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through the other precipitator wan adjusted ac-
curately to 8 liters per minute. 'The dust in the

dep-
osition of chrysotile asbestos dust of pri-
mary lung cancer in an experimental ani-

- mal has not been reported, the 0CCUrTene 1auter was carefully weighed at the end of each

of malignant lung tumors in our asbestotic week to determine the average dust concentra-
vais is being reported and a hypothesis ex- tion in the chamlier during that week. The
plaining this phenomenon is offered. third exbaust gpening in the cheitiber, ten inch-
e in dismetér; }6d fo a teninch
wwmmygmm fitter and .
May 24, _ was used bo'




A total of 131 male white rats were exposed
to chrysotile dust in the chamber six hours a
day, five days a week for a maximum of 62
woeks, Of thesg 131 animals, 70 had had an in-
tratracheal applivation of 005 ml of 5%
squeous sodium hydroside, the purpese of
whiely was to impair clearance from the lungs
of inhaled dust. (The 70 rats were the survivors.
m;w&»mmmmmm
caustic applications intratracheally.) The in-
tratrachea! caustic spplications »
plished with the animals under ether anesthesia
and with the aid of a self-retaining illuminated
.pomwmm&/ ization of the vo-

rats not treated with caustic were
exposed in the chamber to chrysotile dust
were assumed to have normal tracheas.
Dust exposures were discontinued after 62
weeks, 'The survivors were then pastured for
the vemainder of their lives.

Dust concentrations in the chamber during
the first year, with only one mill in operation,
ranged from 42 to 106 mgfcu m. During the
second year, with both mills in operation, the
range wes 67 to 146 mg/cu m. The overall aver-
age was 86 mg/cu m (based on weekly deter-
minations).

Anvther group of 64 rats was given intratra-
cheal injections of chrysotile dust cbtained

precipi-

.
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Fig 1.—Electron photomicrograph of chrysotile dust
::himd by thermai precipitstion from the inhalation

served as laboratory controls and were not
treated in any manner. They were housed in a
room, remote from the exposure chamber, and
were pastured for the remainder of their lives.
Another group of 15 rats served as controls for
the caustic intratracheal applications. They had
survived an intratracheal application of sodium
hydroxide but had not been exposed {o asbestos
dust. Finally, a group of ten rats served as con-
trols for the rats injected intratracheally with

Table 1.—Overall Mortality and Lung Cancer Incldence*

16-Month Rats With

appl pt that the Survivors Lung Cancer*
18-gauge needle had its open- No.of %of % of
ing in the tip, the edges of Animal Group Rats No  Total  No.  Survivors
which were rounded off. The Chrysotile inhalation with 71 "31 “ 15 48
dose injected was 8.5 mg sus- intratracheal NaOH
P 3 Chrysotile inhalation with-

&w ml 41 ml. mtl 0: fivﬂe‘g out intratracheal NaOH . 61 41 67 10 24
Mmmeh‘i jection; 14 received Chrysotlle, intratracheai 64 19 ED) 3 16
two; 1 r:l:ivad three; 8, four; \Sportiony soniole 0 25 63 ) 0
and 26, ’

In addition, 30 Tate of the "t creysotite) 15 14 3 o 0
same shipment as that of the — ot lymphobt < o oecur spont v in these

animals receiving exposure rats).
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The survivors. of the multiple intratrac
chrysotile injections were killed 21 months
er the first injection. -

The lungs of all Tats were distended
10% formalin solution wader a pressure o
cm water. Sections: were cnt at 6 from bl
of lung engliedded in parsfin and stained -
hematoxylin snd-epsin, After photomicro
phy ‘the seetions were deedlorized and imp
nated with silyer decording to the metho
Gordon aud Sweets. Some sections were
incinerated in order to obiain information
the amount and distéibution of the chrys
dust.

