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Introduction. Using sources of ionizing radiation in
various spheres of human life has become an integral
part of the existence of modern society and the necessary
condition for further scientific and technological progress.
However, along with the obvious benefits, this increases
the radiation burden and number of malignant neoplasms
and the related reduction in life expectancy [4, 6].

The various health risks associated with uranium exposure
are well known, which mainly concerns the lung cancer,
but recently there has been a hypothesis that if uranium
is photoactivated by ultraviolet radiation, it may be more
dangerous for the skin. This idea is confirmed by statistics
on countries with high levels of solar radiation and uranium
deposits, which are being actively developed in such
countries as Australia, Kazakhstan, Canada, Russia, etc.
The following article provides a brief overview of the
literature and presents 2 cases of basal cell carcinoma in
the miners of the uranium mine.

The aim of the study. To analyze the overview of the
accessible literature and the description of two clinical
cases of non-melanoma skin cancers in uranium miners
from the own practice.

Materials and methods. The content analysis, method
of systemic comparative analysis, bibliosemantic method
of studying of actual scientific researches concerning the
practice of non-invasive methods of evaluation were used.
The search for sources was carried out in the scientific
meteorological databases: PubMed-NCBI, Medline,
CochraneLibrary, EMBASE, ResearchGate by keywords:
"uranium miners", "non-melanoma skin cancer", "UV",
"dermatoscopy". Digital dermoscopic images were captured
using dermatoscope (DermLite DL3 dermatoscope) mounted
on a digital camera (Galaxy S-4 Samsung Corporation).
Ultrasound gel was also used for immersion dermatoscopy.
All images were evaluated using the algorithm of H.
Kittler.

Results. Literature review. Skin cancer is the most
common malignancy in fair-skinned population and in
accordance with the statistical data, the incidence of melanoma
has been increasing rapidly worldwide at a widely varied
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rate among continents and countries. The highest incidence
rates of skin cancer have been reported in New Zeeland
and Australia, followed by US and Europe. In Europe the
highest indices are in Sweden, Switzerland and Great Britain
[19]. Kazakhstan and Israel are also among the countries
with the high incidence rates [12, 18].

Malignant neoplasms are the kind of environmentally
indicative pathology, a highly informative and socially
significant indicator of the health status of the population
as a whole. Among the factors that have a direct or indirect
impact on the dynamics and structure of the incidence of
tumors should be attributed to environmental factors,
including natural, anthropogenic, socio-economic and
demographic factors. Exposure to ultraviolet rays is a
major risk factor for development of skin cancer but
individual risk depends on both constitutional and
environmental factors. The constitutional risk factors of
skin cancer include family history, red hair color, multiple
moles syndrome, sun exposure sensitivity, etc. [10, 11],
whereas solar ultraviolet (UV) radiation is a well-established
environmental risk factor. The exposure to chemicals
(polycyclic hydrocarbons derived from the incomplete
combustion or distillation of coal or petroleum; inorganic
arsenic and photosensitizing agents such as psoralens)
and exposure to ionizing radiation are among the environmental
factors as well. That is why skin cancers at the same time
are also an indicator of the health of the population with
a significant degree of dependence on the quality of the
environment. The high incidence rate is often seen as a
medical indicator of the environmental distress of the
territory.

