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Identification of Asbestos
in Human Tissues

A M. Langer, Ph.D,; Richard Ashicy, B.5; Victor Baden, Ph.D.; Carl
Serkiey, M.5; E C. Hammond, DrS,; Anne D. Mackler, MS; C. §.
Maggiore, Ph.D.; W. ). Nicholson, PRD.; A. N. Rohl, Ph.0.; L B. Rubin,
M.E.; Antonio Sastre, M S and | | Sehkaff, MD

Re(em siudies have established
that occupational espasure o ashestns
dust 15 associated with sengus nsks of
ung scarnng and neoplastic disease 173
Under cerfain oircumstances, albest to a
lesser degree, similar hazards may exist
with sndirect occupational exposure,® §
with family cantact ® 7 and as the result
of neighborhood and environmental ex-
posure # ¢ The latter group ought snclude
residents within 3 half ode of an
asbestos plantf 7

Although exposure to all fber vaneties
have been shown to be assocated with
disease, there remam differences con
cerming the relative hazards assocated
with each asbestos fibes fype ™ It hay
been difficult to determine the quantities
or dimensions of any one fiber type
needed to produce disease ™ Studies of
human exposures to coadohte,” *
chrysatile,” ¥ 2 amosite,™ tremolite, '3
and anthophyilite? 1 have been dif-
ficult to compare since they reflected dif-
ferent exposures under different con-
ditions

These uncertambies partly result from
lack of .nformation defining fiber ex-
posure The asbestos mineral group
defined commercially 5 comprsed of
fve fibous twdrated <licate munerals
%-18 Afthough the minersls mange in
chemucal and physial propentes, they
possess some qualities which permit
overlapping usage sn thousands of
products and applications '% Fibers often
tend to occut together n the same
mineral deposit as mixtures 33 All ex-
posures therefore, whether occupationas,
ndirect or environmental, may, to some

extent, be “mmed” » nature  Essential
information ahout the  fiber-chsease
relationship may be added by analyzing
lung nissues of tadividuals exposed 1o
fibrous dusts However. recovery and
wenufication of asbentos partscles from
human tissues have been difficult and al-
tected by such factors as the natuse of
the recovery techmique, fiber-lype
sought, amount of ussue available, level
of exposure, analytical technique used
denbiication, and size-sensitivity of the
method of examination

in ths report, we review and discuss 4
number of techniques developed and
used 1n the past with imued success
New techmques ofter some promise for
solution of a number of unanswered
questions These will be describerdt and
wunal resulls presented

Analysis of Buk Dusts

£, number of instruments have been
used in attempls to dentify asbestos
fibers in human bissues  These make ase
of physicat and chemwal properttes of
ashestos munerals The accuracy of the
procedures 15 predicated upon two im-
porant assumptons (1) each asbestus
mineszl possesses a charactensiic
property by which it may be
disiingutshed from others as welf as from
other mneral species- {2) asbestos
minerals are not altered chemicalty or
physically i1 vivo Intaalty, those in-
struments used by physical scentists 1o
characterize targe bulk samples of
“pure” ashrestos mineral were used to
analyze ussue extracts it followed
togically that the tissue materals

large quantities »1 issue matenals would
he avaidable

A. — Extraction of Inorganic
Maternals from Tissues

A number of techniques have been
devised ta extract morganic particles
from human bissues These include the
formaraide  method, ™71 hydrochlornc
acd digeston 2 5 hot glacial acetic
acid * atkalt digesvon,” 2 oxadaton of
tssue 1n electromcally actvated
oxygen * hydrogen peroxide digestion
and high temperature astung Most of
these were developed to study sihcosis,
roal miner’s pneurnoconosks and other
dust diseases of the lunigs, Those uved w0
investigate the asbestos problem have
produced results of questionable value
The stability uf asbestos munerals differ
from inomganic matersals for which the
techmques were ongindlly developed
thus chrysaule fibers may be reduced to
amorphous sihca * ghosts™ 1 exteemely
weak acas,® X 3 the amphibole
minerals  have different degrees of
stabibity 1n afkahs and acwds @ Therefore
most extraction techniques commonly
used n laboratostes to  study
preumoconioses are 0o vigarous fof the
asbestos muneral group Exiaction of
sub-mucron fibers from human hissues by
such methods may profoundly change
the character of recovered srureraly

These observations prompled Naget-
schmudt to remark that a good extrachon
technique "or the removal of asbestos
fibers from human tissues had yet 1o be
developed 52 It was Nagelschmdt's
faboratory which used different

lyzed with these “butk [

From the Envimnmemnal Soemes Laboracory,
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techniques” were those obtaned from
individuals occupationally exposed to
mineral fiber smce tn such cases, the
concentration of mineral fiber n tissue
was assumed lo be igh and refatively
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techniques on equal ahg of the same
tungs and obtained different minerat ex-
tracts with each techrique.

