of histologically demonsirable
asbeslosis.

Siuls-Cromer and Bezuidenhout glso observed that:

In the sbsencs of esbestosis at necropsy a bronohial cancer in 8 man
exposed to asbeslos Is unlikely fo be due to asbestos.

-,

In 1891 Hughes and Weill®?? dascribed o study of all 839 workers employed In two New
Orleans asbesios comenl faclories in 1969. By 1583 154 of the 839 men had died and
death cerlificales of 153 of thess men were avalable. X-ays on all of the men were
interprated by three prominent radiclogists using the ILO sysiem. The authors obsarved:

‘Among wotkers with no x-ray film abnormalites in 1969, the lung cancer risk

was not raised (flve mesotheliomas, however, wers found). Fof the lang
lorm workers In this group, there were six lung cancers compared with 5.8
expecied. By contrast, among those with small opacities, prafusion 3 1/0,
thers were around seven excess malignancles, all of them due {0 lung
cancer; the lung concor risk was significantly ralsed (8 v 2.1; p<0.001) und
significantly different from the risk in Jong term workers without sbnormalities
{p<0.01, lkelihood ratic test).
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Hughes and Welll commented that:

The current study is the latest in an emorging body of evidence supporting

the view that asbestos is a lung carcinogen because of its abillty to cause
lung fibrosis. . ..

Because defectable asbesiosis Is not likely fo result from current
occupational and general environmantal exposures, the prevention of the
effect of exposure on lung fibresis is fikely also to prevent the excess risk of
lung cancar. . ., Finally, these data may provide further evidencs 1o support
the common practice of atiributing lung cancer to exposire lo asbestes only

if asbeslosis Is also prasent; otherwise, these tumors are, in most part, due
{a clgaratte smoking.

Almost all cases of lung cancar, including those wnich occur in asbasios workers, are
related lo cigarette smoking. Of the 35 lung cancer cases described in 1989 by Stuis-
Cremer and Beruidenhowt, 33 were currant or ex-smokers. Of the 29 cases of lung cancer
descrited in 1891 by Hughes and Wel, afl wore smokers. A 1891 study published by the
Edinburgh Lung Cancer Group™ reviewed 3,070 patients who developed lung cancer from
1981-1985 drawn from & population center of $50,000. Of the 3,070 lung cancer patients,
only 74 (2%) were lifelong non-smokers. Stopping smoking at any age significantly
reducas the subsequert risk of lung cancer, but does nol reduce that rigk to the fevel
experiencad by never~smokers. The persisting risk Is most likely significantly groater for
former heavy smokers than for former modergte or light smokers.

To summarize the above: Asbasios workers who smoke cigareties and have asbestosis
are at significantly greator risk of develeping lung cancer than other smokers who do not
have ashestosls. inconirast asbestos workers who do not have asbostosls experience
the seme risk of lung cancer as non-asbestos workers who smoke (0r smoked) the same
amount. In a 1991 edilorial in the British Jouma! of Indusirial Medicine, Kevin Browne®
presents the possible explanations for the differencs in lung cancer risk experienced by
workers who have or do not have asbestosis. Brownv reviewed the Calms hypothesis of

mutagenesis, originally presented in the journal Nature in 1975 and the evidence that
asbeslos,
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.. . i9 not a mutagen, and atlempls 1o establish a mechenism whereby it can
direclly produce melignant transformation in bronchial epithellum or

mesothelium have either falled completely or have required unreallstic in
vitro conditions.

Browne observed that: ]

A consensus exists that asbestosis (diffuse interstilial pulmonary fibrosis,
DIPF) results from the effect of mediators released by lung macrophages
after incomplete phagocylosis. . . . The effects of macrophage modiators on
the surrounding tissues deperds on the quantily released, Macrophages
are modulaling agents capable of producing fibrinolysls and fibrogenesis,
and fibrogenaesis will only predominate when the fiber burden is excessive.

Powerful evidenca that no additiona! carcinogenic action spacific to asbestos
Is needed comes from studies of DIPF from other causes. In cryptogenic
fibrosing alveolitls the histological picture may be indistinguishable from
asbestosis apar from the absence of oxcess asbestos bodies or fibers, and
patients suffering from this disease, or from DIPF secondery fo other
systemic diseases, show a greatly increased incidence of ung cancaer. . .

.. . . f the carclnogans in cigaratis smoke have csused DNA damage to
large numbers of lung epithelial calls, chronlc preliferation of some of these
calls will more readily result in the expression of malignancy than from both

mechanisms independently. Asbestos is then acting as a classical promoter
oninitiated cells. .. .

