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PART 2, TISSUE BURDENS: WHAT DO THEY TELL US?

Analysis of Asbestos Fibers|in Lung
Parenchyma, Pleural Plaques, and
Mesothelioma Tissues of North American
Insulation Workers®

NORJHIKO KOHYAMA®< AND YASUNOSUKE SUZUKI?

bNational Institute of Indus-.rrial Health
Ministry of Labor
Kawasaki, Japan

4Division of Environmental and Occupational Medicine
Mount Sinai School of Medicine of the
Ciry University of New York
New York, New York 10029

It has been well established that asbesios exposure produces various ncoplastic
and fibroplastic diseases including lung cancer, malignant mesothelioma, pulmo-
nary asbestosis, pleural fibrosis, and pleurat hyaline plaques. Epidemiologically, a
high incidence of other diseases, such as cancers of the larynx, stomach, colon,
esophagus and kidney, has also been reported among asbestos insulation
workers.’

A linear dose-response relation for. the induction of asbestos-refated diseases
has been postulated. Although both the occupational history and chest X-ray and
histopathologic findings, including identification of ferruginous bodies (FBs), have
besn used for the estimation of the degree of cumulative asbestos exposure,
counting of the number of intrapuimonary fibers by electron microscopy has
recentty been utilized for the same purpose. In addition to the number of asbestos
fibers, the types and dimensions of inhaled asbestos fibers have recently been
considered as important in evajuating asbestos dose. Asbestos tissue burden stud-
ies by analytical electron microscopy have concomitantly raised two questions:
whether inhaled asbestos fibers are cleared from the lung and whether the types of

ﬁbers are the same in both extrapulmonary and intrapulmonary sites.

Studies have reported that chrysotile clears at faster rates than the amphiboles do
from the lungs of asbestos workers exposed to admixtures of several fiber types.
While the fibrotic pleura and/or hyaline plaques of these workers were found 10
contain mainly chrysotile.’’ the converse was true for the lung parenchyma.
Dodson ef ai. have reported that short (=5 microns) chrysotile fibérs were pre-
dominantly translocated into the pleura and the regional lymph nodes from ex-
shipyard workers® lungs exposed to both chrysetile and amphibole asbestos.*
We have undertaken a tissue burden study of tissues of asbestos insulation
workers to explore these guestions by examining the types, numbers, and sizes of
asbestos fibers in the lungs, and comparing the findings in extrapuimonary sitcs.

& This work was partially supported by NIEHS Center Grant No. ES00928 i the U.S.A.
and also by Grants in Aid for Scientific Research No. 03202133, Ministry of Education,
Japan.

< Address for correspondence: Dr. Nerihiko Kohyama, National Institute of Industrial
Health, Ministry of Labor, 6-21-| Nagao, Tamaku, Kawasaki 214, Japan.
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Insulation workers whose findings we report are known to have heen occupation-
ally exposed 10 materials containing chrysotile {mainly Canadian chrysatile) and
amosite (South African amosite). Mortality data for the cohort from which our
specimens were derived have been reporied by Selikoff and his associates.! All
information related to pathological diagnoses, occupational and cigaretie smoking
histories, and clinical summaties of each of the insulation workers were available
1o Us. Otr purpases were () to elucidate the types, quantities, and size distribu-
tions of asbestos fibers in lung parenchyma, pleura | fibrotic and mesotheliomat-
ous), and peritaneum (mesatheliomalous); (b to determine the qualitative and
quantitative differences between fibers found in the tissues described above; and
(c) to evaluate poth the clearance and trapslocation of intrapulmonary asbestos.
Such knowledge would better permit a hetter understanding as to whether the
inhaled fibers are commonly translocated from the lung to the pieura and/or the
peritoneum, and which types and sizes of fibers have increased potential to trans-
locate.

MATERIAL AND METHODS
Maierial

The 33 human tissue samples from 13 insulation workers in the United States
and Canada werc prepared for analysis of asbestos bodies and asbestos fiber
content as well as mineratogical characteristics. These cases were derived from a
large prospeclive study of asbestos insulation warkers.,'

The 13 cases included 3 of asbestosis, 3 of asbestosis associated with lung
cancer, 2 of pleural mesothelioma, and 5 of peritoneal mesothelioma. Demo-
graphic data and histopathological features arc listed in TABLE 1. Pathological
diagnoses were validated by one of the authors (Y.5.) It was noteworthy that,
histopathologically, pulmonary fibrosis was seen in all but a single case (case 7).
The duration from exposure to death was mostly over 30 years. Onset of asbestos
exposure was mostly in the 1930s and 1940s, although in two cases the subjects
started work in the 1950s.

Three samples, consisting of the iung parenchyma, pleural plaque and tumor
tissues of either mesothelioma or lung cancer were available in six cases, in¢lud-
ing two cases of ashestosis associated with lung cancer and four of mesothelioma.
In the other seven cascs, paired samples of lung parenchyma and pleural plaque
or tumor of lung or peritoneum were available. Details are listed in TABLE 2.

Digestion Procedure

Small pieces (approximately 1 cm’® in volume) of wet tissue werc used for
analysis. Both wet and dry {dried in an air bath at about 100°C for a few hours)
samples were weighed. The mean weights of the individual tissuc samples were
about | gram in their wet state and 0.1-0,2 gram dry. The dried tissuc samples
were allowed 1o react with laboratory bleach (Clean 99-K200%: a combined solu-
tion of 30% sodium hypochiorite, 4% potassium hydroxide, and an anionic sur-
facc-active agent) at 60°C for 3-6 hours. The digested solutions were centrifuged
at 11,000 rpm for 30 minutes and the supernatant discarded. Distilled water was
added, and the centrifugation process repeated. After repeating the process twice,
distilled water was again added and the solution weakly gonicated. The suspen-
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TABLE 1. Type and Number of Asbestos Fibers in Lung Parenchyma, Pleural Plaques, and Tumor Tissues of
Insulation Workers

Asbestos Fibers?