Most laboratories rely on ondation of
butk tssues for recovery of norganIc
mineral residues This may involve etther
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hegh tempesature oxdation of bulh, tssue
m a mufile tumace or law temperature
oxdanon of small yudihiies of hssve in
actated oxygen Both techruques work
wall with some prefecence iar use of the
iow temperature technique since the
norganic phases are fess fikely 10 be
dehydroxyialed Omdation may be used
m comunction with 2 wet chemecat
digestion methort f a specttic tber 15
bewng sought for example polassium
hydrovide digestion ot tseue may be
used tor chrysotde tecoven as the pH of
the system (a1 5% contemeahion) s near
the 1soelectnc point ot the fther (108) 8
Search for a single uber type has the
dhisadvantage 1nat the wehmgue may not
perrmit survival ot other muneral (ibets
which may be present and smpontant
bialogcaliy

Evaluation ot all cosrently  used
digestion techniques ndicates hat no
ang s suitable for exteaction and
recoveny ot all wber hHpet Some

altesabon 0! rminesal phases will occur,
especially in fivers of small particle sjee
However, even with theve difi.culties
extrachions and anatvses of hulk lung
residues have been made

B, X ray Dhiffractometry
The x-ay powder patlerns and cnystat
siructures  for ndividual  ashestos
minenafs have been determined 2
number of studies >5° these data have
been wed pormanty with phase den-
tification of settled fibrous duststs 42 of
for qualty control** Some work has
been done an nswe extizas with thes
techmgue with varing results 12 3 6
Amphibole asbestos hbers have been
wentified by this method but in no case
has chrysotle been dentiied even in
cases krown (o have been oc-
cupationatly exposed 10 this vanely ot
asbestos

A number of analyses of lung tissues
extracted  with the temperature
ashing techmique 1 coniunction with
potassium  hydroxde  digesiton  have
been made The x-ray difiraction pat
terns oblaned on extacted residues
were nut chasadgstic o the asbestos
fibers believed to have been present in
the ussves on the basis o occupatonal
histones % No successtul identification
was made on resduss obtained from
fungs of workmen expased fo chrvsolsie
contairung dusts Some representative x
ray reflechions were ohtamed from sam-
ples of dusts from men exposed to am-
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phibole ashestos, eg, amoste The
technrque proved  nadequale even
when more senstuve powder camera
techniques were used

The reasons lor lack of success with
this techmique are the particle
population tended 10 be mixed so the x-
ray spectrum obitained from each sample
was camplex the x-ray refiections ten-
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specirum®’  with generally poor
resoluson  the presence of endogenous
won compounds (hemosiderin) tended
to nduce x-ray fluorescence obscunng
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smalt peaks in 2 herghtened background.
The twa reported cases of success using
the x-ray techmque® % were obtained
on workmen exposed to the amphibole
mtaeral amosite fn addition to the am-
bigutres which denve from complex
muxtires dimtrucherd intensites and par-
ucle wize effects, marked altesaion of the
particies i wiva alsp it therr iden-
tmication  Biologicat  degradation  of
asbeswos has Lexn sepured previously
4654 The extremely acid-sensitive
dhnysotie 15 most seadily broken down
m yivo, teduced I sire® and depleted
in magnesium ¥ Our observations 1~
dicate that even when the occupational
hustory 15 known  the xsay diffraction
wechnique 15 adequate to charactenze
fung dust burden It 15 of hinmied value
{or pt /{ b D ,
especially s fiber types are mixed, and
almost valueless 1f exposure 35 10
chrysoule Although some reporis in-
dicate some sucress n fiber iden-
tificabon, the x-my techague should be
recognized as having hrited valve

