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Asbestos-Related Disease Associated With Exposure
to Asbestiform Tremolite

Sharon H. Srebro, Mp, and Yictor L. Roggli, MD

Tremalite is nearly ubiquitous and represents the most common amphibole fiber in the
lungs of urbanites. Tremolite asbestos is not mined or used commercially but is a
frequent comtaminant of chrysotile asbestos, vermiculite, and tale. Therefore, indivic-
uajs exposed to these materials or to end-products cootaining thess materzals may be
exposed to wemolite. We have had the apportunity to do asbestos body counts aad
minerai fiber analysis on pulmonary tissue from five mesothelioma cases and twa
asbestosis cases with pulmonary temelite burdens grearer than background lcvels,
There were no uncoated amosite or crocidolite fibers detected in any of these case:.
Three patients’ were occupationally exposed o chrysotile asbestos; two patients had
envircnmental exposures (one w vermiculite and one 1o chrysotile and tale) and one was
a houseshold contact of a shipyard worker. The tremolite burdens for the asbestosis cases
were one to two orders of magnitude preater than those for the mesothelioma cases. Qur
study confirms the relationship between tremolite exposure and the development of
asbestos-assoctated diseases. Furthermore, the finding of relatively modest elevations of
tremolite contgat in some of our mesothelioma cases nuggests that, at least for soms
susceptible individuals, moderate exposures 1o (remolite—contaminated dust can produc:
malignant pleural mesothelioma. € 1994 Wiley-Liss, Inc.
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INTRODUCTION

Tremolite is a hydrated magnesium silicate (Ca,MgsSig0,,(0H),) thar belongs
to the amphibole group of minerals. Collectively, actinolite, anthopbyllite, and trem-
olire are often referred to as noncommercial amphiboles. Although the ncncommer-
cial amphiboles are, geclogically, the most common amphiboles, they ars of little
industrial imporiance and not mined commercially |Pooley, 1987]. Thus, tremolit:
and other noncommercial amplibole exposure levels are not routinely monitored,
and, unti] recently, were not usually considered in the epidemiology or etiology of
asbestos-related disease [Weill et al., 1990]. However, recent attention has focused
on the health effects of exposure to tremolite asbestos. .

Although wremolite is not mined commercially, it is a coramen contaminant of

Department of Pathology, Durham Veterans' Adnunistcation and Duke University Medical Centers,
Durkam, NC.

Address reprint requests to Victor L. Roggti. MD. Deparument of Pathotogy, Box 3712, Duke Universie
Medical Center, Dusham, NC 27710. ‘
Accepred for publication March 4, (994

@ 1994.Wiley-Liss, Inc.



810 Srebro and Roggli

other mineral deposits, such as chrysotile asbestos (which accounts for 9C-95% of
commercial asbestos in the Umited States), vermiculite, and tale [McPDonald ct al.,
1985]. Workers may: be exposed 1o tremolite asbestos from mining or manufacturing
processes involving these minerals. Additionally, some end-products contain these
minerals (such as casmetic talc or spackling compound, which contains chrysotile}
and may present a potential source of tremolite exposure. At Canadian chrysotile
mines, fremolite is present in only trace amounts in the deposits [Gibbs and Lachance,
1872]. Nevertheless, several studies suggested that most cases of malignart mesothe-
Iwoma observed in these miners were probably attributable to tremolite, rather than to
chrysotile asbestos. This conclusion is based on the observation that the majority of
uncoated fibers detected in the lungs of the miners with mesothelioma was wemolite,
and pulmonary tremolite contents for the chrysotile miners exceeded control levels
[Churg, 1988; McDonald ot al., 1982, 1989]. One swudy concluded, because
chrysotle represants 90--95% of all asbestos used, as many as 20% of all malignant
mesotheliomas in North America may he due to tremolite [McDonald et al., 1989].
Several studies regarding vermiculite miners demonsmated a dose-related increase in
asbestos-associated diseases and suggested, according to the American Thoracic So-
ciety, that tremolite exposure *‘represents ocalth consequences similar to other forms
of asbestos exposure, including lung cancer and mesothelioma' [Amandus and
Wheeler, 1987, McDonald et al., 1986; Weill et al., 199G]. Also, in Turkey and the
Metsovo region of Greece, where naturally occurring asbestiform tremolite is used for
whitewashing and for smeco, stdies have demonstrated an increased mesathelioma
risk for residents with no history of occupational exposure and no identifiable history
of exposure to other fiber types [Baris et al., [988; Langer et al., 19871.