Case No. Site* Disease® Asbestos Body* Chry Croc Anth

! Asb 8107 136 1.28 <DL
<DL = 2.47 85.0 <DL <DL

Asb Bi5 196 <DL 3.50
1.53 643 ) <DL <DL

Asb wm <DL <DL
_ <Dl. = 4.09 <DL <DL
Asb + LC 497 192 <DL
412 ] 6.45 <DL

Asb + LC 1856 . <DL <DL
<DL = 5.67 <DL <DL

<DL = 2.02 <DL <DL

Asb + LC 673 . $.30 <DL
9.26 . | <pL. - <DL

579 . 5.08 <DL

Pl. Meso 1697 <DL 283
.20 . <DL <DL

1

3
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a
-~ - Ao + LU 97 i8.2 4.7 1.92 <pPL <DL 0.96 E
T 412 403 131 6.45 <DL <DL 0.81 =
b L Ash + LC 1856 1.4 89.2 <DL <DL <DL 1.51 5
P <DL = 5.67 197 <DL <DL <DL <DL 0.7
T <DL = 2.02 7.1 116 <DL <DL <DL 1.58 g
6 L Asb + LC 671 67.1 86.6 530 <DL <DL 0.88 w
P 9.26 89.7 5.06 <DL <DL <DL Q.72 a
T 519 50.8 129 5.08 <DL <DL 1.70 =7
? L Pl. Meso 1697 83 123 <DL 2.83 <DL 2.8} E
P 2.20 120 1.29 <DL <DL <DL 0.16
] L P, Meso 489 8.6 194 <DL 3.00 3.00 I.50 [
P 6.18 39.2 0.60 <DL <DL <DL 0.60 <
T <DL = 0.06 624 <DL <DL <DL <DL L7 3
9 L Pe. Mcso 366 4.0 126 1.57 <DL <DL 1.26
P <DL =138 36.3 6.4 <DL <DL <DL 0.58
T <DL = 1.43 14.8 <DL <DL <Dl <DL 0.76 .
1o L. Pe. Meso 6499 11 182 25.6 <DL <DL 213 w
P 17.4 3.8 6.81 <DL <DL <DL 0.76 s
T <DL = 0.28 16.5 052 <DL <DL <DL 0.7 ol
1} L Pe. Meso 226 25.5 120 <DL <DL <DL 0.77 E
P <pL = 1.90 9.4 1.80 <DL <DL <DL, 6.60 N
T 1.07 128 1.7 <DL <DL <DL (TR -
12 L Pe. Meso 2753 79 m 864 <DL 3.68 184 =
T 0.38 50.1 .79 <DL <DL <DL .60 E
T 0.05 41.7 <DL <DL <DL <DL 048 [=]
13 L Pe. Meso 10570 t5.0 415 13 <DL 1.3 .75 it
T 10.9 19.6 14.2 <DL <DL <DL 142 2
« 1 = Jung: P = plaque, T = umor. ’ E
» Asb = asbestasis; LC = lung cancer; Pl = pleural; P¢ = peritoncal; Meso = mesothelioma,
« x 10%/gram (dry tissuc). E
¢ x 10%gram (dry tissue). Chry = chrysotile; Amos = amosite; Croc = crocidolite; Anth = anthophyilise; Tr/Ac = tremolite/actinolite. =
+ DL = detection limit; <DL = under detection limit {no fiber detected). . %
¥
E
&
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sion was mad¢ up precisely to 50 ml with distilled water and transferred into a
clean screw-top glass container. All solutions used in this preparation were pre-
filtersd using a membrane filter to eliminate fiber contamination.

An aliquot {(volume 5~25 ml) from each digested solution was filtered through a
25-mm Millipore membrane filter (pore size 0.45 um). The filter was washed well
with distilled water and allowed to dry. The filter was fixed on a glass slide with
acetone vapor to make a transparent slide specimen, and was ashed in a plasma
low-temperature asher. Ferruginous bodies (FBs) were then counted by polanized
light microscopy (PLM} at 250x. 200 FBs or 50 fields were counted and the
concentrations of FBs (in FBs per gram dry tissue) calculated for each sample.
After the FBs were counted, the sample area on the slide was ‘‘corner-affixed’”
with a cellophane glue tape and covered by 8% polyvinyl alcohol (PVA) solution
and dried overnight at room temperature or for 2-3 hours at 45°C. The dried PVA
film was removed and tumned over and fixed on the glass slide by cellophane tape.
After reiatively heavy carbon evaporation on the PVA film, it was floated on a hot
water bath for several hours to dissolve the PVA film. Small pieces of floating
carbon film, still holding mineral particles, were tzken up by 200-mesh nickel
TEM grids. Generally, 10 to 20 specimen grids were made, Details of this new
quantitative carbon extraction (QCE) method will be reported elsewhere.

