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Your ref. - Our ref Tol oxt Date
JS/AM/DS0-107 3162 20 July 1979
Dear Nick
‘PVC-DUST

Thank you very much for your letter of July 6.

I have pleasure in enclosing our translation of the paper by Popow which you
requested. I do not know whether this will be of any interest to you in the
liability case which you have. As you will see when you read it, Popow's ~
experimental conditions were gttorly extreme. I think any biological system
will be overwhelmed by 97 g/m” of PVC or any other fine dust. These conditi ns
are a long way from our TLV of 10 ny'mg._

I have just got back from my annual vacation and your letter was on the top
of my pile. I have not given copies of this Popow translation to Ted Torkelsop.
Maurie Johnson or any of my other American friends. It may be some little time
before I get around to doing this. If you could run off some quick copies for
them, I would be grateful.

With beat wishes

"Yours sincerely

’

»,
-

J Btafford

Divigion Manager -
Health and Environment Protection

Enc
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I. INTRODUCTION
0%

The pathological changes occurring in the respiratory system under the
influence of inspiration of air contaminated with particles of various dusts
have been described for about 100 years as dust disease —~ pneumoconi sis.
Initially pathogenic action was only ascribed to silicon dust. Therefore
the investigations undertaken mainly concerned silicosis. On the basis of
clinical ltudi;s (Levin [7;], Sokotow et al. [109]), Vigliani et al. [122))
and experimental studies (Cabafiski et al. [13], Gross eﬁ al. [37), P licard
et al. [95]) 1t was found that in thas lungs s{licom dust cavses formation of
flbrous nodules, composed of thick strands of collagemous fibres, undergoing
hyalinization. Sometimes there are necrotic masses at the centre of such a
nodule. The discovery of the pathogenic properties of silicon dust had
the resclt that many authors turned their attention to the probtleza of dust
diseases. Clinical and experimental investigations made it possible to
deternine the action of individual types of dust. As a result of this
research it was ;s:ablishcd that coal dust accumulates in the lungs, dacages
the pulmonary alveoli and causes formation of dust nodules with the character
of glant-cell granulomas. These nodules are of a constant character wvith
susceptibility to f£ibrous atrophy (Niepoio;ski et al. [80], Schepers [106],
.Horth et al. [121], Soiniar; et al. [110-112]). However, talec dust causes
so—called intraparenchymatous focal pneumonia, in vhich collagenous fibres
appear at a very late stage in the inflammatory foci and there is no forma-
tion of pneumoconiotic nodules (Rakowski [100]). 1In the course of as)h stosis
ve can distinguish an early stage, called the vaso-histiocytic stage, and a |
late stage, called the fibroblastic-collagenic stage (Avril [3]). A charac-
teristic feature of this coniosis is diffuse fibrosis and hyalinfzation

wvithout £ rmation of nodular lesions. Sometimes so-call 2 a<5est s bodies
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can be detected among the strise f eonﬁcctivc tissue (Han‘i/[AO])- Cott n
dust causes chronic bronchitis (Fetisovs [25]), whereas cement dust causes
acute tracheitis and bronchitia, and then chronic atrophic inflsmmation of
these regions. In the lungs there is development of vhat ia known as
ca:ar:hal-igtraﬁ;riﬁchynntous inflamnation, leading to atrophy of the inter-~
alveolar septa. Fibrosis is not very prono;;ccd and is of a constant nature
(Niepotoxnski et al. [8l]). Berylliosis is included among the toxic dust
diseases in viev of'thc mechanism of its development, and in the early
stages there 1s.¢xudntiv¢ pneunmonia, which quite quickly changes to a
productive phase. There is formation of nodules composed of histiocytes
and lymphocytes. These nodules are often surrvundad by striae of collagensus
fibres, undergoing hyalinization. Sometimes giant cells, sicmilsr to

Langhans > cells, are to be found in the centre of such a nodule (Marchand

—

[75], Riittner et al. [104], Stofer [114]). o — ?

There ig no doubt concerning the existence of.s a distinct

nosologic unit (Kleczefiski [61), Zahorski [123]). Research undertsken so
far has endeavoured to estdblish the mechanism of its genesis (Amoudru [1],
Ottowicz [53]). Many euthors (Ebert et al. [24], Hames et al. [40],
Heppleston [44], Policard [95]) consider that pneumoconiotic changes in the
lungs only develop with participation of living cells. In the opinion of
the above authors these cells absord many par:icics of dust and then carry
then to the cqnnoctivi tissue around the vessels, to the wvall of the bronchi .
and alveoli and to the lymphatic vessels. Howvever, there are those (Cross
[36, 37]) who assert that the dust particles reach the connactive tissue
without the participation of living cells, as a result of the respirat ry
movenents of the lungs. In recent years the literaturs has contained

_ reports on the possibility of pathologic changes developing in the respira-

tory system reciniscent f ¢ niosis, but caused by the acti n £ plastics
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(Boitsov [10], Roussal [102]). Thc;c rep rts drev my atteati n to }lnstic.
wvhich are nov in general use and have entered many spheres of daily life
(Markiewicz [76], Kastierina et al. [57], Porejko et al. [97], Schildknecht
[107]). On account of their plasticity, raaistance to the action of scids
and alkalies, c;cc of ahaping and rclativc%y lov production costs, plastica
products have also found application in biology and medicine [Frankowski [293,
Jasifiski et al. [53), Kawecki [58], Kawecki et al. [59], Kuf et al. [69, 70],
Nowak [83,.84, 85, 87], Olefiski et al. [89], Rob et al. [101), Rzepecki [105],
Staniszeuwska [i13], Szymafiska et al. [116), Grabowski et al. [35], !qdr; [60],
Komezyfiski et al. [64]).

- On; of zhe nost important and first synthetic thermoplastic macro-
molecular compound produced on an industrial scale vas polyvinyi chlotidcl
(PVC) (Franty et al. [30], Wanderberg [119]). Pure polyvinyl chloride has
the form of a white, tasteless and odourless powder. Im industrial produc-
tion, material made from it éan be given varioﬁ; ;;rus. with varying elasti-
city and hardness. Therefore these polyvinyl chloride products have found
application in the meat industry (Bohosiewicz [9]), pharmaceuticals
(Chwiatkowska et al. [15])), in sport (Kopeczyfiski [65)) and in medicine
(Coetzen [34], Homrowski et al. [47, 48], Jankowska [52] and others).

The introduction of various new chemicals and various products made
- from then in daily use has given rise to the problem of the action £ these
compounds on the human body, both ef the producers and of the users. This
problen has been dealt with in many works in the national and foreign
1iterature (Cristea et al. [16], Bartenov et al. [4), Hervieux [45],
Kalinin [54), Kalifiska [56), Koalsch [62), Lachnit [71], Lefawx [72],
Markievicz [76), Moeschlin [78), Xowslska et al. [66], Kalinowska et al. [55],
Smolik [108), Trosfin [117], Colow et al. [17), Deyanova et al. [20]). The

pr blen f the t xicity £ plastics, and especially polyvinyl chl ride, is
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séill oﬁon. despite the fact that various investigati ns in this direction
have been undertaken (Quooss [99], Russel [103], Pcnnarolg et al. [94)).

