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Union Carbide Corporation Re N WHEE [ W1
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South Charleston ‘ i
West Virginia
Your ref. Our ref Tel axt 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 utterly extreme. I think any bilological system
will be overwhelmed by 97 g/m” of PVC or any other fine dust. These conditions
are a long way from our TLV of 10 mg/m’.

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 Tork lsogy,
Maurie Johnson or any of my other American friends. It may be some little tim
before I get around to doing this. If you could run off some quick copiea for
them, I would be grateful.

With best wishes

"Yours sincerely

L

J Stafford
Division Manager
Health and Environment Protection
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I. INTRODUCTION

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 — pneumoconiosis.
Initially pathogenic action was only ascribed to silicon dust. Therefore
the investigations undertaken mainly concerned silicosis. On the basis of
elinical studies (Levin [7}]. Sokotow et al. [109], Vigliani et al. [122])
and experimental studies (Cabafiski et al. [13], Gross et al. [37], Policard
et al. [95]) it was found that in the lungs silicon dust causes formation of
fibrous nodules, composed of thick strands of collagenous 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 result that many authors turned their attention to the probtlenm of dust
diseases. Clinical and experimental investigations made it possible to
determine the action of individual types of dust. As a result of this
research it wvas éstablished that coal dust accumulates in the lungs, danages
the pulmonary alveoll and causes formation of dust nodules with the character
of giant-cell granulomas. These nodules are of a constant character with
susceptibility to fibrous atrophy (Niepoiomski et al. [80], Schepers [106],

AWOr:h et al. [121], Sofniarz et al. [110-112]). However, talc dust causes
so-called intraparenchymatous focal pneumonia, in which cellagenous fibres
appear at a very late stige in the inflammatory foci and there is no forma-
tion of pneumoconiotic nodules (Rakowski [100]). 1In the course of ashestosis
we can distinguish an early stage, called the vaso-histiocytic stage, and a
late stage, called the fibroblastic-collagenic stage (Avril [3]). A charac-
teriscic feature of this coniosis is diffuse fibrosis and hyalinizat®.-.

without formation of nodular lesions. Sometimes so-calle? z-.estos bodies
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can be detected among the striae of connective tissue (Hames [40]). Cottom
dust causes chronic bronchitis (Fetisova [25]), whereas cement dust causes
acute tracheitis and bronchitis, and then chronie atrophic inflammation of
these regions. In the lungs there is development of what is known as
cacarrha1—1ntra§aréhchymacous inflammation, leading to atrophy of the inter-
alveolar septa. Fibrosis is not very pronounced and 13 of a constant nature
(Niepotomski et al. [81]). Berylliosis is included among the toxic dust
diseases in view ofrthe mechanism of its development, and in the early

stages there is exudative pneumonia, which quite quickly changes to a
productive phase. There is formation of nodules composed of histiocytes

and lymphocytes. These nodules are often surrounded by strize of collagencus
fibres, undergoing hyalinization. Sometimes giant cells, similar to
Langhan;\> cells, are to be found in the centre of such a nodule (Marchand.
[75], Riittner et al. [104], Stofer [114]). o

There is no doubt concerning the existence of{gégiggggjks a distinet

nosologic unit (Kleczeriski [61]), Zahorski [123]). Research undertaken so
far has endeavoured to establish the mechanism of its genesis (Amoudru [1],
Ottowicz [93]). Many authors (Ebert et al. [24], Hames et al. [40],
Hepplestom [44], Policard [95]) consider that pneumoconiotic changes in the
lungs only develop with participation of living cells. In the opinion of
‘the above authors thesa cells absorb many particles of dust and then carry
them to the conneecivi tissue around the vessels, to the wall of the bronchi .
and alveoli and to tha lymphatic vessels. However, there are those (Gross
[36, 37]) who assert that the dust particles reach the connective tissue
without the participation of living cells, as a reSu;t of the respiratory
movements of the lungs. In recent years the literature has contained
. reports on the possibility of pathologic changes developing in the respira-

tory system reminiscent of coniosis, but caused by the action of plastics
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(Boitsov [10], Roussel [102]). These reports drew my attention t plastics
which are now in general use and have entered many spheres of daily 1ife
(Markiewicz [76], Kastierina et al. [57], Porejko et al. [97], Schildknecht
[107]). On account of their plasticity, resistance to the action of acids
and alkalies, ease of shaping and relatively low production costs, plastics
products have also found application in biology and medicine [Frankowski [29],
Jasidski et al. [53), Kawacki [58), Kaweckl et al. [59], Ku§ et al. [69, 70],
Nowak [83,.84, 85, 87], Olefiski et al. [89], Rob et al. [101], Rzepecki [105],
Staniszewska [113], Szymafiska et al. [116], Grabowski et al. [35], Rgdr; [60],
Komezyiiski et al. [64]).

One of the most important and first syanthetic thermoplastic macro-
molecular compound produced on an industrial scale was polyvinyi chloride )
(PVC) (Franty et al. [30], Wanderberg [119]). Pure polyvinyl chloride has
the form of a white, tasteless and odourless powder. In industrial produc-
tion, material made from it can be given variou; ;;rms, 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]), im sport (Kopezyfiski [65]) and in medicine
(Coetzan [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 of these
compounds on the human body, both of the producers and of the users. This
problem has been dealt with in many works in the national and foreign
literature (Cristea et al. [16], Bartenov et al. [4), Hervieux [45],

Kalinin [54], Kaliiiska [56]; Koelsch [62], Lachnit [71], Lefaux [72],
Markiewicz [76], Moeschlin [78], Kowalska et al. [68], Kalinowska et al. [55],
Smolik [108], TrosZin [117], Coiow et al. [17], Deyanova et al. [20]). The

problenm of the toxicity £ plastics, and especially polyvinyl chl ride, is
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still open, despite the fact that various investigations in this direction
have been undertaken (Quooss [99], Russel [103], Pennarolé et al. [94]).
The opinion expressed in the vast majority of published works is that
polymers are physiologically inert compounds, and the harmfuyl effects are
caused by auxiliﬁrfﬂchemicals in the polymer manufacturing process (initia-
tors, catalysts, emulsifiers) or taking part in forming the physical proper-
ties of the polymer? (stabilizers, plasticizers) (Danishevskii et al. [19],
Nowak [32]). Some authors (F%latova [26, 27], Gexvais [32], Witnauer et
al. [120]) ascribe harmful action to vinyl chloride, the toxiec properties of
which are already recognized and measures to prevent poisoning have already
been tiaken in many factories (Beusnel [7], Broitman [11], Bugajska [12],
Dmitreva [21], Gabor [31], Ginther [39], Krivoglaz et al. [63]). However,
many authors consider that certain plastics may have pathogenic properties
and as confirmation of thelr viewpoint they cite the harmful effects of-
massive inhalation of polyamide dust. This dust causes acute catarrhal
pneumonin with formation of granulomas of the type around foreign bodies
(Giovacchini [33]), and sometimes even changes of the nature of storage
disease (Medve et al. [77]). There are also those who ascribe carinogenic
action to plastics (Fitzhugh [28], Hueper [51], Nowak [88], Nesswetha et al.
[79], Oppenheimer et al. [90], Russel et al. [103], Bates et al. [5],
Druckrey et al. [22, 23], Oppenheimer et al. [89]). As a result of these
investigations it was found that after implantation of plates there is
fiearly alwnys‘appearancn of neoplasms [Guess et al. [38]), after implanta-
tion of a thread they only develop occasionally (Kogan et al. [63]), and
neoplasas are never found after implantation of powder (Oppenheimer et al.
(92]).

