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Abstract

This review presents data about the potential radiotoxic effects of uranium exposure
on the human body and determination of uranium concentration in urine as a
bioindicator of uranium accumulation in the human body. The paper discusses the

potential applications and methods for determining uranium in urine. The article
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1. Introduction

highlights epidemiological data related to uranium biomonitoring in urine among
uranium workers, military personnel exposed to depleted uranium, and population
living in contaminated areas. This article discusses the detected relationships
between uranium concentration in urine and health outcomes, including
nephrotoxicity. Additionally, the potential of alternative biosubstrates such as hair
and nails for assessing chronic uranium exposure in environmental researches
discussed. The review also presents our own studies of uranium content in the urine
of Group A uranium workers of radiation-hazardous enterprises, for whom
biomonitoring is a mandatory component of the annual medical examination,
required by national legislation. Over 2,000 urine samples were analyzed using
inductively coupled plasma mass spectrometry method. The average uranium
concentration was 0.90 pg/l, and peak levels reaching up to 47.15 ug/L. The highest
concentrations of uranium in urine were recorded among uranium workers involved
in main technological processes. To assess the permissible level of uranium in the
human body, the maximum allowable concentration in kidneys was calculated and
compared with urinary excretion levels. It was determined that concentrations
exceeding 15 pg/l indicate potential nephrotoxicity and necessitate improvements in
working conditions for Category A uranium workers. The obtained biomonitoring
data not only allow monitoring compliance with permissible dose loads, but also
provide the necessary information for optimizing radiation protection measures and
making decisions on intervention in cases where exposure levels are exceeded.
Recognition of the risks associated with uranium mining and processing in
Kazakhstan lead to policy changes aimed at protecting the health of workers and

local populations.

Key words: uranium, mass spectrometry, uranium industry workers, uranium ore

province, epidemiological studies, health status.

Uranium is a critical resource for nuclear energy
that has brought significant economic and social benefits
to humanity. Intensive mining and processing of
minerals, as well as nuclear energy complex enterprises’
work, have now led, on the one hand, to a sharp increase
in the number of people involved in production, and on
the other, to the risk of environmental pollution with
uranium compounds and its decay products, which
poses a potential threat to human health [1-4]. The
Republic of Kazakhstan is a unique uranium mining
region, which contains about 30% of the world's uranium
reserves [5-6]. The country's total uranium reserves are

estimated at 802 thousand tons of uranium. In 2009,

Kazakhstan took first place in the world in uranium
production with an annual increase in this indicator [7].
There are 6 uranium provinces in Kazakhstan,
located in the northern, southern, western and central
regions of the Republic. The main method of uranium
mining is the in-situ leaching method. The country also
has uranium processing enterprises [8] and uranium fuel
production enterprises. More than 20 thousand people
work at uranium mining and processing enterprises in
Kazakhstan, of which about 30% are Group A personnel
who come into contact with sources of ionizing radiation
[9]. In connection with the expansion of production, an

increasing number of workers and the population will be
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involved in the zone of influence of the radiation factor,
so the assessment of the influence of the ionizing factor

becomes especially acute.

Uranium and its compounds can enter humans
through the respiratory and digestive organs, as well as
through the skin, wounds and burn surfaces [10].

( ) | DIGESTIVE
TRACT

Figure 1 - Receipt, distribution, accumulation and removal of uranium from the human body

For workers involved in uranium industry
enterprises, the inhalation route of uranium intake is of
greatest importance [4], for the population - oral. The
public may be exposed to natural background uranium
on a daily basis through food, drinking water and air.
However, of great concern is chronic exposure to higher
levels of uranium from anthropogenic sources, as well as
high dietary uranium intake through contaminated
drinking water and food in industrial regions where
uranium is mined [11]. Uranium can accumulate in the
body, reaching levels in individual organs that may be
unsafe for human health [12]. When ingested into the
human body in large quantities, uranium can pose a
serious danger, and its chemical toxicity exceeds its
radiological toxicity. In this regard, regulatory
documents provide the permissible value of uranium for
chemical toxicity. In terms of its toxic effect, uranium
belongs to the 1st hazard class - extremely dangerous
chemical substances, and radioactive isotopes of uranium
are included in the list of pollutants for which state
regulatory measures in the field of environmental
protection are applied [13,14]. A special feature of

uranium is its dual toxicity due to its radiological effects

as an alpha emitter and chemical effects due to its
properties as a metal [15]. Assessing the potential adverse
health effects of uranium is difficult without biological
monitoring, which primarily involves measuring
uranium concentrations in urine. Based on the fact that
the amount of uranium entering the body can be
approximately estimated by the uranium content in urine
[16, 17], this article considers this indicator as a potential
indicator of uranium concentration in the human body.
Relevant studies regarding the content of uranium in the
urine of workers and the population of uranium mining
regions are described in the following sections of the
article, including the own research of the Research
Institute of Radiobiology and Radiation Protection of
NJSC Astana Medical University.