The opinion expressed in the vast najor;ty of publishad works is that
polymers are physiologically inert compounds, and the harmful effects are
caused by luxiliéyiﬂéhcuicala in the polymer manufacturing process (initcia-
tors, cn:ai;ats, emulsifiers) or taking pari in forming the physical propar- *
ties of the polynet’ (stabilizers, plasticizers) (Danishevskii et al. [19],
Nowak [$2]). Some authors (F%latova [26, 27], Gervais [32], Witnauer et .
al. [120]) ascribe harmful action to vinyl chloride, the toxic propertie £
which are already recognized and measures to preveat poisoning have already
been tiken in many factories (Beusnel [7], Broitman [11], Bugajska [12],
Daitreva I21],'Gabo:‘[31], Ginther [39), Krivoglaz et al. [63]). However,
many authors consider that certain plastics may have pathogenic properties
and as confirmation of their viewpoint they cite the harmful effects £
massive inhalation of polyamide dust. This dust causes acutc catarrhal
pncumonia with formation of granulomas of the type around foreign bodics
(Ciovacchini [33]), and sometimes even changes of the nature of storage
disease (Medve et al. [77])). There are also those vho ascribe carinogenic
action to plastics (Fitzhugh [28], Hueper [51], Nowak [B8], Nesswetha et al.
[79), Oppenheimer et al. [90], Russel et al. [103], Bates et al. [S],
Druckrey et al. [22, 23], Oppenheimer at al. [85]). As a tesult of these

investigacions it was found that after implantation of plates there is

nearly always appearance of neoplasms [Guess et al. [38)), after implanta-

tion of a thread they only develop occasionally (Kogan et al. [63]), and
neoplasns are never found afcer inplantation of powder (Oppenheinmer et al.
{92)).

Although nost authors are of the opinion that polyvinyl chloride {is
a physi logically neutral comp und, in recent yeatrs the literature has
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c atained ccasional rep ttl' n the ccurrence of various bodily disorders
and changes in the organs £ vorkers employed in factories nlnuficturin;
polyvinxl chloride or products made from this material, viz: in the liver
(Pushin {98]), especially in older women (Troshina {117], in the phalangeal
bones of the haads and in the skin (Harris and Adams [42]), and 1a the vas-
cular and ;trvous system (Suciu et al. [115]). Bugajska et al. [12] have
" drava a::engion to the possibility of toxic action of PVC. Roussel et al.
[102] found posthumous atypical changes in the lungs and were unable to
assign these cﬁangcs to a set of kmown nosologic units. These authors
assume that these changes should perhaps be associated with work dene for
many years by this worker in a PVC factory. In addition to descriptions £
clinical observations, the literature also contaiuns experimental.uorks

conducted with polyvinyl chloride. Bernt (quoted by Danishevskii [6])),.f ¢

example, fed animals an oily suspension of ground PVC and shoved that it

‘_—_—_-‘/-""—-l—_-
does not have any toxic properties, but hgﬁalso”licqftalned that the caterial

- e ipp———— i

is soluble in the gastric and intestinal juice. Boitsov [10], however,
e et it it = A — s — X

nentions the possibility of development of coniosis in animals after iatra-
tracheal adninistration of PVC resin. He found that in their lungs there is
thickeniaz of the interalveolar septa and also peribronchial and perivascular
inflamnation. My preliminary investigations on rata (Popow [96]) subm=itted
“to the action of polyvinyl chloride also indicated that this dust is a
noxious agent for the lungs. Lywphocyte-like cells multiply under the
influence of inspiration of this dust. They accunulate in the foru of cuffs
around the blood vessels, and there is also intumescence of the muscles and

proliferation of collagenous fibres in the wall of the bronchi, and pulmon-

ary emphysama.
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II. PURPOSE OF THE WORK AND ASSUMPTIONS

As follows from this review of the literature, the problem of the effect
of plastics on the living organism has not yet been solved completely.
Bchausc po{yvinfi cﬁloridc is one of the most frequently n;cd plastics,
we decided to conduct investigations of the respiratory system after long-
tern action of polyyinyl c¢hloride and establish the nature of the resulting
pathomorphological changes. lMoreover, wve tried to determine whether the -
changes in the iungs after cessation of exposure to PVC dust rccn&c, vhether
they stop developing, or whether they still occur. Apother interesting
problen worthy of consideration is whether the changes occurring in the
lungs promote the development of cowplications, as occurs for example in
the course of silicosis. In the literature available to ze I have n t come -

across reports on this kind of experimental investigations on animals,

-
-

III. RESEARCH TECHNIQUE

The experiments were conducted on 60 white rats of both se;es of the
Wistar strain. A control group comprised 10 rats. The age of the aninals
at the start of the experiment ranged from 3 to 4 months. The rats veighed
from 150 to 220 g. 7The aninmals remained in separate cages, ia a well-lit
roon vhich vas aired every day, with its temperature maintained in the range’
from 16° to 20°C. The animals were given mixed, geg;;;gﬁ:gg food regularly. 7
The test animals were divided into three groups.
Group I comprised 16 animals exposed to PVC dust from 1 to & months.
In this group I observed the picture of all pneumoconiotic lesions. GCroup

11 comprised 22 rats, exposed to the dust from 5 to 12 months. 1In this

group 1 observed the picture £ late prcumoconi tic lesions. Gr uvp III -
Q8

comprisc 22 rats which, after 12 montir of exposure to the dust, were kcptég &
(]

waday alzaruation for a veriod f 8 months. This group was cnmployed for



investigating the behaviour of :h‘ pathologic chang s that nrosn.und r tha
influ nce of p lyvinyl chloride after its action had ceased. The ¢ ntrol
group comprised 10 animals. They were kept under observation for 20 wonths,
2 rnta.bcing killed by decapitation every 4 months.

Exposure to pélyvinyl chloride dust was effected in the following way:
the ratsiulrc placed in s special chnnb¢£ with dimensions 1.46 u x 0.56 m )
x 0.38 m and were subzitted to the action of polyvinyl chloride dust every
day for 1 hour. A rubbnr.hose vas led into this chanmber, and the other end
of the hose was in a glass vessel with capacity of 2000 ml (mixer). Every
day 30 g of PVC powder was poursed into the mixer once. The mixer wvas
connected by another rubber hose to an salectric blower. When the blower was
switched on, the PVC powder was mixed with air. Then using the.uutz ing.
Tubber hose, the PVC-air mixture was led into the chazber where the pimals
vere. The concentration and size of the PVC dust partiéles were monitored
with a Zciss coniometer during exposure to the aé?ion of the dust. At the
start of the experiment, on average about 9000 dust particles were found
inl mna. As tipe passed, this figure gradually fell, as follou; (figures
given after rounding off): 7000 dust particles after 15 minutes, 5000 dust
particles after 30 minutes and about 1000 dust particles in the final phase
of dust cxposure. The size of the dust particles was as follows: small r
than 1 um = 1%, less than 5 ym - 92X, from 5 ym to 10 um = 42, larger than
.10 pa - 3Z. The concentration by weight was 97 glu’. After exposure to
the dust for 1 hour the rats were put back in the cagcs,.ﬁhcre they renained
for the é;s: of the time. The control group of animals vas placed in the

chamber for 1 hour every day and movement of afir vas created with the aid

of the electric blover, but PVC was not introduced. All the anizals vere

killed by decapitation.
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Fr 2 each animal lung segments wera taken from the perihilar and
subpleural region for microsc pic investigation. The segments taken wers
fixed in Carnoy fluid, embedded in paraffin blocks and stained: hematoxylin
and eosin, orcc%n Egcording to Weigert's method for elastic fibres, accord-
ing to Gozori's method for argentatfine fibres, according to Heidenhain's
nodifica:io; of Mallory's method (with "azan®) for collagenous fibres,
according to Turnbull's method for divalent iron and Perls' method for
trivalent 1r;n and wvith mucicarmin for the presence of mucus. In additi n
the following histochemical ttlt; vere effected: paS for neutral'mucopoly-
saccharides (supplementing it with control acetylation according to Gersh
and ecploying blocking with dimedon), tripsS for acidic protain and Hale's
tes: for acidic nneuéolysaccharides. In addition, staining ui:ﬂ:toluiding
blue at pH 3.4 and‘5.6 vas effected for the purpose of investigating meta-
chrocasia and detection of mast cells. Polyvinyl chloride, designated by
the syzbol ED, was obtained from the Zakiady Cheni&zny (Chemical Works) in
Oéwieciz. The results of the microscopic investigationf relate to lung

segnents taken exclusively from animals that were killed at the scheduled

time.