Analytical Procedure

Randomly selected grid squares weré scanned for fibers with an analytical trins- ¢
mission elmmnmmm‘.m 0" 30,000 direct magnification.
Fibers were differentiated into five types (chrysotile, amosite, crocidolite, antho-
phyllite and tremolite/actinolite) utilizing several critcria; fiber morphology (as
seen o en with a light microscope [%10] atuached to the
TEM),Ichemical compositionidetermined by energy dispersive X-ray spectra and,
sometimes, [attice geomeiry as shown from the electron diffraction patterns. All
asbestos fibers were nzed for length and diameter dm:ctly on Lhe fluorescence
screen, and : 2. gl nted:-ﬁbcr. .

da:a were cntcrcd mln a computer to calcutat: the concentrations (ﬁberslzmm dry
tissue), size distributions, and soms statistical features. Except for the lung can-
cer tumors of Cases 4, 5, and 6, the average detection limits for lung samples and
plaque and tumor samples, respectively, were 1.6 x 10* g dry tissue (ranging
from 0.5 to 3.8 x 10% {/g dry tissue) and 0.7 x 10f ffg dry tissue.

RESULTS

The concentrations of asbestos bodies {ABs) and asbestos fibers found in lung

parenchyma, pleural plaques, and tumor tissues of the 13 cases are listed in
TARLE 2.

Asbestos Bodies

A considerabie number of ferruginous bodies (FBs) were found in the lungs of
all 13 cases. A limited number of these FBs were studied by analytical TEM. This
revealed that most of the core fibers were amosite; rarely, chrysotile or nonasbes-

KOH

FIGL
amas
paren
ues,

tos f
ABs
ABs
amo
The
four
low

con

The
the
dise
ald ¢
15

fibe
mei
soqT
atn
eith


http://www.mesotheliomalawyershelp.com/asbestos-info/what-is-asbestos/

K ACADEMY OF SCIENCES

water and transferred into a
in this preparation were pre-
ntamnation.
:olution was filtered through a
:). The filter was washed well
as fixed on a glass slide with
1. and was ashed in a plasma
e then counted by polanized
jelds were counted and the
calculated for each sampie.
+ shide was “‘corner-affixed”
vinyl alcohol (PV A) solution
aurs at 45°C. The dried PVA
as¢ slide by cellophane tape,
\ film, it was floated on a hot
Im. Small pieces of flvating
ken up by 200-mesh nickel
: made. Details of this new
reported eisewhere,

s with an analytical trans-
0,00 “irect magnification.
imo crocidolite, antho-
ena: nber morphology (as
ope {x10] attached to the
persive X-ray spectra and,
n diffraction patterns. All
rectly on the Aucrescence
jer were counted. A fiber,
liameter) aspect ratio. The
:ntrations (fibers/gram dry
. Except for the lung can-
mits for fung samples and
08 f/g dry ussue (ranging
lry tissue,

estos fibers found in lung
& 13 cases are listed in

ere found in the lungs of
by aralytical TEM. This
chrysotile or nonasbes-

KOHYAMA & SUZUKI: ASBESTOS IN INSULATION WORKERS B
084 -

FIGURE L. Comparative concentrations of
amosite Bbers and asbestos bodies in lung
parenchyma, pleurzl plagues, and tumor us-
sues.

imoylta /ATy Clawue]
a
.,

i

1
wh oed et et et e ! ot

s Bodf/g(ary Lizmue)

tos fibers were found. Therefore, almost all FBs seen by PLM were considered
ABs, with cores of amosite fibers, and FBs counted by PLM were expressed as
ABs in TasrLe 2. Therc was good correlation between the concentrations of
amosite fibers counted by TEM and ABs counted by PLM, as shown in FIGURE 1. _
The mean concentration of ABs was 1.69 x 10° per gram dry lung. ABs were also
found in the pleural plaque and the mesothciiomatous tissues by PLM, but in very
low concentrations compared with those in the lung parenchyma (mean concen-
trations were about S x 10° and 5 x 10° per dry tissue, respectively). Thesc
concentrations were oaly about 0.1% of those in the lung.

Types and Numbers of Asbestos Fibers in Lung Parenchyma

The types and numbers of asbestos fibers detected in the different sites of each of
the 13 cases are summarized in TasLE 2 and FIGURE 2 in conjunction with the
diseases involved. In the lung parenchyma, chrysotile and amosite were found in
all cases as the major asbestos types. The concentrations of chrysotile were from
15 x 10% to 196 x 10% fibers per gram dry lung, with a mean value of 63.1 x 0%
fibers per gram dry lung, and those of amosite from 7.27 x 10810 415 x 10%, witha
mean valye of 150 x 10f, Amphibole asbestos other than amosite was seen in
some cases in the lung: crocidolite fibers were present in seven of the 13 cases, but
at much lower concentrations (mean value 11.4 x 10# ffg dry lung) compared with
either chrysotile and amosite (TABLES 2 and 3). A smail number of anthophylite

TABLE 3. Type and Concentration of Asbestos Fibers Observed in the Lung
Parenchyma of 13 Insulation Workers

Chrysatile Amosite  Crocidolite  Anthophyllite  Tremolite

Number of cases in 13 13 7 3 k
which asbestos {100%;) (100%) (54%) (23%%) (23%)
fibers were ob-
served

Concentratiop® 63.1 150.2 1.4 1.86 2.45

(£53.9) (*102.6) (x22.6) (=1.0%) (x2.71)

s Mean values expressed as x 10* fibers/gram (dry tissue) with detection limits {i.e., not
detected) approximately 1.61 + 0.86 = 104 f/g (dry tissue).
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TABLE 4. The Concentrations® of Asbestos Fibers Observed in Lung
Parenchyma, Pleural Plaques. and Mesothelioma Tissue in
13 Insulation Workers

Chrysotile Amosite Crocidolite Anthophyllite Tremolite

Lung 63.1 150.2 11.4 1.85 1.45
(n = 13) {=53.5} (=102.6} (+22.6) (=1.0%) (=2.72)
Plaque 4.6 .53 nd.? n.d. n.d.
{(n=10) (£25.0) (=2.3%) n.d. n.d. n.d.
Tumor 49.4 33 ‘ i nd. n.d.
n=T) {+26.0} (x4.53) . n.d. n.d.

