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tsmoe 4 well 35 I the mesothelial lissee. Thnunmﬂmumsmumhumu '
mawﬂumpumumummsmw chryollle alone. Tbe

m«mehMMMmMMJMHm !
ﬂuWWhmnmprdulm Alkmpwﬁnduhmmubw the Inog and

mummmumm'smgumnmuummm-
masothelial tdesaes. mumdnmmum-mmwnrmmm
mouxwmmﬁm-uosnrmmgnnnmnm
mwumuumxwmnmmnmmmxwmﬂm
i and 49.84 x 10 Oberv/dry grass o0 everage. Thass wumbers wers greatar thas thoi caen
jn ths general popelation. m-qmumnmmuumuumnmw
lisgnes wers thortsr than 3 jim b length Asbeatas Boers 1 10 Starvton's disnensiors
msmum-ﬂa.umbmmhuus.mmm-(muhmm
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mumummmmmcmhmmmmm
mumﬂnndmnwmummmm:m
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oa the srfsce of e fibers'). Iaterestingly, however. some
of {ncapulmonary asbestos bers, particolwly chrysotlle
fibars are cleared from the lung®. Tufs also knowa tha
atvesios finers are capible of gransiocating from the lung
in1o other Brmes including lymph nodes and mesochelinl

Introduction

11 is well knawa that humas malignan mesothetioma is
cauged almakt axclusively by exposure o atbasior. [ti3
also known @t inhaled asbeatas fibers arc dursbie in the

m;mmmmm.zmm-pmdmmnm
\ransformed inzo astestos bodics sfier emasidarin deposits

*To whom corfespondanca (haekd be sdffeiad.
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fismue™?, Thmmmwummuwsbdiumfumd
inv.ima;mdﬂﬂﬂ:luu. mppmiagnutuhuiw
fibars were disraminated from the lung to oiher organs*”.

Asbestos fibers in BUmER Ussues can be idantified and
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http://www.mesohotline.com/what-is-asbestos/hazards-of-exposure/
http://www.mesohotline.com/about-mesothelioma/
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characeerized by  high resnlution analytical elecron
microscops, eveg if they Wt short and thim in dicnension
(0.1 4 In length and 20,03 18 In width).

Upmmpmt.cqnhrsfyummﬁbmmadm
with the induction of humen maligaant mescthelioms,
researchers have beea focuring alreost exclusively oh
acheptos Gbens in the lung ysue taken from mesothelitma
pasiests™ ™,

W have questioned the adequicy of Rich 21 sppwosch §ince:
1) the primary sie uwkmum

mmmummmmm
hnmﬁdndnamirwmﬁbmyftwrﬁcm

cases™. Therolare, it may wot be logicel to say thas
aebestg fibers cam be siindly nsrd as o deflzie
smmarker for the induction of the pimor. _
TUnas beso smphasizad from animal swdics that loog
(.murmmlminlmﬂ)mdthiu {lese than Q.25 pm in
width) minera) fibers were FIOnglY earcinogenic for the

 Jadyetion of pleurs) wesotbelioma in rats. {Stamion's

hypothesis), His hypothetical dimcasions have been
direcdy nppBed 0 the acunting of the xsbessos Hbers in homan
car. The eyrrest Occopadonal and Health Admimsttation
(OSHA) method by light microtcopy sount ubesen fibers
whar are Jongey khan 5 un in Jength with on aspect rakio of
larperthan 3 t0 1, munin;nm-uﬁbmmms;m
are nO1 carcinopeaic. Further, ¢ven ob the olectron
microeeopic lovel, using the 43me actumption, some
investgaiors have pegiectsd to count shent pabesios Bbwers
(S 5 jm) in thelr tizsue burden sudist™ ", However,
our previous studies revealed thal the majocity of mabexios
fivers inhumnhngmdmelmhdhldmumm
mesothelioms petieats did not fit Stanton’s hypothetical
dimensons: Jers than 2% of chrysotile fibers and less than
10% of amosite fibers in these tssues fit with Stanton'4
erkeria. Short. thia asbestos Sbers were the majarity among
ashastor fbers otected in thase eues™ 9. 1t was stromgly
gpeses that shae, thin asbagics Bibens ars congibutive to
\be induction of matignant mesothelloma 4ad that they honld
nat be camgorically sxcluded Bom carcinogenic fbers™®.

Asbestos Gesae burden srady is An effEctive approacd B
cladfy whether chrysotie fibers are capable of indwcing

* yyrnan malignant metoihelioms. 1f tha Achestos type seeh

in the lung and mesoetial tissues of mesotheliorm cases
(s solely ehrysolils, such mesotbsiiome cazes can be

considared to have been cansed by chrysotile expassre.
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Indend. such cases have bees repored tisewhere ™. To
nmindmmwmlbWepmhkmmd w jdendfy

. mwuﬁmawﬁmm

 (he induction oF umen MmAli grant mesothelioma, wehve
doow asbescs (iber anslytes on the hung and meapthelial
tissves {masotheliomasous tismne in e primxy glte or plearal
WMLMWmMMlS!mamm
malipnant mesotelioms.