IV. RESULTS OF INVESTIGATIONS

1. CONTROL GROUP

Macroscopic picture. The animals in this group were killed at 4-monthly

{ntervals. On dissection, in all the rats the lungs collapsed slightly

. after opening the thorax, and they were pale pink and airy on the external

surface and on section. During cutting they crackle in the characteristic
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way. N bronchisctasia and no nodulsr foci were found in the lungs £

these animals.

Micr scopic picture.

interalveolar septa are of identical thickness with occesional slender

The pulmonary alveoli are fairly regular, the

elastic fibres (orcein staining). Around the thin-walled capillary vessels

in the 1n:;ra1v¢olar septa we observed some lymphocyte-like cells (Fig. 1). -

The basement membrane of the capillary vessels contains slender thread-like

collagenous fibres (staining with Azan) and slender argentaffine fibres

(staining by Gomori's method), but do not contain paS-positive bodies, and

stain yellov in the tripaS test.

The lobar bronchi are lined with simple cylindrical epithelium, which

-

is multirowed with occasional beaker cells, and the ciliary appa}ntus i

retained. In the cytoplasm of the beaker cells there are occasional,

extrexzely minute mucus granules (staining pink with mucicarmin) and als

paS-positive bodies (staining reddish-violet). Néither the cytoplasm £

the cyliandrical cells nor of the beaker cells coantains acidic wmucopoly-

saccharides (Hale's test proves negative). In the wall of these bronchi

the muscle fibres run across circuitously in bundles and are separated by

collagenous fibres (staining with Azan). The elastic fibres also run

circuitously, slightly undulating (staining with orcein), and argentaffine

.in the form of tanglus (staining by GComori's method). Furthermore, in the

wall of the bronchi there are a few lymphocyte-like cells and histi cytes.

In the subaucous texbrane we can obsarve occasional glandular tubes with

NaArrow luécﬂ, containing neither mucus nor nucopslysaccharides (staining

vith mucicarnin; pa$, tripis and Hale's tasts prove negative).

The lumen of the segmental broachi and bronchioles is lined with

eylindric cells, but beaker cells are fot found among them (Fig. 1). The

cytoplasm of the cylindric cells stains yellow in the tripsS test and does
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not ¢ ntain any granules: neither of‘uucuu, nor £ mucop lysaccharides
(staining with mucicarmin and the paS and Hal 's tests prove negative).

The wall of the segmental bronchi has structure similar to the lébar

bronchi.
No phagocytes with granules of haemosiderin were found in the cytoplasm

in the rats of the coatrol group. Occasion;l mast cells appear under thc‘

pleura (having fine-granular, reddish-violat cytoplasm when stainad with

toluidine blue).

2. GROUP I. EARLY CHANGES (RATS Nos. 1-16, PERIOD OF EXPOSURE TO

DUST = 4 MONTHS)

Among the 16 animals in this group, 2 rats (Nos. 1 and 2) died at the
start of the 4th month of experiment. Pulmonary emphysema and a con~
siderable degree of passive congestion are found i all internal organs =n
dissection. A further 2 rats (Nos. 3 and 4) died in the last days of the
4th month of exposure to the dust. The macroscopic picture was similar to
that of the 2 previous rats. The surviving 12 rats (Nos. 5-165 vers killed

at l-nonth intervals (3 rats at a time).

Macroascopic picture. After opening the thorax, im all tlhe rats of this

group the lungs do not collapse but fill the whole thorax, and they are
fluffy and pale. During cutting, they do not crackle as.characteristicnlly
as por=al lungs. On the cut surfsce they are psle pink and dry. A scall
quantity of mucous mass is discharged from the large bronchi on compression.

Microscopic picture. Tﬁc pulmonary alveoli are inflaced like ball ons,

the scpta between them are of reduced thickness, are disrupted in plac s,
. as o rcsult of which there is formation of large cysts, and the residucs

f the scpta pr ject in the form f spines int their lumen. 1In the first
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few months £ experiment the 1ucorll§c lar septa are f und to bavc‘
aggregates f hiscl cy:;-likc cells, the cytoplasm of vhich possesses minute,
diffuse golden-brown granules { haemosiderin containing trivalent iron
(they stain greenish-blue according to Perls' method, Fig. 2). Sometimas

in the viefnuy' of the blood vessels in the focally thickened interalveolar
septa there are aggregates of cells of :hi; kind, profusely charged with

‘ haemosiderin (Fig. 2). Towards the end of the 4th month of exposure to

dust, cells with haemosiderin granules are seldom found. Houevcr; thicken=~

ing of the septa persists.

In the first few wonths of this period the lobar bronchi, lined with
eylindrical epithelium, have an irrégulat lumen. On the surface of the
cpitheliun there are scant, amorphous, pink mucous masses (vhich stain pink
with mucicarmin), containing minute granules of mucopolysaccharides (which
stain reddish-viclet in the paS test). Betwean the eylindrical cells there
are occasional beaker cells, the cytoplasm of which contains mucus (which
stains pink with mucicarmin) with a few, fine granules of neutral muc¢ poly-
saccharides (staining reddish-violet in the paS test). .In the final phase

of this period of the investigations the lumen of the lobar bronchi becomes

X

roundish.

In sone places the cylindrical epithelium undergoes flattening, and in
. some places there is even complete destruction (Fig. 3). This destructi n
is not restricted to the epithelium, but affects deeper layers of the
bronchus. Between the lymphocyte-like cells filling such a defect in the
bronchial wall there are no elastic fibres, or they have undergone frag-
wentation and.hnvc the form of fine, very thin brown filaments in rcein
staining. On the other hand the argentaffine fibres undergo thickening r
fragmentation as well (staining according to Comori's method). The rather

aanll mmbder of lymphoeyte-like cells 4n the wall of the lobar bronchi in
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tha initial phase increases as :iuc passes, and by the eand of the f urth
month such cells are quite numerous.

In this period there is also an increase in the number of beaker cells
among the cylinérisyl cells of the epithelium of the lobar dronchi (Fig. &).
The cytoplasm of the beaker cells contains mucus in the form of spherical
pink granules when stained with mucicaroin. The composition of this mucus
includes neutral mucopolysaccharides (ltaining.reddishvviolet in the pasS
and tripa$S test). These granules are located in the basal part of the beaker
cells, near the nucleus. In addition, the cylindrical cells lining the
luven of the lobar drouchi undergo mucous degeneration and exfoliare int
tha lunen of these hronchi, which is filled vith mucous mass (Fig. 5). The
mucous rasses tentioned above are stained pale pink by nucicarni;, but the
paS and tripaS test proves negative. In the submucous membrane there ar;
occasional glandular tubes, which have a narrow lumen and contain neither
pucus nor mucopolysaccharides (staining with muci;;ruin, and the paS, tripas
and Hale's tests prove negative).

In the initial phase of the period of investigation, with staining with
Azan, a szall nurber of slender, bluish collagenous fibres are noted in the
wall of the lobar bronchi. The reddish-violet striae of muscle fibres are
fairly wide in comparison with the control group. By the end of the £ urth
month, here and there the bluish collagenous f£ibres in the wall of the
loﬁar bronchi have become "scattered”, and noarby there are agglomerations
of lymphocyte-like cells. On the other hand the muscle fibres are tuzefied.
The wall of the blood vassels located near the lobar bronchi has focal
thickeniag as a result of c&ﬂsiderable swvelling of the muscle fibres, vhich

is revonled by intense reddish-violet coloration in staining with "Azan".

" However, the adventitia appears as a very thin blue strips. 1In places in

the wall of these vessels we can sce snall amorphous, violet calcic larmellae.
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In the peripheral part of ths lung just under the pleura, ar und tha
capillary vess ls with softened and thickened wall, ve cln.detec: "euffs"
vith puner us small, r unded cells with s dark nucleus and a narrov fringe
of cytoplasm (Fig. 6). Tha endothelium that wvas tumefied at the start
exfoliactes 1nto‘}h¢'1un¢n of the vessels in the f£inal phase, and sonetimes
closes iﬁ ;omplltlly.