Collectively, these studies suggest that remolite ashestos exposure represents a
potential health risk not only to miners and manufacturers of {remolite-contaminated
mineral products but alse 1o those exposed to tremolite-contaminated and-products.
This report presents.seven cases of asbestos-related disease, for which scanming
elecrron microscopic (SEM) pulmionary mineral fiber analyses support an etiologic
role for tremolite.

MATERIALS AND METHODS
Casa Selaction

The szven casgs selected {or this study were obtained from one of the author’s
{V.L.R.) consultation files. The criteria for selection included 1) a diagnosis of
ashestos-related discase, 2) no unccated amosite or crocidolite fibers detected by
SEM, and 3) pulmonary uncoated wemolite fiber content greater than control levels.
The upper limit of the control level was 2,540 uncoated fibers (5 pm or greater in
lergth) per gram of wet lung. This value was based on SEM mineral fiber analysas
for 19 control cases, as defined in earlier reponts (i.e., macroscopically normal lungs
at autopsy, no evidence of asbestos-related disease, and no documented history of
asbestos exposure) [Roggli er al., 1986, 1992a,b].

Five of the cases represented in this study were malignant pleural mesothelio-
mas. The remaining two cases had diagnoses of asbestosis; one of these also had
adenocarcinomsz of the lung. The dizgnosis of malignant mesothelioma was con-
firmed by one of the authors (V.L.R.) using our previously published criterta. These
cnteria include gross distribution of the rumor, hisiologic appearance, and, when
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TABLE I. Demographic, Pathologic, and Ccrupstional Information for Seven Patients With
Ashestos-Related Diseases*

Age/ Exposure Smoking
Case*  sex Diagnosis Qccupation duration nistory
1 74/M  Asbestosis Manufactured asbestos Tyr Smoker
blarkets/gaskets (PY unknown)
2 44/M  Asbestosis/Lung Lived near vermiculite 20 yr Ex-smozer, (1-2 PV,
adenocarcinoma plant during childhood {guir 20 years)
3 sa/M  BPL Painier/spackler 38 yr Smaoker (70 PY)
4 &M EPL Engineer at power N/A Smoker (6 PY)
piant; insulator
5 44/F  EPL Asscmbler at dry cleaner N/A N/a
6 57/F EPL Housewife of shipyard worker |-2 yr  Smoker (40 PY)
7 58/ DPL Teacher's aide in 18 vr Nonsmoker

building with memolite in tiles

*BPL = biphasic pleural mesothelicma; DPL = desmoplastic plevral mesothe'ioma; EPL = epithelial ple u-
ral mesothelioma; PY = pack-years; N/A = not availabie,

*Data for the |9 control cases are summarized in the wxt of this repont and are cetailed in earlier ag et
unpuhbished ohservarions.

indicated, the findings of histochemical, immunohistochemical, and/or ultrastructural
studies [Roggli et al., 1992b]. In all cases, the diagnosis of mesothelioma was made
independently of asbestos exposure history or tissue mineral fiber content. The ci-
agnosis of asbestosis was confirmed by one of the authors (V.L.R.} using the hista-
logie ¢riteria set forth by the Pneumaconiosis Commuttee of the College of Amerncun
Pathologists and the Narional Institute for Occupational Safety and Health, which
defines the minimuem criteria permitting the diagnosis of asbestosis as *‘demonstration
of discrete foci of fibrosis in the wall of respiratory bronchioles sssociated with
accumulations of asbestos bodies’ [Craighead et al |, 1982],