Materisls and Methods

. Awsl of |51 malignant mescthelioms cases of which

mﬁccaumenﬁmduMninorpmm

andd electron microscopy (in some cases oaly). Occupetional
Hmyofﬁuimmmuﬁmwbmﬁﬁnsln
the Usitad States, wore diverse and included iasulation
wm.mmmmmmmus.
mmmuulwm.mpmm
oy men, brak g mechanicsa{fire Biher] a tousowite,
ar. Asbesxs fibors in both g xod mecothelial dexoes
WWMRMMM
plnulhyﬂncphqn.orhuh)minwhaof
the 151 cases. hﬁduliluﬁ.ﬁﬁbﬂlmm
investigated it the hmg. In tha Test 44 capne. the fibers were
algo sxciusively ivestiguied io meaodicial tissoe.

The mesothelipmatous swe was selected from the
pﬁmnnul(ﬁmﬂupahnmnwwhmﬂnm
mwwmﬁhdsmdwhpﬁnem
Tnmdmﬂow#ndmdﬁuaw
mmdehh&smumquOHmm
wnhmmmmwdﬂmmm.
of both were used. Dasils of these echniques have bezn
reporad sliewherch %,

Aﬁﬁmwmmmm
fnnmldendﬁcmonmddmanmdonofsbamﬁbm
io these tizsues; LitrsTvcture, snargy disparsive X ray
tpaumuymdnumdru:hmndm'ncdnﬁna
limited numbers of these cases) wive wtilizad for these
pusposes. Ashestos fvers meaned and those with an sspect
rato of 3:1 and pwmcwncdi-mismdy.manir
they wese shorter than ) um in sng.

Obsetrvations

A. Lo G4 of \he 151 eascy, esbuatos Fiber snalyais was
performed in both the lung and mesothelial tssues. using
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http://www.hkllp.com/mesothelioma-and-asbestos/us-navy-asbestos-exposure/
http://www.mesohotline.com/what-is-asbestos/workers-affected-are-you-at-risk/
http://www.mesotheliomalawyershelp.com/asbestos-info/asbestos-exposure/
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digested bulk samppies, sihed sections or both, Renilts were
as fallows.

L mdmm&:m:nmm;tmqvm
ohet different from toss ssen in the mesothelial Gssze.
The copbinadon of abesms (ypa between the lung amd
mesothalial rissuee was 2 follows:

1} Oxysotilc pws amphibole(s) in e Jung, add chrysotile
alone i he mesothelia) danes. 1064 cancs; 2818,

2) Chrysotik in tae Jang, snd chrysotile is the moscthelial
hevups. 15/64: DI%.

3) Amphibole(s) in the lung, and chrysotils in the
mesothelial darges 13464; 20.3%.,

4) Chyysotiio plus amphibob(s) 18 the kg, mnd chrysotilc
plas anrphibole(s) in the masothelial dssues. $/64;
12.5%.

5) Ampbibole{z) in the Jung, snd chrysotile plus
umphibole(s) in the mesothelial dsnies. 4/64; 63%.

§) No asbeston fibers in e lung, o chrysotdie in the
mesothelin) issugs, 2064: 3.1%. '

7) Chryvotile in the Jung. and chytotile plus amphibola(s)
in the mespthelia) demaeg: 264; 3.1%.

8) Amphibole in the Igug, mnd o asbetivs Gbert in tie
nunmlnlumes 164; 1 6%,

%) Amphitole iy the lung. and ampbivele in the

mesotbelia) tties. L/64; 1.6%,

In summary, a dispcoportion of typs of 1sbestos flbers
betwpen tha two tiffuss Was guite common; il was teen in
A0 of the 64 casey (62.5%).

2. Askettos types idantifed jn ths hrg were chrysadle
(43/64: 672%), followed by amavite (43/64; 67.2.%),
tremalite (13/64; 20.3%). sthophylte (11/64; 17.2%) and
crocidolice (10/64; 15.6%).

3. Qwysotile.was the mou common ssbesto type dexscted
in tha mesothelial tezoes, T wus pesseat in £2 of the 64
cares (96.9%); chryrotile was axchuaively detecied In 48 of
e 62 cases (T7.4%). '

4, Whea thrysotile was simoss exclurively sees in e
ung, asbenos type deizcted in the masotbelial Usoses was
alsa exclugively chrysodie (1517 canei; 84.2%).

5. Whan smphidole(c) wes axclurively observed in-the

luag, ashestos cype seen in the mescthelial ¥ssues raraly

- cantained amphlooke(s) (1/19 cases; $.3%). Dthec asbattos

type{s) xeen in (bt mesuthelin) tisewas mare chrysadils alows
{13/19: 68.4%), chrysstile plus amphibola(s) (4/19; 21,0%)

~ and no nbeqm abers (1/19; 5.3%).

B, Ind3 of the 131 cases, ubuluﬁ‘mmdum&ym
taried out in the Wung tissue only using digesed bolle sumples.
or ashad tissue tections or both.
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Resufts weee as follows:

1. Asbostos rypes deesied ig the lung of drese 43 cascs
varied. They wers amphibdls(s) alove (1843; 41.9%).
follownd by chrysatile phit smphibole(s) (1543 3495-1
and chrysotile anly (1043; 23.3%).

