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-to illness and death by asbestosis and lung cancer when inhaled in great quantitics
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Abstract—The rclation beiween cxposure to asbestos and the occurrence of neoplasia is
reviewsd and it is concluded that the increasing use of asbestos will result in an increasing
ircidznce of tumours. It is known that inhalation of asbestos fibres results in the formation |, - >
of asbestos bodics in the lungs.
Typical asbestos initinted tumours—pleural and peritoneal mesothelioma—were found at .
an uwnusually high frequency in shipyvard-workers, Only slight asbestos exposure had taken L by
‘f pizce in these cases. On the other hand the persons involved had been exposcd to high ' B
+ concentrations of iron oxide (Mame cutlers and welders). Objects similar to asbestos bodics . e
v were found in their lungs. Originally it was thought that these were pscudo asbestos bodics, . . I
1 containing an iron oxide core, and it was suspected that pscudo asbestos bodics might play a B RATERE
+ part in the genesis of the tumours. [nvestigations carried out at TNO institutest showed that e a .
" the kemne! of the bodies containcd asbestos of the amphibole type thus proving that they L L
were not pscudo but normal acbestos bodics. The simultancous exposure to low concentra- N [
tions of asbestos and high cuncentrations of iron oxide raises the suspicion that iron oxide oL . ) .
might be an important coflactor in the genesis of mesolthelioma found in the shipyard-workers. B PO
Experiments with difTerent types of asbestos and iron oxide, on animals, are considered to bo -
highly desirable in order to verily or disprove this hypothesis.

INTRODUCTION : e

IN RECENT years an increasing number of reports about exposure to asbestos and .
mesothelioma have appeared in medical literature. There is an alarming cisc in the
incidence of this rarc tumour and, ncarly always, exposure to asbestos is found. E

Asbestos—an indestructable material—is mined in incrcasing quantitics, for | .-
ever wider use inside and outside industry. Known as a dangerous material, leading

during work, it now scems to have a long-term effect when inhaled in minor quantities. . T
The last form may result in mesothelioma. Exposure to asbestos also results i~ + {0 0 &
the formation of asbestos bodics. - "

¢ Publication No, 237 of the Research Instituie for Public Health Enzincering TNO. .

+ The investigations using clectron diffraction and clectron microscopy .were carried out by . el
H. D. Zeedijk, and then with the X-ray microanalyzcr by A. P. von Roscnsticl, both from the Metal R
Rescarch Institute TNO. They will report in detail about their inveatigations {n tho joumal Micro ~ v
Chimlca Acta, : \

(TNO’.I‘; the Dutch nbbmvialbon of "rr.- Or:;anluum for Applied Scientific Research in tho Nothers B
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Tie freguent fnding aidt over the warid of asoestos bodics at autopsy, without
distinct asbestos cxposure, perbaps indicales a widespread contamination with
asbestas, unless there is a possitility of pscudo-asbestos bodics being formed.

The relatively sudden appeariance of a great manoer of mesoticiiomas in shipyard-
workers without definite asbestos exposure, of asy sign of asbestosis, together with
a high incidence of asbestos bodics in ic sputa of this group of people called for an
examination of tiese asbestos bodies which is described (n this paper.

1
ASBESTOS

Asbestos, the weli-known mineral with the “thousand-and-one applications”,
also called "the niagic mineral”, consists of silicates having a fibrous crystal-structure.

The two most important groups arc: .

1. scrpenuine asbestos {chrysotile);
2. amphibole asbestos (amosite, crocidolite).

Scrpentine asbestos is a silica-magnesium compound; amphiboles are composed
of silica and iron.

Magnesium, aluminium, caicium and other clements are also found in amphiboles.

Asbestos may be described as a mincral that breaks down into fibres when crushed.

The molccular units are very strongly linked together in one direction; cleavage
results in fibres which arc sometimes of considerable length. This property, togetacr
with the many other weli-known qualitics, resulis in the widespread usc of asbestos,
in and outside industry, for textiles, heat and eleetrical insuiation, {riction-materials
(brakc linings), filters, packings, filling matcrial for plastics, asbestos cemeat, ctc.