Tissue Digestion Technigue and AB (by LM) Analysis

Formalin-fixed lung parenchyma was prepared for anaiysis by digestion in a
5.25% sodium hypochlorite solution (commercial bleach), as detailed in previous
reports [Roggli, 1992b; Roggli et al., 1986]. Asbastos body (AB) counts for two
mesothelioma cases (cases 6 and 7; see Table I) were quaniified using the technigue
of Smith and Naylor for approximately 5 g samples of lung tissue [Roggli, 1992
Smith and Naylor, 1972]. For three cases {cases 1,2, and 3; see Table [), limied lung
ussue (<1.0 g) was available. For these cases, our laboratory developed a hypochlo-
nite digestion procedure [modified from Williams et al., 1982] which is suitable for
smaller sample sizes (0.1-0.4 g wet weight). Our laboratory has shown that,. for
small sampie sizes, AB counts obtained by this technique are, on average, with:n
10% of values determnined by the Smith and Naylor procedure [Roggii et al., 1586].

Digested lung tissue was collected on 0.4 wm pore size polycarbonate filter;.
One filter was mounted on a glass slide, and the entire filter was examinad by lignt
microscopy (LM, at 2 magnification of x 200} for AB. Ferroprotein-coated fiba"s
with broad yellow or black cores were considered to be nonasbestos ferreginouts
bodies (pseudoasbestos bodies) and were not counted in these analyses [Roggli,
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1992a]. The detection lumit of this analysis was one AB per filter. The equivalen
detection limit in AB/g wet lung depends on the weight of the sample (e.5., 0.2 AB/g
for a 5.0 g sample and 3.0 AB/g fora 0.3 g sarnple of lung tissue).

In two cases {cases 3 and 4; see Table I), formalin-fixed lung tssue was no
available. For these cases, the tissue was obtained from paraffin blocks by dissolving
the paraffin in xylene and rehydrating to 95% ethanol, as described in earlier reports
[Roggli et al., 1982, 1986). Tissue digestion and microscopic analyses were per-
formed as described above. The rzsults were multiplied by 0.7 to correct for the wet
weight difference berween formalin-fixed lung and paraffin-embedded lung [Roggli,
1992b; Rogghi et al:, 1986}

Mineral Fiber Analysis (by SEM)

All samples for SEM analysis were prepared by digesting jung tssue (0.25-
0.35 g, wet weight) in hypochlorite using the method developed by our laboratory for
small samples, as discussed above [Roggli, 1992b; Roggli et ai., 1986]. The residue
was thent collected on 0.4 wm pore size polycarbonate filters. The filter was mounted
on a carbon disc with celloidal graphite and then sputter coated with gold. A JEOL
J8M 35C scanning electron microscope operated at 20 kV accelerating voltage, a
screzn magnification of X 1,000 and a scan rate of 5 sec per frame was used to count
total uncoated fibers (UF) and AB (ferroprotein-coated fibers) (Roggli, 1991]. Fibers
were defined as particies with an aspect ratio (length:diameter) of at least 3:1 and
having approximately paralle] sides. Only particles that met both of these criteria and
had a length of 5 jum or greater were counted. At a screen magnification of x 1,000,
most of the fibers counted were 0.2 wm in diameter or greater. A total of 100 fields,
appreximately 2.53 mm® in total area, was counted for sach sample. The detection
limit for the SEM acalysis was 140 AB or UF per filter, which corresponds to
approximately 440 AB or UF/g wet lung for an average 0.3 g sample. Blank filters
were also examined and all reagents were prefiltersd o avoid contamination with
fibers [Roggli, 19917,

The chemical composition of mineral fibers (asbestos and nonasbestos) was
determined by energy dispersive X-ray analysis (EDXA). The asbestos fibers were
classified as amosite. crocidolite, tremoiite, anthophyllite, actinolite, or chrysotile
based on their morphology and X-ray spectra [Roggli =t al., 1986, 1992a]. Nonas-
bestos mineral fibers (NAMF) were classified based on the morphology and elemental
content by X-ray spectra and included, among others, tale, rutile, miscellaneous
silicates, and. fibrous glass [Roggli, 1989; Roggli et al., 1992a]. For each case, 530
fibers (average of 16 fibers) were classified by EDXA. The detzction limit for each
fiber type will vary somewkat from case to case, depending on the concentraticn of
fibers in the lung tissue and the actual number of fibers analyzed by EDXA for that
case.