Regults

The earliest lung canver was found j
rat that had died 16 months after initial
of chrysotile dust exposure in the inhala
pamber. Calculations of the 1
hung tumors: were based! o the numbes
animals that live 16 woonths or longer a
having been placed in the inhalation ch:
ber (72 rats) or after they had received
first intratracheal injection (19 rats). Of
72 surviving rats from the inhalation ch:
ber, 31 had received an intratracheal
plication of sodium hydroxide and 41
not been so treated. (These data are she
in Fable 1)

Many Jung cancers were microscopic
size but some weye visihle grossly, the :
ranging from 1 to § mun in diameter. All
mors were peripheral in location and n
originated in a bronthus or bronchiole. *
tumors were light gray-tan in color, bul
slightly above the surface, and were cove
by a shiny, thin, transparent pleura. *
consistency was firm, verging on hardn
On gection, the tumor presented a d
gray, dry, and compact appearance. The
surface did not appear to retract or bu
The edges of the tumor were smooth :
stood out sharply from the surrounding
tracted, molst, generally dark-red Jung
sue. There was no evidence of a caps
Distinguishing these tumors grossly fi
the lymphoblastomata that occurred sp
tancously fn our aging rats offered
difficulty. The latter turmors were locatec
the hilar regions, although soms of the k
er ones. extended fo the periphery. T
were infiltrating, henos their edges were
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ined by thermal precipitation from the inhalation

Cnad as laboratory controls and were nui
% pated in any manner. They were housed in a

owiddey hast hpdh ot bpam ewppecd. $p, aebestos
. Finally, & group of feu tats served as con-
s for the rats injected intratracheally with

- Mortality and Lung Cancer Incidence*

16.-Month Rats With

Sureivory Ling Cancer*
No. of % of % of
Rats No. Totat No.  Survivors

31 44 48

67
30 3
&
63 (- 0
4]

41
19
25

14

ashestos dust. They had received intratracheal
injections of water.

The survivors of the multiple intratrachesl
chrysotile injections were killed 21 months aft-
er the firat injection.

The lungs of all rats were distended with
10%, formalin solution under a pregsure of 12
m water. Sections were cut at 6p from blocks
of lung embedded in parafin and stained with

—— s ——_—— -

pated with silver according to the methad
Gordon snd Sweets. Some sections were also
incinerated in order to obtain information on
_ the amount and distribution of the chrysotile
dust. } .
Results

The earliest lung cancer was found in &
rat that bad died 16 months after initfation
of chrysotile dust exposure in the inhalation
| chamber. Calculations of the prevalerice of
lung twmors were based on the number of
animals that live 16 menths or longer after
having been placed in the inhalation cham-
L' ber (72 rats) or after they had received the
‘ first intratracheal injection (19 rats). Of the
! 72 surviving rats from the inhalation cham-
ber, 81 had received an intratracheal ap-
plication of sodium hydroxide and 41 had
y  not been so treated. (These data are shown .
in Table 1.) >

size but some were visible grossly, the size
ranging from 1 to 5 mm in diameter, All tu-
‘mors were peripheral in location and none
originated in a hronchus or bronchiole, The
l twners were. light. gray-tan: in color, bulged
; Slightly above the surface, and were covered
{ by a shiny, thin, transparent pleura. The

surface did not appear to retract or bulge.
The edges of the tumor were smooth and
stood out sharply from the surrounding re-
tracted, moist, generally dark-red lung tis-

taneougly in our aging rats offered no
difficulty, The latter tumors were located in
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X 40).

the hilar regions, although some of the lavg-  with




weeks the intratracheal application.
died 15%4 mornths after removal from the exposure
chamber (herastoxylin and gosin, X 150).

hort of 72); three had been injected intra-
tracheally with the dust, a prevalence of
16%, (based on a cohort of 19 rats). Of the
25 animals with primary lung cancer in-
cluding the mesothelioma in the inhalation
group, I5 had received an intratracheal ap-
plication of lye, giving a cancer prevalence
of 489 (based on a cohort of 31 rats treated
with Iye and surviving 16 or more months).
The remaining {en animals with lung can-
cer that had not had intratracheal lye treat-
ment, represented a cancer prevalence of
249, based on a cohort of 41 rats.
There were 17 rats with certain adenocar-
cinomata and three animals with question-