Industrial usc started about J880,. especially in the asbestos textile industry.
Nowadays an enormous increase in applications can be secn. To mect the growing

- worid consumption a 1000-fold increase in output has becn required in the last 60

years. The greatest increase started after World War If. In 1945 the total production
was about 0-6 miliion toas. The total yearly world production is now about 3-2
million tons: 90 per cent is chrysotile, 10 per cent amphiboles.

The fact that asbestos is practically indestructible mcans that an ever-growing
quantity of asbestos is descending upon the human community, especially in the
industrial parts of thc world. Nowadays in many circumstances there is no other
matcrial that can replace asbestos.

ASBESTOSIS

A shadow was thrown over the famous qualitics of asbestos when the first case
of asbestosis was found (MURRAY, 1907).

Peopie cxposcd to aspestos dust in asbestos textile works showed increasing
deterioration oi lung function; asbestosis became a well-known professional discase.

After long, or somctimes short, cxposure progressive fibrosis of lung-tissue scts in,
with increasing illness icading to death,

The development of satcky mcasures diminished exposure in the asbestos lcxulc
industry, but the incidence of asbestosis was oflset by the increasing use for other

. purposcs such as beat insulation.

N

) ASBESTOS BODIES
It was not until 1924, that Cooke described another case of asbestosis. This case
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Asbesios bedics and mesathclioma 2558

Is associated wih the discovery of the “curious bodics”” found in the tungs of a femile
asbestos texuic worker. Since then mucih has been published about ashestosis,
cspecially in Britain,

Thue “curious bndics™ were found repularly and it was STEWART (1929) who
described them as “asbestosis bodies™. In later literature these bodics, together with
asbestosis or signs of asbestos cvposure, were found regularly, Because of this fact,
the name was altered to asbestos badics. [However, for many years thc finding of
thesce bodics was {requently considered as pathognomic for asbestosis. Tie very fine
needles in inhaled asbestos dust casiiy descend the respiratory tract and arc deposited
mainly in the lower Jobes of the lungs. The organism scems to protect itscif against
this irritating material by enclosing the needle with layers of protein. The deposition
of protein starts at both ends; later it is deposited on the shaft.

Jn this protein iron is precipitated. Under the microscope the bodies have a
brownish-gold coiour; with an iron-colouring they show up as pitch-black objects.

The asbestos bodies are cas:ly recognised: they have a typical dumbell form.

Asbcestos needles may be very thin: the thickness varies irom 0-3-3 um and many
are invisibic under a light-microscope. Since the asbestos bodies are very casiiy
visibie, relativeiy large quantiiics of protein-iron must be deposited.

Exposurc 1o asbestos resuits in the formation of asbestos bodies, as has been
proved in many animal-experiments. They may be found at post mortem or evea in
sputum when cxposure was short and occurred a Jong time ago. Ia bodies of long
standing disintegration occurs and the bodies then resemble a string of beads. It
sccms that this disintegration is not sulficient to enable the organism to get rid of the