C — Infraved Spectroscopy

The nfrared specua of asbestos
munerals bave been determuneds S8 %

As with x-ray diffraction, only fimited
success has been achweved for iden-
yfication of mineral phases n tssue
residues ® X Dusts  contaiing am-
phibole asbestos mineals yeld snrrared
spectra charactensiic of the amphibole
mineral group, ie, the spectrum ob-
tained 13 characienstic of the structural
asray of ali munerals in the group rather
than one speciiic member of ihe group
Specfic amphibole minerals could not
be dentified The characterstic specira
of chrysoule obtained on pure mineral
specimens weve almost identical to the
ather serpentine mineral phases hizachte
and anugome®, making them vistuafly
ndhstinguishable from each other In ad-
diton, the infrared spectra of serpenting
munerals are wesisikably simidar 1o other
shee! silicates so that any admxtures of
chrysotile with clays or talc tar example
make fiber idenvfication impossible by
\afared speciroscopy alone  As i the
case of x-ray diffraction alteration of the
asbestos fibers in vivo, or dunng
recovery fram hssue wauld alter the
dhagnostic properties  Although a high
exolulion spectiophotometer™ was not
used i awr study, confounding efiects
existed which Jav ousside the Instrurment
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desgn  Comples mineral assemblages
bodh <afts onganie debns and alteration
of particles in vnva restncs the use of trc
texhnigue fx identifcation purposes

D.— Differnntial Thermal Analysis
The thermal behaviore of vanous
asbestos munerals have been deter-
rrvnedde 55 5730 {or 3 range of sample and
mstrumental vanables The amphiboles
yield charactensic DTA patterns which
are inadequate frx unequwncal wlen-
tfication, even i the “ pure’ muneral
state Both exothermuc and endothermic
peaks tend 1o be small in magnitude and
troadened over 2 long thermal range
Cheysotife produces a weli-defined pat-
tern but tends 10 be extremely sensiive
10 changes in sample preparaton and
expenmental condihons 55 Vanations n
paricie size and packing of sampie
wnflvence the endothernmic dehydro-
wylaton peak o that  may chift as
much as 100C. The mfluence of these
factors on diffusion of vapor from the
site of reaction® s well docurnented in
aidiion, instrumental vaniables such as
change 1 heating rate and instrumental
sensibviy, may alter peak positten and
conhiguratian of thermatl curves %

We had no success characterizing ex-
tracted lung dusts using this techmaque
The major problem was inverierence of
the residual organic phases wiuch
produced a senes of sirong exathermic
reactions n the thermal range n which
charactenstic 4sbestos reactions occur

E — Summary—Bulk Yechniques

The uwe of o butk wistuioesiat
techuque to characierize phases 0 re-
covered lurg dusts presents many dif-
ficulues Even wuh the most usefut
technique, x ray diffraction, the results

§. Cochen extracied lamg fanoe spacimes shinined

vt » man wpesed B chryeslle sshesine inxtides. The

L]
microscopy. Lame of dadic plowal mewibalivns,

minerals tetid to overlap in propesties
making \ndwidual phase dentification
difficult  chrysotde asbestos closely

bles the platy i |
as well as other sheet silicates, making
#s idennficaton difficult ¥ not
possible large quantities of matenals are
needed for analyss so that only tissues
from occupationally exposed indwiduals
are of use and bulk tissue matenals are
needed for mineral fiber secovery Thw

tesults oblaned on fissues from -
dnadual 10 ash 1

m-

are geaerally poor, even when the ex-
posure history s well known

tdentification of Single Par-
ticles—Light Microscopy
(a) Asbestos Bodies. — in general, the
object most readdy noted in lungs of
workmen exposed ta ashestos dust 15 the
b body 1 s readily discernible by

are pinally usetu! for htboles a~d
of 10 value for chrysotde identification
A number of senows problene ae
wmherent i the analysis  evidence
demonstrates that chrysatile alters in
vivo, thereby losing or changing its
physical and chirmcat Claractensiies
needed for identfication, edraction of
patticles from lissues may lead 10 ex-
tensive alteration of asbestos present
analytical nstruments which have
routingly achweved acceplable results for
pure minerzt samples may not produce
comparable recults on mixed samples or
unknowns: the amphibole asbestos