The cytoplasm of the cells lining the lumen of the ‘ezm&n:nl br achi
and bronchioles, wvhich for the most part is not wvidened, is mot found t
contain granulés of mucus, neither after ]l nor after 4 oonths of dust
exposure. Alsc no beaker cells appear between the cylindrical cells £
i!’te epithelimm of these bronchi, or of the bronchioles. 1In this 'period £
the 1nvestiga:ians,.unﬂtr‘thn pleura ve observe a fevw, isolated mast cells,

wvhich have reddish-violet, fine-granular cytoplasm in stainipg with toluidine

blue.

3. GROUP II. LATER CHANGES (RATS Nos. 17-38, PERIOD OF EXPOSURE TO

DUST - 8 MONTHS)

.
Among the 22 rats in this group, 2 died (Nos. 17 and 18) in 6 months

_ of exposure to PVC dust. On dissection they vere found to have pulponary
ecphyse=a and bronchiectasia in a suppurative state, and in a further §

rats vhich di;q in 7, 8, 9 and 10 months of exposure to the dust (Nos. 19-22)
there vere s;all, scattered foci of suppurative pneumonia. Two rat died

4n each of the 1llth and 12th months of exposure to the dust (Nos. 23-26)

as a result of bronchiectasis and pulmonary suppuration. The surviving

rats vere killed in two's at monthly intervals, starting frea the Sth month

of observation.




/

Macroscopic picture. In the rats after 5 and 6 wmonths of xposure to

the dust (N s. 27 to 30), after pening the thorax the lungs do not collapse
but protrude from the thorax, they are modarately f£fluffy but do not crackle
during cutting as markedly as normal lungs. Minute slate~like specks show
through thl‘pl.ur;.“ On cutting the lungs are pale pink, and dry. Br achi
with widened lumen protrude from the cut surface, and on compression the
ropy contents are discharged from them. In the lungs of rats after 7, 8,

9 and 10 ponths of observation we found nodular foci protruding above the
surface, which had a honeycomb appearance on the cut surface. These f ci
contain a ropy, milky-opalescent fluid. In addition £o these focl there
were large formations, with the features of single-cell cysts fllled wirh
mucoatheromatous mass. These large cystoild formations were surrounded by‘
a distinct undulant reddish fringe. Sometimes the cystoid formations vere
so large that they occupied the entire lobe of the lung. In rats afrer 11
and 12 zonths of exposure to PVC dust the nodular “foci had enlarged to such
an extent that sometimes they occupied the entire 1obe.' On the other hand
there were fewer large cystoid formations, and they were alsc sualler.

Micrescopic picture, Marked pulmonary emphysesa is nmoted, more pro-

nounced than in the animals of group I. However, in places the interalveolar
septa afe thick, and the blood vessels in thea have irregularly thickened
vall and tucefied endothelium. In the wall of these vessels, after 9 rconths
of exposure to the dust, collagenous fibres appear 1nst¢fd of the muscle
fibres, which is indicated by blue coloration of the vessel valls as s result
of the action of Azan and orange coloration vhen the tripaS test s carried
out. Cuff-like nggrngntion; of lymwphocyte-like cells and histiocytcs are
observed around these vessels. Sonatimes these aggregations are connected

" to the aggregations of such cells around the segmentsl bronchi, forning a

single corpiex. The 1 bar bronchi have a widened lumen nd are filled vich
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sucous nasses vith numerous granuloéytes subuerg d in them. The muc us
nasses give a strongly p sitive pa$S reacti n (intense reddish-violet
staining) and are closely adjacent to the surface of the epithelium. Between
the cylindrical cells lining the lumen of thase bronchi there are very many
beaker cells. '!heit cytoplasm gives a wegk reaction with mucicarmin: pale
pink, but the reaction of paS and tripa$S i1s very strong: intense reddish--
violet. After blocking with dimedon, there was no change in the col ration
of these masses in the paS test. Furthermore, in the cytoplasa of tha
cylindrical ceils there are minute paS-positive granules. As time passes,
the collagenous fibres in the wall of the lobar bronchi become thicker and
thicker (staining blue with Azan), and the alastic fibres undergo fragmenta-~
tion and are visible as short, thin brown filaments (staining uith rcci;).
In addition, in sone bronchi there is metaplasia of the cylindrical epi-
theliun to stratified pavement epithelium (Figs. 7 and 8).

In the immediate vicinity of the bronchi ve ;:n see aggregations of
lymphocyre-1ike cells and histiocytes. Sometimes we gfin the impression
that the cylindrical epithelium of the lobar bronchi forms in layers r
grows in the shape of a tongue deep into the wall (Fig. 9).

In 11 and 12 months of exposure to PVC dust, the epithelium of the
dilated lobar bronchi is low and flsttened. The collagenous fibres in the
- wall of thcfc bronchi have the appearance of thick, broad, uniform blue
acripes (stained with Azan). The submucous membrane is greatly widened.
The glandular tubes located in it arc either dilated like cysts (Fig. 10)
and filled with pale~pink contents, giving a weak reaction with mucicarmin,
and stronger paS reaction, or have the appearance of solid tubular £ ci
without a lumen, composed of malleolar epithelfum (Fig. 8). Soxetimes the
di{lated, cyst-like tubes are filled with paS-positive masses located just

under the cetaplastic, stratified squamous epithelium, into which their

vutpeln, duct is probably set (Fip. 7).
' uce
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Bct.wten these tubes wve find qu:lt; nunerous scattered lymphocyte~like
cells and histiocytes (Figs. 8 and 10) and quite wide bands £ ¢ llagenous
fibres, which stain blue with Azan. The changes described above are
observed starting from 7 months of exposure to the dust. The segmental
bronchi undergo aélatation after 8 months of experiment. In this period
the cells o; their epithelium undergo flattéhinz. and beaker cells appear
between them. The cytoplasm of these beaker cells gives very weak reacti n
with mucicarmin, but the paS test is strongly positive = there is intense
reddish-violet coloration of the cytoplasm. paS-positive granules also
appear in the cytoplasm of the cylindrical cells. In addition the epithelium
of these dronchi becomes stratified (Fig. 1ll), and sometimes even undergoas
pmetaplasia into stratified squamous epithelium (Fig. 12). Then in the
irmediate vicinity we can see aggregations of histiocyte-like cells and -
occasional bands of hyalinizing connective tissue.

As tine passes, the collagenous fibres in the wall of the segnental
bronchi become thicker and thicker and have the appearance of broad blue
;ttipes in stzining with Azan. By the end of 12 nonths.of experiment, the
collagenous fibres undergo hyalinization (Fig. 13), and the epithelium
undergoes atrophy. There is also atrophy of the glands located in the sub-
mucous membrane. Starting from 8 months of exposure to the dust, round

some segmental bronchi we observe profuse cuff-like aggregations of

lyophocyte-1like cells.

Pathologic changes do not appear in the bronchioles until 9 wonths f

experizent. They result from cnlafgement of histiocytic and lymphocyte-like
cells towards their lumen and intussusception in the vall of the bronchi le
in the form of warts. Some wart-like formations are deprived of bdbr nchial
. opithelium.  As time passes, around the bronchioles there is accunmulation

of morc and pore lyaphocyte-like cclls and histi cytes (Fig. 14), which
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£111 defects in the epithelium f tha bronchioles (Pig. 15). The &lastic
fibres in the wall of the br nchioles in defective regions undergo dis-
integration, and vhen stained with rcein they are visible as olendcr.'
short, isolated brown filaments.

The m}croi:ructure of the nodular foci with honeycomb appearance, which
was found in rats after 7-12 months of cx;OBurc to PVC dust, can be *
described as follows: they contain cystoid formations lined with cylindrical
epithelium. In places we can see wart-like profubernnccs. composed of
connective-ti;sun stroma (thick blue stripes when stained with Azan) ¢ vered
with cylindrical epitheliun, which creates the impression of focal strati~
fication or undergoes metaplasia into stratified squamous epirheliom (Figs.
16 and 17). Squamous—epithelial metaplasia of this kind also éccur: in -

lobar and segmental bronchi. Between the cylindrical cells without cilia
there are quite numerous beaker cells, the cytoplasm of which giv a_
strongly positive paS reaction = it has intense reddish-violet staining.
paS-positive masses also £fi1ll the lumen of these cystqid formations and

are stained pale pink by mucicarmin.