Although most authors are of the opinion that polyvinyl chloride is

a physiologically neutral compound, in'recent years the literature has
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contained occasional reports on the occurrence of various bodily disorders
and changes in the organs of workers employed in factories manufacturing
polyvinjl chloride or products made from this material, viz: in the liver
(Pushin [98]), especially in older women (Troshima [117], in the phalangeal
bones of the hands and in the skin (Harris and Adams [42]), and in the vas-
cular and nervous system (Suciu et al. [115]). Bugajska et al. [12] have
‘drawn attention 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 changes to a set of known nosclogic units. These authors
assume that these changes should perhaps be assoclated with work don for
many years by this worker in a PVC factory. In addition to descriptions £
clinical observations, the literature also contains experimental.wurks

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

et C T ————
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example, fed animals an oily suspension of ground PVC and showed that it
T T ) ST
does not have any toxic properties, but he qlgo_ﬁg?ertained that the paterial

- J— - i =

is solublq;ﬂllgfigfffyic and 1ntestipal_1g§ge. Boitsov [10], however,
pentions the possibility of development of coniosis in animals after intra-
tracheal administration of PVC resin. He found that in thelr lungs there is
thickening of the interalveolar septa and also peribronchial znd perivascular
inflammation. My preliainary ihvestigations on rats (Popow [96]) subnitted
_to the action of polyvinyl chloride also indicated that this dust is a
noxious agent for the lungs. Lymphocyte~like cells multiply under the
influence of inspiration of this dust. They accumulate in the form 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 emphysema.




investigating the behaviour of the pathologic changes that arose under the
influeance of polyvinyl chloride after its action had ceased. The control
group cowprised 10 animals. They were kept under observation for 20 months,
2 ra:s‘being killed by decapitation every 4 months.

Exposure to polyvinyl chloride dust was effected in the following way:
the rats were placed in a special chamber with dimensions 1.46 m x 0.56 m
x 0.38 m and were submitted to the action of polyvinyl chloride dust every
day for 1 hour. A rubber.hose was led into this chamber, 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 poured into the mixer once. The mixer was
connected by another rubber hose to an electric blower. When the blower was
switched on, the PVC powdar was mixaed with air. Then using theooutgoing
rubber hose, the PVC-air mixture was led into the chanmber where the animals
were. The concentration and size of the fVC dust parciéles were monitored
with a Zeiss coniometer during exposure to the aé?ion of the dust. At the
start of the experiment, on average about 9000 dust particles were found
in 1 mm3. As t;me passed, this figure gradually fell, as follow§ (figures
given after rouanding off): 7000 dust particles afrer 15 minutes, 5000 dust
particles after 30 minutes and about 1000 dust particles in the final phase
of dust exposure. Tha size of the dust particles was as follows: smaller
than 1 um ~ 1%, less than 5 um - 92%, from 5 um to 10 um - 4%, larger than
10 pym ~ 3%. The concentration by weight was 97 glm3. After exposure to
the dust for 1 hour the rats were put back in the cages,.where they remained
for the rest of the time. The control group of animals was placed in the
chamber for 1 hour every day and movement of air was created with the aid

of the electric blower, but PVC was not introduced. All the aninals were

killed by decapitation.

Uce
024934



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.
Beéause polyvinfl cﬁloride is one of the most frequently used plastics,
we decided to conduct investigations of the respiratory system after long-
term action of polyyinyl chloride and establish the nature of the resulting
pathomorphological changes. Moreover, we tried to determine whether the ‘
changes in the lungs after cessation of exposure to PVC dust recede, whether
they stop developing, or whether they still occur. Another interesting
problem worthy of consideration is whether the changes occurring in the
lungs promote the development of complications, as occurs for example in
the course of silicosis. In the literature available to me I have not ¢ me -

across reports on this kind of experimental investigations on animals.

III. RESEARCH TECHNIQUE

The experimants were conducted on 60 white rats of both sexes of the
Wistar strain. A control group comprised 10 rats. The age of the animals
at the start of the experiment ranged from 3 to 4 months. The rats weighed

from 150 to 220 g. The animals remained in separate cages, in a well-lit

roora which was aired every day, with its temperature maintained in the range

from 16* to 20°C. The animals were given mixed, nonstaggisg food regularly.

The test animals wvera divided into three groups. - 6gig35

Group I comprised 16 animals exposed to PVC dust from 1 to 4 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. In this
group I observed the picture of late preumoconiotic lesioms. Group III
compriscd 22 rats which, after 12 months of exposure to the dust, were kept

under obsarvation for a period of 8 months. This group was enployed for



From each animal lung segments were taken from the perihilar and
subpleural region for microscopic 1nvestigation.‘ The segments taken were
fixed in Carnoy fluid, embedded in paraffin blocks and stained: hematoxylin
and eosin, orcein agcording to Weigert's method for elastic fibres, accord-
ing to Gomori's method for argentaffine fibres, according to Heidenhain's
modification of Mallory's method (with "azan") for collagenous fibres,
according to Turnbull's method for divalent iron and Perls' method for
trivalent iran and with mucicarmin for the presence of mucus. In addition
the following histochemical tests were effected: paS for neutral'mucopoly-
saccharides (supplementing it with control acetylation according to Gersh
and employing blocking with dimedon), tripaS for acidie pfotein and Hale's
test for acidic mucopolysaccharides. In addirion, staining witﬁ toluidine
blue at pH 3.4 and 5.6 was effected for the purpose of investigating Qe:a—
chromasia and detection of mast cells. Polyvinyl chloride, designated by
the syzbol ED, was obtained from the Zaktady Chemfézny (Chemical Works) in
Owigcin. The results of the microscopic investigations relate to lung
segnents taken exclusiveiy from animals that were killed at thg scheduled

tine.

IV. RESULTS OF INVESTIGATIONS

1. CONTROL GROU?

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

intervals. 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 crackla in the characteristic
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way. No bronchiectasia and no nodular foei were found in the lungs of

these animals.