2%

fight microscopy and 15 commonly ated
a5 an mdex of asbestos exposure The
non-specicty of the body has been
recognized almost as long as the object
qself 4 40765 Ashestos bodies have been
wsed a5 asbestos markers n numerous
studies of groups ranging from oc-
cupationally exposed workmen to the
generzl population. Bodies have been
counted 1 sputum, lung smears, fung
scrapes, digested bulk ussves and
vatious preparetions and modifications
of histologie sectians 1 60-9

These studies have reported frequen-

ldentificati

yonrs priey Se Govs muw visivis by Wight

aes of ashestos body presences ranging
from 0-100%  Evaluation of these find-
ings 15 impossible because many fac-
tors and study designs were not uniform
The studwes differed n such vanables as
age and sex, techmques of materiat
j¥eparation  seiection  of kmds and
amounts of biologrcal specimens
d, tung sies d: number
of specrmens examined per case areas
scanmed per case, magnificabons used in
scanning, type of microscope employed
fiber type invalved duration of ex-
posure, relative dustmess of trade and
waork areas, type of histologic stam; pre-
paration used for digesion and cen-
tnfugation of butk samples Al studies
assumed  homogenesty of body
distnbution i the tissue matenals
Some of the above differences may
not appear 1o be obvious drawbacks For
example asbestos bodies tend to form
with differert degrees of efficency
buman Iungs as a function of fiber
type » The same numbes of asbestos
bodies observed i1 tissues of workmen
exposed to difierent fibers need not in-
dicate similar exposure levels. Different
fiber types tend to form aerosols with
charactenstic size distrihutions <o that
“thick” bodies, those easily seen by light
microscopy, are more hkely to be
nucleated on tremolite anthophyllite or
amaostie. Chrysoule, the mast commonly
used fiber i the United States, tends to
form  fihers of small sizes  readily
degrades 1 vivo, and resists formation of

ion of Asbestes in Human Tissue/Langer et al.
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asbestos bodes 92

{b) Asbestos Fibers. — Lung tissues
from 3000 cases fom the genersl
populatton o8 New York Cty were
examuned 1ot asbestos body content B2 9%
The oplically wisible ashestos hodies
represented only 3 smafl fraction of the
towal nomgamic particles present s Jung
tissues  In these same fissues many
margamc  uncoated fribers wese  ab-
sened, nduding many with diameters
of tess than 1 mucron In 1,018 of the
3000 cases these fibers were observed
1@ be present = The occurrence of such
thio fHbers appears 10 comelate with
ashestos body count.

While the hight microscope appears o
be adequate for the search for ashesios
i human (ungs, there 1s much evidence
to suggest that this 1s not so Fven afer
light microscopy sadicates the presence
of “fibeys” and  “bodies”, mponant
questions remain unanswered What are
the uncoated fibers, specifically?, what
fies at the Lote uf “asbestos bodies”?
Light microscapy fumishes information
about the morphology nf a padicle, s

ldentitication of Single Par-
ticles—Electron Beam Instruments

A grest number of sub higmt
mciascopic asbestos  fibers occue 1
tungs of workmen exposed to aerosols
contamning asbestos 33 M » 97 B The small
fibers appeac to be present tn amounts
estmated from an equal amount lo more
than 1,000 tmes greater than those fibers
vestble by light mecsoscopy This 1s of im-
porance m studying exposure 1 the
general population among whom ihere
appear to be pnmanly sub-hght mic-
roscopec fibers 10 lungs,® % % & find-
ing understandable mn light of recent
work  demonsirating  sub-hight
microscapic  chrysotile fibers as
sigilicant constituents 1n usban air sam-
ples '@ The search for asbestos fiber
shoukd be made by a method which per-
mifs companson on all exposure levels
and fur ali fiber types. Electron beam in-
struments may he emploved for such
Pupose

To examing specimens on the sub.
hght microscopic level, tissues shouid be
d so they are compatible with the

<olor, refatve crystathrity f pol. i
fght ophcs are employed, and the in-
dices of refraction if immersion oifs
are used This may provide mformation
tor fiber tdentfication were nne cerain
that the particle had aot altered 1n vivo
More important, the majos drawback n
using the light microscope to search for
ang Identify asbestus i humao lungs 1s
the fact that ot s size and |

techruque. Several methods currently
available for thic are (1) dicect
micromamipulation of objects from
hssues on to approprate substrates (2)
digesnon of buik tssue, (3} carbon ex-
tracion of particles from histologic sec-
Bons