|

e ST

N

'"d““_W- inhaled asbestos.
A€ growing During the last decade a great aumber of reports have been made about finding
the last 60 : asbestos bodies in the lungs at post-mortem, without known asbestos exposure. .
pr?duc(jon , Thomson (1963) describes asbestos bodics in 30 per cznt of the males and 20 per &
about 3-2. . ; cent of the females :n 500 consccutive autopsics over the age of 15 in Cape Town, .
o ; South Africa. Similar findings with higher percentages were made in Miami, Florida; -
:r-growing | Pittsburgh, Pennsylvania; Montreal, Canada; and Milan, [taly.
ally ia the : In 1960 THOMSON ef al. (ricd (o cvaluate the recognition of asbestos bodies in .
i 00 other ; their article " Asbestos as an urdan air contaminant™.
j The formation of asbestos pbodies results [rom protein-iron being deposited on the .
‘ thin asbestos fibres. It is possibic that a similar process takes place with other inhaled -
' materials and has been reported in conncction with coal dust and graphite, pscudo- .
- first case asbestos bodiecs being formed. Other articles describe similar ferruginous bodies -
) _ ' formed arouna carbonaccous like materials (Gross, 1966). There is a high incidence
‘nercasing 1 of pscudo-asbestos bodies in human beings, especially in cities and industrial regioas.
i d‘5°3§°-_ : However, thc increasing amount ol indesiructable asbestos, used in numcrous . ’
Je kets in, ' circumstances, may lcad to world-wide contamination of human inhaied air. Perhaps .
) ! the first symptoms of this mass-contamination arc beginning to show themsclves and
105 textile ! the so-called pscudo bodics are, in fact, normal asbestos bodies. -
iot other !
N ASDESTOS AND NEOPLASIA
. The first suggestion of an association between asbestosis and bronchial carcinoma _'
) ‘ was made aoout 1934 (Ly~Ncd and SMiTH, 1935; GLOYNE, i935). iaier, ia reports
This case from the British Ministry of Labour, moro cvideacs was brought up.
» : ‘ . ' - ‘-
. > -
ot K oY
Ji . . :
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BUCHANAN (1965) summed up the incidence of asbestosis and lung cancer in
Britain., In the U.S.A., SEUKOFF ¢f al. (1964) made a retrospective study of 632
insulation workers, with over 20 ycars' exposure; the {oilow-up was made with the

“help of the labour-union administration. Of these workers, 255 had dicd by 1964.

Amongst these 255 the cause ol death in 45 cases was a carcinoma of the iungs or
mesothciioma. The expected incidence was 6:6. Carcinoma of the digestive tract
had caused 29 deaths against an cxpected 9-4. For other carcinomas the incidence
was normal. The incidence of mesothelioma of the pleura and peritoncum was

- found to be relatively high,

Later SELIKOFF ¢f al. (1965) found that among 307 ex-insulators mesothelioma
was the cause of death in 10 cases.

Mecsothelioma was long considercd an extremely rare tumour. Many pathologists
denicd its existence as a substantial tumour and looked upon it as metastasis of a
primary tumour elsewhere. Nowadays this rare wumour is more and more widcly
reported. There is no longer any question as to whether this ncoplasm is a metastasis
or not: it is a very substantial tumour, typically located in the pleural and peritoncal
membranes. Metastasis is rarely seen, cxcept in the final stages. It grows fast,
encasing the intestines and lungs, usually without infiltrating them. It is a poly-
morphous tumour, with many different structures, mostly fibrous alternating with

tubular and papillar areas; typical clefts may be present. It resists any (orm of -

therapy, Tt became more and morc obvious that there was a conncction between
ashestos and mesothelioma, particularly from the reports from WaGNeR ef al.
{1960) and Newnouse and Tnompsoxn (1965), who reported the occurrence of meso-
thelioma in paticnts with no known dircct contact with ‘asbestos. Asbestos mincs or
asbestos industrics were located in the necighbourhood, but exposurc in thesc
neighbourhood-cases was slight. There are signs that minor crocidolite intake,
especially, may result in mesothelioma. The incubation time may be about 30 years.

In conclusion, asbestos cxposurc may lead to asbestosis, to carcinoma of the

Tungs and digestive tract and to mcsothelioma. In the latter case there may bo no

indication of definite exposure to asbestos.

FINDINGS IN SHIPYARD WORKERS
Asbesios bodies

Since 1875 there exists in Flushing, the Netherlands, a big shipyard and machine

tool manufacturer the Royal “'de Scheide”™ Ltd. This yard is the continuation of an
oid navy yard, that has been there for several centurics.

The shipyard is the only big industry in this little town. The production line
consists mainly of new ships, heavy machinery and boilers. The number of pcople
empioved was end of 1967 morc than 3100.