However, the large cystoid formations filled with “mashy" nmasses, in

rats with the sane period of exposure to dust, have a different microstruc-

ture. These are large thin-walled cavities, and the wall is composed of

hyalinized connective tissue, without cpithelial ependyma. 1In the lumen f

these cavities there are amorphous, fine-granular masses, and granul cytes

are only seen among them in a few places. Hale's test proved negative in

2ll the animals. The number of mast cells, the cytoplasa of which is

stained reddish-violet by .toluidino blue, does not increase; only a few f

them are encountcred under the pleura or near the dilated bronchi. The

granules in the cytoplasn of the phagjocytes, located in the interalve lar

septa near the blood vessels, contain neither divalent nor trivalent fron

(scaining sccording t the methud of Turnbull and Perle proves negative).
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4. GROUP III. CHANGES AFTER CESSATION OF EXPOSURE TO PVC DUST

(RATS Nos. 39-60, OBSERVATION FROM 1 TO 8 MONTHS)

Of the 22 rats in this group, by the end of the first month of
observation after cessation of exposure to PVC dust, 6 racs di;d (Nos. 39
to 44). Uﬁbn dissection, in the lungs of all the rats in addition to
. ecphysera and bronchiectasia we detected the presence of numerous nodular
or cystofd formations filled with thick, creamy, ropy contents mixed with -
"nashy" masses. Sometimes the entire lung was composed of thin-walled,
cystoid formations. The surviving 16 rats (Nos. 45-60) were killed at
wmonthly intervals (2 rats at a time).

Macroscopic gictﬁre. Among the surviving 16 rats, during dissection
of 8 animals killed at the scheduled time we determined the presence of _
apneumatic, fine-lobular, hard nodular foci (Fig. 18), as in the lungs of
the animals in Group II. In addition, ve observeg large, quite soft cysroid
formations (Fig. 18); and vhen cut they were found to have a thin wall and
vere filled with “mashy” masses mixed with mucilaginous, partially creany
contents,

The changes described above were observed in rats both 1 month and
8 months after cessation of exposure to the dust. In the other 8 rats, after
openinz the thorax the lungs do not collapse, they are excessively fluffy,
pale pink, and during cutting they do not crackle as characteristically as
nornal lungs. The surface of the cut is pale pink, and dry. Bronchi with
widened IJﬁQh and toller-shaped wall project from the cut surface. Mucila-~
ginous contents are discharged from thea on compression. Scattered slate-
like and dot-like foci show through the pleura.

Microscopic picture. Pulmonary cmphysema is found in al! the animals

in this group, though with less intensity than in the rats of Croup 1.

As time pass s, blood vessels surr undad by a cuff f lymph cyte-like cells
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are observed less and less frequently in the interalve lar septa. 1In the
eighth month of observation after the end of the experiment, only {s lated
lymphocyte-like cells are to be seen around the bl d vessels. The lumen
of thess vessels is broad, the endothelia are flattened. In the wall we can
see thinner (in comparison with Group II) thread-like blue collagenous fibres
(staining with Azan). The lobar bronchi have a much widened lumen and £ r
" the most part filled with coagulated albuminous, acidophilic fluid, mixed
with numarous neutrophilic granulocytes. The albuminous fluid contains
pucus (distinctly pink in staining with mucicarmin) and a much smaller awount
of paS-positive substances in comparison with group II (in the paS test it

is palc reddish-violet). These bronchi are lined by a lov cylindrical

epithelium with numerous beaker cells, 1 month after cessation 8£ exposure

to the dust. Minute paS-positive granules appear in the cytoplasm of the
cylindrical cells. As time passes there is a gradual decrease of the number
of beaker cells, and there are only isolated one;.by the end of 8 months f
observation. At first the cytoplasm of the beaker cel}s contains very litcle
wucus (i: is stained pale pink with mucicarmin), but a large asount £ paS-
positive substances (it is stained intense reddish-violet). However, by the
end of observation there is a pronounced mucus reaction, whareas the pas
reaction is weakly positive (staining pale reddish-violet). At this time
the ninute paS-positive granules also disappear from the cytoplasm of the
cylindrical cells, and their squanous-epithelial metaplasia is rarely
encountered. In two rats (Nos. 59 and 60) killed 8 months after cessati a
of cxpos;td to the dust, it was found that there vere numerous greenish-blue
granules of acidic nucopolyiaccharidcs (Rale's test) in the cytoplass f

the cells of the epithelium of the lobar and segmental bronchi and alse in
the glandular tubes of the subaucous membrane of these broachi. Similar

granules vere present in the epithelium of the microlobular nodular foci.

Hale's test pr ved negative in the ther animals.
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The ¢ llagenous fibrgQ in the wvall £ the lobar bronchi are thick,
homogeneous, and stain dark blue wvith Azan throughout the period £ observa-
tion. Staining according to Gomori's method indicates inspissation of
argentaffine fibres - thick black bands. On the other hand there are fev
elastic fibres, in the form of thin, discontinuous brown threads (gtaining
with orcein), or they are completely lacking in the regions of defects 4n
the bronchial wall.

The submucous membrane is wide, in it there are numerous glandular tubes

with a wide lumen, filled with contents giving a veak reaction with muci-

carmin, and strongly paS—-positive (staining intense reddigh-violet). 3Setween

the glandular tudbes there are extremely numerous lymphocyte=like cells.
After 5-8 months from the time of cessation to exposure to the éust, the
lumen of the glandular tubes seems to collapse. Cells of new connective*
tiss;e and nurmerous collagenous fibres appear betveen the tubes (with Azan,
staining in the form of broad blue bands, which sgfround thesz tubes) (Fig.
19). 1In places the connective tissue grows as broad bands, and betwzen them
there are numerous lymphocyte-like cells and histfocytes, either scattered
or in ag;regates. Arong the bands of connective tissue there are argent-
aifine {ibres (staining black according to Comori's method), and there are
no clastic fidbres (staining with orcein). Some glandular tubes are enlarged
in cystoid manner and filled with pale pink, homogeneous masses, giving a
wc;k positive reaction with mucicarmin (they stain pale gink). and negative
paS reaction (they do mot stain). One month after cessation of dust
exposure, the rounded or oval lumen of the segmental bronchi is lined with
¢ylindrical epithelium with'quite nuaerous besker cells, indicating excessive
secretion of mucus. This mucus contains a large anount of nautral mucopoly-
saccharides (intense reddish-violet staining in the paS reaction). Ther

are also minute paS-positive granules in the eyt plasa f the cylindrical
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cells. A broad band £ fibr sing connective tissue is evideat in the wall
of the segmental bronchi (stains blue wifh Azan, and black according t
Cozori's method) (Fig. 20).

As time passes, in the epithelium of the segmental bronchi there is a
fairly rapid dec;ease of the numher of beaker cells containing paS-p sitive _
bodies; these cells are no longar visible 4 months after cessation f
exposure to the dust. At this time the minute paS-positive granules als
disappear from the cytoplasm of the cylindrical cells. Eight ponths after
cessation of dust exposure, the broad band of connective tissve is still
present in the wall of the segmental bronchi and does not display sigus of
h;alinization. Betveen the cylindrical cells of the epithelium, the
eytoplasn of vhich is stained yellow in the tripaS test, only isolated
beaker cells are visiblc, vith their cytoplasm containing mucus (stains
pink with mucicarmin), but not containing pas-pqsigive bedies. In 1 rat
(No. 53) we observed several segmental bronchi alongside one another with
cystoid enlargenent, which were lined with considerably flattened epithelium.
Around these bronchi there was growth of fibrous connec;ive tissue, still
containing quite a nunmber of lymphocycte-like cells and histfceytes. The
lunen of these bronchi is empty. The pulmonary alveoll in the vicinity of
these enlarged bronchi are apneumatic, often copiously inf{iltrated with
" granulocytes, sonetimes occupying soce 10-20 alveoli each. Decay is fouﬁd
in the centre of these infiltrates.