N
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v KA 2% 7
Fig 4.—Exampls of ane of the many parplexing le.
snen'fmmdinmwm is
charactarized by a collection of faitly large spaces that
have accasional i lined id

survival time, and pature of the tumor is
given .in Table 2. :

No lung cancer was seen in any control
animal other than the spontanecusly occur-
ring lymphoblastoma.
The diagnosia of adenocarcinoma is usu-
ally not difficult since a large nodule com-
posed of crowded, diminutive and atypical
glands makes recognition of this malignant
tumor relatively easy (¥ig 2). Often, how-
ever, other fort of altered morphulogy in the
same lung or even in the same section lead
to less certain conclusions. The diagnoeis

acellular, collagenous wmw

ducts, and their evaginating elvesli. In a few
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Table 2.—Rats With Lung

Dust Exposure
P
. No, of
Rat 3.5-mg  Survive

Mo, NaQli* 62 Weeaks Doses {Mo)

8804 ——tt Rl - 16

8847 - “+ s 16

arez 1 -+ - 16
a782 0 + - 16%
876} 1 -+ - 16%

9068 Q + - 23
8747 3 + — 25%

8781 2 o has 26
8740 Q + - 26%
8934 - -+ - 2744
8835 - + - 27%
8782 2 + - 27%
8863 - + - ¢ 2T%

8767 1 -+ - 28
8854 o + - 28%
8743 1 + —_ 28%
#4826 - + - 8%
8796 ‘3 i - 28%
8768 . 1 -+ - 29%
8811 -~ + - 304

- RB T + - 31
8783 ¥ + . = 31%

_loses 3 + -~ a2
10467 3 -+ - 32%

11178 - + — 34

91gd — = 3 21 K¢

ai91 - — 3 1K
9204 — - 4 21 K

* Applied intratracheslly weeks prior to inhaiation €
caustic application are designated by 0. Those that rec:
t E ive of lymph t which is » :
car + SO Fibro, tiby : Maso, |
{ Kitled. Alt other animals were found dead in their o

scarred foci in many lungs, the air spaces are

tined by darkly staining cuboidal to columnar

epithelium. The combination of distortion of
the air spaces with abnormal epithelial lin-
ing give the impression of neoplasia. Be-
cause the lining epithelium is uniformly
regular, well oriented, and devoid of exces-

Tabte 3.—~Trace-Metal Content of Chryso
and of Worn Part From Hammer M;

Cherysotite

After Hammer Milli
' e Priorto foé
e Increa
_Element ¢ /g Sample  pg/mg Samp %
Nicket fE7 X 745.5 [1]
Cobait _ [T 58 a8
f":s__mm 114.6, 1633 T

tadl None 37.9




evaginations, lined by deeply
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but: not o) n

! s an adenoma, but more mrg Fuabourine

mumma proateli: g i, X 150,

ol time, and nature of the tumer is.
.in ‘Table 2.
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or relatively easy (Fig 2). Often, how- |
other foci of altered morphology in the |
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Table 2.~-Rafs With Lung Tumors and Thelr Surviral Time
Dust Exposure
s i e,
No. of Primary Liung Cancerst
Rat 3.5mg  Survival 4
No: NaOH* 62 Weeks QDoses {Mo) Adeno $q Ceit Fibro ‘Mesy  Adenoma
8804 — + — 16 <+
a4’ - + - 16 +
RS i + - i6 +
§752 0 + - 1644 +
8781 1 + — 16%. +
9068 0 + - 23 +
8747 3 + - 25% + +
#7831 2 + — 26 + + s
B840 0 + - 26% + +
EsS4 - + - 27% +
8835 - + -~ 27% +
8782 . 2 + — 27Y% +
8863 - + - 2% + + +
8767 1 + - 28 : Y
8854 - + - 281 + +
8743 1 + — 28'% +
8526 — + - 28% +
8786 3 + - 28% +
3768 1 + = 29% T
8811 - + - 3084 +
8840 - + - 31 +
8783 2 + - 31% +
10566 3 + - 32 + +
10567 3 + — 32% +
11175 — + - 34 +
9188 - o 6 2] K¢ +
9391 — ~ 4 Zik +
9204 - - 4 21 K +
* Appliad mtr;m:hnny weeks prior ta i :¢ e. Ani d to dust i after the