{a) Vissue Preparation. {1} The
e lator has been used to

lirmted  Identification  of panticies 15
based upop corelation with standard
asbestos fibers, the optical properties of
which were detetmined on much lamger
fibers, fibers recovered from bssues tend
to be much smaller and the opucai
properties associated with larger fibers
are infrequently observed in smaller
ones Ophcal microscopy should be
constdered prediminary because size and
resolution hmdations aflow only natrow
perspective of the tofal lung burden of
partictes The number of dight-visible
fibers 1 human ussue 1s hmited com
pared to smafler, sub-light microscomc
fibers. Observation of the prevalence of
asbestos bodies with the optical
microscope may or may not indicate the
byrden of asbestos fiber The seasch for
and dentification of fibers must be
made on the sub-lght mucroscopic level

remove and tansfer objects from
histologic sections to approprate sub-
strates for examination by electron beam
instruments 5 52 This lechnique requires
focalizaton of objects with a hght
micrescope removal of the tissue matnx
by low-temperature  oxidation,
placement of the ashed sde on the
emcromanipulator stage and use of 2
wmedhanical manipulation  system to
remove selected objects from the sec-
tor. The use of the hght microscope in
the search for these objects preciudes,
by definition, sub-light microscopee par-
ucles from analysis Asbestos bodies sn
remaved tend to be nucleated on am-
phubole fibees 52 73 Lincaated fibers ave
only rarely removed from tissues by this
method, {2} Occasionally bulk tissuve
digested by the afkal method or ashed
In air or acuvated ouxygen and the

Joureal of Occapationst MedicineVol. 15, Ho. 3/March 1973

esidues examuned by eleciron beam -
struments. * 22 % % 10 One procedure -
volves several cyctem of wastneg and
centrifuganan  {alkah  digestion
technique}  and  both  require
homogeneous dispersal of the residue by
sonificalion 1 an aqueaus mebum amd
mpetung the homogenate on to electron
microscope grids The techmgue 15 ex-
cellent tor tssues 1 whuch ow con-
centrahons of asbesios dusts are present.
The major drawbacks are the
requisement for butk tssue samples and
the parhal destructian by atlak of some
amphiboles, {3) A techmgue has been
developed which permits using nonmal
histologic sections in the search for
asbeslos parhicles 53 9 %9 w2 [lyg
method s calied the carbon extractson
techmque and consists of a procedure in
which the tissue s ashed on a glass
shde, impregnated with a wateroluble
plasiic removed from the shde, a layer
of carbon deposited on the tissue sur-
face, and the plastic dissolved with hot
water feaving a floatmg carbon film
with rehic lissue and particies 3 %

The mponance of the wibon ex-
teactian technique cannot be overstated
it may be used for alf tissue matenals,
eveny in cases where only shides are
avartable all exposure fevels may be
exarmined 1 this manner by electron
beam istiuments (general popuiation,
or low intensity exposure cases, require
much scanning time), the carbon
pionides 3 stable medium and sup-
porting film far electron beam
exammnaton of alt particles, the same
section may be wansterred to the vanous
beam instruments for deterouning the
range of physical and chemscal
pammeters required for chamcteszation.

(b) Transmission tteciron
Microscopy — The examination of
hssue preparations by transmission plec-
ton oucrescopy makes visibie alf fiber
i the tissues and the mosphologicat
charactenstics by whuch they may be

Cheysottie g y Laaasls
of broken open, often curvad, “bundles”
of unt fibnls or of isolated fibnls These
fibls are 200-400A m diameter and are
made up of an etectron transhucent cen-
ter (a capdlary), electron dense “walls”
{crystalline  structure  containing  the
capiliary} and an efectron translycent
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amomhous edge which wmoeases w
thickness with time of exposure (0 the
clectran beam The relatne dimensions
of the units mayv van These iaatuses
have been dewnbed n  the
mineratogical s~ and medical
tieratyre 32 ¥ - Occasionally choysonle
may be present 1n issue as clumps™ but
more fiquanihy as mdivedual fibnls
espeaially 0 ndwaduals not oc-
cupationally exposed 10 the fiber -9 13
Chrysotle that has been  vigomusly
treated, swch a< s hammer or bali-
aulfng, tends 1o detorm readily under an
electran beam  <uggesung that the
crystaltine structure at the edges of the
fibnis have been disrupted 3% The mor-
phologscal charactenstics of fibnls ob-
served w human bssue van to <ome
degree vel thev ate distinctive enough
for unique identiication *°