Case Studies

The demographic, pathologic, anc eccupational data for each case are presented
in Tabie I.

The three patients with documenied vecupational exposure (cases 1,3, and 4)
were employed in a diverse group of occupations associated with exposure to either
asbestos directly or to asbestas-containing end-products. Three cases had nonaccu-
pational exposures to asbestos. One (czse 6) was the wife of a shipyard worker and
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one {case 7) was a teacher's aide who worked for 1§ vears in a buiiding containiig
chrysotile and tremolite in the acoustical tile [Roggli and Longo, 1991]. The other
(case 1) was a man who lived near a vermiculite processing plant during the first
20 years of his life and, a8 a child, sometimes played in the piles of vermiculite
tailings. The longest tremolite fibers detected in this study were in this patient, with
many greater than 100 pm in length. Representative scanning electron micrograpnas
from this case are shown in Figure 1, and a typical EDXA spectrum for tremolite in
Figure 2.

Very long (=30 um) tremolite fibers were also detected in case |, a man who
worked manufacturing chrysotile asbestos blankets and gaskets from 1939 to 1945
Although he had no subsequenr documented exposure to ashestos, pulmonary tissue
analysis 42 years later revealed numerous very long tremolite and chrysotile fibess.

The remaining patient (case 5) was a woman emploved as an assembier in a d-y
cleaning plant, an occupation with no known exposure to asbestos.

The dara for the 19 control cases are detajled in an earlier study (unpublishcd
data, summarized in Table ). The age range of the controls was 28 -85 years wih
a median age of G2 years, and all were men. These patients died from a variety of
nonpulmonary causes. They were employed in a diverse gronp of occupations, none
of which was associated with potential exposure to ashestas, either directly or inci-
rectly,

RESULTS

The results of AB counts by LM and puimonary mineral fiber analyses by SEM
are shown in Table' II. The AB counts by LM for three cases were within our norm:l
range of 0—20 AB/g wet lung, which is based on 84 cases with no history of asbestus
exposure nor evidence of asbestos-related disease [Roggli et al., 1982, 1986]. Tte
asbestosis cases (cases ] and Z) were associated with AB counts two orders of
magnitude greater than those for the mesothelioma cases.

The wemolite asbestos fiber counts by SEM aiso ars reported in Tabte I0
Paraileling the trend noted with the AB counts by LM, the tremolite fiber burdens for
the asbestosis cases also were approximately one 10 two arders of magnitude greater
than those for the mesothelioma cases. The highest counts occurred in the patient who
was employed for 7 years manufacturing asbestos gaskets and blankets {case 2). The
detection of more asbestos fibers in the asbestosis cases than in the mesothelioma
cases 1s consistent with previous studies indicating higher pulmonary tissue asbestcs
burdens are required to produce asbestosis than to initiate malignant mesothelioma
(Roggli, 19901. Hewever, this result is contrary to stdies of Canadian chrysotile
miners, in which the median remelite fiber count in mesothelioma cases was similis
to or exceeded that of asbestosis cases [Churg and Wright, 1989; Churg et al., 1993

For each of the seven cases, the predominant fiber type detected by SEM wazs
tremolite. In two cases (cases 5 and 7; see Table iD), the only uncoated asbestos fiberg
(=3 um) detected by SEM were remolite. The vast majority of tremolite fibars
detected had an aspect ratin greater than 3:1. Uncoated commercial amphiboles (i.e_,
amosite or crocidolite fibers =5 wm) were not detected in any of these seven cases.
Uncoated chrysatile fibers =5 pm were present in two cases, and the noncommerc;z]
amphiboles, anthophyllite and actinolite, were detected in two cases each.

The rypes of NAMF (=3 um) detected by SEM in each of the seven cases is
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Fig. 1 A.B: Lonp wemalite fibers. each exceeding 70 um in length, demonsitating high
aspect ratio Fibers were isolated from the lungs of case 2 using sodium bypocniorite digesticn
procedure. (SEM A, xi.700: B, = 1,600,
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Fig. 2. Tvpical EDXA spectrum for rremolite showing prominznt silicon, ealcium and mz 3-
nesium pezks. consisient with its composition ag a calcium magnesium silicate.