i 1

P d by 0. Thou that received no are designate
Exclusi i . which is 2 common spontanecus tumor in-these aging animﬂ:.theno, adeno-
carcinoma; SQ. squamous; Fibro, ‘fibrosarcoma; Meso, mesothefioma.

{ Kilted, All other animals were found dead in their cages.

..L.

scarred foci in many lungs, the airspaces are
lined by darkly staining cuboidal to columnar
epithelium, The combination of distortion of
the afr spaces with abnormal epithelial En-
ing give the impression of neoplasia. Be-
cange the lining epithelium is uniformly
regular, well oriented, and devoid of exces-

Table 3.—Trace-Metal Content of cm»m- Dust
and Hammer Mil

of Worn Part From

give mitotic aectivity, these foci, if consid-
medastmmshnuﬂbedeﬁgmhdasbe«
nign, ie, adenomata, But if they are indeed
to be considered as adenomats, they are
quite different from the spontaneots pulmo-
nary seen commonly in mice
(and rarely in rats and guinea pigs). Al-

Shyete tends the

to compross sur-
After :

Prior to mmimr Miking Worn H m’s m tisue and
Hammer Milling, . . tncrease,  From Mil, %us a pseudocap-

Hement wgjgm Sample _ug/meSainple % ' we/gm Sample . sule of compreseed lung tis-
Nicket 138 248.5 8 2338 sue. The adenoma-liks foci
] 88 1.8 457 W65 T in the lungs of sabestotic
Chwamin 114.6 1533 3 frregular in shape

Lead None 378 rats are in

35 and although of raoderate
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Fig 5—To the right of this ifange adenocarcino-
matous mass there are two smalt foei of peribronchiofar
adenomatosis. To the right and below center of the
field is a smalier nodule of adenocarcinoms In which
glandular epithelium Is darker than in larger mass.
This Is from a rat that received six intratracheal injec-
tions, each of 3.5 myg chrysotile dust. it was killed 21
months from time of the first Injection (hematoxylin
and eosin, X 150).

RS St

size, Jack even a suggestion of circumnscrip-
tion. Other significant points of difference
. between adenoma-like foci in asbestotic rat
Tungs and the usual pulmonary
adenoma of small 1sboratory animals are the
presence in the latter of crowded glands with
epithelial eells with abundant pale cylo-
plasm, and papillse with delicate stromal
stalks, None of these features are found in the
adenoma-like lesions of asbestotic rat lungs.
Yet, there are similar foci in which the
lining epithelium of the spaces is so crowd-
od as to suggest growth activity beyond that
consistent with mere hyperplasia; the epi-
thelitn is larger with: more abundant cyto-
and sraaller oval or tubular glandular struc-
tures are found within expanses of acellular
collagenous stroma. These focl are mauni-

EXPERIMENTAL ASBESTOSIS—GROSS ET AL
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polarity. Occasionally the diagnosis of ma-
lignaney i3 facilitated by demonsiration of
epithelial tissue in the adventitia or the
periadventitial stroma of larger vessels (¥Fig
8). Diagnostic problems arise when lesions
intermediate between. those manifestly neo-
plastic and those considered as atypical meta-
plagia are encountered, Such infermediate
Jesions are faitly commen (Fig 4)!