In all the animals we obscrvuq slight, gradual decrease of the aundber
of lyaphocyte=-like cells surrounding these bronchi like a cuff. By the end
of the experiment (in 12 wonths of exposure to the dust), numerous hiscio-
eytes and lyophocyte-1like cells had accumulated round the bronchi les, t
such an extent that in places they intussuscepted the wall of the br achi le
in the form of a wart. Two months after cessation f dust exposure, the

ahove=coationed cells are still mulsiplein: and now intussus-cp: the wall
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of the br nchioles in numer us plac s (Fig. 21). Among th 1lywph cyte-like
calls and histiocytes there are occasional thin collagenous fibres (they

stain blue with Azan and brown according to Gomori's method). After 7 moanths

" from the end of the experiment, the lumen of the bronchioles is markedly

constricted and distorted as a result of intussusception of the wart-like
formations described above. In their subepithelial layer the comnective
tissue undergoes h}lliniza:ion (stains a vniform blue with Azan), and the
surface is partially covered with flattened epithelium.

In addition to the changes described above, 1 month after cessation of
axposure to the dust we nny.find.ﬁands of partially fibrosing connective
tizsue around some b;onchioles, with lynphocyte-like cells and histi cytes
between these bands (Fig. 22), or profuse aggregations of lymph;cy:e-likg
cells filling the defect in their wall. Four months after cessation of the
experiment, sormetimes the bronchioles have an irtfgullr, stellate lucen and
are lined with low epithelium (Fig. 23). Into these bronchioles there is
intussusception of bands of connective tissue containing collagenous fibres
(staining blue with Azan) and argentaffine (staining black according t
Gonori's method). Moreover, we often observe proliferation of connective-
tissue fibres (staining blue with Azan) in the vicinity of the bronchiole .

By the end of 8 months froo cessation of the axperiment, the picture is
similar, but the new connective tissue gradually transforms into fibrous
tissue (uniform dark blue staining with Azan). The uicr?s:ructure £ the
nicrolobuiar nodular foci, observed both 1 month and 8 months after cessza-~
tion of exposure to PVC dust, is similar to that described in Group II,
and the lumen of these cystéid formations is filled with granulocytes
{mmersed in oucus, which is stained pink with mucicarmin. Howvever, the
picrostructure of the large, soft cystoid formations and their contents are
the sare as described in Croup II.
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In the first month £ bservation after cessation of exposure t the

dust, under the pleura there is accumulation £, 4in each case, a foaw ¢
about a dozen large phagocytes with scattered golden-browun, minute granule
in the cytoplasm. These granules do not give positive paS and tripaS reac~
tion, do net stain with mucicarmin, and alsp do not contain divalemt or
trivalent iron (staining according to the method of Turnbull and Perls).
‘Oaly toluidine blue stained them golden-yellow. The appearance of fibro-
blasts and occasional very thin collagenous fibres (filaments staining blue
with Azan) between these phagocytes was only deterained after 8 months of
observation. Throughout tha period of observariocn ths mast cells behave

a; ia Group I1I.

V. INTZRPRETATION OF THE RESULTS AND DISCUSSION

The results obtained in my investigations indicate that PVC dust is

not a physiologically neutral compound. Long-term inhalation of it leads
to the developuent of a variety of pathologic changes in the respiéa:o:y
apparatus. At the earliest, after just one nontp of exposure to this dust,
there is development of catarrhal inflammation of the lobar bronchi with
-mucoid degoucratio; of the cells of the epithelium and focal pulsonary
e=physesa. The developnent of focal emphysema even in the first moath ¢§
exposure to PVC dust dapends most probably on mechanical obstruction £ the
saall bronchi in the form og a valve. The muscle fibres and collagenous
fibres of the bronchial wall undergo tumefaction, and the ly=phatic f llicles
undergo focal hyperplasia. In this period the sagmental broachi as well as
the bronchioles do not exhibit catarrhal lesions, buc.thc basesent mecbrane
f the capillary blood v sscls in the intcralveolar septa unders es
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compounds have been explained by Oppenheimer et al. [90]. They ¢ nsider
that frec radicals are released and react with the eell constituents.

These free radicals repeatedly lead to depolymerization of nucleic acids

and so have an ;n{lueneo on the enzymatic processes of the cell. Hedri et
al. (cited.by Homrowski [43]) and Kowalski et al. [67] demonstrated that -
if dibutyl phthalate is used as a plasticizer in the production of PVC,

the finished PVC has marked toxic properties, probably as a rcsul:-of
insufficient polymerization. The investigations of Nowak [86] and Boder [8]
showed that dibutyl phthalate can cause inflammatory reactions. Howvever,
Smolik [108] considers that the toxic properties of macramlecular eocupounds
aré associated with ponomer -residues. In his opinion they cause acute and
chronic disorders of the respiratory passages. On the basis of ny research
I cannot say with complete certainty whether the FVC molecule undergoes
depolyrzerization and becomes associated with protein, or whether free
radicals react with the constituents of the serous'fluid of the broachi,

or whether the residues of monomers perhaps exert an acﬂion. It is a fact,
howeaver, that paS-positive bodies appear in the cells of the epithelim of
the broncki, in their lumen and in the bronchial glands under the influence
of PVC Jduit, and the number of such bodics increases as time passes. Afr v
cxp&suro to the dust has ceased, the paS-positive bodies gradually disapp ar.
This might indicate that PVC dust irritates the dronchial epitheliun,
causes an increase of the numbar of beaker cells and prodotes their secre-
tion. This-sccrcgion does not have the typical nature of mucus (slightly
positive result of staining v%th sucicarmin), but it contains paS~positiv
bodics. This is emphasized by the fact that with the passage of axperiment
tice, this secretion becomes nmore and more deprived of the constituents
that are characteristic of mucus (staining wvith mucicarnin s almost nega-

tive), but it ¢ ntains more and more paS-positive bodies. After cessati o
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f exposurs to PVC dust, the pns;Zisitivcwbodics disappear quite quickly

fr o :hi; secretion, and the constituents that are characteristic of mucus
appear instead (staining with mucicarmin is strongly positive). It is
significant that PVC administered perorally does not causs any symptonos
of toxic lesion Bt internal organs (Homrowski et al. [46, 49]). Research

by Hervicux, Tessier [45) and Truffert [118] showed that macromolecular
compounds that are darivatives of vinyl possess toxic properties. Toxice
action of polyvinyl chloride is indicated by investigations of the liver
of rats exposed to inhalation of PVC dust, undertakea by Cylwik [18]. Im
addition to far-advanced degenerative lesions of the liver cells and reac~
t;va byperplasia of the cells of the reticuloendothelial system, he noted
that paS-positive bodies appear in the liver cells during the experiment,
but disappear uhenlexpOlurc to the dust ceases. Appearance of paS-p sitive
bodies in the bronchial epithelium and in the lymph nodes of test animals
exposed to polyvinylpyrrolidone dust (a vinyl derivative) is also described
by Lowsna et al. [74], who also note that these paS-positive bodies are
alzo found in the lymph nodes of people employed in the produrtion of this
poly=er. The reports of Lachnit [71] and Lefaux [72] show that nontoaxic
pacronolecular coxpounds administered perorally may prove highly toxic n
4nhalation to the respiratory system. It seens that polyvinyl chloride
" can be included among the macromolecular compounds with such properties.