In March 1962 a 41 years oid worker had an accident. He acquired a fracture of

the 11th and 12th rib, without any further complications. He was sent home; 5 days
later he was found dead.

The social insurance fund .requested a post-mortem to ascertain whether there |

was any connection with the accident. The posi-moricm reveaicd the two broken
nibs and as the certain cause of death a pncumonia of the infiucnza type. The patho-
logist also found numcrous asbestos bodies and amorphous iron oxides in the lungs,
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howcever without any trace of fivrosis. S0 ro asbestosis could be diagnosed, nor
any malignancy.

In his working-lifc the man had had only 2 very slight contact with asbestos,

In building new ships two kinds of insulation processes are used in the iast stages
of the construction process.

Chrysotile fclt is used in the first one for the insulation of pipes in particularin the
engine room.

The sccond process is used in particclar between walls. A mixture of cement,
chrysotile, amosite, crocidolite and water is mixed and injected in the indicated

locations.
It should be noted that asbestos insulation has never been applied by employees

injection of polyurcthane foam or by the use of glass fibers and minerai wool. I
repair yards there is more asbestos cxposure because of the breaking up pipeline and
boiler insulations during repairs. The man had worked in the yard for 15 years,
mostly in the first stages of shipbuilding—the construction of the hull where “clean™
iron is used. He was a welder; so there had been a heavy exposure to iron oxides.

Investigation of the welding-rods uscd rcvealed that no asbestos containing
welding-rod had cver been used ia this yard.

Of coursc cxposurc to asbestos cannot be entirely denicd; it is used in so many
places and circumstanees. :

The fact that there was no trace of asbestosis indicated only slight asbestos
exposure. The numerous asbestos badics however called for further investigation.

In the following 4 ycars a great number of sputa of yard workers was screencd
during the period of coughing after the “common cold™ when there is always some
alveolar sputum.

After the sputa had been concentrated and stained, microscopic rescarch revealed
that out of 247 sputa, {47 contained asbestos bodics, mostly combined with
amorphous iron. This total attained greater significance when split up over the
various work-departments of the yard.

Total sputa Asbcestos bodics (/A

Shipbuilding a7 65 7
Engincering Ss ’ : 52 59
Maintenance, ete. 40 22 55
Administration 32 ' 8 ’ 2
Total 247 147 53.5

In a group of 24 insulators 22 (92 per cent) were found to have asbestos bodies in
their sputum.

Espcciaily in the shipbuilding depuriment & lot of work is done with exposuce to
hot-iron (welding, burning, etc.). So it might te asked if thiere could be any connee-
tion between thc asbestos bodies found and eaposure to iron oxides.

Inhaled iron oxides may lead to harmiess siderosis of the lungs; examination of
180 welders in the same yard reveaicd no significant cecrease in lung function, nor
any tracc of asbestosis on the X-ray phoiographs. However there had sometimes
been exposure to welding-smoke for'25 years or more.

ST0011595
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The possibility that the asbestos bodics found could be pscudo-asbestos bodies or
ferruginous bodics had to be investigated.

Mesotichioma

In 1964 the first case of pieural mosothelioma of a yard worker was reported. In
ouc following tiree years the number of mesotheliomata rose to 21 in the whole
orovince of Zeciand. From this number 17 had worked in the same siaipyard in
Flushing. Two more yard workers probably have mesothcliomata; these are not yet

< mathologically proved, but the clinical symptoms are unmisiakable. All pathoiogical

work in Zecland is done by onec institute; 3ll cases of mesoticlioma of the pieura
and peritoncum were correclly diagnosed in Giops.cs anc post-mortems by this
institute, sometimes controlled by other pathologisis. All cases were concentraied
in Fiushing and the immediate acighbouriiood. In nezriy ali cases 2 good occupaiional
history could bc obtained. Oaly 4 cases had never worked in the yard. O these 4,
one had had dcfinite exposure o ashestos; | had worked wila hot iron (foundry)
ana | in agriculture. For one no occupational history could be obtained.