Microscopic picture, The pulmonary alveoli are fairly regular, the

interalveolar septa are of identical thickness with occasional slender
elastic fibres (orcein staining). Around the thin-walled capillary vessels
in the interalveolar septa we observed some lymphocyte-like cells (Fig. 1).
The baserment membrane of the capillary vessels contains sleader thread-like
collagenous fibres (staining with Azan) and slender argentaffine fibres
(staining by Comori's method), but do not contain paS-positive bodies, and
stain yellow in the tripa$S test.

The lobar bronchi are lined with simple cylindrical epithelium, which
is multirowed with occasional beaker cells, and the ciliary appa}atus is -
retained. In the cytoplasm of the beaker cells there are occasional,
extremnely minoute mucus granules (staining pink with mucicarmin) and als-
paS-positive bodies (staining reddish-violet). Néither the cytoplasm of
the cylindrical cells nor of the beaker cells contains acidic mucopoly-
saccharides (Hale's test proves negative). In the wall of these bronchi
the nuscle 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 tangles (staining by Comori's method). Furthermore, in the

wall of the bronchi there are a few lymphocyte-~like cells and histiocytes.
In the submucous membrane we can observe occasional glandular tubes with
narrow lumen, containing neither mucus nor mucopslysaccharides (staining
wvith mucicarmin; paS, tripés and Hale's tests prove negative).

The lumen of the segmental bronchi and bronchioles is lined with
eylindric cells, but beaker cells are rot found among them (Fig. 1). The

cytoplasm of the cylindric cells stains yellow in the tripa$S test and does
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not contain any granules: neither of mucus, nor of mucopolysaccharides
(staining with mucicarmin and the paS and Hale's tests prove negative).
The wall of the segmental bronchi has structure similar to the lobar
bronchi.

No phagocytes with granules of haemosiderin were found in the ecytoplasm
in the rats of the control group. Occasional mast cells appear under the
pleura (having fine-granular, reddish-violet cytoplasm when stained with

toluidine blue).

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

DUST - 4 MONTHS)

Acong the 16 animals in this group, 2 rats (Nos. 1 and 2) died at tyl
start of the 4th month of experiment. Pulmonary emphysema and a con~
siderable degree of passive congestion are found id all internal organs on
dissection. A further 2 rats (Nos. 3 and 4) died in thg last days of the
4th month of exposure to the dust. The macroscopic picture was similar t
that of the 2 previous rats. The surviving 12 rats (Nos. 5-165 were killed
at l-month intervals (3 rats at a time).

Macroscopic picture. After opening the thorax, in all the rats of this

group the lungs do not collapse but fill the whole thorax, and they are
fluffy and pale. During Cutfing, they do not crackle as characteristically
as norpal lungs. On the cut su;face they are pale pink and dry. A small
quantity of mucous mass is discharged from the large bronchi on compression.

Microgcopic picture. Tﬁe pulmonary alveoli are inflated like ball ons,

the septa between them are of reduced thickness, are disrupted in places,
. as a result of which there is formation of large cysts, and the residuecs

of the scpta project in the form of spines into their lumen. 1In the first
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few months of experiment the Interalveolar septa are found to have
aggregates of hiscfocyte-like cells, the cytoplasm of which possess s nminute,
diffuse golden-brown granules of haemosiderin containing trivalent iron

(they stain greenish-blue according to Perls’ method, Fig. 2). Sometimes

in the vicinity of the blood vessels in the focally thickened interalve lar

septa there are aggregates of cells of this 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. However, thicken=-
ing of the septa persists.

In the first few months of this period the lobar bronchi, lined with
cylindrical epithelium, have an 1rrégu1ar lumen. On the surface of the
epitheliun there are scant, amorphous, pink mucous masses (which stain pink
with mucicarmin), containing minute granules of mucopolysaccharides (which
stain reddish-violet in the paS test). Between the cylindrical cells there
are occasional beaker cells, the cytoplasm of which contains mucus (which
staing pink with mucicarmin) with a few, fine granules of neutral mucopoly-
saccharides (staining reddish-violet in the pa$ test). 'In the final phase
of this period of the investigations the lumen of the lobar bronchi becomes
roundish. ) '

In some places the cylin&rical epithelium uvndergoes flattening, and in

. some places there is even complete destruction (Fig. 3). This destruction

is not restricted to the epithelium, but affects deeper layers of the
bronchus. Between the lymphocyte-like ceils filling such a defect in the
bronchial wall there are no elastic fibres, or they have undergone frag-
mentation and.have the form of fine, very thin brown filaments in orcein
staining. On the other hand the argentaffine fibres undergo thickening or
fragmentation as well (staining according to quori's rethod). The rather

small nunber of lymphocyte-like cells in the wall of the lobar bronchi in
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the initial phase incr ases as time passes, and by the end of the fourth
month such cells are quite numerous.

In this period there is also an increase in the number of beaker cells
among the cylin@ric;l cells of the epithelium of the lobar bronchi (Fig. 4).
The cytoplasm of the beaker cells contains mucus in the form of spherical
pink granules when stained with mucicarmin. The composition of this mucus
includes neutral mucopolysaccharides (staining.reddish—violet in the pas
and tripaS test). These granules are located in the basal part of the beaker
cells, near the nucleus. In addition, the cylindrical cells lining the
luzen of the lobar bronchi undergo mucous degeneration and exfoliate into
the lumen of these bronchi, which is filled with mucous mass (Fig. 52. The
mucous wasses centioned above are stained pale pink by mucicarmi;, but the
paS and tripas tesf proves negative. In the submucous membrana ther; are
occasional glandular tubes, which have a narrow lumen and contain neither
nucus nor mucopolysaccharides (staining with muéié;rmin, and the paS, tripas
and Hale's tests prove negative).

In the initial phase of the period of investigation, with staining with
Azan, a small number of slender, bluish collagenous fibres ara 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 fourth

month, here and there the bluish collagenous fibres iIn the wall of the

lobar bronchi have become "scattered”, and nearby there are agglomerations

of lymphocyre-like cells. On the other hand the muscle fibres are tumefied.
The wall of the blood vessels located near the lobar bronchi has focal
thickening as a result of c&ﬁsiderable swelling of the muscle fibres, which
is revoaled by intense reddish-violet coloration in staining with "Azan".

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

the wall of these vessels we can see small amorphous, violet calcic lamellae.
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In the peripheral part of the lung just under the pleura, around the
capillary vessels with softened and thickened wall, we can detect "cuffs"
with numerous small, rounded cells with a dark nucleus and a narrow fringe
of cytoplasm (Fig. 6). The endothelium that was tumafied at the start
exfoliates into the lumen of the vessels in the final phase, and sometimes
closes iﬁ completely.

The cytoplasm of the cells lining the lumen of the éegmental bronchi
and bronchioles, which for the most part is not widemed, is not found to
contain granules of mucua, neither after 1 nor after 4 months of dust
exposure. Also no beaker cells appear between the cylindrical cells of
the epithelium of these bronchi, or of the broanchioles. Ia this feriod of
the investigations, under the pleura wa observe a few, isolated mast cells,
wvhich have reddish-violet, fine-granular cytoplasm in staining wich toluidine

blue.