As the statistical data of the oncologic diseases show,
the higher incidence rates coincide with countries that
also have large uranium reserves - Australia, Kazakhstan,
etc. According to the World Uranium Inventories of 2009,
the country with the largest uranium reserves is Australia
(29.0 %), followed by Kazakhstan (13.0 %), but in 2009
Kazakhstan came in first in the world for extraction of
uranium, ahead of Canada [3] and the rate of skin malignant
diseases in this country is still growing.
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Natural radionuclides (EPN), being of natural origin,
are present in varying amounts in most environmental
objects. In the human body most of them come through
the respiratory or digestive organs and pose a threat to
health. According to UNSCEAR [1994], the largest
contribution (70.0 %) to the total effective dose of population
exposure is made by the natural radiation background.
The average dose of internal irradiation due to radionuclides
of terrestrial origin is about 1.35 mSv per year. The building
materials, soil, artesian water and other objects of the
natural environment can be the sources of radioactive
emissions. The greatest threat to a human is represented
by the isotopes of potassium-40, radium-226 and thorium-232.
It should be noted that the danger to humans is not only
uranium-238 and thorium-232, but also their daughter
products of decay - radon and thoron. Being radioactive
gases at a certain stage of decay, they can be distributed
in space and get through the respiratory system into the
human body, threatening their health. According to world
estimates, radon is the cause of many thousands of deaths
per year. Breathing air with the high content of radon, a
person risks to get lung cancer. Doctors warn that radon
is currently the main (after smoking) cause of lung cancer
in all the countries.

The various health risks from natural uranium are well
known, but in this report we want to emphasize the
relationship between uranium exposure and skin cancer.
Similar studies have been conducted in Switzerland, by
Vienneau et al. [25].

Environmental Perspectives 125(06)-June 2017 [9]
explored the dependence between skin cancer and effects
ofradonand UV exposure in different population. According
to the literature non-melanoma skin cancer is often observed
in former uranium miners [24]. Clinical aspects of the
effect on the body of uranium compounds have been
studied for decades. The earliest works on occupational
diseases of workers in uranium mines date back to 1879.
Experimental studies on many types of animals revealed
different toxicity of uranium compounds depending on
its physical and chemical properties. The highest toxicity,
as it turned out, is possessed by soluble compounds of
uranium, the least - poorly soluble (oxide-nitrous oxide,
dioxide, tetrafluoride, etc. [1].

It is well known that radon is the second-leading cause
of lung cancer after smoking, accounting for an estimated
3.0-14.0 % of cases [14]. Subsequently, the skin’s outer
layer is irradiated by the alpha particles from radon decay
[7]. Annual dose to the skin at 200 Bq/m3 is estimated
to be 25 mSv [8]. As such, the skin receives by far the
second-highest dose after the respiratory tract; ranked
from the highest to lowest, average doses are 97, 2.9, and
<1 mSv respectively, for the lung, kidney, and all other
organs [12].

Radiation impact on the personnel of uranium mines
is mainly due to the internal irradiation with radioactive
gas radon and the affiliate products of its decay. In addition,
external gamma and beta radiation also affects the personnel
of the mines. Uranium, as a rule, poses the greatest danger
to human health in case of ingestion, inhalation or through
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cracks in the skin (prolonged contact may also result into
the large dose of external irradiation). In the body, uranium
poses the threat, being both a toxic heavy metal and a
radioactive substance. In addition, there is a number of
signs that indicate possible synergism of these two types
of effects on the body. The results of experiments and
observations in humans show that undamaged skin seems
to be an effective barrier for the penetration of transuranic
radionuclides into the body. The analysis of injuries in
workers of plutonium production showed that all cases
of contamination of skin wounds with Pu can be divided
into three categories. For the first category of persons,
Pu is long detained at the wound site after reducing its
concentration during the first month by 8-30 times from
the amount received. The second category includes cases
of contamination, in which the amount of radionuclides
in the wound does not change for a long time, and then
decreases to the background level. It is suggested that
such dynamics of Pu level in the skin can be explained
by the finding of a radionuclide close to the epidermis;
the gradual dying off of its cells leads to skin cleansing.
The third category is characterized by the contamination,
in which the radionuclide quickly disappears from the
wound TB of Pu compounds from the subcutaneous tissue
is 28-30 days. The rate of absorption of complex compounds
of Pu from the subcutaneous tissue is 5.0-10.0 % / h, and
nitrate 239 Pu [ 1.0 % / h. The resorption of Pu from
muscle tissue obeys the same rules. The absorption of Pu
and other transuranic radionuclides increases dramatically
in the case of mechanical, thermal or chemical damage
to the skin and they can quickly enter the blood and tissue
fluid. The experiments showed that after administration
of transuranic radionuclides to the subcutaneous tissue,
the critical organs are not only the skeleton and liver, but
also the tissues at the injection site. In case of polymer
plutonium, high concentrations of the nuclide are also
found in the regional lymph nodes [2].