« Mean values expressed as X 108 fibers/gram (dry tissue).

s 1.d. = under detection limit value of 0.68 + 0.34 x 10% f/g (dry tissue).

< 6.45 x J0% and 5.08 x 108 fig (dry tissue) of crocidolite were found ifl two lung cancer
specimens {Cases 4 and 6).

usually higher than those of chrysotile in each of the 13 insulation workers. The
mean ratio of the concentrations of amosite and chrysatite fibers detected in the
lungs of the workers was 4.8, as shown in FiGuURE 3a and TABLE 5.

Types and Numbers of Asbestos Fibers in the Plewral Plaques and
Mesotheliomatous Tissue

(APORTET Tand LARLE 95 MyIAR ‘and FIGURE 32, the ralios

watisns of mosite to chrysotile in plaques and tumors were about 0.06. FIGURE
3b shows the ratios of the concentrations of chrysotile and amosite in the pleural
plaques to those in the lungs, and also in mesothelioma tissues compared to those
in the lungs. 1t can be clearly scen that the concentrations of amosite in both
pleural plaques and mesothclioma tissue are markedly lower compared with
chrysotile, unlike the comparable ratios in the lung. FIGURE 4a-c shows the con-
centrations by site for each case. Except for iung cancer (Case 4 and Case 6), the
concentration of amosite fibers was clearly reduced in both the pleural plaques
and the mesothelioma tissues, again unlike the concentration of chrysotile fibers,
which did not decrease, indeed, in some cases, it actuaily increased (Cases 5. 8,
and 13).

TABLE 5. Ratio of the Congentration of Amosite to That of Chrysotile in Tissue
Samples of 13 Insulation Workers by Site

Site " Amosite/Chrysotile Range
Lung (» = 13} 48] =688 0.26--27.67
Plaque (2 = 1) 0.07 = 0.07 0.013-0.214
Tumot (n = 77 0.07 £ 0.06 0.011-0.159

« Except for lung cancer lissue (Cases 4T, 5T and 6T in TaBLe 2}
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Comparison of Fiber Dimension (Length and Diameier) in the Three Sites

All asbestos fibers found by analytical TEM were measured for length and
width and plotted on a scattergraph by site for each case. Some typical cases, for
example, Case 6 (asbestosis and lung cancer), Case 8 (pleural mesothelioma), and
Case !] (peritoneal mesothelioma), are shown in FIGURE Sa-c. The cumulative
percentages of undersize, by length and width, were then plotied against the
length and width in log scale as shown in FiGURs 6a-c. Size data for chrysotile and
amosite found in ench site in these three cases are listed in TABLE 6. [n the lung
parenchyma, the geometric mean length of chrysotile was about 1.0 um and, that

TABLE é. Dimensions of Asbestos Fibers Found in Lung, Plaques, and Tumor
Tissue of Insulation Workers

Width
Length (m) (um)
Chrysotiie Amosite Chrysotile Amaosite
Case No. Site Mg (5g) Mg (59 Mg (8g) Mg (8p)
Case 6 Lung 1.1 22) 23 3.9 003 {1.3) 010 (1.8
Plaque 1 @22y 18 22r 0062 (.9 008 (7.9
Tumor 1.2 (24) 20 0D 0.04 (1L.2) 0.08 (2.5
{(LO)
Case 8 Lung 10 (3.0) 33 (29 00 (1.2) 0.13 2.3
Plague 0.8 (3.2) - 0.03 (L7)  ~
Tumor 1.4 (3G —_ 003 {1.3) -
(PL. mesa)
Case 1! Lung 10 25 18 29 003 {19 009 (2.6
Plaque 160 (30 135 (4.0 004 (14 015 2.1
Tumor 0.7 (33) 43 2.3 003 {14 015 (L5r
(Pe. meso)

NoTz: Mg = geometric mean; 8g ~ geometric standard deviation; LC = luag cancer; P,
meso = pleural mesothelioma; Pe. meso = peritoncal mesothelioma.
* Number of detected Gbers is too small.



http://www.hkllp.com/mesothelioma-and-asbestos/mesothelioma-diagnosis/

Lumg Chrysotlle
10
-_llq
i
5 .
e . mos
: [ ] .
14 - [ ]
h 1 \ w
width{ua)
plaaue Chrysotlle
1

1ength{us)

Tumecr Chrysotile
m-{

— 10 4
5 L 1]
5 . i"
H ]

o » g

1.
I.ﬂl . t 0
viden(um)

FIGURE $a. Length and width of chrysotile
chyma, pleural plaques,

. 1
wydth{us}

and tumor tissues in

ANNALS NEW YORK ACADEMY OF SCIENCES

Lung

Amosite

Rl

Plaque

Rl 1 il
vidth{im)

Amosite

1ength{um)

Tumor

widehiva)

Amosite

-
-

vidth{um}

and amosite fibers found in pulmonary parea-
Case 6 (asbestosis with lung cancer).