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

DUST - 8 MONTHS) .

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

of exposure to PVC dust. On dissection they were found to have pulmonary

emphysena and bronchlaectasia in a suppurative state, and in a further &

rats which diéd in 7, 8, 9 and 10 months of exposure to the dust (Vos. 19-22)
there were s;all. scattered foci of suppurative pneumonia. Two rats died

in each of the 11th and 12th months of exposure to the dust (Nos. 23-26)

as a result of bronchiectasia and pulmonary suppuration. The surviviang

rats were ﬁilled in two's at monthly intervals, starfing froa the 5th month

of observacion.
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Between these tubes we find quite numerous scattered lymphocyte-=like
cells and histiocytes (Figs. 8 and 10) and quite wide bands of collagenous
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 dilatation after 8 months of experiment. In this period
the cells of their epithelium undergo flattening, and beaker cells appear
betwsen them. The cytoplasm of these beaker cells gives very weak reaction
with mucicarmin, but the pa$S 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. Io addition the epithelium
of these bronchi becomes stratified (Fig. 11), and scmetimes even undergoes
metaplasia into stratified squamous epithelium (Fig. 12). Then in the
irzediate vicinity we can see aggregations of histiocyte-like cells and -
occasional bands of hyalinizing connective tissue.

As time passes, the collagenous fibres in the wall of the segmental
bronchi become thicker and thicker and have the appearance of broad blue
;tripes in staining with Azan. By the end of 12 months.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-
m;cous membrane. Starting from-8 months of exposure to the dust, round
some segmantal bronchi we observe profuse cuff-like aggregations of
lymphocyte~lika cells.

Pathologic changes do not appear in the bronchioles ;ntil 9 months of
experiment. They result from enlargement of histiocytic and lymphocyte-like
cells towards their lumen and intussusception in the wall of the bronchiole
in the form of warts. Some wart-like formations are deprived of bronchial
. epithelium. As time passes, around the bronchioles there is accunulation

of more and more lymphocyte-like cells and histiocytes (Fig. 14), which
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£i1l defects in the epithelium of the bronchioles (Fig. 15). The elastic
fibres in the wall of the bronchioles in defective regions undergo dis-
integration, and when stained with orcein they are visible as slender..
short, isolated brown filaments.

The microstructure of the nodular foci with honeycomb appearance, which
was found in rats after 7-12 months of exposure to PVC dust, can be
described as follows: they contain cystoid formations lined with cylindrical
epithelium. In places we can see wart-like protuberances, composed of
connective~tissue stroma (thick blue stripes when stained with Azan) covered
with cylindrical epitheliua, which creates the impression of focal strati~
fication or undergoes metaplasia into stratified squamous epithelium (Figs.

16 and 17). Squamous-epithelial metaplasia of this kind also éccurs in'-‘

lobar and segmental bronchi. Between the cylindrical cells without cilia

there are quite numerous beaker cells, the cytoplasm of which gives a
strongly positive pa$ reaction -~ it has intense:;eddish—violet staining.
paS-positive masses also fill the lumen of these cystqid formations and
are stained pale pink by mucicarmin.

However, the large cystold formations filled with "mashy" masses, in
rats with the same period of exposure to duyst, have a different microstruc-
ture. These are large thin-walled cavities, and the wall is composed of
hyalinized connective tissue, without cpithelial ependyma. In the lumen of
these cavities there are amorphous, fine-granular masses, and granulocytes
are only seen among them in a few places. Hale's test provad negative in
all the animals. The number of mast cells, the cytoplasm of which is 623343
stained reddish-violet by foluidineblue, does not increase; only a few of
them are encountcred under the pleura or near the dilated bronchi. The
granules in the cytoplasm of the phagocytes, located in the interalveolar

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

(staining according to the method of Turnbull and Perls proves negacive).




Macroscopic picture. In the rats after 5 and 6 months of exposure to

the dust (Nos. 27 to 30), after opening the thorax the lungs do not collapse
but protrude from the thorax, they are moderately fluffy but do not crackle
during cutting as markedly as norwal lungs. Minute slate-like specks show
through the pleura. On cutting the lungs are pale pink, and dry. Broﬁﬁhi
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 months of observation we found nodular foci protruding above the
surface, which had a honeycomb appearance on the cut surface. These foci
contain a ropy, milky-opalescent fluid. In addition to these focl there
were large formations, with the features of single—~cell cysts filled with
mucoatheromatous mass. These large cystoid formations were surrbunded byv
a distinet undulant reddish fringe. Sometimes the cystoid formationé wvare
so large that they occupied the entire lobe of the lung. In rats after 11
and 12 conths of exposure to PVC dust the nodular foci had enlarged to such
an extent that sometimes they occupied the entire lobe.. On the other hand
there were fewer large cystoid formations, and they were also swmaller.

Micrnscopic picture. Marked pulmonary emphysema is noted, more pro~

nounced than in the animals of group I. However, in places the interalveolar
septa are thick, and the blood vessels in them have irregularly thickened
wall and tucefied endothelium. In ihe wall of these vessels, after 9 months
of exposura to the dust, collagenous fibres appear instead of the muscle
fibres, which is indicated by blue coloration of the vessel walls as a result
of the action of Azan and orange coloration when the tripaS test is carried
out. Cuff-like aggregations'of lymphocyte-like cells and histiocytes are
observed around these vessels. Sonetimes these aggregations are connected

" to the aggregations of such cells around the sagmental bronehi, forming a

single complex. The lobar bronchi have a widened lumen and are filled with
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mucous masses with numerous granulocytes sybmerged in them. The mucous
masses give a strongly positive paS reaction (intense reddish~violet
staining) and are closely adjacent to the surface of the epithelium. Between
the cylindrical cells lining the lumen of these bronchi there are very many
beaker cells. Their cytoplasm gives a weak reaction with mucicarmin; pale
pink, but the reaction of pa$S and tripa$§ is very strong: intense reddish-
violet. After blocking with dimedon, there was nmo change in the coloration
of these masses in the paS test. Furthermore, in the cytoplasm of the
cylindrical cells 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 elaatic fibres unde?go fragmenta-
tion and are visible as short, thin browa filaments (staining with orceiﬁ).
In addition, in some bronchi there i3 metaplasia of the cylindrical epi-~
theliuz to stratified pavement epithelfium (Figs. 7 and 8).

In the immediate vicinity of the bronchi ve é:n see aggregations f
lymphocyte=like cells and histiocytes. Sometimes we ggin the impression
that the cylindrical epithelium of the lobar bronchi forms in layers or
grows in the shape of a tongue deep iqto the wall (Fig. 9).