Soluble uranium compounds such as nitrate can be
absorbed through the skin [5, 20]. In studies with rabbits,
death due to renal failure was observed to occur via this
mode of exposure with a lowest LD 50 value of 28 mg
U/kg as uranyl nitrate in an ethereal solution [20]. Rats
and guinea pigs were observed to be significantly less
sensitive. In the specific case of acute exposure of animals
to uranyl nitrate, penetration into the intracellular space
between the granular and horny layers of the skin was
observed to occur within a period of 15 minutes; after 48
hours no residual uranium was observed in the skin [5].
These authors considered this to be due to the absorption
of uranium into the systemic circulation resulting in weight
loss and, in severe cases, death. More recent studies of
sub-acute dermal exposure to uranyl nitrate (typical applied
concentrations 0.6 g/ml uranyl hexahydrate to skin areas
of between 0.5 and 16 cm 2) by R. Lopez et al. [17]
confirm the observations of earlier studies of acute exposure.
In these studies, histological alterations of the kidney that
increased in severity with the magnitude of exposure
were noted along with the dose-dependent reduction in
bone volume and bone alteration. Parameters describing
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dermal absorption coefficients for various compounds
have not been described although studies indicating changes
in skin permeability with exposure to uranium (thereby
favoring the entry of uranium into the body) have been
reported. For example A. Ubios et al. [22] have determined
that application of acute levels of soluble uranium compounds
(i.e. 0.012 g U/day) to the skin can significantly reduce
the thickness of the epidermis (41 + 14 to 21 + 10 pm).
Such thinning of the epidermis was also observed to be
present 60 days after the cessation of a 31 day, daily
application regime. Results of these tests were considered
by the authors to be rather due to the chemical than
radiological effects of uranium.

A number of experiments conducted by the various
researchers showed that uranium is capable to stimulate
the "oxidative damage to DNA in the absence of serious
radioactive decay". In the light of another experiment
provided by this group of researchers, which points to
the radiological potential of uranium, which contributes
to genotoxic effects in vitro, scientists noted that "so there
is a temptation to expect it should be noted that the uranium
can release a tumor component, both "initiating" and
"developing." This possible dual role can arise, for example,
as aresult of the emission of alpha particles, first causing
a cancer mutation (tumor initiation), then the accumulation
of an oxidative damage due to the properties of heavy
metals and / or radioactive uranium emissions that contribute
to the spread of cancer (tumor development) or vice versa.

Descriptions of clinical cases. In this report we discuss
two cases, both patients are uranium miners with giant
Squamous Cell Carcinoma (SCC) and multiple lesions
of Basal Cell Carcinoma (BCC) and SCC misdiagnosed
for years. Both cases are from the south-western region
of Kazakhstan with a desert and very hot summer climate.
Both these cases concern workers of the mining and
smelting combine, which includes the extraction, processing
and enrichment of uranium ore. SCC of the skin is the
second most common type of skin cancer and is steadily
increasing in frequency. Although most cutaneous SCCs
can be diagnosed early and successfully treated, in a small
percentage of cases, especially if neglected, they may
obtain uncontrollable growth and substantial disfigurement.
Cases with giant cutaneous SCCs can be very difficult
to treat and despite aggressive excision can present with
the recurrence and/or metastases