In a number of rats, multiple foct of ade-

Arch Environ Health—Vol 15, Sept 1987
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nocarcinoma are present in the same s
tion, indicating the multicentric nature
the tumor (Fig 5).
} In several snimals, a cellular fibrosarc
{ matous tumor was found in the lungs (F
6). On the periphery of such tumors, the &
Spaces are narrowed, ‘their walls thickem
and composed of pleomorphic cells with h
Perchromatic nuclei and scanty cytoplas
Coherent massos. of these cells partially f
| the air spaces. They are assaciated with
delicate, argyrophilic supporting stroma. Tt
more subetantial stroma of the alveolar sep
remains intact, Although superficially reser.
bling the lymphoblastoma that occurs spor
diff fminthe.]a mt%y

er ther the pleomorphis
of their colls, their tendency to respect th
alveolar architecture at their peripbery, an
the presence there of a delicate argyrophil
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il of nuclei with poorly
Safined ool boumdaries and loss of celulr
polarity. Occasionally the diagnosis of ma-
lignancy is facilitated by demonstration of
epithelial tissne in the adventitia or the
periadventitial stroma of larger vessels (Fig
‘8), Plagnostic problems arise when lesions
intemediate
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w:?;n""“‘k fleld represents an “"'d"’“""m Fig 8.—Combiiation of sdenccarcinoma and fibro-

[ i 1§ bpleurs| [ ‘,'ﬂl 9
and also extending over the pleural surface, The silver “?"W'%“‘Wuﬁ” are well
preparation Indicates an intimate association of argyre- stromal cells ressmbla of

philic fibers with these cells. From a rat exposed 62
weaks to chrysotile dust, beginning two weeks after an

| caustic application. The t died 1145
months after removal from the inhalation chamber
(hematoxylin and ecsin, X 300).

nocarcinoma are present in the same sec-
tion, indicating the multicentric nature of
the tumor (Fig 5).

In several animals, a cellular fibrosarco-
matous tumor was found in the lungs (Fig
6). On the periphery of such tumors, the air
spaces are narrowed, their walls thickened
and eomposed of pleomorphic cells with hy-
perchromatic nuclei and scanty cytoplasm.
Coherent masses of these cells partially fill
the air spaces. They are associated with a
delicate, argyrophilic supporting stroma. The
More substantial stroma of the alveolar septa
Femaing intact. Although superficially resem-
bling the lymphoblastoma that occurs spon-
tancously in aging rats, these fibrosarcomas
difler from the latter by the pleomorphism
of their cells, their tendency o respect the
alveolar architecture at their periphery, and
the presence there of a delicate argyrophilic

ormetriom,. Tois Ragl - bt Tt e B o
X . .
same rat 83 In Fig 7 Chemetokytin and dosin, ¢ 150).

stroma. In contrast, the spontaneous lympho-
blastoma completely destrays the alveolar
architécture whether it is of the lymphocyte
or the reticulum cell type. A second form of
fibrosarcoma was encountered in a Jung, with
an adenccarcinoma in which the stroma is
composed of crowded, fairly vniform vesicu-
lar ovaid nuclei and an unusually dense
argyrophilic network. In one animal there
were foef in which sarcomatous oalls resemble
decidual cells (Fig 7). Interesting combina-
tions of adenocarcinoma and fibrosarcoma
were found in several animals (Fig 8). The
fibrosarcoma may be pure or may contain
epithelial components (Fig 9),
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Fig S.~—Anather combinaﬁm of adenocarcinoms
and fibrosarcoma of the WMatmNmnd
in the center surrounded by well differentiated
sarcomatous tissue. Thisnsfromtmexpaudmemy
sotile dust for 62 weeks and died 13 months after
removal from the exposure chamber, It had received
no intratracheal caustic application (hematoxylin and
eosin, X 300).

with a moderately cellular but relatively
dense stroma (Fig 10). The glands are lined
by sharply delimited, cuboidal to low colum-
nar epithelium with round, uniform-appesr-
ing nuclei (Fig 11). The lumen of some
of the glands contains PAS-positive materi-
al, yet the cytoplasm of the lining cells is
PAS-negative. The density of the stroma is
best seen in the silver-impregnated section
where crisscrossing thick collagen bundles
seem to enclose glandular elements. The
stromal cells are ovoid in shape and their
nuclei of a uniform, moderately dense char-
acter. Over the greater portion of the pleur-
al surface, the tumor is sharply confined to
the pleura. However, in several foci there is
superficial invasion of alveolar tiasue, Sev-
eral mesothelisl tumor nodules appear as
isolated focli upon an normal
pleura, Whether these are metastagos or
multicentric primaries is difficult to say.