Length {un}

tarrnium)



ACADEMY CF SCIENCES

b Amosite

¥ 1 L]
vidth{um)

e Amosite

1 1 L]
width(ul)

w Amosite

ridth{us)

- found in pulmonary paren-
s with fung cancer).

KOHYAMA & SUZUKE ASBESTOS IN INSULATION WORKERS &1

Lung Chrysotlle Lung Chrysotiie
1m -]
l. - - n
n
o+ ~ 10 &~ -
[) | 2 u'F l-:-
- - L] » ]
5 . 5 i
g aamw ? it~ :!-':-lu
W+ o a r
m A 1 [ -] Ri 1 19
rideh{im) vidth (um)
- Plague Chrysotile
R '_ Plaque  Amosite
3§ "
H -t - not detected
g "
Al L& 1)
- :l:"
a !I -
R} .
m il L 19
ridenum)
Tumor Chrysotlile
100
.!.."1 Tumor Amosite
'
1 Iy not detected
5 <1
=y “n
[H
A .s .
f-1 A t "
ridth(um)

FIGURE 5b. Length and width of chrysotile and amosite Gbers found in pulmooary paren-
chyma, pleural plagues, and tumor tissues in Case 8 (pleura) mesathelioma).



“(ay81a) |1 pue ‘(agppiusy g *(12)) 9 5358 U1 1w Bof ul Yipim pus yi3ua) Aq passaidyd 3ZISISpUN JO afujuaisd aaenund 9 JUN LI
owm W (e
o ol » v oro yo so0  Eoo w [ L ro V0 won  E00 o or 8 L ro 0 90 E00
T e Tr— T b | LA LLALAD (Rt B LALR T T *|* T F LA ¥ e 51:... A
L emowAnD T4 1 . d | el i i1
o L o1 o o
L L ] - 4
N [ g m I ua
I whury o 1 C oo
[ —on
Ty R J
" i 01 M / 2 F - T
[ & \ {1 Bt 8
3 m HA...I w. B e
g | 4
I s / g
; a9 e o "
Tr T L LA L BN LEL L T T “ LAY n.- LML _:.__..‘_. LA L
ﬁ pa—— y Y ] = /{1 B L e ‘ .
R dou % L FARE L .n. b ot
L . m | 4 S - ”a
- e ™ ey “” m b - Jos
- — ™ & F -~ 1 0w 4
- Jo: = e ® i
L B 1 r i
o uo. | Jo8 k- uu-
r R F e -
™ e Rt
{ swspeyloneut g ) |} S8RD { TmojisNILNIw ‘|d ) @ #EW) { MsywD Buny puw sesjeeqey ) § S99
m 2 g 2 ]
z &
ax
g B 8 b g
> g G g £
e m ., - m -, = . m m
- _ [] ] [ pm
- . [ . w\ W- — [~
- - LN ] =8
m . .l...ﬁf.:.._.-. ® - - m . . m € m
- ﬁ.lll-llf --- E- » - . wa —l an _.iI rm E

sTuiepuf) s8I0 BAINKLIND



FIGURE 5¢. Length and width of chrys
¢hyma, pleural plaques and tumor tissues in Case 1t (

Lung Chrysotiie
lbr’
Hlﬂ*
H .
3 |
£l
1] 8 tas =
b
'lm 1 ! i
width{um)
Plaaue Chrysotiie
mi
) .7
L} '
3 i
I O
.l
"m i ' n
ridth{wm)
Tumor Chrysotile
19
‘__Il- .
! -
£ M ]
g L}
£l .
ﬂl] l..
Iy .
va'l
o A ' 0
vidth(um}

ANNALS NEW YORK ACADEMY OF SCIENCES

Lung Amosite
X
o .
]
1aq e 30
] . 15
5 : 5 '_ b
RIS
LIE | ‘ -s r:. l.l
J
Pl 4 ] 1]
vidith{um}
Plaque Amosite
o
' L]
18 4 *
! L]
5
g LL ] -
"1 -
Jl" Bl ] %
vidth{um)
Tumgr Amosite
|H-[—
— 103 .
‘ o
? Y
- .
o 1 \ 1
width{um)

.

otile and amosite fibers fourd in pulmonary parep-
peritoneal mesothelioma).



KOHYAMA & SUZUKI: ASBESTOS IN INSULATION WORKERS 45

of amasite, 2.8 um. The geometric mean widths of chrysotile and amosite in the
lung parenchyma wers ajso very different from each other—about 0.03 £m and
0.11 um, respectively. Neither the meas length nor width of amosite and chryso-
tile seem to be changed in extrapulmonary sites, such as pleural plaques and
tumors, compared with those in the lung parenchyma. Although these data are
subject to considerable statistical variability, particularly because the number of
fibers enumerated was limited, the reiationships are noteworthy. We were struck
by the fact that the size distributions of chrysotile found in the lung and in extra-
pulmonary sites did not show systematic differences, for example, shorter or
thinner as we went from lung (L) to pleural plaques (P) to tumor (1), but rather
were similar in the three sites (F1s. 6a-c). Thiy tendency was also seeq in the size
distributions of amosite in each site (FIG. 6a-c).