TABLE IL Results of LM and SEM Anpalyses in Seven Patients With Asbestos-related Diseases’

LM data _ SEM daw (uncoated fibers/g)®
Trem- Antho- Acun- Chry-

Case® AB/g Total olite phiyllite alite sotile NAMF
] 6.200 554.000 405.000 63.800  <21.300 63.800 21.300
2 2,500 140.000 124,000 <8.200 16,500 < R.200 8,200
3 <150 101.000 3.100 8.100 <4060 <4060 85,200
4 42 10,700 3.940 <1200 <1200 1,200 3,570
3 6 5,800 5,440 <680 < 680 < BBO 1360
& 2 24,300 -+ 860 <4860 4 B60 <4 860 14,600
7 2.8 13.000 +.330 <§70 <870 <870 R.670

Controls - 0.2-21.0 -120-!'3,7007<160-—2.540 <2.540 <B80-1,310 <80~l.000 210-10.160

*ABrg = asbestos bodies per gram ot wet lung: [otal = raial uncoated fibers per gram of wet lung
NAMF == nonasbesios mineral fibers

*Case numeers for cases in s study 1also see Table 1) controls refers 1o {9 control cases deailed it
earlier, as ver unpublished, observanions

"Uncoated fibers (235 wm an length) unly; no unccated amoste or crocidalite fihers (25 L) Wer
detecied.

detailed 1n Table [I. Note thar four of the cases contained fibrous tale, which is

5

frequently contarninated with tremollis asbestos None of the other nonasbestos min-
eral fibers listed in Table 1l are known to be comaminared with tremolite.
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TARBLE IIL. Ungoated NAMF From Seven Patients With Asbestos-related INseases™®

Aluminum Other
Case? Tale Rutile sibicatas silicares
I 20,300 <Z21,300 <221,300 <21,300
a < 8,200 <8,200 8,200 <8.200
3 63,800 16,200 <4 050 8,100
4 <1,190 2,380 <1,1%0 [,180
5 680 680 <&R0 < 6RO
6 <4,860 <4, 860 <4 860 14,600
7 6,930 <<R70 870 870
Controls <R0--16.200 <8{0-5,300 <B0=1,110 < BO—1._800

#*Number of uncoated NAMF (=5 pm) per gram of wet lung detected by SEM.
*See footnote 1o Table L.

DISCUSSION

Tremolite is nearly ubiquitous and represents the most common amphibole fiber
in the lungs of urbanites [Churg and Wiggs, 1986]. However most of these fibers are
short, low-aspect-ratto fibers, which studies have suggestad are not associated with
increased mesothelioma sk excapt at perhaps high concentrations, whereas longer,
high-aspect-ratio tremolite fibers are considerad 2 potent mesothelioma initiator even
at low concentrations [Langer et al., 1987, Yazicioglu e al., 1980]. Studies have
shown that if all remolite fibers detected by electron microscopy are counted, the
geometric mean length is less than 2 pwm, with a geometric mean aspect ratio of 8]
to 10:1 {Churg, 1987]. However, if only fibers greater than 5 wm are counted, the
geometric mean aspect ratic increases 1o greater than 20:1 [Weill et al., 1990]. In the
study presented here, only temoilite fibers greater than or equal to 5 wm were counted
durtng SEM analysis. Differentiaiing between asbestos fibers and cleavage fragments
can be difficult because of the overlapping morphology between asbestiforrn and
nonasbestiform fibers [Weill et al., 1990]. However, there is general agreement that
asbestos fibers greater than or equal to 5 um are the most pathogenic [Davis et al.,
1878; Lippmann, 1988; Schneider and Skoue, 1990}, which encompasses all fibers
derected in this study.