Aim: to summarize data on the radiotoxicity of
uranium and methods for its determination, with an
emphasis on the using of mass spectrometry, and to
evaluate the effectiveness of urine analysis as a
biomonitoring of uranium in the human body of uranium

industry workers.
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2. Matreials and methods

Methods for determining uranium in the human body

Measuring the concentration of uranium in the
human body can be carried out by two main methods:
measurements in vivo and in measurements vitro.
Methods in vivo measure the amount of uranium
deposited within the body using a whole body
radioactivity meter. Analyzes in vivo are the most direct
method for quantifying radionuclides contained within
the body. However, not all radionuclides emit radiation
that can be detected with sufficient accuracy; these
include 234 U and 238 U due to low-intensity gamma
radiation [18]. Methods in vitro allow the assessment of
deposited uranium by analyzing biological fluids, excreta,
or tissue obtained through biopsy or post-mortem tissue
sections [19].

Uranium analyzes in vitro is usually performed
on urine samples, but other biomaterials such as blood or
feces can also be used. Urine testing for uranium is
usually the most preferred test because it is generally
more sensitive and less expensive. Stool analysis does not
provide information about uranium deposition, and also
requires preliminary chemical preparation, and blood
analysis is an invasive method [20,21].

Several methods are available for measuring
uranium in urine that do not require chemical separation.
These methods include spectrophotometric, fluorometric,
kinetic phosphorescence analysis and measurement of
total alpha activity. However, the listed methods do not
allow determining the relative isotopic content of
isotopes uranium, which may be important, for example,
to distinguish between natural and depleted uranium
[22].

Inductively coupled plasma mass spectrometry

(ICP-MS), which has better detection limits for many

elements, is becoming increasingly widespread as a
method for measuring the activity of radionuclides in
biosubstrates [23].

Mass spectrometry is a physical method for
measuring the ratio of the mass of charged particles (ions)
to their charge. Inductively coupled plasma mass
spectrometry is based on the use of inductively coupled
plasma as the ionization agent [24] and a mass
spectrometer for ion separation and detection. The
method also allows for isotopic analysis of a selected
element; it sorts isotopes depending on their mass-to-
charge ratio (m/z), i.e. activity is determined by the
number of atoms in the sample, not by radioactivity [25-
27].

Mass spectrometry is a more expensive method,
but has a number of advantages: high sensitivity,
accuracy of detection of uranium isotopes, low detection
limit of radionuclides, small amount of material for
research and economic benefits due to higher
productivity, due to a significant reduction in the time of
sample preparation and analysis [28]. In addition, the
measurement of various elements, especially toxic metals,
by this method is widespread due to the ability to
simultaneously measure dozens of elements in a small
amount of the test material [25].

It should be noted that methods for determining
uranium in urine using inductively coupled plasma mass
spectrometry differ and are constantly being improved.
Thus, a rapid sample preparation method was developed
for the determination of uranium isotopes in samples
using a high-resolution ICP-MS sector instrument. This
technique can analyze up to 24 urine samples in two
hours with low detection limits, which may be useful in

a radiation emergency [29].
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3. Population outcomes of uranium content in urine

Uranium content in urine of nuclear industry workers
The safety of uranium industry workers requires
careful and constant monitoring of their working
conditions, therefore the concentration of uranium in
urine is most often determined in this category of citizens
[thirty]. The guide of the US Nuclear Regulatory

Committee “Methods of direct and indirect bioanalysis

for workers of uranium mines” shows the maximum
permissible value of uranium in the urine of workers of
uranium mining enterprises: with monthly analysis - 15
ug/l, with examination once a year - 0.90 ug/l and
proposed corrective actions in production depending on

the uranium content (Table 1) [31].

Table 1 - Corrective Actions Based on Urine Uranium Test Results [31]

Concentration of Interpretation

uranium in urine

Actions (measures)

less than 15

The uranium content in the air sample of the

Does not require any action.

sample does not meet the requirements

pg/l working area complies with ~ regulatory Conduct repeated laboratory tests to determine uranium
requirements. in urine if the nature of the employee’s work changes.
from 15 to 35 pg/l The uranium content in the work area air | 1. Confirm the result (repeated urine test).

2. Determine the reason for the increase in uranium in
the urine and, if the results are confirmed, take
additional radiation monitoring measures.

3. Study the results of radiation monitoring to determine
the radionuclide composition of air to determine the
source and concentration of radionuclide entering the
body. If values exceed, examine sampling procedures.
4. Have other workers been exposed to radiation and test
their urine for uranium content.