In summary, asbestes workurs who smoke and who develop asbestosis are at increased
risk for the development of lung cancer because: (a) cigaretls smcke is a primary
carcinogen or "inducer” which slimulates mutations {l.e. malignant rensformation of DNA)
in bronchial eplthelial cells; (b} chronie proldaration of pulmonary calls rasociated with
pulmonary fibrosis increases the likslihood thal mutated cells will produce a malignant
tumer; and (c) pulmonwy fibrosis disrupts the lung's natural proteciive mechanisms which
normally limit the proliferation of mutated cells.
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Pulmonary parenchymal asbestos fiber burden and risk of iung cancer

Greanberg and Roggli*” have expressed agreemant with the above described relationship
between gsbestosis and lung cancer but suggested that the simple presence of an
elevaled lissus asbastos burden (without associaled asbestosis) might also be snough fo
increase the risk of lung cancer:

. .. the welight of the evidence at this time sesms to Indicate that, In an
asbestos worker with carcinoma of (the lung who also smokes cigareties,
asbestosis must be pracont ciinlcally or histologically (or there should aof
least ba & tissue asbesios confent within the range of valuss observed in
patiants with asbastosis) emphasis added] in order to assign a substantial
contributing role 10 asbestos In the causation of the lung cancer.

Roggli, Pratt and Brody®® reviewed 5 reports of tissus astastos conlent in asbestosis. In
all § reporls the median uncoated fiber count excseded (usually by a considerable amount)
4 x 10° fibars per gram of dry lung lissus. Roggli ot a! suggested that 1 x 10*fibers is &
threshold tissue burden for the davelopmant of asbestosis. Roggll further reporied that
the mean uncoaled fiber count in 76 patients who had pathelogical evidencs of asbestosis
was 3.3 x 10 fibers per gram of dry lung tissue. Roggll ot al also reported on a study of
143 patients who had been exposed lo asbesios and who developed lung cancer. All but
6 ware cigeretle smakars of ex-smokers. Among the 48 patients who had puimonary

parenchymal asbestosis the mean astestos fiber count was 3.07 x 10* fibers per gram of
dry lung tissue.

Roggli® reporied that of 76 patients who had asbestosis, the mean asbestos body count
was 378,000 per gram dry lung. Roggh, Greenberg and Pratt™ raporied that of 48 patients
who had asbestosls and kung cancer, the mesan asbestos body count was 334,000 bodies
per gram dry tung.

Asbestos fiber type and mesothelloma

Vegner was the first to rapoﬁ in 1980" of the association between asbestos exposure and
the cevelopment of mesothelioma. Wagner suggssied that it was only ‘Cape Westem
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Blua® or crocidolite asbesios that was the cause of mesothelioma. In 1965 Selikoff® noted:

This remarkadle concentration of casas In one ares of South Africa was

explained by the hypothesis that mesothelioma was the result of exposure
to one special type of asbestos (crocidolite). ... -

Despite this finding. Sellkoff suggested that °. . . mesothelioma may not necessarlly be a
problem of only one kind of asbestos (crocidolite) . . . .* but in 1865 Sluis-Cremer®
reporied on a methedical search for mesothelloma cases outside of the South African
North West Cape Province crocidollie mining area and concluded that there were no cases
from the amosile mines of the Transvaal Province. It was not until 1672 that Selikoff,
Hammond and Churg™ demonst-aled that amosite was a cause of mesothelioma. In 1980

Selkoff, Seidman and Hammond™ reported on a further study of amosite factery workers.
Selikoff ot al noted that: .

in 1941', with ir;o_anw:agemed of the U.S. Navy, a faclory was established
in Paterson, New Jersay, 10 manufacture asbestos products for the armed
forcas for Industris! uses. We have ascartained that amosite asbesios was

used almost exclusively (with very small amounts of chrysotile asbestos also
being used).

Amosite was spaecified by the U.S. and other navies for the construction of war ships.

Stiwers and Coles (HM Navel Base, Devonporl, England)® noled *Two major
davelopmants since 1944;

< (1) the very extensive use of crocidolite for environmental insulation and fire
protection from 1944 to 1663, and (2) the large increass in the amount of
amosite used for machinery insulation between 1950 and 1963
An oarlier report by Harries™ described the same kind of amosite use in British shipyards,

In 1982 McDonald™ reported on 8 study of asbestos textile workers exposed to chrysolile,
amosite and crocidoiite. The authors noted that
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The much greater risk of mesothelioma from exposure 1o processes in which
even quite small quantities of amphiboles were used was aiso confitmed,

-~

in 1984 McDonalg™ reported that long Lesin follow up of a large cohort of men who were
sxposed only to chrysotile did not reveal any ceses of mesothelioma *consistent with &
much lower risk of this tumor wilh chryselile than with amphibeles.”