2. Svitype of amphiboles seeh u the Jung of 33 of the 43
tites was amarite alone {11733: $1.54). foliowed by
umozite plug rerpolite (8/33; 15.2%). erocidolits alome
{4733; 12,1%), wemalitc alons (2/33; £.1%), amoxite
plus crocidatite (2/33; 6.14%), amosite plot Grocidoline
plas anthophyllite (2133 6.1%) snd amosirc plus
ancbopbytise (1/33; 3.0%)|

c uuwhlsicmummmmdyw
done ia e matothelial et only. uting digested bulk
Amples, ashed pections of both. Aguin, chrysadle fibers

wese the major asbesios type detecied im tha mesothalial

tstues. Asbestos ypad seen in the mesothelial tissoes were
chrysatile slope (UA; 68.2%). followed by chrysoile with
amphibale (7/44; 15.9% [4 wih tremoliic, 2 with amosie

. udlwhnuﬂnphymu]).mubmmﬁmdﬁmed(ﬂ

84; 13.5%) and amosite alone (144 2.3%).

Findingc sbiainad from A, demrmuﬂan

folowi,

1. Astesiog fibory were imﬂmmnrﬂnlunl
tiszue {105/107; 95.1%) & well a5 ja the mesothelal
tissves (101/108; 93.5%).

2. A&mdwdwmmmm
Jung and he mesothelial disuca was common; it was
sten fu 4] of the 64 casey (54%). .

3. The most camwnon atbastos types seop 1o the lung were
a» Mimixhure of chryvotile with amphiboles (417105,

39.1%) followed by am es alone (37/105; 35.2%)
and chrysadile slone (27/105: 25.7%).
4. Juthe mesotheligl issucs. the majority of asbetos (ype

seen wis chrysotils (787101 77.2%), followed by
ehrysotile plus amphibele (2171017 20.8%) zad
smiphibole alose (2/101: 2.6%). _
The type of axhestos fibers I6 the luag 3td wesothelizi
tissues aang the 15) megochelioona caset is shown in Tabla
1.

D. Quantitativt snalysis of sspeilos (ibers In the tissues
(numbez of the AbegsAdry gram)|wis done in both digesied
lung and digestrd mesotheli] dixnies taken from 21

"2} casse ware & part of the 64 cyses in A, and the 23 eases

were s part of the 43 casesip B

AT RAYAT 2 LdA AR
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TobiaL Thae typs of sshoutns Ehery In Vot humg wod
messthailsl Vsvser amung 180 walignani
aaiietusilown Tl

A B4 of 151 cuscs udanias S8ive bunion stedy wnt
pafamed i bach the kg Yad matiaiduiial sames).

Lungtisme  Misodwedial eswe  No. of Cones

CrA c 4 |
C C i3
A e 1

Cah CrA |}
A Cea [
— ¢ 2
C Cap 2
~ — )
A A |

Tom) (43

B. 43 of 131 cuson (asbittes sspe ke pudy wié
pirformad in e Teng trmas Band).

Lamg Ume N of Caset
A o 1
Cod 15
C 18
- ]
Totsl B |

C. 44 of 15) cusss (asherten rrec hardes [y WAL
pestormed In the moectheiiel derwe; alesc).

Mosothwhial samen N&dtuu
c 3
(-1 2% 7
— é
A !
Total L

C: Omysetiia, A: Amphlbalsis), C + A: Owysatite vt
Amphiscie(s). ~: Nal dmecied.

1. Tuble 2 Ging and mesothetial tissoes: 21 mesothelioma
cases). Tospl number of astegiot fiders descied in the
hung Gissue was 4364 X 1 07 fiber/dry pram is maxirmem,
0.08 x 10% fibers/dry gram in minimam, and 105 x J0*
fibers/dry gram on sversge. I the tazuthelial ssues.
the nasmber of the fibers wax 240.0 x 1C* fibera/dry gram

in reaximom. 0.01 x 104 Gheridry grem in miztpom,

and 49.8 x 10* fibors/dry gram on average.
2. ‘Table 3 (lung lstuc only: 23 additional masothslioms
“onses). Total qumber of asheston fibers dacerred in the

fe3rLe

" E. Dimancicns (fength 4

_in ramor, and dheir dism:

Yoag wes 260 X 10¢ fibersAdry gram in nuaximurg., 0.08
xl(?ﬁberd&ymhnﬁnimnﬂ!&!xlﬁ'ﬁbws’
dry gram on wverage.

3. Ourunpyblished dasa on the mumber of asbeatos fbers
in the lung obtsined from the Zenersl population {18
cases, Now Yorkars) showed thar 4.5 x 10* fibars/dry
‘gram in yeaximam. O (of <Jewsction limit) fibers/dry
grim is minimwe, and .44 x 10* fibert/dzy gram on
w.hmmﬂﬂﬁmﬂm&uum
populstion (7 cases, New Yorkers). the sumber of
asbenos fibers was 2, 4 x 10* fibacs Adry gram in

Toe vaat majorlly of

mmmm:»;:wmmwmmm
cheyrotils Sibers. .

In summary, excep for duvs cases, the sumber of ssbesta

Bbers in the lnag of & wesothclioma cares (21 from Tabde

2 group aed 23 fram Table 3 group) wis greatat than the

. average number of asbeaas fibers in the kany tAkes from -

e general populaticn. The tramber of asbestas fibers in
e esothelia) Unsues ine the 21 mesothelioma cuce
(Table 2 proxp) was also 1a the maajarity (17/21) than
the averagz namber of the ggnen) population.

diameter) of » 1on} of 2884
asbesroc fibers which pressnt in the lung and the
mesothelial tasves (@ ineatous tiavee and hyline
plaque) takes frean the 21 mesothelioma eascs (Table 2 groop)
were measured,

There 2884 arbessos continted of 1725 elwysotile
fibers (453 in lng, 450 in plaque and 280 in tmor), 1042
wuotis fbers (959 i fong, 45 in piaque 14 38 in tomor),
nat:idoliuﬁhmmi:nhrg.oinﬂmndlhw}.