5. Limit work until the concentration of uranium in the
urine decreases to 15 pg/l.

6. According to the study, improve control over the

intake of uranium through the respiratory tract

more than 35 pg/l

acceptable

The content of uranium in an air sample is not

1. Perform the above steps.

2. Continue further action only if another employee’s
urine concentration of uranium exceeds 35 ug/l.

3. Limit the work of employees,

of uranium content in urine when working with
uranium dust and yellowcake.

4. Perform weekly laboratory tests for uranium levels in

urine.

If the

values

When workers receive uranium above standard

1. Take all appropriate measures listed above.

2. Check the urine sample for albuminuria.




Astana Medical Journal, 2025, 5, 125

2 of 20

concentration is
confirmed to be
above 35 g/l
for two sequential
analyses;

upon confirmation,
values for any
single analysis
above 130 ug1

or indication of air
samples greater
than a quarter of the

annual limit on

intake (that is %4)

3. If the employee was exposed to a poorly soluble form
of uranium or uranium dust, conduct a study of critical
organs.

4. Assess the degree of exposure.

5. Establish additional measures to limit the intake of
uranium into the body of workers.

6. Consider restriction of work until the concentration
decreases to less than 15 ug/L and laboratory tests for

albuminuria.

Research at Egypt's uranium processing facilities
included external radiation surveillance, monitoring of
radioactive dust, and analysis of uranium concentrations
in workers' urine. Urine samples collected from plant
personnel at the ore crushing and separation site revealed
elevated concentrations of uranium (up to 29.2 ug/L) and
a strong correlation with serum creatinine levels. The
average excretion of uranium in the urine of workers was
more than 20 times higher than the permissible level [32].
The daily excretion of U28 in urine is 1.4-4.7 times higher

than the experimentally established values in the urine of

uranium miners and has been shown in other studies
[33,34]. Atomic weapons workers are also monitored for
possible uranium exposure through urine uranium tests:
their average excreted uranium concentration was 0.006
ug/g creatinine. Some urine samples exceeded uranium
levels that had been established based on the likely
contribution of environmental sources of the
radionuclide. However, the health consequences of
uranium enriched to <5-8 wt% U235 based on
nephrotoxicity in this study were an order of magnitude

lower than recommendations given in the literature [35].

Urinary uranium concentrations in individuals associated with military use of depleted anium

Military weapons with depleted uranium have
been used by the armed forces of developed countries for
20 years. The use of this type of weapon to solve combat
missions in local conflicts (Iraq, 1991, 2003; Bosnia and
Herzegovina, 1994; Kosovo and Metohija, 1999;
Afghanistan, 2001; Libya, 2011) led to the emergence of a
new dangerous factor of technogenic nature. Another
object of study where urine tests for uranium content are
used are military personnel and the population arriving
in areas contaminated with depleted uranium [36-38].

American soldiers who participated in the 1991
Gulf War were injured by fragments containing depleted
uranium, or may have been exposed to depleted uranium

through other routes, such as inhalation, ingestion, and

through wound contamination. Urinary uranium
concentrations in soldiers injured by shrapnel were
higher than in soldiers exposed to depleted uranium
without shrapnel who were not involved in combat [39].
The UK has a biological monitoring program which
includes uranium testing of personnel involved in the
2003 Iraq conflict. During The study analyzed urine
samples for uranium and creatinine concentrations and
for the uranium isotope ratio Uz8/U2%. Uranium
concentrations ranged up to 556 ng/g(-1) creatinine,
slightly above reference values reported for the US
population. Isotope ratio measurements showed that all
samples contained a natural isotope and did not contain

depleted uranium [40]. There is evidence of uranium
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concentrations in urine samples from Afghan civilians.
From male civilians who developed symptoms of fatigue,
fever, musculoskeletal and neurological changes,
headaches and breathing problems after inhaling dust
during the 2002 bombings, urine samples were collected
and analyzed for the presence of U234, U»5 and U2%. The

average uranium concentration (275.04 ng/l) was

Uranium content in urine of the population

There are a number of studies where uranium in
urine was determined in populations not associated with
the mining and processing of uranium and who did not
participate in military conflicts, including people who
live in areas contaminated with radionuclides. The
concentration of uranium in the urine of the population
is also being studied in order to create a database for
comparing the uranium content in the urine of workers
engaged in uranium mining and people who live in areas
contaminated with radionuclides. There is information
on uranium contamination resulting from coal mining
activities in the Yi region of China, due to the mixed
distribution of uranium and coal mines. This study
collected water, soil, coal, and urine samples from the
local population to assess the level of uranium intake and
its effects on people. The results showed that uranium
concentrations in groundwater were 8.71-10.91 png/L,
while lower levels of uranium were observed in river
water. Coal ash contained high concentrations of
uranium - 33.1 ug/g, due to enrichment during coal
combustion. Uranium concentrations in urine samples
were 8.44-761.6 ng/L, which is significantly higher than
reference values for unexposed people [43]. An
assessment of uranium excretion in urine was carried out
among the population of the Czech Republic living near
spent uranium ore mining and processing facilities. The
average daily excretion was 0.15 mBq/day (12.4 ng/day).
Despite the legacy of uranium mines and uranium ore
processing plants in the Czech Republic, levels of
uranium in urine were similar to those in other countries.
It should be noted that this study found a significant
difference in daily urinary uranium excretion between