In 11 and 12 months of exposure to PVC dust, the epithelium of the

dilated lobar brosnichi is low and flattened. The collagenous fibres in the

- wall of these bronchi have the appearance of thick, broad, uniform blu

stripes (stained with Azan). The submucous membrane is greatly widened.
The glandular tubes located in it are either dilated like cysts (Fig. 10)
and filled-with pale-pink contents, glving a weak reaction with mucicarmin,
and stronger paS reaction, or have the appearance of solid tubular focl
without a lumen, composed of malleolar epithelium (Fig. 8). Sometimes the
dilated, cyst~like tubes are filled with paS-positive masses located just
under cthe metaplastic, stratified squamous epithelium, into which their

cittbgeisn,: duct is probably sec (Fig. 7). ' uce
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are observed less and less frequently in the interalveolar septa. In the
eighth month of observation after the end of the experiment, only isolated
lymphocyte-like cells are to be seen around the blood vessels. The lumen
of these 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 for

" the most part filled with coagulated albuminous, acidophilic fluid, mixed

with numerous neutrophilic granulocytes. The albuminous fluid contains
nucus (distinctly pink in staining with mucicarmin) and a much smaller amount
of paS-positive substances in comparison with group II (in the paS test it

is pale reddish-violet). These bronchi are lined by a low cylindrical
epichelium with numerous beaker cells, 1 month after cessation Af exposure

to the dust, Minuie 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 of
observation. At first the cytoplasm of the beaker cel}s containg very litrle
mucus (it is stained pale pink with mucicarmin), but a large amount of paS-

positive substances (it is stained intense reddish-violet). However, by the
\'\

‘end of observation there is a pronounced mucus reaction, whereas the pa$

reaction is weakly positive (staining pale reddish-violet). At this tima
the minute paS~positive granules also disappear from the cytoplasm of the
cylindcvical cells, and their squamous-epithelial metaplasia is rarely
encountered. In twoe rats (Nos. 59 and 60) killed 8 months after cessation
of exposure to the dust, it was found that there were numerous greenish-blue
granules of acidie mucopolyéaccharides (Hale's test) in the cytoplasn f

the cells of the epithelium of the lobar and segmental bronchi and als in
the glandular tubes of the submucous membrane of these bronchi. Similar
granules were present in the epithelium of the microlobular nodular foci.

Hale's test proved negative in the other animals.
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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)

0f the 22 rats in this group, by the end of the first month of
observation after cessation of exposure to PVC dust, 6 rats di;d (Nos.. 39
to 44). Upon dissection, in the lungs of 311 the rats in addition to
esphyserma and bronchiectasia we detected the presence of numerous nodular
or cystoid formations filled with thick, creamy, ropy contents mixed with -
"mashy" masses. Sometimes the entire lung was composed of thin-walled,
cystoid formations. The surviving 16 rats (Nos. 45-60) were killed at
monthly intexrvals (2 rats at a time).

Macroscopic picture. Among the surviving 16 rats, during dissection

of 8 animals killeq at the scheduled time we determined the presence £
apneuzatic, fine-~lobular, hard nodular foei (Fig. 18), as in the lungs of
the animals in Group II. In ad&ition, ve observeg,large, quite soft cysroid
formations (Fig. 18), and when cut they were found to have a thin wall and
were filled with "mashy” masses mixed with mucilaginous, partially creamy
contents.

The changes described above were observed inm rats both 1 month and
§ months after cessation of exposure to the dust. In the other 8 rats, after
opening the thorax the lungs do not collapse, they are excessively fluffy,
pale pink, and during cutting they do not crackle as characteristicaily as
noronal lungs. The surface of the cut is pale pink, and dry. Bronchi with
widened lumen and roller-shaped wall project from the cut surface., Mucila-
ginous contents are discharged from them on compression. Scattered slate-

like and dot-like foci show through the pleura.

Microscopic picture. Pulmonary cmphysema is found in all the animals

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

As time passes, blood vessels surrounded by a cuff of lymphocyte-like cells
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cells. A broad band of fibrosing connective tissue is evident in the wall
of the segmental bronchi (stains blue with Azan, and black according to
Gozori's method) (Fig. 20).

As time passes, in the epithelium of the segmental bronchi there is a
fairly rapid decrease of the number of beaker cells containing paS-positive
bodies; these cells are no longer visible 4 months after cessation of
exposure to the dust. At this time the minute paS-positive granules also
disappear from the cytoplasm of the cylindrical cells. Eight oonths 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 signs £
hyalinization. Between the cylindrical cells of the epithelium, the
cytoplasa of which is stained yellow in the tripa$ test, only isolated :
beaker cells are visible, with their cytoplasm containing mucus (stains;
pink with mucicarmin), but not containing pns-posiyive bodies. In 1 rat
(¥o. 53) we observed several segmental bronchi alongside one another with
cystoid enlargement, which were lined with considerably flattened epithelium.
Around these bronchi there was growth of fibrous connec;ive tissue, still
containing quite a number of lymphocyte-like cells and histicecytes. The
lumen of these bronchi is empty. The pulmonary alveoli in the vicinity of
these enlarged bronchi are apneumatic, often coplously infiltrated with
granulocytes, somatimes occupying some 10-20 alveoll each. Decay is found
in the centre of these infiltrates.

In all the animals we observed slight, gradual decrease of the number
of lymphocyte-like cells surrounding these bronchi like a cuff. By the end
of the experiment (in 12 months of exposura to the dust), numerous histia-
cytes and lyzphocyte-like cells had accumulated round the bronchioles, t
such an extent that in places they intussuscepted the wall of the broachiole

in the form of a wart. TIwo months after cessation of dust exposure, the

above~mnationed cells are still multiplrin: and now intussusrsept tho wall
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The collagenous fibrgé in the wall of the lobar bronchi are thick,
homogeneous, and stain dark blue with Azan throughout the period of observa-
tion. Staining according to Gomori's method indicates inspissation of
argentaffine fibres ~ thick black bands. On the other hand there are few
elastic fibres, in the form of thin, discontinuous brown threads (qtai;ing
with orcein), or they are completely lacking in the regions of defects in
the bronchial wall.