* 19 uemolite fidens (19 in 0 n plaque and 0 n remer)
md 20 esthophyllive ibers ()7 in lung. ) o plague and 2 in

furar). Reauks were ived in Table 3.

Chweysotile Fibers wors ehbr in length (G.M.: 0.75 a0 in
lung. 0.61 w0 in Nyaline and 0.9 um in tamor) and
thin in dismeter (G.M.: 0.040 Jn o ing. 0.04 gmin plague
1nd 0.04 um in ramor). Asasite fibers were greaser in length
(G.M.: 3.79 jan ia g, 22D 4am i pisgque snd 3.28 g in
taroor) and vucXer in di (G.M; 0.14 um in lumg, 0.13
am tn plague 280 0,16 1o9 In tmmor). Albough other
amphibole fibers, such ax crocidolite. tremolite and
antbophyllite fbars were smaller in numbar, rens|ts
were a8 {ollows, Crocidole Rbers length was 3.71 pm
(G.M.) in lupg, 1ot availablq i plagque and 3.23 um (G.M.)
was 0.10 am (G.M.) in lung.
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Acoon e (°)
Canrs M, Qecaparian She ey Amm T A0 ThAe DL Tl #
1 Blecmiclan L oM o om  om D emx W AT
] L) 114 (. dL o DL MDx1 bHxIE
2 Ui Dovy L <DL 33 DL gL <DL s =1 M=
3 acuiation wocker L DL 06 L DL 65 31 1IN
4 Famlly conaal L} <l Q. <t ol o ol ASSxi
(-1 L - QDL DL [ %} o Ay x ) DExIO
3 Mpare moimale L M <DL DL S Dl AnxP Mos
. Machanic L % M L 4 DL kIl T
! 1 T Commwton wakw L <DL 9.3 <L <t DL ANxIF 3%k
3 U Navy L DL M oL ot 4L Auxie Mexi
9 Iomltiea wow L ML M DL DL dL QlxW ox
"0 Insshoemwotket L M M Bl DL oL Mk MAxIP
1" Cammrycsion wetksr L % 75 L <L DL ANxIF sox1e
' 12 Flatwricin L 13 | 08 gl <DL pisx W MOxIC
k] Pipm Bowe L 1.26 .0 22 .8 L L¥Ix1¢ S32wj0
W ULNw L. 1 b ¢33 DL DL BB A0
1s Iaostotio workey L B DL QL ML DL DMxIP moxI
16  US Newy L . 3 1.4 awl s <DL 2N 1LHMxID
” Sigywd L 06 132 oL oL gl »M 1.9 x 10
13 U5, Navy L (1) oN L «HL <l ] 132x 10
" Neiler npaiomas L DL 03 DL 7 0 0 8820
0 Pips finer LA 3 DL Tl Sl @ egsx)of Ipxie
LR} 0 . <l DL ax  0Bx10" noxile
3 Boller rupairman L (X DL DL <@L 00T poaxIP  NSx |0
PT Shipywd L DL G <DL DL Ok 00NNl BOIx K
3 Shigymd L <l 0.1l 0] oL oM omxIPt Mkl

db 4 RZTEITLILG CONSRDITLOLS RLIZ) MO0 7

o) x lvm(hm).um.hmnmmmm.:mm:n.gmmm
{no daiartion). Chry: chrystin, Amir; wemsts, Crac: cockattic, ANOU anhoplyiis. TYAS seweiin/scinoaia, .7 lsf (Rx

AL wis: 300 evalinhie.

rot svailable in plaque and 032 ym (GM.) in vmor.
Tremolite ffoers Jength was 2.73 um (G.M.) in lung, and
their diameter was 0.19 jan (G M.} o hung; data wat not
availablz in both plaque sad tmmo, since Temolite fibers
wyre now despctnd o thise tssuec. Anthophyliae Fibers borgth
w3 €.93 uap (G MY in lung. 1.00 am (GIL) in plague and
798 i (G.M.} In tumoar, and their disesss was 055 pm
(O.M.) in lang, 0.03 yam (G.M,) in plague and 0.65 ym in
turnot.

‘The above findiags for e fider dimensions ame

surammarizad in Table 4,

E. Atbestos fibers greater than § um bn length were meascred

CLesh L

in tho 2834 bers. Resulls wers sumrparized fn Table SA.
Cnly 1 .65 (S3772804) of the Sbars were loagar &an 5 um

- in leagh 21.4 % were shortee than § um a0 thown in Tahle

A
Tolduﬂyuhuuﬁbustﬁd-ﬁtﬁmh’sw
dimengiont, (28 yrm in length and 0.2 Jam in dismenst),
dimensioes of the above 2404 asbeacns fibers were cuamincd.
Table SE summarizes which of the 2384 asbestcs fibers
mexsured fit isto Stanton’s crimeris of 28 um in lengd and

"$D.25 pam in dismeter. Of the 2534 fibers, only 116 Sbers

(4.0%) Bt Stantsn's hypothetica) dimensions. Resulis were
samyperized in Table SB. Owysothe fbers (17235 fMbers) i
ta the dimansionr were 0.6% (1495} in lung_ 1.6% (YM436)
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in ptague and 0.3% (4780) in tumer. Amosite fihers (1042
fibere) wure £, 3% (84/555) in luay. £.4% (2/45) io plaque
ead 7.9% (3/38) in tamor. Crocidoiirs fivens (78 fbers)
were 16.9% tr the Jung (13/77) and 0% in bath plague [04)
and niynoe (11 Both vemolite (20 (foert) and anthophyliie
(29 fibers) were 0% in these Hasues.