people using public water supplies and private wells as a

significantly higher than the reference range (1-20 ng/l).
The U28/U2ratio was 137.87 +/- 0.20, which corresponds
to the ratio of natural uranium [41]. At the same time the
population of eastern Croatia, who live in post-war areas
affected by bombing and the potential use of depleted
uranium weapons, have urinary uranium concentrations

below values reported in the literature [42].

source of drinking water [44]. A study was conducted in
Japan to examine uranium concentrations in population
urine samples to estimate daily uranium excretion.
Concentrations ranged from 0.8 to 35.6 ng uranium per
liter of urine (mean 4.5 ng/L(-1)). Urinary uranium was
normalized to creatinine concentration to compensate for
the degree of urine dilution. Normalized creatinine
values ranged from 1.2 to 17.8 ng uranium per gram
creatinine (mean 7.4 ng/g(-1) creatinine). These results
were consistent with the lower limit of uranium uranium
reported for the unexposed population of 0.04-0.40 pg/L.
It should be noted that the upper limit of this range (0.4
ug/L) was found in an area with high concentrations of
natural uranium in water [45].

The urinary concentrations of uranium during
chronic exposure to drinking water were studied among
households in southern Finland who consume drinking
water from private wells. The population was selected to
reflect a wide range of daily uranium intakes from
drinking water (0.03-2775 ug/day). Urinary uranium was
correlated with uranium intake in drinking water,
especially at elevated levels of uranium in water (>or =10
ug/day) in wells [46]. A study was carried out to compare
urinary uranium levels in the UK population with levels
in British military personnel and ex-servicemen serving
in areas where ammunition containing depleted uranium
was used. Convalescent hospital patients were recruited
as participants. The concentration of uranium in daily
urine ranged from 1 to 10.6 ng/l( -1). Creatinine -
standardized 24-hour urine concentrations ranged from
approximately 100 to 800 ng mol (-1) creatinine. The
uranium content was similar to that for US residents. All

samples showed an isotope ratio of U2 to U2,
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Mass

spectrometry for determination of Th?? and U8 in the

corresponding to natural uranium [47].
urine of Jordanians not exposed to uranium showed a
mean value of U%8 in all samples was 3955 u/Bq/day (-1)
(mean 1107 p/Bg/day (-1)), which is higher than reported
data from Germany and India, but consistent with ICRP
publication number 23 [48]. The results of determining

the activity concentrations of U2 and U?* in urine

samples of Warsaw residents to estimate the background
level of the rate of excretion of these radionuclides
showed that the excretion rate of U2 was in the range of
0.44-30.54 mBq/day (-1), and for U%* —in the range of 0.33-
28.61 mBqg/day (-1). 70% of the results were below the
upper limit of 6 mBg/day (-1) recommended by the ICRP
(ICRP

for people not exposed to radionuclides

Publications No023) [49].

Relationship between uranium concentration in urine and human health status

Studies on the concentration of uranium in the
urine of uranium industry workers and the population
living near uranium deposits in the available world
literature. There is even less research regarding urinary
uranium and its potential association with morbidity.
However, a number of studies have attempted to trace
the relationship between uranium concentrations in urine
and various diseases. Thus, in the United States,
epidemiological studies were conducted that examined
the presence of metals in the urine and cognitive
impairment in elderly people aged 60 years and older.
High levels of urinary cadmium have been found to be
potentially associated with impaired memory and mental
performance. However, urinary uranium concentrations

did not show any significant associations with cognitive

impairment [50]. The association of environmental
uranium exposure with changes in kidney function in
residents of the United States was studied. Uranium was
detected in the urine of 74.1% of subjects, and an
association was demonstrated between detectable
uranium concentrations in urine and microalbuminuria,
but no association with clinical kidney disease was
identified [51]. The association of urinary metals,
including uranium, with the prevalence of diabetes was
assessed. The odds ratio for developing diabetes
associated with the highest metal concentration was
1.46 (1.09-1.96) for uranium, meaning uranium was
positively associated with diabetes, even at relatively low

levels observed in the US population [52].