Patient N, 53 y. 0., miner for years in uranium mine
without family history of skin cancer and long-standing
tumor with the duration of 3 years and fast increasing
during last period. The lesion was unsuccessfully treated
as pyogenic dermatitis (misdiagnosis). General condition
is satisfactory, consciousness is clear, gait is not broken.
Height - 165.0 cm, body weight - 55.0 kg. The structure
of the body is incorrect - scoliosis of the thoracic spine.
Skin is pale, except the face is free from the lesions. In
the left half of the face there is a large cauliflower-like
bleeding tumor of irregular and sharply demarcated rolled
boards measuring 16 x 14 cm. The ulcer was extremely
deep penetrating through the soft facial tissues into the
temporal bone and the bony structures of the upper and
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lower jaw with total destruction of cheek and partially
chin. Necrotic protruding mass located in the bottom was
with foul smelling. This lesion was neither itchy nor
painful. Regional lymph nodes were not palpable, no
distant metastases were noted. Laboratory test results
including complete blood cell count, urine analysis, liver
function test, chest X-ray and electrocardiogram were
within normal limits or negative.

Fig. 1.

Dermatoscopy pattern: structureless white areas which
is a hallmark for squamous cell carcinoma and testifies
the synthesis of large amount of keratohyalin in SCC,
irregular groups of perifollicular white circles, blood
spots and polymorphic vessels, mostly thick branched,
sometimes looped. Incisional biopsy was performed and
histopathologically was confirmed low-grade squamous
cell carcinoma.

The second case is presented by 56-year- old male,
also a miner in uranium mine in the past, who came to
the outpatient clinic with main complaints of ulcerative
tumors and growths at different locations — body, arms,
scalp and ear, as well as pain and foul smelling for the
last two months. Patient has history of weight loss
approximately about 6 kg during the last 5 months. General
condition is satisfactory, consciousness a clear, gait is
not broken. Height — 174.0 cm, body weight — 65.0 kg.
During the clinical examination multiple lesions on the
scalp, body, ear, face and arm were found. The first tumor
located on the back was developed 5 years ago, it was
misdiagnosed previously and treated as chronic pyodermia.
The second site was developed on the scalp 4 years ago,
other lesions on the arm, cheek and ear appeared almost
together during this year. They were treated as multiple
sites of pyodermia. Lesions on the scalp and back were
presented by solid cutaneous masses of firm consistence
(fig. 1, 2) with sharply demarcated boarders. Under
dermatoscopic examination in both cases the pattern of
vessel arrangement was scored as radial, branched, clustered,
centered, serpiginous, reticular or linear. We evaluated
the presence of keratin crust/scale, central keratin mass,
white circles, white pearls, white lines, white structureless
areas and hemorrhage. As clue to malignance, pattern of
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white circles characteristic for squamous cell carcinoma
on the background of erythema was noted. Lesions on
the arm, face and ear were represented as inconspicuous
areas resembling superficial scars, ill defined, with scaling
and tiny erosions covered by hemorrhagic crust. Upon
palpation the platelike induration extending beyond the
visible margins of the lesion was felt. At the ear surface,
there were the large depressed area resembling morphea,
small sites of pigmentation and telangiectasia and slightly
raised lateral margins with rolled boarders.

Fig. 2.

The dermatoscopic examination has shown that the
most characteristic is the pattern of blood vessels. In the
cases of superficial clinical variety, the pattern of vessels
was usually thin and serpentine, their arrangement in
majority of cases was branchy. The polymorphous pattern
of vessels represented by serpentine and coiled vessels

was fixed as well. Clinical erythema during dermatoscopy
was described as red or pink structureless area. In the
dermatoscopic picture in case of ulcerations or erosions
they were presented as structureless area often with the
adherent fibers. The main additional features were randomly
spaced white lines. The morphemic variety was differed
with white structureless area and white lines. Dermatoscopic
diagnosis of basal cell carcinomas was confirmed by
morphologically.