The submucous membrane is wide, in it there are numerous glandular tubes
with a wide lumen, filled with contents giving a weak reaction with muci-
carmin, and strongly paS-positive (staining intense reddish-violet). Between
the glandular tubes there are extremely numerous lymphocyte-like cells.
After 5-8 months from the time of cessation to exposure to the dusc. the
lumen of the glandﬁlar tubes seems to collapse. Cells of new connective
tiss#e and numerous collagenous fibres appear between the tubes (with Azan,
staining in the form of broad blue bands, which s:;round thesa tubes) (Fig.
19). 1In places the connective tissue grows as broad bands, and betwaen them
there are numarous lymphocyte-like cells and histiocytes, either scattered
or in agjregates. Among the bands of connective tissue there are argent-
affine fibres (staining black according to Comori's mathod), and there are
no elastic fibres (staining with orgein). Som; glandular tubes are enlarged
in cystoid manner and filled with pale pink, homogeneous masses, giving a
ue;k positive reaction with mucicarmin (they stain pale ?ink), and negative
paS reaction (they do not stain). One month after cessation of dust
exposure, the rounded or oval lumen of the segmental bronchi is lined with
cylindrical epithelium with.quice nunerous beaker cells, indicating excessive
secretion of nmucus. This mucus contains a large amount of neutral mucopoly-
saccharides (intense reddish-violet staining in the paS reaction). There

are also minute paS-positive granules in the cytoplasm of the eylindrical
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In the first month of observation after cessation of exposure to the
dust, under the pleura there is accumulation of, in each case, a few or
about a dozen large phagocytes with scattered golden-brown, minute granules
in the cytoplasm. These granules do not give positive paS and tripaS reac-—
tion, do not stain with mucicarmin, and also do not contain divalent or
trivalent irom (staining according to the method of Turnbull and Perls).
Oaly toluidina 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 determined after 8 moaths of
observation. Throughout the period of observation the mast cells behave

as in Group I1I.

V. INTERPRETATION 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 development of a variety of pathologic changes in the respiéato:y
épparatus. At the earliest, after just one month of exposure to this dust,
there is development of catarrhal inflammation of the lobar bronchi with
mucoid degenergtion of the cells of the epithelium and focal pulmonary
ezphyseaa. The development of focal emphysema evenr in the first month of
exposure :oJPVC dust depends most probably on mechanical obstruction of the
saall bronchi in the form of a valve. The muscle fibres and collagenous
fibres of the bronchial wall undergo tumefaction, and the lymphatic follicles
undergo focal hyperplasia. In this period the segmental broachi as well as
the bronchioles do not exhibit catarrhal lesions, bué the basemant membrane

of the c¢apillary bleod vessels in the interalveolar septa undergoes
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of the bronchioles in numerous places (Fig. 21). Among the lymphocyte-like
cells and histiocytes there are occasional thin collagenous fibres (they
stain blue with Azan and brown according to Gomori's method). After 7 months
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 connecrive
tissue undergoes h&alinization (stains a uniform blue with Azan), and the
surface is partially covered with flattened epithelium.

In addition to the changes described above, 1 month after cessation of
exposure to the dust we may find bands of partially fibrosing connective
tissue around some bronchioles, with lymphocyte-like cells and histiocytes
between these bands (Fig. 22), or profuse aggregations of lymphocyte=lik
cells filling the defect in their wall. Four months after cassation f the
experiment, sometimes the bronchioles have an irregular, stellate luczen and
are lined with low epithelium (Fig. 23). 1Into these bronchioles there is
intussusception of bands of connective tissue containing collagenous fibres
(staining blue with Azan) and argentaffine (staining black accoxding to
Gomori's method). Moreover, we often observe proliferation of connective-
tissue fibres (staining blue with Azan) in the vicinity of the bronchi les.

By the end of 8 months from cessation of the experiment, the picture is
similar, but the new connective tissue gradually transforms into fibrous
tissue (uniform dark blue staining with Azan). The micrgstructurn f the
microlobular nodular foci, observed both 1 month and 8 months after cessa-~
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
immersed in nucus, which is stained pink with mucicarmin. However, th
nicrostructure of the large, soft cystoid formations and the{r contents are

the same as described in Group II.
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Among the changes observed in animals exposed to PVC dust for a further
8 months on top of the first schedule, hyperplastic and metaplastic lesions
appeat,'in addition to intensification of the degenerative changes. They

affect the epithelium of the lobar bronchi and of the segmental bronchi,

and even appear in the epithelium of the bronchioles. Against a background
of hyperplastic lesions of components of the bronchus, there is development

of cystoid foci, with wart-like protuberances covered with cylindrical or

squamous epithelium. The epithelium lining these foci exhibits mucoid

degeneration. The excessive quantity of mucus actunulates in the lumen of

these wart-like foci, often there is secondary infection, which leads to
suppuration. The microscopic picture of these foci 1s similar to the pic-—
ture of a cystoadenoma.

In the wall of the lobar and segmental bronchi, with widened lumen,

we find broad bands of connective tissue 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 lumen is filled with mucopurulent £luid, and the epithel?um
undergoes atrophy.

. In the final stage of exposura to the dust, i.e. after 12 months,
granulocytes and histiocytes accumulate around the bronchioles. Sometimes

the granulocytes and histiocytes intussuscept the wall of the bronchioles

like warts into the lumen, distorting and constricting it. There is often

s

nucus with granulocytes in the lumen.

Pulmonary emphysema, developing in

the initial period of exposure to the dust, most probably depends on

mechanical obstruction of the bronchi. The emphysema incraases as time
passes. Its development in the later stage is associated with degenerative-~

inflamnatory lesions in the bronchi and bronchioles; 1large bullae forn,

in which an exudate accumulates, nainly composed of neutrophils. The walls
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thickening and softening, and the endothelial cells undergo tuzefaction.
Around the blood vessels there is accumulation of lymphocyte-like cells,
which surround them like a cuff. Here and there in the interalveolar septa
near the blood vessels we encounter isolated or small groups of phagocytes,
laden with granules of pigment containing ﬁrivalent iron. ‘

After 2, 3 and 4 months of exposure to the dust we observe greater
" dilatation of the lumen of the lobar bronchi and intensification of the
degenerative changes of the epithelium than after 1 month. The muscle
fibres of the bronchial wall are more thickened and swollen than after 1
month, whereas 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 intensive proliferation of lymphocyte-like CEI;I
and histiocytes, which filled the defect. In this stage of the expe;imcn:,
lymphocvte-like cells accumulate in large foci around the segmentai bronchi.
The epithelium lining the segmental bronchi and bronchioles maintains its
height, but it is covered with a thin layer of mucus. In this period we
did not observe accumulation of lymphocyte-like cells near the bronchioles.
However, they surround small blood vessels in the interalveolar septa like
a cuff. The excessively~inflated pulmonary alveoli exhibit the typical
characteristics of emphysema.

On the basis of the pictgre of pathologic changes in the first 4§ months
of exposura to PVC dust it can be stated that PVC dust reaching the respi-
ratory system causes mucold catarrh of the lobar bronchi.and pulmonary
erphysema in the early stage. As time passes, mucoid degeneration gradually
affects the segmental bronchi and bronchioles, but is only slight. 1In
parallel with the degenerative changes in the bronchi, we observa a marked
reaction on the part of the lymphatic system. Lymphocyte-like cells
accumulate not only around the blood vessels in the interalveolar septa,

but at-~ in the bronchial wall.
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In the lumen of some dilated bronchi there are copious granulocytes,

sometimes exhibiting signs of decay. The inflammatory process often also

affects the nearest pulmonary alveoli. In the wall of the dilated 1 bar
bronchi, the lymphoecyte-like cells remain in the form of a fairly wide

ridge up to the end of observation.