1t was conclvded thar asbastos Gbers it 1o the Stanton's
hypothesis were propartionally xmall in nember i all typex
of stheceos There detartad in both the tong wnd te mecothelis!
Usues.

0130l

Comments

LeBouffant et ai™, discoversd a depasition of 2 large
number of shor, thin chryiotils fibers in pleural hyaline
paqoe (fibrotic pariet) plonra) takan from asbestos warkars
under & transmission electron microscope. It wae an
imponant finding et that tme. since pathologing could not
obviously |dentify costed or uncaated ssbemos fbers in che
bhyaline plague in rourine histopathologit slides under a light
micrascppe, altheugh thay knew thal this unique plearal
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slieration wes indmataly mlated (o SXPOSUTE To Mbestae.
Sébastien er ol *, ound a dispropartion of type snd navader
of asbed o6 fypes berwesn the fong ind the prrieun] plean
mmong 29 asbesios werkers and that mo of ashenps fben
seen in e pariotal pleurs were shart chrysotile fibers.
Dodton e/ al®, found azbecros fibers (predominantly

. chrysetile) in pleural kyaline plaque tken from 3 cases of

shipyard workers. Boutin ¢/ al.?, slso fousd highly
concsnutied asbestos fibers in black spota (glemerate
tympbatic eapilisfies stalned dark due 1o anthracotc
pigmeetation) in the paricul plers. They said that smphibole
outnumbered chrysotile in the Blask spols.

Our previows snadiest . revealed that the type of sbestos
fibers were guite ofien diffcrent hetwean leag and mesotwelial
ussues in mesothelloma cascs and thit the major ssbestos
Type seen in the mesothel i) tenas wers short, thin chrysotie
fibers. '

Our present study based on larger numbers of tasue
nmplushwdtbznmuﬁdmmodispmporﬂdnof
asbecios types betwwen the two iscues, We have previousty
sugpested that such o GTproportion was canaed by the strong
ahilisy of chrysotile fibery 0 vanclocais from the lung o
tha pleura and peritoneum™®, The proseat sudy also
mipparted woch an idea. To clarfy shearos fibers conaibudng
to the induction of oralignamt mesolelioana, stbestos tistwe
burdsn sudy shoudd bo done m both the lvag and resothelis)
drsues, because the disproportion of typs and puraber of
asberdi dbers betweonm the two fistinss it ot e 1f ashastos

itsue burden stady is limbed to lung tirsce, Oen vranlocated

asbcstos fibeny from e lung  the merothelial tirses will

* be overlacked. In the pratam rtudy, it war nheerved that

when sbextns fihers detected in the lung weee excinsively
chrysoiile, Mbecios type seen in the macothalin) Gisves war
Also exclozively chrysotile {15/17 case; §3.2%).

Tho passage route of the {ibers hay Aot been fully
undersiood. sithough threc ways of Lhe pussage are
coasidered: 1) & direct migration of the fibars from ibe Juny
1 Lhe pariera) pisura through the pleoral cavizy, aad also to
the peritonesm through the luag, pleural cavity and
diaphrag; 2) twough & hrwiphatic capillagy sysem: and 3)
theough & blood capillary system.

The sumber of Lsbestos fikers observed par gram in the
ung and the mesahellal itsuee vared. It was Jarger thas

- thé avetage Aumber in the general population iv 4344 caset

[97.79%] ip the long and in 12121 cases [81%] Jo we
mesothehial tissuos. The mumber of fibers (chrysatile in e
vast majority) in mbsochelial tissues was larger than 1has
seen in the hung in some cased (8/721: 381 R). - Numetical
Tatlo besween chrysofile fibers and amphibole{(s) fibers in
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the raesothelial lissues was examined in 12 of the 21
mesothelial tissues in Which both ashessos (YPeS wers present
(Table 2). It was spproximataly §8.0 (chrysotile): |
(xmphiboles]) in the mesothelial tissues.

Onr presoms atody revesled that the majority of asbestos
bery desecizd in tee lung and mescthalial tistumg were thanet
Gan § jm: only 18.6% (537/2084) of the Shers wor longer
than 5 jen o fength. T was alao establiahed thar asbestox
fibers Guing to Stmton's hypothetical dimeasicos (2§ tm

in length and £0.25 jum in dinmetar) were oaly 4% (118/

2834) smong the fibers detacind in thede tissues.

From thess findings, il it obviovs tha if we exclusivaly
count atbestoy fibers longer than 5 1t oF if wa select only
asbestas fibery fiming to Stanton's hypathetical fimensions,
3 large propontion of ashestos fibers {o ease Hissues will be
ominred, since the muajority are shorter than § Jem i lengih.
although the diameter of theas shart Sbers does generally
fit well 1o Stanton’s width paramessrs.