Cozparing the morphologic pictures in coniosis caused by rvé dust with

the pictures of conioses that have already been described, £t must be
stated :hatkthc changes produced by polyvinyl chloride dust sre somevhat
sizilar to the changes in berylliosis, though to a slight degree. This -
cozparison is based on identical cells in the inflamzatory infiltrates. -
Howevez, in berylliosis there is formation of granuloﬁa:ous nodules, but

pronouncaed grnnul nas were n t observed in PVC confosis. 1In PVC coniosis
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thickening and s ftening, and the sndothelial cells undergo tumefacti n.
Around the blood vesscis there is accumulation of lyuphocyteflikc cells,
wvhich surround them like a cuff. Here and there in the interalveolar septa
near the blood chsels wve encounter isolated or small groups of phag cytes,

laden with._granules of pigment containing i;ivalcn: iron.

After 2, 3 and 4 months of exposure to the dust we observe greater

" dilatation of the Jumen of the lobar bronchi and intensification of the

degenerative chfnges of the epithelium than after 1 moath. The muscle
fibres of the bronchial wall are more thickened and swollen than after 1
month, whersas the collagenous fibres undergo disintegration. Development
of defects was observed in places in the wall of the lobar bronchi. “Then
in this region there was inteasive proliferation of lymphocytre-like cell‘
and histiocytes, which filled the defect. In this stage of the experiment,
lymphocyvte-like cells accumulate in large foci around the segmental bronchi.
The epithelium lining the segmental bronchi and bronchioles maintains its
height, but it is covered with a thin layer of mucus. 1In this period we
did not observe accumulation of lymphocyte-like cells near the bronchioles.
However, they surround small blood vessels in the in:eralveoln? septa like
a cuff. The excessively-inflated pulmonary alveoli exhibit the typical
characteristics of emphysema.

On the basis of the picture of pathologic changes in the first 4 months
of exposure to PVC dust it can be stated that PVC dust reaching the respi-
ratory system causes mucoid catarrh of the lobar bronchi.and pulmonary
exphyscna in the early stage. As time passes, mucoid degeneration gradually
affects the segmental bronchi and bronchioles, but is only slight. In
parallel with the degenerative changes in the bronchi, we observe a marked
reaction on the part of the lymphatic system. Lymphocyte-like cells
accuaulate n t nly around the blood vessels in the interalveolar septa,

Pur at-~ in the bronehial wall.
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Azong the changes bserved in animals exposed to PVC dust f r a further
8 months on top of the first schedule, hyperplastic and metaplastic lesions
appear, in addition to intensification of the degenerative changes. They
affect the epithgliﬁm of the lobar bronchi and of the seguental bronchi,
and even a;pear in the epithelium of the béonchioles. Against a backgr und )
of hyperplastic lesions of components of the bronchu;, there 1s development
of cystoid foci, with wart-like protuberances covered with cylindrical or
squacious cpith‘iium. The epithelium lining these foci exhibits mue id
degeneration. The excessive quantity of mucus actunulates in the lumen of
these wvart-like foci, often there is secondary infection, which leads to
suppuration. The mi;roscopic plcture of these foci Is similar to the pic-
ture of a cystoadenooma. _

In the wall of the lobar and segmental bronchi, with widened lumen,
we find broad.bands of connective éissue with lymphocyte=like cells between
its fibres. The muscle fibres in the wall of these bronchi undergo atrophy.
The resulting dilatation of the bronchi often leads to secondary infection.
Then their lunen is filled with mucopurulent fluid, and the epithel}um
undergoes atrophy.

In the final stage of exposure to the dust, i.e. after 12 months,
granulocytes and h%ftiocyccs accumulate around tﬁe bronchiocles. S metimes
.thc granulocytes and histiocytes intussusccpt the wall of the bronchi les
like wvarts into the lumen, distorting and constricting it. There is often
mucus wi:ﬁ_gfanulocytca ia the lumen. Pulmonary emphyseza, developing in
the inicial period of cxposuy’ to the dust, most probably depends n
pechanical obstruction of the bronchi. The emphysema increases as time
passes. Its development in the later stage is associated with degenerative-~
infla=natory lesions in the bronchi and bronchioles; .large bullae £ m,

in which an exudate accumulates, mainly coczposed of neutrophils. The walle
yce
D65221




e - ) /
' of the number of beaker cells in the muc us membrane of these bronchi and
decline of mataplasia £ the pavement epithelium.
Metaplasia of the pavemant epitheliut deserves further consideration.
In the rats of Group Il this metaplasia was very pronounced. In Croup III,
however, e{icr'it"uus not very marked, or !t vas completely absent. It
would be difficult to accept that the 16 rats in Group I1I would react so
" very differently t? sxposure to PVC dust, i.e. that their reaction charac-
teristics would differ markedly from the reactivities of the rats in Group
II. I assume tﬁac in these animals, which after all are derived fronm
"~ inbreeding, there cannot be marked differences in reactions. Then we should
sssune ¢hat metaplasia of the pavement epithelium also occurred in .the
bronchi 4n these 16 rats, but after cessation of exposureto PVC dust the
netaplastic epithelium gradually exfoliated and normal epithelium wvas com~
pletely restored. The validity of this idea is supported by the fact that *
there is metaplasia of the pavenment epithelium in:8 rats out of 16, thouzh
this =etaplasia was of a low level of intensity.
As follows from 8 months of observation after ccss;tion of exposure
to PVC dust, sone of the pathologic changes in the lungs recedé. but som
show no significant signs of receding. It can therefore be concluded that
the pathomorphologic changes in the lungs, produced as a result of the
action of PVC dust, parsist even after its action has ceased. Ve must then
ask what happens to the PVC dust. Is it doposited in the lungs, or is it
dissolved in the body fluids? It is not easy to answver ;his question, f ¢
it turns outlthat PVC dust probably has the same refractive index as Canada
balsan and therefore it cannot be detected. Moreover, PVC dust particles
do not retain any pigments which are employed in the research. It could
. be assumcd that these dust particles dissolve in the tissue fluid in the
\ lungs. That this p ssidbility conn t be rejected i{s denonstrizod by th-

nhuervatinas nf Rornt [6], Cylwik [1.]), tachnit [71] and etl.os,
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The results of 1nvnn:1¢ntions”2$‘rat lungs after exp sure to PVC dust
indicate that this dust produces lesi ns f the natur of coni sis. Hanes
[40) and Harris [6;} ¢ nsider that the type and nature £ the pathomorpho-
logice ch;ngcs dcvclog}ng in the lungs during confosis depend oot only n
the biological activity of the dust introduced, but also on the size £ the

-

dust particles. Khukhrina [14] proposed a classification of dusts into 7 °
types, Placing highly toxic dusts in first place. Danishevskii [19] con-
siders that primarily macromolecular compounds (polymers) are toxic to the

.organisa. They are precisely characterized by biological activity. Th
toxic action of polymers is also reported by Hopkins et al. [SO]; Thes
authors described pqisaning with acrylanide, which took place with symptoms
ol roxic lesion of the nervous system. My invastigations seem to show

that particles of PVC dust, 927 of which are smaller than 5 um, reach the
respiratory system and also have a toxic effect, though an influence 11;5
results froa their mechanical action, by obstruction of the s=all brounchi.

{ The toxic action of PVC is mainly indicated by dilatation of the broachi
and their suppurative inflammation. According to Ashbel [2]), development
of dilatacion of the bronchi and their suppurative inflammation are charac-
teristic features of toxic conioses, defined by French authors as t xic

bronchorathies (Marchand [75]). The mechanism of the toxic action of

macronolecular compounds was explained by Hueper [51] in the following way:

afcer co=ing in c;;tacc with body fluids a macromolecule may undergo
degradation (dnpol}ﬁcr;zation - my com=xent) and then be incorporated in
protein or nucleoproteins as pathologic granules. A new polyxer-protein
conbination is formed, which may have toxic properties. Om the other hand,
Fitzhuzh [28) associates the toxic action of polymars with free radicals,
being the residues from initiators. These groups are able to combine with

protein. The resultant combination is toxic and can even cause tissue ¢

undergo naoplastic pr liferation. Such toxic pr pertics of macrorolecular
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of these large bullae underg figf;sis; and then hyalinizati n, and the
exudate accunulated in their lumen undergoes dec mp sition ("mashy” mass s).
In addicion to the hyperplastic and wetaplastic lesions of the epithelius,
in this period we also observe growth of the glands in the vall of the

lobar bronchi. kyw';olid glandular foci develop, containing high epithelium
or typical glandular tubes. Then some of tﬁ;sc.tubcs underwvent cystold
dilatation. In their lumen ve detected wucus containing neutral mucopoly-
saccharides. Be:we;n the klandular tubes there were disseminated inflamma-
tory cells, such as lymphocytes and histiocytes.