Only a few glands in the wall of the

lobar bronchi undergo atrophy and then connective tissue grows focally

between them.

Inflammatory infilcrates mainly of histiocyres also remain

in the bronchial wall and between the glandular tubes. The connective
tissue around the bronchioles behaves differently. In the first months of
observation this tissue grows repeatedly, leading to considerable constric~

rion of their lumen. It is transformed to fibrous connective tissue only

by the end of the 7th month of observation. However, the inflammatory

infiltrates mainly of histiocytgs remain between the bands of connective
tissue. Moreover, bronchiocles in a state of exfg}iacing catarrh are

observed.
After cessation of exposure to PVC dust, accurmulation of a number of

phagocytes with golden-broun granules in the cytoplasm was observed undar

the pleura. These granules contained neither divalent nor trivalent iron.

Toiuidine blue stained them golden-yellow. It follows that these granules

are not hazmosiderin in the strict meaning of this word. They can be

" regarded as so-called old haemosiderin, which is not synonymous with true

hacmosiderin, My opinion in this matter is confirmed by the result of

staining with toluidine blue. 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: disappearance of the
cuff-like aggregations of lymphocyte-like cells around the blood vessels
in the interalveolar septa, regression of mucoid degeneration of the bronchi,
disappearance of paS-positive granules from the ¢ytoplasm of the beaker
celln ol eylindrical cells of the lobar and sepgmental bronvchi, decrease
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of these large bullae undergo fibrosis, and then hyalinization, and the
exudate accumulated in their lumen undergoes decomposition ("mashy" masses).
In addition to the hyperplastic and metaplastic lesions of the epithelium,
in this period we also observe growth of the glands in the wall of the

lobar bronchi. New solid glandular foci develop, containing high epithelium
or typical glandular tubes. Then some of these tubes underwent eystoid
dilatatfon. In their lumen we detected mucus containing neutral muc poly-
saccharides. Betwe;n the glandular 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 to polyvimnyl chloride dust from 5 to 12 months it cam be
stated that the pathologic changes produced inm 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 merﬁ-
plasia of the bronchial epithelium. These lesions are often supplemented
by an inflammatory reaction, which affects not only the dilated bronchi,
but also the bronchicles, and sometimes even the pulmonary alveoli. To
generaiize, this period can be called the hyparplastic-inflammatory stape.

The animals in Group 11l were kept under observation for 8 months from
céssation of exposure to the PVC dust. (The aniwmals in this group had
previously been exposed to the dust for 12 months). It was found that
despite cessa:i&n of exposure to the dust, the pathologic chaﬁges in the
respiratory sistem display varied development. Sorme of them continue
developing, but others recede. In the dilated bronchi the epithelium
undergoes atrophy, but the inflammatory process already in progress around
them does not recede. The thick bands of connective tissue in the bronchial
. wall only undergo partial hyalinization, and the catarrhal lesions in the

epithelium lining their lumen remain even after 5 months of observation.
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The results of investigations of rat lungs after exposure to PVC dust

. indicate that this dust produces lesions of the nature of coniosis. Hapes
[40] and Harris (41] consider that the type and nature of the pathomorpho-
logic changes developing in the lungs during coniosis depend not only on
the biological activity of the dust introduced, but also on the size of 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. The
toxic action of polymers is also reported by Hopkins et al. [50]; These
authors described poisoning with acrylamide, which took place with symptoms
of toxic lesion of the nervous system. My investigations seem to show

that particles of PVC dust, 922 of which are smaller than 5 um, reach the
raspiratory system and also have a toxic effect, though an influence 31;0
i results froam their mechanical action, by obstruction of the szall br nchi.

The toxic action of PVC is mainly indicated by dilatation of the broachi

and their suppurative inflammation. According to Ashbel [2], development

of dilatation of the bronchi and their suppurative inflarmation are charac-
teristic features of toxic conioses, defined by French authors as roxic
bronchopathies (Marchand [75]). The mechanism of the toxic action of

macrozolecular compound® was explained by Hueper [51] in the following way:

after coming iulcon:ac: with body fluids a macromolecule may underg
5 degradation (depolymerization - my comment) and then be incorporated im

protein or nucleoproteins as pathologic granules. A new polymer-protein

combination is formed, which may have toxic properties. On the other hand,

Fitzhuzh [28] associates the toxic actfion of polymers 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 to

undergo neoplastic proliferation. Such toxie pr perties of macromolecular
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of the number of beaker cells in the mucous membrane of these br nchi and
decline of metaplasia of the pavement epithelium.

Metaplasia of the pavement epithelium deserves further consideration.
In the rats of Group II this metaplasia was very pronounced. In Group IXI,
howaver, either'in was not very marked, or it was completely absent. f:
would be difficult to accept that the 16 rats in Group III would react so
very differently to exposure to PVC dust, f.e. that their reaction charac-~
teristics would differ markedly from the reactivities of the rats im Group
II. 1 assume that in these animals, which after all are derived from
inbreeding, there cannot be marked differences in reactions. Then we should
assume that metaplasia of the pavement epithelium also occurred in the
bronchi in these 16 rats, but after cessation of exposureto PVC dust the
metaplastic epithelium gradually exfoliated and normal epithelium waQ coa~
pletely restored. The validity of this idea is supported by the fact that
there is metaplasia of the pavement epithelium in-8 rats out of 16, though
this metaplasia was of a low level of intensity.

As follows from 8 months of observation after cessation of exposure
to PVC dust, some of ché pathologic changes in the lungs recedé, but some
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, persist even after its action has ceased. We must then
ask what happens to the PVC dust. Is it deposited in the lungs, or is it
dissolved in.eﬁe body fluids? It is not easy to answer éhis question, for
it turns out that PVC dust probably has the same refractive index as Canada
balsam and therefore it cannot be detected. Moreover, PVC dust particles
do not rctain any pigments which are employed in the research. It could
. be assumed that these dust particles dissolve in the tissue fluid in the
lungs. That this possibility cannot be rejected is denmonstriited by the