Eong-fibers; ‘such is those IGHgEr trumr 10 s, Waresometimes-foumd Ve T ;
pleural plaques and' tumors, as siowi i F1G. chrysotile PIAZUE and ¢
tumor) and in F16. 52 and ¢ (chrysotile in the plaque and amosite ifithe plaqiic and

tamaor).
FIGURE 7a depicts the asbestos fibers scen by TEM in lung tissue from Case
13, which contained a large aumber of asbestos bodies and amosite fibers. The

and ABs (62 um and 4% am in [ength) were also found (FiG. 8a and b). In the
peritoneal mesotheliomatous tissye of Case 12, a long chrysotile fiber approxi-
mately 176 pum in length (Fia, 8c) and a fine AB (12 R in length) were observed
(FiG. 8d).

DISCUSSION

North American insulation workers are known to have been occupationally
exposed o materiajy containing chrysotile {mainly Canadian chrysotle) and amo-
site (South African amosite} in an approximate ratio of 6: 4. Our asbestos tissue
burden study of the 13 cages confirmed the epidemiological understanding that the
workers had been exposed during their work to a mixed dust of chrysotile and
amosite, often of considerable intensity.

The concentration ratios of chrysotile and amosite fibers in their lungs were
different, however, from the ratios in the exposure estimates {that is, the number

the lung parenchyma. On the other hand, large numbers of chrysotile fibers were
detected in the extrapulmonary sites, such as in the pleural plaques and in pleural
and peritoneal mesatheliomatous tissues. Here, the levels were similar to those in
tire lungs. In some cases, chrysotile fibers in the pleural plaques and/or mesothe-
liomatous tissues were even stightly more numerous compared to the levels in the
lungs (Cases 5, 6, 8, %, 11, and 13). In contrast, the numbers of amosite fibets in
these extrapuimonary sites were very much lower than the Jevels in the lungs.
Itis of interest that, in addijtion to the findings in the present study, one of the
authors (Y.S.) has also detected asbestos fibers in the *‘sugar coat™ (Zuckerguss,

<« FIGURE 7. Asbestos fibers and asbestos bodies in the lung (Case 13) observed by (a) TEM
and () PLM,
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{a and ¥} a pleural plague (Case 10}, and {(c and d) mesotheliomatous

and ferruginous bodics (= asbesios bodies) in
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FIGURE 8. Asbestos fibers and ferruginous bodics (= asbestos bodics) in (s and bj & pleural plague {Case (0), and (c and d) mesothcliomatous

lissue (Case 12) observed by PLM. Scale: 50 x in fength.
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a type of peritoneal fibrosis, histologically identicai to that of hyaline plaques) of
the hepatic and splenic capsules (part of the peritoneum). The specimens were
derived from persons who had been occupationally exposed to both chrysotile
and amphibole asbestos.* Proportionally, chrysotile fibers dominated in number in
the “‘sugar coats’’, although smaller numbers of amphiboles were also detected.

These results imply that chrysotile fibers have high mobility and are transio-
cated from the lung to extrapulmonary sites. Consequently, this potential may
canstitute one reason for finding that the number of chrysotile fibers in the lungs
will be found to be less than the amount of chrysotile actually inhafed. Moreover,
the concentration of chrysotile fibers detected in the lung will not pecessarily be
praportional 10 exposure, On the other hand, the number of amphibole fibers in
the lung will be approximateiy proportional to the exposure level because they
tend to remain in the fung. -

Asbestos fibers are known to be durable and not easily digested or dissolved
once inhaled. It has also been reported that some are cleared from the lung during
the course of several years, and that the clearance rate is greater for chrysotile
than for amphiboles.¢ Some chrysotile fibers would have disappeared from the
lung by chemical dissoluticn, and some by physical removal. There are several
possible routes for the removal of particulate matter from the lung, such as by
ciliary motion and the mucus production of broncho-bronchiolar cells, by pulmo-
nary lymphatics to the hilar lymph nodes, by the blood stream to many orgaas,
and by accumuiation in the visceral pleura.™

The fate of asbestos fibers, after clearance from the [ung, however, has not
been completely explored. If the fibers are totatly cleared from the lung to outside.
the host's body, then the risk of asbestos-related diseases will likely be considera-
bly less, even if carly processes of multi-stage steps for the development of
ashestos-celated pulmonary diseases, asbestosis and bronchogenic carcinoma,
may have been initiated before fiber elimination. However, such an optimistic
assumption cannot be entirely accepted, since the translocation of intrapulmonary
asbestos fibers (particularly chrysotile) from the lung into the parietal plevra has
been strongly suggested by asbestos tissue burden studies done by LeBouffant ¢¢
al 3% °and Sébastien er al.} The former found numerous short chrysotile fibers in
hyaline pleural plaques; simultancously, amphiboles were more common in the
lung, The latter also detected asbestos fibers in both the lung and the fibrotic
parictal pleura in a patient with asbestosis who had been exposed to both chryso-
tile and amphiboies. They reported that long amphibole fibers predominated in the
lung, while short chrysotile fibers were exclusively seen in the fibrotic parietal
pleura. Thus, these earlier studies concluded that the distribution of fiber types
depended on fiber size, the mean length of the fibers being greater in the lung and
Eisceral pleura thar in the panetal pleura, particularly in the case of amphibole

bers.