Al ditst glance the overall mor
phalngical charactetistice of the am-
phibale asbestos fibers are temarkably
simlar, tending to he efectron dense and
either straight or bent Occastonally un-
der tigh mag ofication "cross-hatchung”
produced by diffraction contrast may be
observed along the uber s widih {hese
“bands * may mcaswnally be observed
to move up and down the fiber as the
intensiy of the eleCiton heam s vaned
on the sutface of its sample These et-
fect< are bikely caused by thermal stress
and chapge m convergance of the elec-
tron beamn I« possible 1o difierentiate
the ampnibole acbestos mitnerals mor-
phologicaly ** Fibers are  measvred
across there width and a width
chstnbution s determined  Each am-
phibole type apparently  possesses g
refatively  unique width  distrsbution
which may be used as an «dentification
tool Currenl siudwes 1n the Ee-
vironmental Scrences taboratory suggest
that thus @Ay 1ot be as staghtiorwaid ds
previousty indicated  Also . many
nonoccupationally  exposed cases the
number of such fibery observed n
ussues 15 small so that the usefulness of
chff | width distnbuts 5 re-
sincted  Also, mixed fber exposures,
appatently more the rule than the ex-
ceplion make the results equivecal

it appesss that, on a mophological
basis, chrysotne may be differentiated
trom all other morgamc sthcate hbers

292

The amphibole fibers may be identifted
on g spectic fiber type Lasn unly m
tases where exposure 15 “pure” Such
exposures are generally rare so that only
the amphubole group may be identdied
usually ot the fiber species

(¢} Selected Area Electron Dif-
fraction. — Most transmission electron
mircoscopes today are eqnpped with
conirols which make possible change in
wstrument geometry sa that diffacted
electrans may be braught mto focus on
the image screen Crysialline matedats
<caifer electrons i palteens represen-
tauve of their crystal structure ang -
terplanar spacings  Sngle crystal Laue
geometry {fixed film and crystal) applies
s0 that both dimension and angle
chazactenstics may be measured direc-
ty ¥ Fram each asbestos fiber type a
charactenstic single crystal pattem may
be obtained ¥ This technique permits
more exact identification of fibers when
morphological <haracierisics are  not
definnive.

Chrysotile yields a ummaue difracion
pattern and may be sdenhified on this
basis as well as by 1ts marphology 1% 108 '
Diffiacvon stucdies of fibers 10 bissue
matenials have demonstrated the 1m-
portance of the techmique 35 a tool for
wientfication of chiysotle - ™ One
repurt  tecently proposed that it s
possible to  differentiate among  am-
phibole asbestos types with the di-
fraction techmque '™ However, these
observations have recently beer
crticized because several patterns ap-
pear which are not accounted for by the
mneral’s space group symmeiry 10

Recemt wark has shown that reflec
uons obtained by the electron diffraction
method indexed according to known
space groups for the amphibole
minerals, show heretofore unsuspected
struciural modifications V" Therefore, the
amphibole mineral group possesses
structral characlenstics which make the

secondary electrons, of about 02
mqrony X-ray spectrometers!'’ 'R are
equipped with crystals which serve ac
dispersive x-ray analyzers The system
may detect clements down to and
cluding atomic number S (borony and
achieve a concentration sensitwity of 50
100 ppm depending on tstrumenta! and
sample conditions

We have analyzed ashestos bodies
and fibees by means of the eleciron
microprabe 1 51751 The passibality o sue-
wessful analyses of fibrous cures of
asbestos bodies and uncoated fibers was
predicated upon chemical differentiation
of the asbestos fiber types The chemucal
compnsition of single fibers was deter-
auned on the probe Asbesios fiber
types, especiatly amphiboles, could be
rhemically differentiated and dentitied
on a single fiber bases ¥ 31 5t A number
of interesung ubservations have been
made. chrysotde fibers are not stable w
the trologicat envitonment aid 1ead 10
fose magnesium single amphibole tbers
may be wdenbhed on a chemical basis,
amphibole fibers which occupy the
cores of asbestos bodies are nol
degraded chemucally whereas uncoated
fibers appear to have lost some magnesk
um fromm thesr structures 5

it 15 possible to chemcally charac
tenze and dentify uncoated asbestos
fiber< n human Nssues Success has also
been obtained on fibious cores of
asbestos bodies only when the fiber
protrudes from the costing matenal In-
dividual species of the amphibole fibers
may be differentiated with this
technique