ohservarioas of Bernt [6], Cylwik [18], Lachait [71] and cothers.
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of exposure to PVC dust, the paS-positive bodies disappear quite quickly
from this secretion, and the constityents that are characteristic of mucus
appear instead (staining with mucicarmin is strongly positive). It is
significant that PVC administered perorally does not cause any symptoams
of taxic lesion of intermal organs (Homrowski et al. [46, 49]). Resea;ch
‘ by Hervicux, Tessier [45] and Truffert [118] showed that macromolecular
compounds that are derivatives of vinyl possess toxic properties. Toxic
action of polyvinyl chloride is indicated by investigations of the liver
of rats exposed to inhalation of PVC dust, undertaken by Cylwik [18]. In
addition to far-advanced degenerative lesions of the liver cells and reac-
tive hyperplasia of the cells of the reticuloendothelial system, he noted
that paS-positive bodies appear in the liver cells during the experiment,
but disappear when exposure to the dust ceases. Appearance of paS-positiva
bodies in the bronchial epithelium and in the lymph nodes of tesf animals
exposed to polyvinylpyrrolidone dust (a vinyl derivative) is also described
by Lowsma et al. [74], who also note that these paS-positive hodies are
also found in the lymph nodes of people employed in the praduction of this
polyvmer. The reports of Lachnit [71] and Lefaux [72] show that nontoxic
macronolecular compounds administered perorally may prove highly toxic on
inhalation to the respiratory system. It seems that polyvinyl chloride
" can be included among the macromolecular compounds with such properties.
Coxparing the morphologic pictures in comiosis caused by PVé dust with
the pictures of conioses that have already been described, it must be
stated that the changes produced by polyvinyl chloride dust zare somewhat
similar to the changes in berylliosis, though to a slight degree. This
comparison is based on identical cells in the inflammatory iafiltrates. .
However, in berylliosis there is formation of granuloﬁatous nodules, but

pronounced granulomas were not observed in PVC confosis. In PVC coniosis
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compounds have been explained by Oppenheimer et al. [90]. They consider
that free radicals are released and react with the cell constituents.
These free radicals repeatedly lead to depolymerization of nucleic acids
and so have an influence on the enzymatic processes of the cell. Hedri et
al. (cited by Homrowski [43]) and Kowalski et al. [67] demonstrated that
if dibutyl phrhalate is used as a plasticizer in the production of PVC,
the finished PVC has marked toxle properties, probably as a result of
insufficient polymerization. The investigations of Nowak [86] and Bober [8]
showed that dibutyl phthalate cam cause inflammatory reactions. However,
Smolik [108] considers that the toxic properties of macrorolecular cozpounds
are associated with monomer residues. 1In his opinion they cause acute and
chronic disorders of the respiratory passages. On the basis of my research
I cannot say with complete certainty whether the PVC molecule undergoes _
depolymerization and becomes associated with protein, or whether free
radicals react with the constituents of the serousrfluid of the bronchi,
or whether the residues of monowmers perhaps exert an action. It is a face,
however, that paS-positive bodies appear in the cells of the epitheliwa of
the bronchi, in their lumen and in the bronchial glands under the influence
of Pvc duseg, and the number of such bodies increases as time passes. After
exp&sure to the dust has ceased, the paS-positive bodies gradually disappear.
This might indicate that PVC dust irritates the bronchial epithelium,
causes an increase of the number of beaker cells and promotes their secre-
tion. This secretion does not have the typical nature of mucus (slightly
positive result of staining with mucicarmin), but it contains paS-positive
bodies. This is emphasized by the fact that with the passage of experiment
tice, this secretion becomes more and more deprived of the constituents
that are characteristic of mucus (staining with mucicarmin is almost nega-
tive), but it contains more and more paS-positive bodies. After cessation
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which increased under the influence of the mechanical and toxic action

of this dust and led to the animals' deaths. Ten animals died in Group II.
In all of these, apart from the sigds of circulatory insufficiency we
ascertained bronchiectasia in a suppurative state and pulmonary suppuration.
In Group III, six rats died in the first month after cessgtion of the ;ction
of the dust. The pathomorphologic changes in the lungs determined during
‘dissection wvere similar to the changes described in Group II. All the
animals still alive survived for a further 7 months. In my opinion the
dzath of animals before the intended time of observation can be explained
by the cxistence of lesions which were intensified under the influence of
the polyvinyl chloride dust. It would have been difficult for me to notic

these existing lesions prior to commencement of the experiments.

VI. CONCLUSIONS

The following conclusions can be drawn on the basis of thesa experirents
and analysis of the pathomorphologic changes produced in the respiratory

s&stam of rats exposed to polyvinyl chloride dust:

1. Polyvinyl chloride dust introduced into the respiratory systea is
biologically active, exerting mechanical and toxic action, and producing
lesions of tha nature of toxic pneumaconiosis.

2. The pneumoconiotic lgsions are based on:

a) development of bronchial catarrh and bronchilectasia with tha
appearance of paS-positive bodies in the cells of their epitheliun,

b) wart-like hyperplasia of components of the bronchial wall with
fornmation of nodular foci similaf to cystadenomas,

ucc
024960



there is neicher formation of fibrous-hyaline nodules, a3 18 chicrved on
silicosis, nor formation of glant-ccll granulomis, underpolng fihroals and
atrophy, which are characteristic of anthracosin. We aluo did pot obuerve
the diffuse fibrosis and hyalinization that occurs in asbeatonin, After
long=-term application of PVC dust there is development of atrophlc bLranghitlia
like that observed in cement pneumoconiosis. Mention should also be made
" of the differing behaviour of the pathomorphologic changes in the respirva-
tory system upon céésation of exposure to the dust. In pneumoconiosis
caused by polyvinyl 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-like cells and histiocyten remaln In
the wall of the lobar and segmental bronchi. All this indicates a repair
reaction. In pneumoconiosis caused by PVC dust, proliferation of lymphe-
cytes and growth of bronchial glands is more intensive than ia berylliosis.
It follows from all these comparisons that pneumoconiosis caused by PVC dust
has a distinct morphologic picture. This is furﬁ%er emphasized by the fact
that the pathomorphologic changes described in the respiratory system in
the course of pneumoconlosis caused by polyvinyl chloride dust develop nore
slowly. According to Pushin [98], this is typical of diseases caused by
macromolecular compounds.

Comparing the results of the changes caused by PVC dust in the respira-
tory syvstem o!.ra:s, tha opinion may be expresséd that :ﬁis dust causes

pneumoconfisis-o! a toxic nature. It is also necessary to discuss the
fairly lar;o group of aninals which died in the course of exposure to the
dust. Four rats died in Group I - in all of them, in addition to pulmonary
emphyscma and bronchial catarrh, we found a marked degree of passive hyper-

aemia in the internal organs. This might indicate circulatory insufficiency,

probably existing prior to the commencement of exposure to the PVC dust,
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VII. SIMMARY

(In Polish, English and Russi#)

-

FIGURE CAPTIONS are given in Polish and English.
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¢) multiplication of lymphocyte-like cells and histiocytes in the
bronchial wall and aggregation of these cells in the form of cuffs
around the blood vessels in the interalveolar septa,

d) development of pulmonary emphysema and chronic inflammation

around the bronchioli.

3. Development pf pneumoconiosis caused by polyvinyl chloride can be

divided into two stages: catarrhal-degenerative and hyperplastic-

inflasmatory.

4. The pneumoconiotic lesions develop very slowly, are different from
other known conioses and create favourable conditions for suppurativ
complications, which mainly affect bronchiectasia.

5. Some of the pathomorphologic changes in the lungs arising in qhe
course of experimental coniosis caused by polyvinyl chloride dust do not-

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

dust.
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