Conclusion. Uranium mining and processing are
associated with the wide range of potential adverse human
health risks. The varying health risk from exposure to
uranium is well established, but most of the information
in the literature concerns malignant tumors of the respiratory
tract thus lung is the part of the body that receives the
highest dose of ionizing radiation during the exposure to
uranium or its derivatives. Studies evaluating the possibility
and conditions of penetration of uranium through the skin
and its possible role in the development of skin malignancies
have recently appeared in the literature [21, 23]. The
incidence of skin cancer among uranium miner was reported
by few authors [13] and they proved that ionizing radiation
can cause skin cancer, usually basal cell carcinoma and
in some cases malignancy may be initiated by the ionizing
radiation and promoted by ultraviolet. Two described
patients who lived in the desert region with a high summer
temperature and abundant solar radiation can confirm the
definite dependence of the onset of skin malignancy in
the interaction with two important environmental factors
- uranium and ultraviolet. The risk of non-melanoma skin
cancers in this group requires careful clinical and dermatoscopy
monitoring and in the case of suspicious lesions special
tests like histology from a skin biopsy, immunohistochemical
stains and/or electron microscopy. The future study of
statistical data on skin cancers from similar regions is of
no less interest.
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HeMesianHoMHMIA pak MIKipHM y MIAXTAPiB YPAHOBHUX IIAXT — KJIiHIYHI BUIIAAKH
Kaig Pozennansn, H. Kinanse, E. lllynaia

Beryn. LkianiBuii BIUTHB ypaHy Ha 310pOB’ s JTFOAMHE JTOOpE BiIOMHUIA. [(0JIOBHUM YHHOM II€ CTOCY€EThCS YPasKeHb
pecIipaTopHOTO TPaKTY i pO3BUTKY paKky JereHiB. HemromgaBHo Oyia BHCYyHYTa TiMoTe3a, 0 ypaH MOKE aKTUBYBa-
THUCH TI1JT A1€10 yibpadiosieTy, 0 CBOEI YSPror MOXKE CIPUYMHUTH pak MIKipu. [Ifo i1ero miATBepIKy€e CTaTUCTH-
Ka 110 KpaiHax 13 BACOKMM PiBHEM COHSYHOI pajiallii Ta ypaHOBHUX JICTIO3UTIB, sSIKi aKTHBHO PO3BUBAIOTHCS (ABCTpalIis,
Kazaxcran, Kanana, Pocis ta in.). [IpeacraBneHo KOpOTKUI OIS JIITEpaTypH Ta JiBa BUNAJKH PaKy IIKIpH Y
POOITHUKIB YpaHOBT IIAXTH.

Meta. Orsiz iTepatypH IIO/I0 BIUTMBY ypaHy U ynbTpadioneTy Ha BUHHUKHEHHS PaKy IIKipH Ta OMHC KITHIYHUX
BUTIAJIKIB 3 BIACHOT TIPAKTHKH.

Marepiaju i MeToqu. BUKoprucTaHo KOHTEHT-aHal3, METO/I CHCTEMHOTO 1 TIOPIBHSJIBHOTO aHalizy, 06i0mioce-
MaHTUYHUI METOJ] BUBUCHHS aKTyaJbHUX HAYKOBHX JIOCHI/DKEHb. [10mIyK jyKepen 3iHCHEHO B HAYKOMETPHUIHUX
MeanuHuX O6a3ax iHdopmarlii: PubMed-NCBI, Medline, CochraneLibrary, EMBASE, ResearchGate 3a kiitouoBUMU
cJIoBaMU: Uranium miners, non-melanoma skin cancer, UV, dermatoscopy. st nnpoBoi gepMaTocKorii BHKOPH-
crano nepmarockon DermLite DL3, BMoHTOBaHu# y kamepy Galaxy S-4 Samsung Corporation, a Takox Jyist iMep-
cii — resib IS yIBTPa3ByKOBOTO JA0CKeHHs. Bei 300pakeHHs omiHeHi 3rijgHo 3 anroputMoM I Kitnepa.

Pe3ynbraTu. AHai3 Cy4acHUX JIOCTYITHUX JIITEPATypHHUX JIAHHUX 1 BIACHI KIIHIYHI BHUIAJKH OMOCEPEIKOBAHO
MiATBEP/KYIOTh aKTHUBAIIIIO IOXITHUX YpaHy ITiJ] BIUTHBOM YJIbTpadioyieTy Ta iX CHijbHY POJib Y BAHUKHEHHI 31105
KiCHUX HOBOYTBOPEHb HIKIPH.