Our present study has, to a comsiderable extent, confirmied” the resalls "af
carlier investigations, but has also shown différencesus welt- For-any givem fiter
type, the fibers- found: {n extrapulmbiary  sites, Sulfl &5 preural plagiies nd .
mesotheliomatons tis3ies, showed the same size disiributions as thos< of fikers in
the hings Tthat iy, fibers in the pleura were rieither shortérnor thinner than those in
the¢tung parcachymaj, THis could B seen for both chrysotile and amositggThe
meamrwidthwas very differcnt, owever; in (Hat @lirysotile fibers were. conSist
ently thinnér thifl mosite Abers. Presumably, fiber bundles of inhaled chrysotile
can be casily separated into thin unit-fibrils in the lung, whereas amphibeles do
not cleave so readily into thin fibrils. It was also notewonhy that long (>50 um)
and thick (>1 um) asbestos fibers were rare in the lung, suggesting that such fibers
do not easily reach the lung parenchyma through the respiratory tract.
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Hillerdal® reviewed many carlier studies concerned with relocation of inhaled
asbestos and compiled intercsting information: slow migration of asbestos and
other dust towards the pleura is well known (**pleural drift’"). There is a constant
exchange of fluids and soluble matter in the pleural cavily; even in a resting dog,
17 percent of the plasma volume passes through the pleural cavity each day'®; in
an artificial chest, fluid dripped from the lung surface with every exhalation.’' It
was also reported that the parietal lymphatics were probably of greater impar-
tance with regard to pieural drainage: the clearance of particles in the pleural
effusion might be executed by the lymphatic system via stomata.in the parictal
pieura.'? These data suggest that thin fibers, such as unit-fibrils of chrysotile,
leave the lung and pass through the pleural cavity, as does fluid, to reach the
parictal pleura. .

According to our cbservation and earlier data, we consider that thin fibers
(i.c., under 0.1 um in width} can easily pass through the pleurz and accumulate in
the pleural cavity. The length of fibers wouid not be an important factor in translo-
cation because cven a very long fiber would be able 10 reach the parietal pleurs if
sufficiently thin. From the view point of acrodynamics, Timbreil'* has emphasized
that an inhaled fiber could penctrate the lung as long as its diameter was smaller
than 3 um, even if its length might cxceed 200 um,

Many researchers have found a marked discrepancy between cxtensive eXpo-
sure to chrysotile at the workplace and the lack of increased concentration of
chrysotile fibers in the lung parcnchyma of individual workers."* This discrep-
ancy could be explained by the results presented here (that is, that thin chrysotile
fibers have high matility in the host's body compared with considerably thicker
ﬂmP!_l.thlC Mrs_)...,,,_...., Lotrreen s, PRI B iy R e T e e
‘T peneralty accegted the RSte i
smesptRelOlie ChUSHR incidence e <aid oy
i T 0T TUOESTon, WP TTOTIUONTE. dssotialed with the greatest hazard, §m the
%jfhé¢ hand: if animal experiments all asbestos types indute tumors “without
marked differences in incidence when the size distributions of the fibers are
Shﬂimf.ll'l’

. Despite the ahsepce

of high-concentrations of chrysotile fibers in the lung.
of clirysotile fibers in pleural and peritoheal tissues J
4 potentjally important factor in the induction of human

NI 1) G o
It has been réPorted that dommercially available Canadian chrysotile, the fiber
widely utilized in U.S. insulation materials, was contaminated with tremoiite.
Asbestos fibers in the lungs of Canadian chrysotile miners and millers with
mesothelioma were predominantly tremolite, suggesting that tremolite may have
played & significant role in the induction of the neoplasms.™
Although the asbestos insulation workers studied by us were exposed to Cana-
dian chrysotile together with South African amosite, tremolite was nevertheless

care in their lungs and no tremolite was detected in either the hyaline plagues or in
mesothcliomatous tissue. Consequently, unlike the situation with Canadian
chrysotile miners and millers, tremolite would not seem 1o bean etiologic factor in
the induction of malignant mesothelioma in these insulation workers.

It is known that, as with bronchogenic carcinoma and malignant mesothe-
liorna, the incidence of a number of other cancers originating in the larynx, esoph-
agus, stomach, colon and the kidney is higher among asbestos insulation workers
than in the general popuiation.' It would be of interest to know whether asbestos
fibers are detected in significant numbers in these tissues, and if so, whether their
types and dimensions are similar 1o those seen in pleural hyaiine plaques and
mesotheliomatous lissues.
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Although, generally, the number of FBs observed is only a fraction of the total
aumber of fibers inhaled, that fraction tends to be constant, and thus most routine
histological examinations for asbestos disease have utilized FB counts to estimate
fiber level inhaled. The constraints of this technique, which include the necessity
for sufficient experience on the part of the microscopist to recognize uncoated
fibers, are compensated for by its simplicity. We have also counted FBs in this
study. The mean concentration in the lungs of the 13 insulation waorkers was about
1.7 x 10* FBs per gram dry lung, similar to the concentrations found in wotrkers
¢xposed to crocidolite in British gas-mask factories,2

The AB concentraticns found in this study correlate well with the amosite fiber
concentrations in both lungs and in extrapulmonary sites, as shown in FIGURE |,
As Davis et al.?' have emphasized, most of the ABs in human lungs can be shown
to have been formed on amphibole fibers. This has lad to suggestions that the
coating of chrysotile is rare and that enumeration of ABs is not useful as a
measure of asbestos cxposure, if only chrysolile exposure has occurred.

In this study, extrapulmonary AB concentrations were considerably lower
than those in the lungs, in spite of the presence of numerous concomitant chryso-
tile fibers. This observation is consistent with the IFkelihood that coating of chrys-
otile fibers is rare.

Detection of FBs in pleural plaques and other organs has been reported in
earlier studies.Z% [t is not yet resolved as to whether the ABs found in extra-
puimonary sites have been translocated there from the lung or formed in place.