In 1988 Newhouse and Sullivan® described a long term follow up of men who had worked
in & factory thet produced friction materials (principally brakes). The factory used

chrysctile asbestos except for certain spacific contracts. All of the mescthalioma cases
wera attributed to crocidolite exposure.

In 1988 Warnock™ reported on the lung tissue fiber burdens of workers in a shipyard in
the Sclano County area of Culifornia who developed mesothslioma. The median fiber

burden for all types of amphiboles wae 2.7 million f/g dry lung. Warmock noted that
amotite was the most prevalent fiber type.

In 1992 an important study was published by Begin® who Identifled a total of 49 cases of
meascthelioma in former Quebec chrysotile asbestos mine and mill workers. Begin noted:

The present study documents an kncreasing incidence of cases of malignant
mesothelloma in chrysolile miners and millers of the Eastem Townships of
Quebes, with 48 cases in the 1ast 23 yoars, and a rate of 2.5 cases per year
in the tast 10 years In the primary industry. . ..

In their report, Begin et al also noted that

In the past, thess cancer cases among Quebec chrysotile miners and millers
werg considered to be likely atiributable to amphibole contamination of the
worksite and/or of the mineral ore. . . Nonatheless, cases of mesothelioma

in Quebec miners have been documented where chrysotile fibecs were the
enly fibers in lung tissue.

Begln noted avidence for & signiticant difference in the remoie contamination of
chrysotile ore mined n the two main Quebec asbesios cantars, the towns of Asbestos and
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Thetford Mines, but the incidence of mesothelioma was proportional {o the work force and
not related to residence in one of the two areas.

Our daia sugges! that some of the cases of malignant mesothelioma In
Quebec chrysollle miners and millers may not be necesserily stlributable to -
amphibole and could be chrysotile-induced.

In 1993 Churg et &l reported on the fiber burdens in the lungs of 84 fong term chrysotife
asbestos miners from Thetford Mines, Quetec. Inthe pallents who hed mesothelioma, the
chrysotile fiber burdens wers very large, with a mean of 34 millon /g dry lung. The
tremolite burdens in the mescthelioma cases wore aven greater, 180 million f/g dry lung.

Churg et al concludad:

. . . In this population of heavily exposed chrysotile miners aid millefs, the
presencs of airways fibrosis and asbestosis and, probably, mesothelioma
reflacts high tremolile burden. -Whether chrysotilo fibers themselves play L
role in disease induction remains uncertain,

In @ subsequent report, Churg and Vedal“ reported on a study of 144 shipyard workers

and insulators from Oregon Washington state and British Columbia. Churg and Vedal
staloc:

Our resulls show clearly that, despite known historic exposure to amosite
and chrysotile, amosite is by far the predominant residual fiber, and there
.are correlations between amosite measures and disesse. Chrysolile was

present inconstantly and [n relatively small amounts, and no correlations
were found between chrysotile mezsures and disease.

Churg and Vedal also commented on the issue of {remolite contamination of chrysotile:

We have proposed eltewhere that tremolite, which is & netural minor
constituent of chrysotlle ore, might serve as 8 substitute marked for
chrysotlie, and that tremalits rather than chrysotile may aciually be tie agent
responsible for ‘chrysotils-induced® mesothelioma. ...
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Backlake® provided an in-depth editortal comment of Churg and Vedal's study. Professor
Beckiake noted that: ,

. . . the major contribution of the two studies of Churg and associales
reviewed here Is In adding further weight to the already substantial body of
evidence concerning differential disease-generating potential for different
asbestos fiber lypes. Although the facls of differential cloarance of
chrysotile are scknowledged in both papers, we beliove the authors are right
fo conciude that “there are major differences in the relationship of fiber
concontraiion and disease for chrysotile and tremwlile compared with
amosite or crocidolite.”

Although the medica! literature published since 1980 reflects significant controversy, (not
presented here, bul see Roggli and the multiple resporses in the literature such as

Hughes and Weill”) et this limo thore is elrong scientific suppor for the following
conclusions about mesothelioma: -

1. Without an amphibole contaminant, chrysotite Is unllkely {o be a cause of
malignant mesothelioma.

2. Interms of mesothelioma inducing potency, the differant forms of asbestos
can be raled as: crocidolite © amosite © lramolite © 7¢chrysotile

3 In terms of frequency, amosiie represents the cause of most mesothelioma
cases in the United States. Amosite exposure was typlcal of World Wer 1t
. ora shipysrd work.

