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AW EXPARIMENTAL TIST OF THE COMPBIWID ZFFACT
OF QUARTZ BUST A¥D RADOHX

[Following ig the translation of an article by
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"vartsevoy Pyli i1 Radona v Eksperimente (Znzlish
version above) in Gigiyena Truda i Professional'nyvye
Zabolevaniya, Vol. 4, ¥o. 1, foscow, 1959,

Panes 22—2847

There is a scarcity of material in the literature
dealing with the question of the temvworary effect on the
organism of quartz dust and radiocactive substances. A matter
of narticular interest is the study of the combined effect
unon an organism of quartz dust and radon, which are conti-
nually »resent in the atmosphere of uranium and radiunm
mines,

The literature which was available to us on the
morbidity of workers in uranium and radium mines pertains
principally to the mountainous areas of Shneyebers and
Toakhimstal and is devoted primarily to bronchogenic
carcinoma, a disease specific for these regions.

The majority of investigators recognize the occupa-
tional factor in the develovment of lung cancer among the

vorkers from these mines and consider radioactivity to be
the nrincinal carcinosen, in particular, the inhalation of
even small amounts of radium emanation (0sikl, Shraub,
najewsky, Lange, 3ehounek, Ludewls and Lorenser),.

The majority of the investigators have not devoted
sufficient attention to the frequency of silicosis among
the miners, nor to the character of its course. At the same
time the high levels of silicon dioxide in these mines
unarrvably attests to the fact that silicosis represents a
real threat. A number of authors (Roxtoski, Saupe, Schuorl),
turning thelr atsention to the silicosis morbidity amons
this groun of workers, detected far-advanced puneumoconiosis
amons, the majoritv of aminers examined. Ziel found that 507
of the miners had puneumoconiosgis of the lunas and 907% hed
a catarrhal disorder of the upper regniratory tract.

In 1939, as part of a mass roentszenologic survey
of winers who had worked in mines not less than 10 years,
Saune discovered silicosis in 172 of 398 individuals
surveved; in 32 there was silicosis of stages II and III.




A »ronbunced nodular form of silicosis was rarely encountered,
but in individual cases there was an atypical distribution
of silocotic nodules. .

The present experimental investication was undertalken
to elucidate the combined effect of radon and silicon
dioxide on the animal obrganism,

Method of Investigation

The experimental work was performed as a comparitive
study of the combined effect of quartz dust and radon as
well as the effect of each of them individually on four
groups of animals (white rats) with about 30 in each group.

The animals of group I were subjected to the effect
of a fine dispersion of quartz dust, those of group II to
the effect of radon, those of group III to the combined
action of quartz dust and radon; group IV was a control
group and was kept under the same conditlons as the animals
of the first three but without exposure to the test sub-
stances., A gingle dose of 50 mg of quartz-containing dust
was delivered into the tracheas of each animal in groups
T and III. Radon intoxication of the animals of groupns II
and III was accomnlished by static inhalation in a hermetic
chamber at a concentration of 8X10-° ¢/1 for triple ezposures
of an hour each.

In addition, another group (group 3) of animals
(12 wvhite rats) was subjected to the combined effect of
dust and radon at the same concentrations as the animals
in group III, but the action of the radon was more prolonged
~=~ about 2 hours twice a week for a period of 2 months
(total combined exposure of 18 hours). The radon intoxica-
tion was begun the day after exposure to quartz dust.

Regular and dynamic observation of all of the animals
was performed. Studied were their clinical states, survival,
shifts in peripheral-blood composition and pathological
organ changes, With the development of pathological pro-
cesses the animels were sacrified after a specified inter~
val, equal to all four groups, and subjected to patholog~
ical study., Autopsy and microscopnic examination was also
nerformed on the animals vhich succumbed, The overall
duration of the observations of the animals lasted appro=-
ximately 2 years. (The work was performed under the
direction of Professor I. B. Xurlyandskaya).

Observation of the animals in group III, subjected
to the combined effect of quartz-containing dust and radon,
showred that the mortality of the rats over a 10-month period
was 3473, Amons the animals subjected to the combined action




of the dust and more prolonged radon intoxication (totalling
18 hours) the mortality was even higher, amounting to 90%
for the same neriod of observation. The mortality was lower
among, the animals subjected to the separate effects of dust
and radoni

An inerease in body weight was noted smong all the
experimental -animals for the period of observation. In
approximately half of the animals of groups II (dust and
radon) and II (radon), there was a slight rapid fall in
body weisht after the intoxication, followed by recovery.
Tae weight gain of the animals sublected to6 the combincd
actlon was less than the gain of the animals in the first
two groups and amounted to only 40% as compared with gains
of 72 and 55 % in the first two groups.

Zxamination of the composition of the peripheral
blood also showed the greatest changes in the group of
animals subjected to the combined effect of dust and radon:
intermittent fluctuations in erythrocyte and hemoglobin
levels were noted, as well as an elevation in the reticu-
locyte count immediately after intoxication,.