Limitations and disadvantages of testing uranium concentration in urine

The determination of uranium content in urine is
carried out to assess its contribution to the dose load of
internal irradiation of people, since the rate of excretion
of a radionuclide in urine describes the dependence of its
content in the body [53]. However, background levels of
uranium must be known to assess potential human
exposure. Natural background levels of uranium in the
urine of unexposed individuals vary greatly depending
on region and population, and due to varying intakes of
uranium from food and water [54]. There are a number of
disadvantages when determining uranium in urine,
which can affect the final result. Thus, the amount of

uranium in urine samples taken simultaneously (spot) is

more variable than in samples taken over 24 hours (daily).
Daily urine samples provide greater accuracy in
estimating uranium concentrations, but are also more
difficult to collect samples [47]. There are studies
monitoring occupational exposure to uranium and other
toxic heavy metals, including uranium, which show that
variations in uranium concentrations in different urine
samples from the same person can be quite significant.
However, these differences usually correlate with
creatinine levels in the same samples. In the studies of
Karpas Z., Lorber A. are proposed that daily creatinine

levels must be assessed taking into account weight,
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height and age; adjusted values can be used to determine
the internal radiation dose from uranium [55].

In addition, the list of biomaterials for studying
the concentration of uranium in the body is expanding. If
we are not talking about uranium poisoning, but are
studying the effects of uranium in small quantities,
determining the concentration of uranium in hair and
nails in population studies is especially relevant. Skin
appendages are considered the end product of
metabolism that absorbs microelements and their use is
effective in environmental and toxicological studies [56].
Hair and nails are composed primarily of fibrous protein

structures and grow relatively quickly [57, 58], and the

hard outer keratin layer of hair prevents the release of
internal components, including external contaminants
[59]. In addition, hair and nail samples have several
advantages over other types of biomaterials: painless
removal, ease of collection and transportation, high
stability at room temperature, and relatively high
concentrations of elements compared to other body fluids
and tissues [60-63].

Despite the above, determining the concentration
of uranium in urine remains the most common method
for monitoring the effects of uranium on uranium
industry workers and the population of uranium mining

regions.

Research of uranium content in urine at the Research Institute of Radiobiology and Radiation Protection

The main directions of scientific activity at the
Research Institute of Radiobiology and Radiation
Protection of NJSC "Astana Medical University" are
medical provision of radiation safety and the
development of scientific foundations for regulating safe
levels of technogenic radiation exposure on workers and
the population. The objects of research of the research
institute are uranium mining and processing enterprises,
whose personnel come into contact with soluble and

insoluble uranium compounds [64, 65], as well as the

population living near uranium industry facilities [66-68].

According to the order of the acting Minister of
Healthcare of the Republic of Kazakhstan No KR DSM-
131/2020 dated October 15, it is mandatory to determine
the concentration of uranium in urine of uranium mining
enterprises (UME) personnel [69]. The main purpose of
determining uranium in urine of UME personnel is to
ensure radiation safety of workers within permissible
dose values, obtain the necessary information to optimize
protection, and make decisions on intervention in cases

of increased radiation exposure.

Memorandum between the Ministry of
Healthcare of the Republic of Kazakhstan and NAC
Kazatomprom JSC on cooperation in matters of
protecting the health of UME employees to enhancement
the interaction between workers and local healthcare
organizations was signed in 2018, with the organizational
and methodological participation of the SRI of
Radiobiology and Radiation Protection, NpJSC “AMU”.
From 2015 to 2019, laboratory tests of 2,381 urine samples
for uranium content in group A personnel were
conducted at the Institute as part of the annual medical
examination of UME employees. Laboratory tests of
urine samples were carried out on an inductively coupled
plasma mass spectrometer “Agilent 7800 ICP MS”
(Japan), the error of this device in quantitative
determinations is 1-5%.

The main results of measuring uranium in the
urine of Kazakhstan UME workers are presented in Table
2.
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Table 2 - Uranium content in the urine of group A personnel uranium mining enterprise

of Republic of Kazakhstan, g/l

No Research objects Total number of | Number of samples | Number of samples Values (ug/l)
samples with values less with values greater
than <0.90 than >0.90
1 Uranium mining enterprise of 305 242(79,34%) 63(20,66%) average 0.74
Southern Kazakhstan 1 max 13.68
min 0.029
2 Uranium mining enterprises 1 146 95(65,06%) 51(34,93%) average 1.74
max 13.68
min 0.08
3 Uranium mining enterprises 2 210 166(79,04%) 44(20,95%) average 0.59
max 2.91
min 0.001
4 Uranium mining enterprise of 219 166(75,34%) 54(24,65%) average 1,49
Southern Kazakhstan 2 max 33,48
min 0,12
5 Uranium mining enterprise of 213 168(78,87%) 45(21,12%) average 0,59
Southern Kazakhstan 3 max 2,91
min 0,001
6 Uranium mining enterprise of 157 148(94,26%) 9(5,73%) average 0,58
Southern Kazakhstan 4 max 16,97
min 0,10
7 Uranium mining enterprise of 1131 1051(92,92%) 80(7,07%) average 0,43
Southern Kazakhstan 5 max 47,15
min 0,001
Overall average (2 381 samples): 0,90 pg/l

According to the results of the analysis presented
in Table 2, the concentration of uranium in urine varied
from 0.001 to 47.15 ug/l, with an average value of 0.90
ug/l. More than 65% of uranium concentrations in urine
do not exceed the average meaning of 0.90 ug/l, only 35%
and less of rates are above this value.