Arch Environ Health—Vol 15, Sept 1967

Fig .s*marmmmmm
composed of irregulsr glands in a dansé
collagenous tissue. Except for a few sowll superficial

focc.mmtdmminmmﬁssm This tumar -

was found in a vat sxposad to chrysotile dust for 62
weeks beginning ons week after an intratracheal caus-

tic application, The anima¥ died 1314 momaﬁuu-
moval from the inhaiation chamber (PAS stain, X 40).

The smallest consists of stroma only and
forms a lentiform pleural thickening.
Although the squamous cell earcinomata
are not difficult-to diagnase (Fig 12), occa-
sional foei of ipira-alveclar atypical squa-
mous cell production have some malignant
aspects (Fig 13). Thuehavebeatcaeeso-

about 4 mm in diameter. This tumor, also
termed “colloid” carcinoma, consists of ir-
regular, mucin-filled cystic spaces that have
destroyed and replaced the alveglar archi-
tecture (Fig 14). Very few viable tumor
cells lining these spuces can be idemtified
(Fig 15). This type of cancex is more com-
monly seen a5 a primary tumor in the gas-

trointestinal
With the exception of one squamous cell
carcinoma that metastasized to a satellite
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satellite nodes or elsewhere. Examination
other organe in animals with lung canc

failed to-demonstrate the: presence of a ¢
m&atw&%mapulmom
melustasis,’

%eaelungmhavenoappamnn
Iation to the degree of ashestotic involv
ment, Mot one tumor-bearing rat he
diffuse ashestosls. In all animals the asbe
totic involvemert was multifocal, wii
ahundant ngpal, or near-normal alveol:
tissue between such foct, Lesions were ce
tered in the proxima] portions of the pt
"ﬂl’?m
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cmstic traatmont,
lymphmdeandthewﬂmw&atmeof al ‘from exposu mmmmmanam.
the discrete pleural fof of the mesotheli- X 150). "
oma. represent secondary vodules,. no. evi-
mammmmmm mmmmmwmwy

Theselungmmmammtm- (largely prior to 1933). In the United States
fation to the degree of ashestotic Involve- an epidemiologic study of menstbers of an
m&Nmmmm&admmtmmmmmmdm-
diffuse ashestosis. In 4]l animals the ashes- creased prevalence of Jung cancer, but the

L botic involvement was multifocal, with mtmofthadmwwbiﬁtﬁu(woz‘kets

abundant normal, or near-norms! alveolar had been exposed was uncertain.’

tissue between such fock, Lesions were cen-  The present study, with its 31% prev-
mm&epmmmmdﬂwpd- WMWW,'ﬁhm
mary fobule. mwm reported by Wagner et alt
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therefore, presaune,
tain, that the tracemetal content of the lat-
tor dust may not have been as high as in the

L - . . L .
i [ Tl aRe, T

sponse of hung and pleural tissues to this
dust, These factors are as follows:

1.. The chrysotile dust used in this inves-
tigation has a high trace-metal content, con-
siderably higher than it was prior to the
hammer-mill treatment (Teble 3). The in-
crease in content of trace metals after mill-
ing was nickel, 82%; cobalt, 145%; chrome,
34%. Aanlysis of the worn hammer of the
hammer mill revealed a nickel content of
2,338pg/gxu of sample.