For the extent of the entire period of observation
a sharp risec was noted in the white cell count, which in a
nunber of cases reached a level of 28,000 t032,000 [prin-
cipally through an elevation of lymphocyte levels; in a
number of cases a neutroovhilic leukocytosis was noted,
evidently caused by inflammatory processes in the lungs,
which were frequently seen in animals of this orouD ).

The chenges in the composition of the peripheral
blood were associated with the action of radon on the animal
organism which had been exposed to the effects of dust.

The blood picture of the animals (Group 3) which,
in addition to dust, had been subjected to more prolonged
exposure to radon than the animals of group III (a total
of 18 hours) was of the same nature ag that detected among
the animals of groun III, but all the changes wWere more
aronounced. The two animals of this group which had pe-
rished soon after exposure to dust and radon showed a
sudden depression of both erythropoiesis and thrombopolcsis,
and in & single animal of leukopoliesis as well.

This animal's erythrocyte count fell to 3,700,000,
hemoslobin level to 62%, reticulocyte count to 1,5/1000
plgtelets to 139,000, leukocytes to 3000 and lymphocytes to
1560,

The animal succumbed with a hyperchromic anemia,
reticulopenia, thrombopenia, leukopenia and lymphopeniea.

The data presented show that the changes in the
nicture of the neripheral blood were undoubtedly oeeasioned




by the effect of radon on the experimental animals, This
notion is in agreement with the data in the literature on
the effeet of other radioactive substances on the hemato-
noiebic function of the organisa (i, P. Yerorov ct al,).

4 Btuydy of the pathomorphologic changes (nerformed
with the congultation of Professor P. P. Dvishkova) and,
in particular, a comparison of the pathological findings
in the aningls subjected to the combined effect of dust
and radon (group III) and thosc exposed to dust along
(group I) showed a subsgtantial differcnce in the course
of natholozical nrocesscs, espcecially in the lungs,

Txnerimental silicosis in & form typicel for white
rate which has bcen described by many authors (2, N.
Gorodenskaya, P. P. Dvishkov et al,) develoned in animals
of group I aftor exposure to quartz dust. This was
characterized by the appearance of miliary and submiliary
nodules composed of epithelioid and histiocytic elements.
The nodules werce sharply delimited peripherally from the
surrounding, vpractically unaltered pulmonary tissuec, because
of a tendency of the fibers located in the boundary layor to
form ecircular whirls, In later periods individual nodules
converged and formed arcas of fibrous tlssue,.

In a nunber of cases there was moderate thickening
of intralveolar walls with counnective tissue growth along
bronchi and vcsscls,

The natholorical process in the lunzs of animals of
groun II (dust and radon) was also of the silicotic type,
but was of a morc intensive and diffuse nature, In this
gerics of observations, cven in the early periods, thce for=
mation of numerous large nodules was obscrved, frequently
converging and forming large arcas of a specific tissue
(Figure 1?. The nodules, which were composcd of dust
cells, lymnhoid cells and surrounding connectlve-tissusc
cells, grew in a reticulum of fibrous connective tlssue,
These focil, howecver, were not sharply delimited from the
boundaries of the surrounding tissuc, as is distinctly
tyoical for silicotic nodules, and the cellular elements
in the foeci lacked the charactoristic concentric distri-
bution.,

Along with the nodular fibrosis a diffusc infiltra-
tive~proliferative process was noted among all the animals
of this group in the intralveolar walls and in the peri-
hronchial and perivascular spaces, In individual cases
one could sec compressed alvcolar lumina among the thickened,
sclerosed walls; in other cascs the process had led to such
merked thickening of the intralveolar walls that the
alvoolar lumina had compnletcly disappeared.
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An accumulation of lymphoid elements was noted in
the peribronchial and perivascular areas, as Well as marked
hyperplasia of neribronchial follicles,

Among the animals of group III (dust and radon)

a gcverc ‘desquamation of thce alveolar cnithelium was

also noted, not only immediately after the exposurc to
dust, but cven 4 to 5 months after intoxlcation. Fine
gatty droplets were frequently noted in the sloughed cells
of the alvcolar enithelium,

Typical of the animals in group III (dust and radon)
were bronchial chanses in the form of bronchitis (des-
quemative, purulent, etc.), peribronchitis, paunbronchitis
with complete dastruction of the wall, as well as ocri-
bronchial sclerosis leading eventually to deformetion of
the walls and the development of bronchocectasia,

In the same grop of animals attention is merited
by characteristic changes in the bronchial epithelium,
which altered its form and dimensions., Initially the
bronchial epithelium wag unusually tall; at later stages
a thickening was noted with a transformation into stratified
cuboidal and finally into stratified squamous epitheliua,

he annearance of adenomatous overgrowth was noted. In
one rat, which perished 1% yocars after combined cxposurc
to dust and radon, & malignaht neoplasm was detccted -~ a
solid adenocarcinoma, apparcntly arisi from the bronchi
(Figure 2). Coencerous nodes were detected not only in the
lung percenchyma, but were distributed throughout the
entire nlcural surface, penetrating the mediastinal space.