Pulmonary tissue AB counts for three of the seven cases were within our normal
range of 0-20 AB/g wet lung [Roggli et al., 1982, 1986]. Nonstheless, based on this
study and a previous study, these three cases are probably asbestos related because the
tremolite-unceated fiber counts exceedsd the upper limit of the contro! range of 2,540
uncoated fibers/g of wet lung. Additionally, although the other two mesothelioma
cases had AR counts outside the normal range. the values (42 and 65 AB/g wet tung)
were still considerably lower than the geometric mear valee of 1,000 AB/g wet lung
abserved for an earlier study of mesothelioma cases due 1o occupational exposure to
asbestos [Rogglietal., 1992a}. An earlier report by McDonald et al. [1989] indicated
that the propo-tion of longer, and thus, more carcinogenic tremolite fibers increases
at lower fiber concentrations. Therefore, electron microscopic aralysss of pulmenary
mineral fibers may be required to differentiate asbesstos-related mesotheliomas from
nonasbestos-relaicd cases when AB counts by LM are within the range of background
values.

[t is of irterest to compare the levels of wremolite fibers in our five patients with
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mesothelioma with those of the commercial amphiboles amosite and crocidelite in our
averall series of mesothelioma cases. Among 84 cases of mesothelioma for which
SEM results of uncoated fiber counts and fibe: types were available, uncoated
amostte or crocidolite fibers 3 wm or greater in lengih were detected in 72 (86%) with
a range of velues from 122 to 2,890,000 fibers/g of wet lung. In 22 of thess cases
(31%}), the concentration ranged berween 1,000 to 10,000 fibers/g, which is similar
to the range of tremolite values found in the five mesothelioma cases in the present
study (Table ). In three additional cases, amosite fibers were detected at leve s
below 1,000 fibers/g. Uncoated amosite or crocidolite fibers 5 wm or greater in length
are generally below the lirnits of detectability for our techunique in our control cases:.

One might argue that, because our technique primarily detects fibers that are 0, 2
pm OF greater in diameter, we could have overlooked substantial numbers of fibers
that are 5 g or greater in length and 0.1 wm or less in diameter. We think that this
possibility is unlikely to alter our results or conclusions, because substantial numbers
of amosite or crocidolite fibers less than 0.1 pm in diameter shounld be sccompanied
by substantial numbers of fibers .2 wm or greater in diamerer. This opinion 1s
supported by the observations of Churg and Wiggs [1984] and Warnock [1989], since
these investigators jused transmission electron microscopy (TEM) and found ratios ¢ f
amosite 1o crocidolite among U.5. mesothelioma cases indisunguishable from those
found in our previously reported study [Roggli et al., 19931.-1r 15 more likely thal our
analysis wouid underestimate the numbers of chrysotile fibers 5 wm or greater i:
length, because chrysotile tends to undergo longimudinal splitting with many fibers
conseguently having diameters less than 0.1 pm [Roggli, 1991; Roggli et al., 1993].

Women represent 43% (3/7) of the cases in this study vs. only 8% of the 153
mesotheliomas cases, with tissue asbestos analyses, in one of the authors’ (V.L.R.)
consultation files. A potential source of exposure for these three cases was cosmet :
taic, which may be contaminated with tremolite asbestos. The 19 control caszs used
to determine the upper limit of control tremalite levels were all men. Therefore, 1t i3
not known whether women in the general popuiation have pulmonary tremolite levels
greater than men. However, the literature includes the results of one TEM analysis
which showed no significant difference in pulmonary amphibole levels between men
and women [Churg and Warnock, 1980].

One of the unresclved questions is the role of chrysotile vs. tremolite in pro-
ducing mesotheliomas and other asbestos-related disease in patients with a histery of
tremolite-contaminated chrysotile ashestos exposure. Some authors believe that trem-
olite is the main culprit {Churg, 1988; McDonald et al., 1982, 1989]; however, at
least one group of authors suggests that chrysotile may be the more responsibie agent
in some cases [Bégin et al., 1992]. In the study presented here, uncoated chrysotile
fibers (=5 pum) were detected in only two of the seven cases, and the tremolite
concentrations for those two cases were four to five times the chrysotile concentra-
tions. ’

Our study confirms the relationship between wemolite exposure and the devel
opment of asbestos-associated diseases and suggests that certain types of exposure arc
likely 1o be associated with elevated tissue levels of tremolite asbestas. Furthermore .
the finding of refatively modest elevations of tremolite content in some of our me-
sothelioma cases suggests to us. that at least for some susceptible individuals, mod-
erafe exposures to tremolite-contaminated dust can produce malignant pleural me-
sothelioma.
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