The presented data shows that in the workshops
of the wuranium enterprise, in which the main
technological processes are carried out, is a significant
increase in the average level of uranium concentration in
urine compared to other divisions.

Earlier, in the studies of Aumalikova M. and
others, studies were conducted to determine uranium in

the urine of workers at the Saratov State Chemical

Combine, where the concentration of uranium was
determined to reach 26.7 pg/l in 4 workers. We
reanalyzed urine samples at four workers who has high
concentrations of uranium. Three of these workers had 3-
5 times decreased uranium concentrations in the urine,
still
concentrations above the maximum threshold (15 pg/L)

[8]-

while one worker had wurinary uranium

To establish the reference value of uranium in the
urine of UME personnel, the permissible concentration of
uranium in the kidneys was calculated by the empirical
formula used in the regulatory documents of the UK,
Canada and the USA [70-73]:
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_ (5,10:1073*uBq)*(0,065)

¢= (300r)*(0,33+10~37 =33 10° & g_l =33
HBqg~1)
g/l g (1)
where:

C — the permissible concentration of uranium in
the kidneys (in g/g),

e 5,10x10-3* uBq — activity of uranium,

0,065 — coefficient for conversion in concrete unit
of measurement,

e 300 gr — weight of organ (kidneys),

0,33 uBkg x 10-¥ — a coefficient connecting the
activity and concentration of a substance in tissue.

According to the above formula, the maximum
uranium content in the kidneys is 3.3 ug/g.

It is necessary to analyze the uranium
concentration of urine samples to reduce the impact of
high level of uranium, the so-called “peak load” on
kidneys. It has been established that this load on the
kidneys ranges from 0.3 to 3 pg of uranium per gram of
kidney tissue. If the uranium concentration in the renal
tissue exceeds 3.3 ug/g (nephrotoxic limit) for a long time,
it can lead to kidney damage, and determines the
presence of retinol binding protein in the urine [70].

In this regard, the concentration of uranium in
the body and the corresponding critical organs (lungs,
bones, kidneys) is calculated from analyzes of urine

samples taken after a break in work and from the

10000

corresponding conversion coefficient from urine activity
to uranium content in the body. This method is based on
the stabilized distribution of radionuclide in the body of
a person working under conditions of chronic intake and
achieving an equilibrium state.

According of reference, with a maximum
concentration of uranium in the kidney of 3.3 pg/g, the
excretion of uranium with urine during its continuous
intake into the body after 30 days of exposure, taking into
account the half-life of uranium from the body, will be
equal to 15 pg/1 [70].

Based on previously available data [70-72] and
our own research data, to determine the permissible limit
of uranium in the urine of UME workers, we constructed
a graph compiling the concentration of uranium when
yellowcake is ingested at low and high temperatures, as
well as uranium ore dust (Figure 2). According to the
graph, at the period of uranium exposure increases for
UME workers, the concentration of uranium in urine
decreases, because slightly soluble forms of uranium
can settle in the kidneys, and rapidly soluble forms are
excreted from the body in less than 5 days [73, 74].

Thus, the reference value of uranium in the urine
of UME workers is 0.90-15 pg/l. If the uranium
concentration in the urine of UME workers is exceeded,
corrective actions used in world practice and presented

in Table 1 are proposed.

100 +

Concentration uranium in urine,pg/L

0.1

Time after exposure, days

Figure 2 - Uranium concentration in urine versus exposure time
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In general, conducting laboratory tests to
determine the content of uranium in the urine of UME
workers will allow us to identify “risk groups” at an early
stage in order to timely predict the risk of developing
work-related disorders and occupational diseases, and
introduce treatment and preventive complexes aimed at
protecting the health of the working population.