T abbould be taken into aceount that such shory, s asbestos
fibers wre carcimopenic, sinee they are the majority in che
hmog and the mesothelial tacues paken fram megothelioms
casee. It bag been gemenally accapiad that tke other acbestos

* cypeu, chrysodie fiber ars capable of induciog homsn

malignant mesotheliome™™, This conclution has been
smdies™ ™, animal experiments? 430, cpidemiolopical

etudies™ Y, tage repons®, 104 asbestos tissue burden

stodiesh ™,

The present srvdy on asbestas thesue burdaa forther
Tupposs the evidmee that elwysotile fibers were capable of
indacing lmiman malignaest mcsodeetioma. sinoe a) chrysorle
wit the most COMMON asbesios type seen in the mesothelis)
ussurz which is the eriginal site of the induction of
mesothalioma wd b) chrysotile was exclisively seen i hoth
the Jung xnd the mesothelial issuer in 15/64 (23 3%) cases,
in the hung tissus alowe in (V43 (23.3%) 2nd in the mesolhelial
tisgucs alone in A/44 (68.2%) cases.

Summary

To identify and characiuseizs ashesios Gbers contributing
10 the induction of luman malignent nesodwlioms, agbesns
fibers ia the ong and esixhulial tissuey (mesotheliomatons
Gtsue snd hyadine plaque) caken Irom 151 buman malignant
masothelioma cases wers investigaied by o high resolugon
analytieal eleczon microrcope. Resuhs were as [ollows:

1} Asbettos fibers were prescat ia almon all of the lung
fiseno a5 woll as {n the mesothelial detue,

2) The mosi common Ksbeaios types s2zn in the lung were
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an sdmixure of chrysotile with smpbiboles (41/108:
39.1%), follqwed by amphiboles slone (37/145: 352%)
and chrysorile alone (27/105; 25.7%). The majority
of asbesros types saan in the mesothelial tissves were
chrysexilc slone (78/101; 77.2%), followed by chrysotiic
pis sphibals (31/101; NJi)udmlph'hnhaluu
(2101 2.0%).

A Swmpropartica af asherto typas berween the ung and
mesotbalind tissues was froquently obssrved. Yhe mon
EOmUnOn PATTrD Of the dieproportion was chrysolile
plus amphibales) ix the lung and chryssiile only Sa
mecothelial tissnas (10/64), follewed by amplibolo(s)
in the lupg and chryxotile quly in mesocbelial drases
(13/64). Lt was considered that such & disproporntion
was cmused by chrysotiles flbers' srrong capacity e
tronsioes frome the luag ta the mesathetinl titsuss.
The sumber of asbexos fibers in both the hing apd the
masothelial tissuey was varioos among the
mesotheloma cases. In the hang (44 cases), 71 was 4364
x $0* fibers Adry gram in maxirum, 0.08 x 10F Sibers/
dry gram in minimum and 77,7 x 1 0* fibers /dry gram
on sversge. In the mesothollal Ussoe (21 cuses), it was
240.0 x 10 fideet/dry graes in maximun, 0.03 x 10#
fibars/dry gram in minirum and 49,84 % 10* fibery/
dry gram on averaga. These nurmbers were greser tan
those seen in the: peneral populaton. Occationally the
narober of asbestos fibers ™ tha mesochelial dsswes
waj larger than that of those ssen in the lung, The
number of chrysotle fibers was 18.] dmes graawer man
vt of amphibole fibers in the mesothelia) Basuas takan

"from 12 casas i which both sshestos types were

detected,

The roajority (81.4%; 2347/2864) of ssbestos Sdarx
detectad in the lung and mesothelial times wers thomter
thes 5 pm in laapth, Asbesioe fivers fit 1o Stanton's
hypithezice] dimensions (8.0 4 ia length and 5025
Am in didmeter) were ouly 4.0% (11672884), tince the
mwjarity of theae fibars were shorter (<8 fan) A Grinner
(<0.25 ) fibers. Such sthart, tin asbestos fibers

showld not be cxcleded from tose conrriboring o the

induction of ryman malignart mescthelionts, fince they
Are (he major axbestos fibers desecied in the lomg snd
ihe mazothelisl tissues in the mesothchioms crees, To
Asscxs asbestns fbery associstnd with the indpction of
aadigeant mesathelioma, arbeswos fibers in both the
Jung ard the mesaibelial tictaes should be invesipated.
Ths precont crudy seppares that cheyorile ssbeeios oan
indvce human malignam mesotbelioma. In same of
the mesathalioma cares, ashesios fibers sewcied in both
b0 ¢ O3l
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the lung and mesothalial teyues (15/64; 23.3%), or in
lang tiene bone (1043; 23 3%) of i mesathelial dssves
(Mv4s; 62.2%) wers axelusively chrysotles Mhers.

References

1} Suzukl Y. Charg 1 (1969) Strecture apd development
of the ashastos body. Am J Path 55, 79-107,

2) Wagnet IC. Berry G, Skidmore JW, Timbrell V (1974)
The effecty of the inhalation of asbesros in rats. Br)
Cancer 29, 252.69.

3) Sévestien P.Janson X, Gsodiches A, Hirsch A. Bignon
J(19%0) Achectos reteacion in Muemin respirmory Hooes,
CoOmMparative massurements in luag prrenchyma and
in parietal placra. In: Biological effects of mineral fomes.
od. by Wagner IC, 30, 33746, JARC Sciemific
Publicaions, WHOflmmnuﬂun:thzm
o0 Cancer, Lyon.