(¢) Summary—Electron Beam I~
struments.  * Preparation tachniques
Ire now avaiable which make possible
exammation of any human tissues n
electron beam thstruments With the car-
bon extraction techmgue, gross
histologic  structuses  are  tecognazable
and worganic paricles preserved in their

muneral group bul not the ndwidual
mermbers of the group, 1dennfiable

(d) Eectron Microprobe Analysis, —
The efectron mucroprobe anatyzer makes
poswble x ray spectrochemical analysis
of small parhcles under an electran
beam The imaging system Is a fimited
depth of field scanming electron
rucroscope with spatial sesolution, using

originat al sites No physical o
chemical arufacts are created duning
tssue  prep n - This  prep

forms a stabfe matnx for the materials
and allows long ime cxamination of
particles under an electran beam The
mounting of the prepasation on an efec
tron microscope gnd permits ils (RS-
ference mmto any beam instrument and

Jdentification of Asbestas in Human Vissue/Langer et 3f.



allows multiple analyses 1o be per.
formed by one o5 several mstruments
Asbestos fibers may be identiiied on
the basis of morphological, structurat
and chemucat criterra Chrysotile may be
wentified on the basis of marphology
and selected rea diffraction pattern The
amphubole minerals, when occunng as

sngle fibers. need chemical charac-
terzaton as well for unique iden-
fificatson

Some Observations

Our laboratory has now examined
nssues from some 250 mdhividuals with
axposures 10 asbestos (occupabunal (o
‘general  population”™)  wath electron
beam nstruments The tssue preparation
ant identication techmiques have i
duded afl those described 1 this presen
latton

In all cosen whewe the ucupational
mistory indicated  asbesios exposure,
fibers were observed m the lung tssues
Some of these were large enough to be
seen by fght microscopy However,
most fibees present were well below the
mesolution of the hght microscope This
w5 nheerved in workmen  of-
cupationally exposed 10 amplubole
fibers as well as chrysotle In the latter
case however. the small fibers (fibnis in
2Ny Cases) were preserl ue muniers
about 300-1 000x that of the larger nbers
This size distribution existed in the tissue
sce the carbon extraction technique
was used N tissue preparation. Ex
trapulmonary tissues have been
examined, eg. spleen, colon, pancreas,
hver  Prmanly sub-light microscopc
nhers were present

In the New York City cases from the
‘general popufation” chrysoule fibers
were found n the fung ussues of 76 of
126 (ebout 60% ) cases ¥ The amaunt of
tissue examined 1n this study was ex-
remely smail  Lager amounts would
surely have increased the posmive oc-
currences  Here too, smali fibers and
fibrds of chrysotle predominate m the
particie  populanhon  Because of
utiization of a bulk tssue digestion
techrique, 1t was assumed that this
might be an arufact swze distnbution
produced dunng extraction However

this sz partecle was pheerved 1o
predominate i rehc hssues prepared by
the carbon extraction techrigue n
another study.™ in a number of cases,
fibers Rave been fournd which could
only be detected by efectron
mcroscopy  However even 1n these
cases, thete exists some uncertainty as
to whether the stze distnbiution reflects
biologicat degradation or the onginal
whaled aerasol The prominent fiber i
these cases «s chrysotie

Small amphibole fibers less than 01
microns in widih have been observed in
the tungs of workmen occupationally ex-
posed 10 amosite dusts The proportion
of sub-hight nucroscopic fibers 1o Tight
wvistble fibers ranges from about 2 1o 100
fimes and s apparently 3 funcrion of the
anatuinical site v the lung ¢ There are
few published dats suggesting that the
majonty of small ibers wete produced
by rolugrat degradation  The biulugical
effects observed i tissues in which these
fibers occur have often been attributed
to the associated larger particles The
concomytant sub-ight microscopic par-
ticles, “once demonstrated, cans.ot be
d d as a major pathog agent
n inthviduals with disease Figams 1-5

The: relationships of fiber vize and type
in association with human disease are
complex  Arbitrary simple assumptions
01 coudusrons based hight
microscopy that one spectic fiber type
o size 15 responsible for disease are un-
warranted
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