All were people of 60 ycars or oicer, when they succumbed, and it was kaown
that ncariyv all had had a risk exposure to oxides of iron.

In ail post-mortems asbestos bodies were found in the lungs; no trace of fibrosis
or asbestosis could be detected, even after thorough search. In three other cases
asbestos bodics were found in sputum. The question of the nature of the asbestos

bodics found became urgent. In this matter we reccived great help from the TNO

institutes in Dellt {the Netherlands).
The asbestos bodies were extracted {rom post-mortem Jungs in coansidcrable

tion patterns of

pattern to be ide
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numbers and thoroughly washed to get rid of most of the organic materials. Ia this “:::,‘:'
form they were presented to the TNO institutes with three questions,
1. The determination of the kerncl of thesc bodics: asbestos or not? o
2. Il asbestos, what type could be detected 1a these bodies? -
3. If not, what other clements could be found? S
o
PROCEDURES USED FOR INVESTIGATING THE COMPOSITION -
OF THE KERNELS OF ASBESTOS BODIES (S g]
The clcctron microscope and the “'X-Ray microanalyzer' were the main instru- (o)
ments used curing the investigation. Isolation of the asbestos bodies from the o
sampics, which proved to be necessary, was carried out with the aid of a micro-, . ~
manizulator, M
Electron diffraction utilising an electron nricrascope ’h;::&;
The clectron microscope offers unique possibilitizs for investizating the structure . 2777 g

ol microszopically smail objects. This is not only cuc to the much larger resolving | Ea—
power ol the cicctron microscope compared to the tight microscope (100-1000 times
better) but also due to the possibility of applying ¢iTraction methods on a smail !
sciccted scction ol the specimen under investigation. By the use oi difiraction meticds,
T =it ivin principle possibie o0 deduce the three-dimensiona: siruciure of atoms within
the crystal latiice of the surface of the specimen {(BEECHING, 1946; ULLMAN, 1961).
From the diffraction patiern, it was possibic to caiculate thc dimensions of the .
clementary cell, which iadicated the prescncs of asbestos. Subscquentiy the difirace

ST0011596
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tion patterns ol known asbestos iypes were compared in cotail with the difiraction
pattern to be identified.

The X-ray microanalyzer

In the classical microscope light is projected upon the object each point of which
then functions as a light-emitter. Zy processing (with ienses) the cleciromagnstic
waves generated by the emitiers, a picture is constructed which is a magnilied image
of sclected parts of the object. An aiternative possibility consists of the scanaing of
specimen scctions by a beam of fight. After amplification, the iight wnich is {rans-
mitted or reflected, is made visible on a aisplay tube by usc o tclevision techniques.,
Tae cegree of magnification can be controiled by causing a small beam movement
in a Lorizontal direction over the obicct under invesiigation (0 procuce a iarger
Lorizontal movement over thc electron imaze display tube, sce Fig. !.

Tie resolving power of this type of instrument depends in the frst place on the '’

siz¢ of the cross-section of thc decam which must possess sufficicnt intensity to be
registered by the detection system employed.

The principle described above is applied in the X-ray microanalyzer. A beam of
clectron scans over the specimen’s surface. The seccondary clectrons, which are

\ / Elestran gun

|
. '_\ |
le::ln‘l:v I 2 Magnitication | Eleciren l Korey pulse
| | seniral Image Image meoniter
| /N , N
!
!
! ' !
N
: ; i
| Pulse i
i anaiyser !
} ryatatapsctrometor | i !
{\(mz mutiptier : I !
| " L/- i | ) l
{
- Phosphat | garars y '
:Elufr/ ; 2 .
| | /eevAter
iSpeelmen : E ’
| ! l
l;__ Jmﬂlfl:} Amplitior
| { b0
. { |

F1o. . Schematic dizgram of microamalyzae,
Examipic o an cicciron image iz, 4a

\ Exampic 072 J-my image Fig. 40

cxanple of Lha recording of the pulze monitor Fiss. 3, 6, 7.