4) Dodson RF, Wiliams MQ, Com CJ, Brollo A, Bisachi
C(199]) A comparison of atbastas burden i lumg
parenchyma, lyroph nodes and plagues. Asn NY Acad
Sci 443, 53-60,

35} Kobyama N, Suniki ¥ (1993 ) Analysie of asbettos fibers
in Jung parenchyros, pleural plaque and mesathelioma
Gsswes of North Americas insulation workers. Axa NY
Acad Sei 643, 17-52.

6) Suzoki Y, Yoen 5, Ashley R, Caldersro A (1990)
Asbisios fibers and human malignan mesomelioma,
In: Procecding of the 9t International Comference oa
Oocopational Respiratory Discases, Kyow, Tapan 13-
16 October, 1997, eds. by Chiyowuni K, Hosoda Y,
Aizawa Y, 705-13, Einvier.

7} Dodion RF, O Sullivan MF, Hussg J. Holiday DB,
Harzemar SP (2000) Asbesics in extrapulnonary sites
omentain and mescntery. Chest 117, 486=93,

$} Gavdwin MC, Jagatic C (1971) Asbestwos and

. mesothelionw. Environ Res 3, 39146,

§) Anermack Q, Conston AS, Garfiokel L, Parks VR,
Kaslow HD, Hamwnond EC (1980) Precencs of sshesos
bodjies in organs other chan the lung. Chest 77, 133-T.

§0) Chborg A, Wiggs B. Depaoli L, Kampe B, Stevens B
(1984} Luog usbestns content in chryxatile workers
with mesotheliome. Am Rev Resp Dis 130, 1042-5.

11) McDonald IC, Arnsirong B, Case BW, Dol D,
MeCrughey WTE, McDonald AD, S#bastion P{1985)
Masothetioma and asbestos fiber type-Evidence fmm
lung desus sanlyses. Cancer €3, 15447, '

12) Roggli V, Pran PC, Brody AR (1993) Asbestos fiber
type m mali grane mesolhelioma: An sealytieal scanning

d11 §N¥44 % S4ILYH

NOD. 655 s

(UEE



ea 28281

GEULIGON B0 DL LERLITL 00T ]

18:35

WATERS & KRALS + 17572231276

NO. 655 [ %53

ASDESTOS TISSUE BURDEN STUDY ON HUMAN MALIGNANT MESOTHELIOMA 159

emwmdyuﬂl rages. Am J Ind Med
1), 80514,
13 mmuﬂn&mn.msuﬁ) Mincrl

fiber coment of lungs in patients with mesothefioma -

sasXing campensation in Quebes. Am ] Respir Crit Mod
1. 718,

14) Dodson RE, O"Sullivan M, Comn CJ, McLarty JW,
Hammar, SP (1997) Asalysis of ashettoe fiber burdes
in lung tistue from mesodhclioma patienc. Uloax Path
21. 32136, .

15) Swnmb MF, Leyard M. Tegeris A, Miller E, May. M,
Morgan E. Smith A (1981) Relgtion of panicles
Simansion to carcinopualeity in arphibols asbesiaent
and fibwrous rinerals, JNCI 67, 96575,

18) Cate BW, Sébasian P {¥987) Environmeata) and
occupational expasure w chrysotile ssbestos: a
comparstive Tilsraualytic study. Axch Environ Hhb
€. 18591,

17) Sébasden P MeDanald G McDonald AD, Cass BW,
Hardey R (1969) Respiraiory cancer in chrysotilc sxtile
and mining induswries: axposore inferences from luog
analysis. BrJ Ind Msd 46, 180-7.

1K) Care BW. Sébastiea P ()949) Fiore Ieveit i ung and
correlation with v samples. Is; Noa-occupatonal
exposure o mineral fibers, sds. by Bigoon J, Pate J,
Sanacei R, 84, 20718, TARC Scigmific Poblication,
Internationsl Agency for Research on Caneer, Lyon.

19) Case BW (1991) Heuith effects of remali, Now and
ia fonure. Anp NY Acad Sc3 643, 491-504.

30} Morinaga K. Kolyysma N, Yokoyama N, Yesul Y, Hara
1, Sasski M, Sumuki Y. Sera Y (1989) Asdestos Tibee
contant of luagt with mesatheliomas in Crake. Jepan:
A prebirinary report. Ia: Non-occoputomal cxposure
vo miveral fibres, eds. by Bignon J, Pew J, Sarscci R,
99, 43843, LARC Scisnsfic Publication, Inernatioas)
Ageney for Ressarch on Canoet, Lyon.

211 Hiroshima X, Suzuid Y (1993} Cranscterization of
asbestos bodies and unconted Gibers in Jungt of bamater,
) Blectron Microsc 43, 41-T.

22) Kobysma N, Kyono H, Yokuysma K, Sera Y (1993)
Evaluation of low-level asbestos exposnre by
tranabronchis) lnng biopay with asadytical elecuron
mioroscopy. | Eleetron Microsc 43, 3130-327.

23) LeBouffant L, Mastin JC. Durif S. Paniel H (1573)
Souciare and compasition of picural plaquas. Ia:
Biglogics] effects of acbestos, eds. by Bogoviki P.
Gilson IC. Timbre) V, Wagnes JC, 8, 249<57, JARC
Scientific Publiostion, Jniametional Agancy fot

Reseurch on Cancer, Lyoa.