2. There is a disparity in the published

of lung cancer among those who
worked in the British asbestos textile indus-
try.prior to 1933 and that among Cansdian
m\wmsmwmmmuu
Britiily asbestos taxtile industry bad a ten-

gréator risk of-developing hmg cancer

EXPERIMENTAL
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15—Higher magnification of seversl of tha
muﬁ-m,mmmwu.mmmw
lining epithelium of thuse cysts. a festurs commanfy

sresent in this typs of cancer (hematoxylin and eosin,

X 150).

of dust-exposure, and possibly also in smok-

ing habits, it appesys probable that differ-.

ences in the dust itself to which these

to considerable crushing contact with high-
strength. steel alloys o “open” the fibers
and remove adherent nonfibrous minemt
components prior to shipment to manwac-
turers, However, considerably more exten.
sive contact with nickel- and chrome-siedl
m%mma@matmm
finely divided fibers, takes place during this

with
of dirynotile dust and

%
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- tarian concept in support of which are the

peripheral location of all timors in question
and failure fo domonstrate a bronchial ori-
gin,mﬁ:eds Mmﬂasﬁadam

similar to those seen in normal alveolar sur-

face cells, inclusions not found in normal

partially differentiatd sqmmnm (Fig 13) to

fully differentinted (Fig 14), evem with
much keratin production; and from darkly-
staining cuboidal (Fig 4) to the highly
differentiated mucin-secreting variety fFig
8 and 15). Theneophzﬁcmmaiw

, pleomorphic
amﬁ!asbceeih(ﬁg'ﬁ and differentiated
types ranged from small spindle cells resem-
bling iliose of endometrial stroma (Fig 8)
to plump, collagen-producing fibroblast-like
cells (Fig 9).

The rapidity (within two hours) with
which new argyrophilic fibers become de-
monstrable on an alveolar wall of a sensi-
tized animal when challenged with tubercu-
Hn® suggests that cells of the alveolar
membrane rather than the exceedingly fow
and widely scattered interstitial meseschy-
nmleeﬂao!ﬁwaimhrh\temﬁi\mm
responsible for these fibers.

In a recent study of pulmonary adenomas
of mice, the apparent ahbility of alveolar
membrane cells to produece argyrophilic
stromal fibers was described® Finally, the
unitarian concept of the origin of these tu-
mors is supported by the observations of
pmimxsimesﬁgmmswhunoted&mmany

The fact that the prevalence of g can-

the importance of the upper respiratory

tract clearance particulaly in

eliminating cancerogenic
Amnmisahodmdwthemuf

. the ashestotic inflammation int rats, Despite
chrysotile -

a mamive exposute to respivable

»  dust for 62 week, the ssbesiotio inflaruma.

confirms our opinion ahout healing and non-
pmgreuicm of chrysotile asbestosis in the

rat.1®
* Sumwmary

One hundred and thirty-one rats were ex-
posed to chiysolile ashestos, finely milled,
in an exposure chamber for six hours a day,
five days a week for a maximum of 62
weeks, Dust concentrationis were very heavy,
ranging from 42 to 146 mg/ou m (average
86 mg/cu m), About half the animals exposed
nhnhadmtratmdm%appﬁmmnnimwﬁc
(M)mmmmmm
dust rotention and pathogenicity. Also, 64
additmnalanmkmgivm intratrachesl
injections of chrysotile dust, 14 recwiving
szngledmandthemm&etmu!ﬁp&um-
jections of 3.5 mg each, Controls consistad of
30 untreated, unexposed animals and 15 rats
treated with caustic but unexposed to ashes-
tos. Designed to study asbestosis, the most
important findings of the investigation ye-
lated to lung tumor production. Other inves-
tigators have not been successful in produc-
ing lung cancer experimentally in rats with
chrysotile. Tumor incidence was high, Of
those sarviving 16 or more ronths (le, after
appearance of the first tumor) 31%, had pri-
mary mahgmnt tumears of the lung. Oceur-
rence in rats treated with lye was 48%, twice
the rate of those exposed but not treated with
caustic. Malignant pulmonary tumors in-
cluded adenoearcinomas, fibrosarcomas, and

squamous cell cancers as well as a mesotheli- |

oma and a mucinous adenocarcinoma, A

ymphoblostomas
which oceur m&MmmﬁmM'

cer among the rats which had intratracheal. festly

" caustic applications was more than double

thatmanwhnutsomhd.un&ewﬁma

mmm&—wm.smm‘

have hot reported subjecti
MM&M&%MW
mm&mwmmw

as follows: nickel, 82%; cobalt, 145°
dm&%mwud&wmhm

R

“L Doll, R.: Mortality From Lung Cancer Amo
:;;:‘h‘ Workers, Brit J Industr Med 1281