[6G1 10015

- ——————

ST00115697



250 J. Stumrnitus ang 2. 5. MEeven

emitted by the specimen’s surface, are trapped in the phosphor of 2 photomuitiziicr
sube. Thais resuits in a siznal, which, after ampiification, is macde visivie in a dispiay
tube foming the ciectron image, sc¢ Fig. L

Whaen siruck Dy the beam of clectrons cmitted by the cicctron gun, the specimen
will emit not only sccondary ciestrons out aiso.Xeray Juorcscence radiation. Tac
waveiength of this radiation is characesistic for the ciements which emit the radiation
while the radiation intcnsity Js reiated to the concentration of these elements. By
spectroscopic analysis of the radiation emitied, it is possibic to odtain a qualitative
and cemiquantitative composition of the sciccted part of the specimen (CoOSSLETT,
1966).

ZNPERIMENTAL RESULTS AND THEIR DiSCUSSION

Figur'c 2 shows a typical asbestos body as scen in tiic iight microscope.

The ideatification of the kxernel of the asbestos bodics by =icctron diflraction was
hampered by the amorphous protein coat and was attempted by means of the X-ray
microanaiyzer. The first results gave the impression that the Xernel consists mainly
of iron and oxygen, while traces of silicon, phosphorous and calcium were also found.

At this point of the study it was deemed uscful to conatinue study of the structure
of the kernel of the asbestos bodics by means of clectron diffraction. The asbestos
bodies were isoiated by the use of a micromanipulator and treated with a mixture of
HC! and H.O, in ordcr (o strip, at lcast, partly the coat {rom the kernel, Fig. 3.

During this stripping operation, it became clear that the coatis not homogencous but
consists of laycers, vacying in density which are deposited around the original fibre.
The scction scen as the kerncel of the asbestos body, when using a light microscope,
often consists of the kernel pius the first layers of the coating. The actual kernel is
often thianer than originally presumed (a few tenths ol a micron). As the resolving
power of the X-ray microanalyzer is of the order of lum, the X-ray fluorescence
radiation must principally originate from thie high iron content of the coat and fora
very minor part from the asbestos fibre. The cflect of tiwe thickness of thic coat is
shown in Fig. 4, which illustrates an asbestos body for which the comnosition hias
been studied at sections where the coat varics in thickness. The resuits of this study
arc shown in Figs. 5, 6 and 7. Figure 5 gives the X-ray image of the same asbestos
body procduced by the wron fluorescence radiation, giving o qualitative picturc of tie
distribution o the iron. Figures 6 and 7 give morc accurate quanutative resulis, So
in Fig. 6a the vertical axis gives an indication of the concentration ol iron along the
Jocztion on liae ¢ from Fig. 4, and Tig 7a shows simiiar Jdaia {or silicon. Figures
6b znd 72 provide the same information as 6a and 7a, but now for line & of Fig. 4.
Figures 6¢ and 7¢ provide this information for line ¢ of Fig. 4.

Similar lires have been established for the
oxyzen and magznesium.

Electron diffraction studies carried out on practicaiiv stripped asbestos bodics
showed that the xernel consists of an ampiidoic type o asvestos.

Jy this method it was possible to :enudy the core ol cight csbestos bodies. Ia
s¢dition, iavestigation of the orizinz) sampie, sent to TNO, wis Jound (o conwin
uncoated asbestos Abers. Qut of 27 {lores iavestizated by clectron diffraciion 17

e

ciements cawium, phosphorous,

S 4
appcared to beiong to the serpentine varicly chrysotiic and (0 were classiicd o3
beionging to the amphiboie type (probabiy v:r;ct‘y crecicoliie), '

}l

| €

Fia. 3. An cicction

»
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i

{

; Aithough approximaiely 5 o the asdestos fdres coilected {rom the original

: sampic could be ciassiicd 25 being o the chroysotiic type, wiile the rest were amphi-

; bole, it is notcworthy that ail the cores of the astestos bodies wiich have been inves-

) tgated consist of an amphiboic type of asbestos. Various cxplanations for this

i phenomenon can be olicred, for instance:

! 1. since asbestas fibres of the amphibole tyzse are generally thicker than those of
p ye &

! other types the asbestos bodies are more noticeable and are therciore easier

’ to isolate; .