TLedngs

24) Bovtn C, Deraortier P, Rey F. Vialae IR DeVyst P
(1996) Black rpo concenails sazoganic asbestos
fivers s the parietl pleuna-tharacoscopic and
miscralogic stdy, Am i Resplr Carit Care Med 153,
4349, ’

15) Swmita AM, Wright CC (1996) Chrysotils asbestos is
the enain cause of pleural mesotielioms. At 1 tnd Med
34, 15268

26) Swayner LT, Donkov, DA, Lamen RA {1996)
qummwm
risk: A revicw of the araphibolc hypotesis Am Y Poblic
Health 86, 179-86.

27} Ashetis. ashostnsis. and cancer. the Helsinki criteria

' Mmmdm(cﬂmmm)ﬂ”h
Seand 1 Work Environ Health 23, 3l-&
1) mPJ.WWJ.Mth(IW)
 The hszacds of chrysotile asbestos: A cicical review.
Ind Health 37, 271-30.

%) Appel JD, Fusy DS. Kobiz 1D, Johnsod EM (1980)
Arbestoe fibers medists wnsfemration of moukey cells
by txogeacus plasmid DINA. Proc Ned Acad Sei USA
88, 76704

30) HeTK, Piso CQ He ZY, Vanais D, Waldren CA (1992)
Chrysotdle fbec fy 3 Envmg motegen in thamenalian cells.
Cancer Res 52, $305-9, :

31} G L. SIWWEF.FIO!MMMEM (1997)
Traprfection of humsn mesothellal colls madiated by
different axbescos fiker rypes. Environ Res 67, 2842,

32) Lazoo-Oceyda K. Jaime CM, Godboid JH., Savraneky
EF, Hope A. Kb SA.DmZM.UebmH.bm
B, Fary T (1996) Chyzotlle sbesios fibers pedian
bomologous recombination in Rat2d fibroblast:
tesplication for curcinogenasis. Mutal Research 361,
11320, .

33) Okayatu R, Takshash) 5, Yamada S, Hei TK, Ulirich
AL (19%9) Asbesios and DNA double srand break
Cancer Res 55, 294-300.

34) Sunston MF, Wrench C (1972) Mcchacisms of
moaothetioma nduction with atbesios and fibeous glass.
J Nat Cancer Inn 48, 797-821.

35) Wagper IC, Bewy G, TimbexDl V (1973) Mesothelioma
in ot after ipoculation with asbesios and other
matetials. Br J Cancer 38, 173485,

3§) Pou ¥, Friedrichs KH {1973 Tumoren der Rame nech
L.p.Injekaion toncrforauger Saube. Namrwinsanschafien
59, 318-24.

17) Suzuki Y, Kehyama N (1984) Malignant mesothetioms
following intrapesisonas} sdministration of axbesios and
aeolite. Environ Res 36, 27792

417 SNEdd T S43LTH Wodd




o .. 3

5

1a oA RFT

B3

A I T I ST R A O I

19:55

WATERS & KRAUS +» 17972231276

NO. 855

wig,

lﬁos

18 Cullen MR, Baloyt RS {1991) Chrysodle ashestos sad
healie i Zimbabwe, [: ansiysis of miners and millers
compenssied for asbestos-related diseases since
independence (1980). Am'Y ind Med 19. 161-169-542,

191 Finkaletain MM (1989) Meonality smong employres

of a8 Ontario factary tnar mazufaciuze construction
maserials using chrysotils asbesion and cosl tar pitch.
Am ] Ind Med 16, 281-7.

40) Piolano G. Negri E, LaV scchis C. Pim B, Decarli A,
Peto 1 (1990) An updats of cancer monality smong

chuysodle miners io Balangero, Northern luly €7, §10-

4‘ . .

41) Shiqe Z, Yongtian W, Fusheng M, Hongsbuen M,
Wenzhi §, Znanbuan J (1990) Reworpective moriality
smdy of athesics warkers th Laiyyan. In: Proceadings
of the VI Intemnationsl Pasumocesnintes Conference
Part II: Augnst 23=26, J942; Pisborgh PA. Natianal
Insiieute for Occopasonal Safery sad Health 1242-4.
DHHS poblication $0-109 part I1.

42) Begls F. Gaethier J. Dermovles M, Oatipuy G (1992)

Y SUZUKl erel.

Work-retated mescthelioms fn Quibec. 19675 990. Am
§1nd Med 23, 53)-42,

43) McDoeald JC, Liddell FDK, mﬁmA.Mcme
AD (1993} The 1891-1920 ¥inh cobort of Quebst
¢hrysotils miners and millers: mortality 1976-1938.
BrIInd Med 80, 1073-31.

“44) Dement JM, Brown DP, Okun A (1994) A momlity

amoeg chrysottle asbestos rexiile warkers: Cobon
mortality and cast-ctmirol analyees. Anr Oeeup Hyg
38, 525-32.

45) Gaodwin MC, Jagavic O (1968) Asbesios and
mesothelioras. JAMA Leters 204, 1009,

46) Langer AM. McCanghey WTE (I982). Mesothelioms
in & brake repyir worker The Lancet Val. JT (November
133 (2307) 1101=3.

47} Huicharek M {158T) Quysotile asbestos exposurs and
mesothclioma. Brl ind Med 44, 287-8 (cormespondence ).

45} Runchaek M, Museat J. Capotorto IV (1989) Pleunl
moeaathelioma in 2 brake mechonic. Brl Ind Med 46,
5=,

[T NI PR TR S L L

4737 i 4 p’i;i’ﬁ

LR