2%!:’-.,%J~M
Hammond, EA

Among Insolatic
Wm&%m N
1AB16. 155, T06K States, Ann NY Acad &

Ently Effects of Chrypotile Asbestos :
Rat Lang, ¥ Puth, Bict SH520, 100 - ©

4. Wagzner, I;t:.msnmpmn
mals, Brit J Industr Med 30:1-13, 1969. fal Ao

&m,mwmrn-thm
Asbestos Miner

logie Stody of Lang Capcer in
TTOI4-655,

Limg in Utero and i
Transplants, Arch Path 42297247, 1949,
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SCIENCE

When scientists and engineers undertak:
ever, they find it impoasible to stick to qua
indude too many other aspects, and in ¢
kuman beings. And.p0 weary cynics like |




the importance of the upper respiratory
| tract clearance mechanism, particularly in

One hundred and thirty-one rats were ex-
posed to chrysotile asbestos, finely milled,
in un exposure cliamber for six hours a day,

five. days a week for a maximum of 62

weeks. Dust concentrations were very heavy,

7 ranging from 42 to 146 mg/cu m (average

86 mg/cu m). About half the animals exposed

! also had intratracheal application of ‘caustic

()ye)tomdueelmxgclenmnmandmmm
dust retention and pathogenicity. Also, 64

i sdditional animals were given iniratracheal

" | injections of chrysotile dust, 14 recciving

2R

single doses and the remaindes in-
jections.of 3.5 mg each. Controls consisted of
30 untreated, unexposed animals and 15 rats
treated with wmﬁcbutummwasheﬂ-
tos. ‘Designed to study asbestosia, the most
important findings of the investigation re-
Iated to lung tumar production. Other inves-
tigators have not been successtul in produc-
ing Tung cancer in rats with
chrysotile. Tumor incidence was high. Of
those surviving 16 or more months (ie, after
appesrance of the first tumor) 319 had pri-
mary malignant tumors of the long. Oecur-
rence in rats treated with Iye was 48%, twice
the raite of those exposed but not treated with
caustic. Malignant pulmonary tumors in-

adengcarcinomas, fibrosarcomas, and

- ticontiicity of
mmlmnkwttd&unudysuv
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port the unitarian concept of tumor origin
from alveolar cells, Degpite exireme expo-
seen, Fibrosis observed was multifocal, cen-
tered in the proximal portion of primary
lobules with normal appearing tissue intet-
vening.

. Cancer production-with chrysotile in this
study appears to involve frace metals intro-
duced doring hammer milling which in-

investigators have not reported subjecting
their dusts to hammer milling. The increase
in content of trace metals after milling was
as follows: nickel, 829 cobalt, 145%:;
chrome, 34%. Analysis of the worn hammer

of the hammer mill revealed a nickel con-
tent of 2,338sg/pm of sample. This finding,
wmwmmmm

Seaith, MD,
m@ tenoe materialn done ﬁﬂl
Wmmmmﬁ"w lealth,

James M. mem&cipnﬁed the ea;
in
stages of this inwvestigation. v
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‘SCIENCE VERSUS LIFE

When scientists and engineers undertake to apply science to practical problems, how-
ever, they find it impossible to stick to quantitative data and rules of logic. The problems
include too many other aspects, and in dealing with them they naturelly behave like
bumsan beings. And so weary cynica like lawyers and political scientists take a certain

special
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sions, without replizing all the other components of & n
thove decisions. The lesson is & valid and important one,

wmmmMmmmmmmawmmnM
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