I 2. when both amphidoic and chrysotile types of asbestos are present simuitancously

| in the lungs the amphibole type of asbestos is more likely to be used as a kernel

P for asbestos bodies.

f It has been reported (BLrRiLEY, 1967) that the propertions of iron, silicon, oxyzen

; and magnesium of the core of asbestos bodics, as determined with an X-ray micro-

? analyzer, do not correspond to any known type of asbestos. Berxizy (1967) sug-

l . gested that this is duc to attazk of the asbestos in the pleura where atoms of silicoa

[ * and magnesium arc displaced by iron atoms. The investigztions described above

i

!

|

{

i

!

i

:

i

i

i

1
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. show that the lack of correspondence can be explained by the varying thickness of the
protein coating containing iron, which is deposited on the asbestos fibre. This is
illustrated by Fig. 7a, band ¢ and & which show the increase of the silicon concea-
tration due to the decrcase of the iron containing protein coat of the asbestos fibre.
Proof that the incrcasc of the silicon concentration corresponds to in successive
traverscs, a to ¢ a decrease in the thickness of the coating is cvident in Fiz. 4. The -
iron concentration, on the other hand, decrcases with decreasing chickness of the  ~
coating as shown in Fig. 6a, b and ¢ duc to the fact that the iron content of the
protein coat is higher than the iron content of the asbestos.

Apart from this, no indication of contamination or attack of the asbestos fibres
forming the kernels of the asbestos bodics has been found. Concerning the existence
of pscudo-asbestos bodics, it is to be noted that in all cascs investigated by TNQ, the
corc of the supposed pscudo-asbestos bodics proved to consist of asbestos. While it
is premature to draw any definite conclusions on account of the limited number of
determinations which have been carried out to date, definite doubt regarding the
existence of pscuco-asbestos bodics appears justified. From expericace acquired
during the tests, the impression is gained that clectron diffraction, supported by the
X-ray microanalyzer, is the only mcthod which is able to climinate the influence of
the coating or residuals of the coating on the analysis of the core.

Finally, it should be remembered that the role of asbestos bodics in the genesis of
mesothclioma has not been dealt with, It is believed that experiments with animals
are necessary to clarify this, '

i

CONCLUSIONS
I, Though there hac never been great asbestos exposure in the mesothelioms
cases in Flushing, the amphiboles found in the asbestos bodies may have caused tiae
tumour. ' ‘
2. So far, ihcre have been no cases of mesothciioma ia the small community
living in the immediats vicinity of the yard ot Flushing. It should be malised thzt
‘there may bo otber factors fuactioning £3 co~carcinogens. The iron oxides should be

l
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laxen into account since all mesothelioma cases from the yard had had neavy ox-
posure to them.

5. It should be reaised that tac ever growiny araoun: of asdestos in the human
community, which cannot be ncutralised in any way, may lead to a steep risc in
mesotisciioma. The amphiboles, in particticr, may be a spacial risk.

4. There are strong indications that cicztron dilfracticn, supported by investiga-
tions with the X-ray microanalyzer, is the best way for examining the cores of
asbestos bodics.

5. Theexistence of pseudo-asbestos bodies must be considered extremely doubtful;
it is believed that the analytical method uscd (o .dcmify them was inadequate.

6. It is believed that the unusual composition o the cores of asbestos bodies,

. found by chemical analysis and with the X-rav microanalyzer, is caused by the

protein coating which contains a high percentzge o iron.
7. Research on the part played by the inhalztion of amphiboles and iron oxides
in the genesis of mesothelioma must be carried out with animals.
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