On the basis of analysis of the microscopic images of the lungs of
animals exposed zo‘pglyvinyl chloride dust from 5 to 12.months it can be
stated that the pathologic changes produced in this time are more intense
than after 4 months of exposure to the dust. During exposure to the dust
from 5 to 12 months, bronchiectasia develops, with proliferation and meta- -
plasia of the bronchial epithelium. These lesions are often supplerented
by an inflammatory reaction, which affects not only the dilated bronchi,
but also the bronchioles, and sometines even the pulronary alveoli. To
generalize, this period can be called the hyperplastic~inflam=atory xtage.

The animals in Group II1 were kept under observation for 8 months from
cessation of exposure to the PVC dust. (The animals in this group had
previously been exposed to the dust for 12 wmonths). It was found that
despite cessation of exposure to the dust, the pathologic chaﬁgcs in the
respiratory system display varied development. Sote of them continue
dcvelopiné; but others recede. In the dilated bronchi the epitheliun
undergoes atrophy, but the inflammatory process already in progress er und
them does not recede. Tha thick bands of connective tissue in the br nchial
_ wall only undergo partial hyalinization, and the catarrhal lesions in the

epitheliun lining their lumen rexain even after 5 sonths of obsarvation.
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In the lumen of s ma dilated br nchi th;rn are copious granulocytes,

s nmetincs exhibiting signs of decay. The inflammat ry pPr cess ften also
affects the nearest pulmonary alve 11, In the wall £ the dilated 1 b r
bronchi, the ;ynph.cycc-likc cells remain in the form of & fairly wide
ridge up 3o the end of observation. Only.a te; glands in :h§ vall of the _
lobar bronchi underge atrophy and then connective tissue grovs focally

" between them. Inflammatory infiltrates mainly of histiocytes also remain
in the bronch;al wall and betwsen the glandular tubes. The connective
tissue around the broanchioles behaves Jdifferently. In.the first months of
observation this :issu# grows repeatedly, leading to considerable constric-
tion of their lumen. It is transformed to fibrous connective tissue only
by the end of the 7th month of observation. However, the inflamnatory .
infiltrates mainly of histiocytes remain between the bands of connective
tissue. Moreover, bronchioles in a state of exfg}iating catarrh are
observed.

After cessation of exposure to PVC dust, accumulation of a nunber of
phagocy:zes with golden-brown granules in the cytoplasm was observed under
the plcura. These granules contained neither divalent nor trivalent {ron.
Toluidine blue stained them golden-yellow. It follows that these granules
are not haemosiderin in the strict meaning of this word. They can be
" regarded as so-c:}lcd old haemosiderin, which is not synonymous with true
hacmosiderin. Hyeopinion in this matter is confirmed by the result of
stsining with toluidine blus. By the end of 8 months of observation after
cessation of exposure to the dust, fibroblasts appear between the phago—
cytes. The following lesions undergo regression: dJdisappearance of the
cuff-like aggregations of lymphocyte-like cells around the blood vessels
in the interalveolar septa, regression of mucoid degeneration of the bronchi,

disappcarance of paS-positive granules from the cytoplasn of the beaker

celln and eyliadeical eells of the Jobar and sepmontal hronchi, decrease
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there 1x neicher formation of f!brouu-ﬁyu!lne nodulen, as In rluerscd In
silicosis, nor formation of glant-ccll granulomas, underpgoing fibronia and
atrophy, which are characteristic of anthracozsia. We alno did nat obueryn
the diffuse fibrosis and hyalinization ﬁhn: occurs in asbeatonin. After
long-term application of PVC dust there is development of atrophic brenchitta

like that observed in cement pneunoconiosil: Mention should also he made -

“of the differing behaviour of the pathomorphologic changes in the respiva~

»

tory systez upon cessation of exposure to the dust. In pneumoconiosis
caused by polyvinoyl chloride the connective tissue in the wall of the
dilated bronchi is not cicatrized, and does not hyalinize around the bron-
chioles. Infiltrates of lymphocyte-1like cells and histiocyten remnin In
the wall of the 1oba¥ and segmental bronchi. All this indicates a repair
reaction. 1In pneumoconiosis caused by PVC dust, proliferation of lympho—
cytes and growth of bronchial glands is more intensive than io berylliosisg
It follows from all these comparisons that pneunofoniosis caused by PVC dust
has a distinct morphologic picture. This is furéﬁer exphasized by the fact
that the pathomorphologic cﬁanges described in the respiratory systez in
the course of pneumoconiosis caused by polyvinyl chloride dust dcvelop o re
slovly. According to Pushin [98], this is typical of diseases caused by
macrondolecular coapounds.

Couparing the results of the changes caused by PVC dust in the respira-
tory system of rats, the opinion may be expressed that this dust causes
pneunoconiosis of a téxic nature. It {s also necessary ;o discuss the
fairly la;gc group of animals which died in the course of exposure to the
dust. Four rats died in Group I - in all of them, in addition to pulmonary
emphyscaa and bronchial catarrh, we found a marked degree of passive hyper-
aenis in the internal organs. This might indicata circulatory insufficiency,

probably existing prior to the commencement of exposure to the PVC dust,
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. taere na under the 1ntlucnéc of rhé mechanics 14 t xie action

vt 2°¢ led to the animals' deaths. Ten an'. s died in Group II.

v . spart fr m the sigﬁs f edrculac ¥ 3ufficiency ve
onchiwctasis in a3 suppurative stare .. ulmonary suppurati n.
six rats died in the first month .~ essqﬁion of the action
The pathomorpholegic changes in s decernined during

are similar to the changes describec - aup II. All the

Tive survived for a further 7 months. In my opinion the

‘s before the intended time of ou -ra. on can be explained

» '~ aoce of lesions which were intensi:’ . .ar the influence of
‘nyl chloride dust. It would have bee.. .cult for ne to notice
xing lesions prior to commencerent of o™ perinments.

wing conclusions can be drawn on «}.- is of these experircents

. .is of the pathomorphologic changes pro+ . 31 in the respirat ry

rats exposed to polyvinyl chloride dust,

VL, v ..¢v1 ehloride dust introduced into the aespiratory aystea is

.« ,izally e tive, exarting mechanicrl and roxie .ction, and producing

«he nature of toxic pneumoconiosis

pneudoconiotic lesions are based on:
. selopment of bronchial catarrh a- . chiectasia vith the

.earance of paS-positive bndlcs fm the cells of their epithelius,

-1ike hyperplasia of componenr= .- *'@¢ bronchial wall with

‘- tion £ nodular f ci similar to cys.aden mas,
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¢) multiplication £ lymphocyte-liks cells and histiocytes in the

bronchial wall and aggregation of these cells in tha form of cuffs
around the blood vessels in the interalveolar septa,

d) development of pulmonary emphysema and chronic inflammation

around the bronchiold.

3. Development 9! pgcunoconiosis caused by polyvinyl chloride can be
divided into two stages: catarrhal-degenerative and hyparplastic-
inflamatory. . |

4. The pneumoconiotic lesions develop very slovwly, are difécrtnt from
other knovn conioses and create favourable conditipas for suppurative
conplications, which mainly affec:‘bronchiectasia.

5. Some of the pathomorphologic changes in the lungs arising in the
c urse of experivental coniosis caused by polyvinyl chloride dust do not

display any marked teadency to recede after cessation of exposure to this

dust.
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