With the participation of the Research Institute of
Radiobiology and Radiation Protection on the basis of the
RSE at the Central Clinical Hospital for Disabled Persons
of the Patriotic War and the Institute, the MORBUZ
Consortium (Medical Radiation Safety and Morbidity

4. Conclusion

The use of biological samples to determine
uranium levels in the body is important for monitoring
the health of people who may be exposed to uranium at
work or in the environment. In most cases, urine testing
is used to detect uranium exposure through drinking
water or inhalation of particles containing uranium.
Urine monitoring is an effective method for determining
a person's exposure to soluble uranium compounds
because the daily urinary excretion of uranium depends
on the total level of uranium in the body. The US Nuclear
Regulatory Commission (NRC) has set urine uranium
levels at 15 ug/L for persons occupationally exposed to
uranium. For the population of different regions, the
concentration of uranium in urine varies widely, usually
in the range of 0.04-0.40 ug/l. Some studies show a
relationship between uranium concentration and
qualitative changes in the composition of urine, but there
is insufficient scientific evidence regarding the existence
of a connection between uranium content in urine and the
occurrence of somatic diseases. The large body of
knowledge obtained from studies of uranium in workers
and the public at the Research Institute of Radiobiology

and Radiation Protection should be included in the

Management) was created, where high-tech specialized

clinical  examination, treatment and  medical
rehabilitation of workers are carried out exposed to the
negative effects of ionizing radiation.

Research into uranium concentrations in urine in
uranium mining regions is ongoing. In the context of the
rapidly developing uranium industry in our state, the
Institute sets the goal of becoming a center in Kazakhstan
for further improvement of comprehensive work to
reduce radiation risk for personnel of radiation-

hazardous enterprises and near the living population.

assessment of the health risks associated with uranium
exposure. However, this biomonitoring approach has so
far found only extremely limited application in the
Republic of Kazakhstan; ultimately, we hope that the
research conducted will contribute to improving the
radiation protection system in our country.
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Tyiingeme

bya moayaa ypaHHBIH azaM ar3achbIHa acep eTyi HoTV>KeciHAe TybIHAQybl MYMKiH PaguOyBLITTH caljapAap JKoHe
ar3aJarbl ypaHHBIH >KMHAAyBIH OMOMHAMKaIlMsIAay KypaAdbl peTiHAe 39pJeri ypaH KOHIIEHTPaIMACHIH aHBIKTay
Maceaeaepi KapacThIpblaadbl. 3epTTey >KYMBICBIHAA 39pJeri ypaHABI aHBIKTay 94iCTepi MeH oAapAblH KOAJAaHBLAY
MYMKiHAikTepi TaasaHagpl. Maxadaga aacTaHFaH ayMmakTapaa TYpaTbIH XaABIKTBIH >KoHe KeJelideHIeH ypaHMeH
OaiiaaHpICcTa DOAFaH 3CKepH KbI3MeTKepAep MeH >KYMBICIIbLAapAbIH 39piHAeri ypaHHbIH OMOMOHUTOPMHTiHe KaThICTHI
SIIAEMIOAOTUAALIK 3epTTeyAepAiH JepeKTepi kepceTiareH. 3aperi ypaH KOHIIEHTpaIMsACH MeH AeHCayABIK SKaFAaiibl,
COHBIH iIliHAe HeQPOYBITTHIABIK apachblHAAFbl aHbIKTaAfaH OailaaHbICTap cunarradaabl. COHBIMEH KaTap, YpaHHBIH
CO3BLAMAaABI dcepiH Oarasaya IIalll IIeH THIpHaK YATiAepi CHAKTH IIepCIIeKTUBaAbIK aAbTepHaTUBTI O11ocyOcTpaTTap Aa
KapacTeippraagsl. Hloayaa paauanmsaablk-KayinTi KecinopbsHAapAa KYMBIC icTelTiH A TOOBIHBIH >KYMBICIIBLAQ PBIHBIH
39piHeri ypaH KypaMbIHa KaTBICTHI ©3iHAIK 3epTTeyAep HoTuXeAepi YChIHbIAFaH. by caHaTTarbl >KyMBICIIBLAAP YIIiH
OMOMOHMTOPVHT 3aHABI TYpAe OeKiTiATeH KblA CallbIHFbI MeAVIIMHAABIK TeKCepyAiH MiHAeTTi Oe4iri 604bIT TaObLAAABL.
MuayxrupTi GajlaaHbICKaH I11a3MaMeH Macc-CrieKTpoMeTpus aici apkprapt 2000-HaH acTaM 39p yAariaepi TaasaHAbL
Oprama ypau kornernrparysics: 0,90 MKr/a Kypar, Ker0ip skaraaitaapaa 47,15 MKr/a-re AeitiH >xeTTi. 39paeri ypaHHbBIH
€H >KOFapbl MOAIIIePi Heri3ri TeXHOAOTUAABIK YAepicTepe KbI3MeT aTKapaThIH JKYMBICIIIbIAapAa aHbIKTaAAbl. Ar3aarbl