In the present study, the ratio of AB {i.e., FB) to amosite fiber concentrations
in the lung parenchyma was about 1 to 100 (i.e., 19), whereas the ratio in pleural
plaques and/or mesotheliomatous tissue was approximately | to 1000 (i.e., 0.1%).
This difference may perhaps be explained in one of two ways: that ABs have a
lower tendency to translocate from the lung parenchyma to extrapulmonary sites
compared with amosite fibers, or that the ability to form ABs is less in the pletral
or peritoneal tissues than in lung pareachyma, even if formation of ABs can occur
in these extrapulmonary sites, ‘

For tissue digestion, it is important to recover all asbestos fibers and asbestos
bodies in the sample without loss and to free them from interfering debris. A
number of methods have been investigated for this purpose. Currently, however,
there is no perfect method. If we use acids after tissue digestion, we can obtain
clear specimens for ATEM analysis. However, chrysotile, especially fine chryso-
tile, is easily soluble in acids and may disappear, whereas amphiboles are strongly
resistant. In this study, with this in mind, we used a modified bleach digestion and
succeeded in having ciear TEM fields. Consequentty, even thin fibers of chryso-
tile showing exiremely low contrast in the fields could be easily seen and counted.

CONCLUSIONS

The results of our tissue burden studies of samples from 13 North American
insuiation workers can be summarized: Asbestos fibers and asbestos bodies were
investigated in three sites—lung (non-neoplastic lung parenchyma), parictal
pleura (hyaline plaques), and tumor tissue (lung cancer, and pleural and peritoneal
mesothelioma). In all the lung parenchyma and lung cancer sites, chrysotile and
amosite fibers were found in high concentrations, whereas other amphibole asbes-
tos fibers were smail in number or rare. In the pleural piaquet and the pleura] and
peritoneal mesothelioma tissues, amosite fibers were much fewer in number,
while chrysotile fibers were seen in numbers similar to those in the lung. The
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numetical concentrations of amosite fibers and of ABs were well correlated. No
significant differences in the size distribution of asbestos fibers of each type were
secn in the different sites. However, the mean widths of chrysotile fibers were
thinner than those of amosite fibers in all sites. It was also noteworthy that long
(>50 um)} and thick (>} m) asbestos fibers were rare in the lung.

Erom these resilts, we have drawn the following conclusions: Translocation
of inhaled asbestos fibers from the lung to other organs, such as the pleura and the
peritoneum, Occurs frequently among asbestos insulation workers, although the
route of translocation has not been compietely elucidatzd. In insulation workers
(occupationally exposed to asbestos, primarily chrysotile and amosite), chryso-
tile, more than amosite, seemed to be more readily cleared from the lung to
accumulate in extrapulmonary tissues. The size distributions of chrysotile fibers
detected in the threc sites were not different, but the chrysotile fibers were thinner
than amosite, Width of fiber secmed to be an important factor in dissemination to
extrapulmonary sites. Chrysotile fibers translocated from the lung were not later
climinated, and may piay an important role in the induction of either malignant
mesothelioma and/or hyaline plaques, since the asbestos fibers detected in both
were mainly chrysotile.

Tremolite fibers were very rarely present in the lungs and were not detected in
the hyaline plague and mesotheliomatous tissues of the asbestos insulation work-
ers who had been exposed o Canadian chrysotile as one of the major asbestos
types. This suggests that wremolite did not contribute to the induction of malignant
mesothelioma in these workers. It will be interesting to determine whether asbes-
tos-retated cancers other than bronchogenic carcinoma and malignant mesothe-
lioma {such as cancers of the larynx, csophagus, stomach, colon, or kidney) are
induced by the translocated chrysotile fibers. -

SUMMARY

Asbestos fibers and ferruginous bodies (FBs) in lung parenchyma, lung cancer
tissues, pleural plaques, and pieural and peritoneal mesothelioma tissues from 13
North American insulation workers were analyzed and quantified using an analyt-
jcal ransmission electron microscope and & polarized microscope. Diseases from
which these workers suffered included asbestosis, lung cancer, and mesothe-
lioma. They had been occupationally exposed to materials containing chrysotile
and amosite; their pathotogical diagnoses, occupational and cigarette smoking
histories, and clinical summarics have been reported. Large numbers of FBs were
found in the lungs and small numbers found in extrapulmonary sites. Most of the
FBs had cores of amosite fibers. In all instances, lung parenchymse and lung
cancer tissues showed chrysatile and amosite fibers in high concentrations (63.1 x
10° and 150.2 % 10% fibers/g dry tissuc as mean values, respectively). Crocidolite
fibers were seen in seven of the i3 cases, but in much smaller numbers. Other
amphiboles were rarely found. In pleural plaques and in pleural and peritoneal
mesothelioma tissues, amosite fibers were mackedly fewer in number, whereas
chrysotile fibers were secn in similar numbers as in the lungs. No significant
differences in the size distribution of ashestos fibers were seen in the different
sites. However, the mean widths of chrysotile fibers were thinner than those of
amosite fibers. These results strongly suggest that translocation of inhaled asbes-
tos fibers from the lung to other tissues, such as the pleura and the peritoneunt,
occurs frequently, and that chrysotile may be more actively translocated from the
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tung, compared to amoasite or amphibole asbestos, The likelihood of translocation
séems 1o be strongly related to the thinness of the fibers. Translocated chrysotile
fibers may play an important role in the induction of sither malignant mesothe-
lioma and/or hyaline plaques, since the asbestos fibers detected in both these sites
were mainly chrysotile.
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