4. Whaere chrysolile has baen sssocieted with mesothelioms, the majority of

cases have probebly been caused by tremolile contamination of chrysotile
ore.

5. Since tremolite is a minor contaminant of chrysolile ore, very lerge chrysotile
¢:posros are necassary befora mascthalioma can occur. As noted sbove,
in 1993 Churg et sl reporied that the mean chrysotile fiber burdens In
asbesios minera who developed mesothelioma were enormous - 34 million

{/q dry lung and that the tremolile burdens werg even greater.
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Conciusions from the medical literature

The medica! literature presented above provides strong, consistent, rational evidencae for
the following conclusions: -

1. There Is a threshoid of exposure below which diffuse Interstitial pulmonary
gsbestosis does not occur. That threshold is in the range of 25-50 f/ml-
yesars. Compliance with the paek exposure limit (PEL) of 0.2 ffce 8 how time
weighted average sot by the Uniled States Occupational Safety and Health:
Administration in 1988 makes it impossible to accumulate & lifetime
occupational exposure >25 timl-yrs even after 40 years of smpioyment.

2.  Thae risk of bronchogenic carcinoma i increased in asbestos workerswho. ___
smoks cigereties and have pulmonary parenchymel asbostosis. The risk of
jung cancer in asbestos workers who do not have asbastosls is related to
amount of cigarette smoking and Is unrelated to asbestos exposure. Thus,
tha development of pulmonary parenchymal asbesiosis Is & necessary,
biological threshold below which an increase in the risk of lung cancar is not
observed,

3 Evidence for 8 ifetime threshold of asbestos sxposure below which there is
no ncreased risk of mesothefioma was not presented in this report. The risk
of mesothelioma is much more closely related to slapsed time since first
exposure than {o dose*® but the literature does suggest a throshold of

. sxposure below which the risk of mesothelioma is extremaely low or non-
existonL 4 * %' Asbestos fiber type is of greater significance han threshold
fibor burden. The weight of the medical evidence sironQly indicates that
chrysotile exposure alone does not increass the risk of mesothelioma,

The “one fiber” theory vs. blological plausibliity
Some medical experts have suggested that any exposure {0 asbesios fibers contributes

to the deveiopment of asbustoselated diseases. Such experts srgue that for an asbestos
insulator who has accumuiated, for example, a moderate fibrogenic asbestos burden of
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100 f/ml-yrs, exposure {0 even one asbestos fiber contributed In a meaningful way to his
eventual deveiopmant of asbeslosis and, possibly, lung cancer. According 1o this view,
axposure to the minute quentities of asbestos roleased during the manipulation of
asbestos insulated eleclirical wiring would be significant Howaver, the medical literature
pressnted above reveals thal yuch ‘one fiber theories are scientificglly incorrect. A

considerable asbestos fiber burden must be accumulaied befora there Is any risk of
agbestosls.

The average amount of asbestos in the lungs of pallents who have asbestosls is in excess
of 3,000,000 fibers per gram of dry lung. Thus, patients who have asbesiosis have
accumulated hundreds of millions of asbestos fibers during thelr occupational fifetime.
Exposure 10 chrysotile asbestos within the limits (PELs) established by OSHA in 1694 (or
1886) cannot rasult in a sufficiert pulmonary asbestos tissue burden o resuit In
asbesiosis. Work with asbestos Insulated electrical cable can, in “worst case® scanarios,
result in asbestos exposure 10 fo 20 times lower than the OSHA peak exposura limits.

In conclusion, it is my opinlon 1o a reasonable degree of medical certainty, that work with
asbesios Insulated elecirical cable cannot result in dangerous asbestos fiber exposure.
Electricians working with such cable cannot, in a lifetine, accumulate a significant
puimonary asbeslos burden. If an Indlvidua!l worker who has other occupational asbestos
exposure davelops asbastosis, the axposure to asbestos fibers from insulated cable does
not reprasent a biclogically significant contribution to his disease. Because asbestosis
cannot result from the leve! of asbesios exposure associated with asbestos-insulated

cable, such exposure cannot result in lung cancer. Exposure to chrysotile gsbestos from
asbestos-insulated cable cannct result in mesothelioma.

-

LA Feingold, M.D., F.R.C.P.(C), FCCP
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