Among animels sacrified after © to 11 months, scvere
condensation of lungs parcnchyme wag observed as & result of
the noduler and massive diffuse overgrowth of conncctive
tissue (Figure 3),

Ronc=-tissue growth had occurrsd in the walls of the
hlood vessels and lung parenchyma in & number of animals
sacrificed at later periods (Figure 4).

Inflammatory phenomena (pncumonia, frequently going
on to sunpuration) were secn in the animals subjected to
the combined effect of dust and radon.

Findings in the other internal orgens of animals of
this group included acute congestion, the deposition of
and dark-brovn pigment (hemosiderin) in the cells of the
roticulocndothelial system and varying degrecs of evident
dencnerative and sclerotic changes, and, 1ln one case,
hemorrhage into the muscular wall of the heart,

Histological cxemination of the lungs of the animals
subjected to the offect of radon alonc shov that it is the
radon which accounts for the naturc of the silicotic »process



obscrved in the facc of the combined action of quartz
dust and radon.

" Thus the combined effcet of quartz dust and radon
rcsults in a more severe form of silicosis,

The pathological oprocess produccd in the lungzs by
rador docs ot subside when the exposure ccascs, but con-
tindes to develon for a long period of time, with the
establishment of scverc irreversiblc long-range scquelac,

- It can be supposed that the prolonged coursc of the
nathological pnroccss recsults from the highly injurious
cffoct of redon and its digintegration products on pul-
monary tissuc. ;

Actually the lungs are an organ in which radon
cxecrts a dbuble offcet =~ in imspiration, when it cnters
the blood from the air, and in explipation, whon the ges
leaving the blood stream exits along with the expired air,

In addition to the cffect on the organism of the
radon itsclf, additional damage i1s done by the active solid
rcsiduc (Ra"A", Ra"B", Ra'C", etec.), which is formed in
the redioactive disintegration of radon.

o conjccturcd that pneumoconiosis may favor the
retcention of solid varticles of active residuc on the
gurfacc of dust particles and itself aggravate the course
of the wathological proccss.,

In ordcr to prove this supposition, the following
experiment was sct up: one group of animals was exnoscd
to quartz dust, and & control group was not. Then both
agrouns werc subjected to the cffects of radon under
identical conditions.

On the day following or, morc usually, the fourth
dar after the final exposurc to radon, the cxperimental
animals were sacrificed, their lungs combusted and the
activity of the salts determined by means of an cend-type
counter on a B=2 anparatus,.

These detcrminations showed that among thosc animals
subjected to prior dust exposure the activity of the salts
(in counts per sccond) was higher (by approximately 5 to
10 times) than the ectivity of the salts of the lungs
which did not contain the dust. Apparently molecular
residues of the products of radon disintegration are
doposited on the dust particles in the lungs. The adsorbed
narticles, which consigt of solid radioactive daughter
substancss, have a deleterious effect upon the organism.

fnparently & similar proccss is in operation in the
air within mincs, wherc thc molecular particles of solid
oetive residuc romain suspended inthe air for a long time
and can be deposited on dust particlcs and enter the human

)
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organism with the inspired air,
COI'CLUSIOITS

1. Tho combincd gffcet of quartz dust and radon in
concentrations of 8.107°C/L in threcc one-hour ciposurcs
results in an incrcased mortality, a slight deercasc in
the animals' body weight immediately aftcr the exposurc and
an overall rocduction in welrht gain as comparcd with cx-
posurs’ to cach of thesc factors scparately.

2. In the noriphceral blood of the oxperimental
enimals fluctuations woere dctected in the level of forumed
clcoments, as well as a rise in rcticulocytcs immediately
after the radon cxposurc and lecukocytosls, rcsulting from
an incrceasc in the number of lymphocytes, Dopression
of hematonolcsis was obscerved in some of the animals when
the radon exnosurc was incrcascd,

3. Thc nathologlical »nrocecss arising in the lungs as
& rcsult of the combined action of quartz dust and radon
is silicotic in naturc, but of morc scvorc and prolonscd
charactecr, produccs an carlicr and scvere involvcement of
the brounchl, marked desquamation and is frequently asso-
ciated with sccondary infcetion. Hypercmia is scen in the
parcnchymatous organs, and occasionally hemorrhagic, do-
sencrative, inflammatory as well as sclerotic phenomena,

4, Suddon metaplasia of the bronchial cpithelium
and the growth of ncoplasms of heterologous tissuc (bonec,
canccr, cte.), causcd by the cffect of the radon,
were characteristic for the group of animals subgected to
the combined cffeet of dust and radon.

5. The prcscnce of dust particles in the lungs
incrcascs thc retentlon of radiocactive products of radon
disintesration within the lungs, with & resultant incrcasszd

dan-cr of radiation damagc to the organiam.
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