BucnoBku. Orsiy nitepatypu Ta KIiHIYHI BUTIAJIKK 3 BIACHOT PAKTHKK CBiAYaTh, 0 BUI00YBaHHs, 00poOKa i
30araueHHsl ypaHy B yMOBaXx IiJIBUIICHOIT 1HCOJISIIIT OB’ sI3aHi 3 HU3KOIO PU3UKIB HE JIHIIIE JITsl INXaTbHOT CHCTEMH,
ajyie i BUHUKHEHHS 3JI0SIKICHUX HOBOYTBOPEHB MIKIpH. PU3HK 3aXBOpIOBaHHS HA HEMEJIIAHOMHHHN PaK IIKIPH B IIUX
Ipyrax BUMarae peTesibHOroO KJIHIYHOTO Ta JIEPMATOCKOIIIYHOTO MOHITOPHHTY, a B ITiIO3PUINX BUNIA/IKaX — O10TICii,
MPOBEJICHHST IMYHOXIMIYHHX JIOCII/KEHB 1 T. 1H. He MeHII 1iKkaBUM € BUBYCHHS CTATHCTUYHUX MOKa3HUKIB POCTY
OHKOJIOT'1YHOT 3aXBOPIOBAHOCTI B MiCIISIX TIOKJIA/IIB YPAHOBOT Py 1 MOCHIICHOT 1HCOJISIII.

KirouoBi ciioBa: HeMenaHOMHUI pak MIKipH, YpaHOBI MIAXTH, IHCOJSIIIS, IEPMATOCKOITisI.
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Non-melanoma Skin Cancers in Uranium Miners - Clinical Cases

C. Rosendahl, N. Kiladze, T. Shulaia

Introduction. Using sources of ionizing radiation in various spheres of human life became an integral part of the
existence of modern society and the necessary condition for further scientific and technological progress. However,
along with the obvious benefits, this increases the radiation burden and number of malignant neoplasms and the
related reduction in life expectancy.

The various health risks associated with uranium exposure are well known, mainly it concerns the lung cancer,
but recently there has been a hypothesis that if uranium is photoactivated by ultraviolet radiation, it may be more
dangerous for the skin. This idea is confirmed by statistics on countries with high levels of solar radiation and
uranium deposits, which are being actively developed, such as Australia, Kazakhstan, Canada, Russia, etc. The
following article provides a brief overview of the literature and presents 2 cases of basal cell carcinoma in the miners
of the uranium mine.

The aim of the study. To analyze the overview of the accessible literature and the description of two clinical
cases of non-melanoma skin cancers in uranium miners from the own practice.

Materials and methods. The content analysis, method of systemic comparative analysis, bibliosemantic method
of studying of actual scientific researches concerning the practice of non-invasive methods of evaluation were used.
The search for sources was carried out in the scientific meteorological databases: PubMed-NCBI, Medline,
CochraneLibrary, EMBASE, ResearchGate by keywords: "uranium miners", "non-melanoma skin cancer", "UV",
"dermatoscopy". Digital dermoscopic images were captured using dermatoscope (DermLite DL3 dermatoscope)
mounted on a digital camera (Galaxy S-4 Samsung Corporation). Ultrasound gel was also used for immersion
dermatoscopy. All images were evaluated using the algorithm of H. Kittler.

Conclusions. The overview of the modern literature and clinical cases from our own practice suggest that uranium
mining and processing are associated with a wide range of potential adverse human health risks and skin malignancy
in this processes in not less important than of respiratory tract, especially since this risk is exacerbated by the exposure
to ultraviolet light. The risk of non-melanoma skin cancers in this group requires careful clinical and dermatoscopy
monitoring and in the case of suspicious lesions special tests like histology from of the skin biopsy, immunohistochemical
stains and/or electron microscopy. The future study of statistical data on skin cancers from similar regions is of no
less interest.
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