ypaHHBIH pPYKCaT eTiAreH JeHTeifiH Oafraday MakcaTblHAa OYiIpeKTeri IIeKTi KOHIIeHTpaIMs ecelTeAil, 39pMeH
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IIBIFAPBLAATEIH YPaH AeHTelliMeH CaAbICTBHIPBLAABL 15 MKI/A-AeH >KOFapbl KOHIIEHTpauusiiap HeppOYBITTHLABIKTEIH
MOTEeHNMAaAABIK, KayIliH KepceTil, A TOOBI >XYMBICIIBLAAPBIHBIH €HOeK >KarjalidapblH Ty3eTyAl KasKeT eTeTiHi
aHBIKTaAABl. A ABIHFaH OMOMOHUTOPYHT HOTIDKeAepi 403aAbIK JKyKTeMeAepAiH pyKcaT eTiATeH JeHrelilepin OakblaayFa
FaHa eMec, COHJall-aK paAMalNsAAbIK KOPFaHbIC IIapaJapblH OHTallAaHABIPYFa JKoHe acep eTy AeHreifi IIeKTeH ackaH
’Kargalija apadacy Typaabl IemniM KaOblagayFa MyMKiHZIK Oepeai. Kasakcranga ypan eHaipy >xeHe eHJaeyre
DaliaaHBICTBI Kayill-KaTepai MOIfbIHAQy — 0oOJamIakTa >KYMBICIIBLIAP MeH XaABIKTHIH A€HCAyABIFBIH KOpFayFa
OaFbITTaAFaH casAcaTThI JKeTiAAipyre K04 alIysl THIC.

TyitiH ce3aep: ypaH, Macc-CIIEKTPOMETpUsA, YpaH ©HepKaciOi >KYMBICIIBLAAPE], YpaH-KeHAl IIPOBUHIIVACHL,

DIINAEMNOAOITISIABIK 3epTTeyAep, A€HCAYAbIK )Kal-"ﬂ,af/ibl.
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Pe3rome
B AaHHOM o630pe Hpe,ZI,CTaBAEHbI AaHHBbIE O BO3MO>KHBIX pa,Z],I/IOTOKCI/I‘IeCKI/IX I10CAeACTBUIIX BOSAEﬁICTBI/I}I ypaHa
OpFaHI/ISM yea0BeKa 1 OHpe,ZI,EAEHI/I}I KOHI_IeHTpaI_H/II/I ypaHa B MO4Ye B KayeCTBe 6I/IOI/IH,Z|,I/IKaTOpa HaAKOIIAE€HIsL ypaHa B

OpraHmsme. B pa60Te paccMarpuBaeTCs IMOTEHIMAaAbHOE IIPMMEHEeHNE 11 MeTOAbI OIIpeAeA€HNsl ypaHa B MO4e. B
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CTaTbe OCBEIEeHBl JaHHbBIe DINMAEeMMOAOTMYECKNX MCCAeJ0BaHNI, CBA3AHHBIX ¢ OMIOMOHMTOPMHIOM ypaHa B Mode y
IIepCcoHaja, BOEHHOCAY>KaIlMX, KOHTaKTMPYIOIIMX C OOeJHEHHBIM ypaHOM M Yy HaceAeHNs:A, IPOKMBAIOLIEro Ha
3arps3HEeHHBIX TEPPUTOPISIX. B cTaThe 00Cy>XAaI0TCsI BBIABAEHHBIE B3aIMOCB3U MEXKAY KOHIIeHTpanyell ypaHa B Mode
U COCTOSIHMEM 3A0POBbs, BKAIOYasl He(PpOTOKCMYHOCT. KpoMe Toro, 3arparmBalorcs aAbTepHaTUBHBIE OMOCYOCTpaTEL,
TaKie KaK BOAOCHI U HOT'TH, KaK IIePCIIeKTVBHbIE OOBEKTHI A5 OLIEHKV XPOHUYIECKOTO BO3AENICTBI ypaHa B YCAOBIUSIX
DKOAOTMUYECKUX MccAeoBaHMII. B 0630pe mpuBeaeHB 1 COOCTBEHHBIE MCCAEAOBAHMS COAep>KaHUs ypaHa B MOde y
IIepcoHaja IpyHIsl A paAXaliIOHHO-OIIaCHBIX IIPEeATIPUSTIN, A1 KOTOPOTO OMOMOHUTOPMHTI SIBASIETCS 00s13aTe ABHON
COCTaBASIOIENl eXerogHoTo MeAUIIMHCKOTO OCMOTpa, 3aKpeIl1eHHOM Ha 3aKOHOJaTeAbHOM ypoBHe. bblao
IIpOaHaAN3VPOBaHO 00/1ee 2 THICTY 00Pa3IoB MOUM METOAOM MacC-CIIEKTPOMETPUN C MHAYKTUBHO CBSI3aHHO I11a3MOIA.
Cpeamsia koHIIeHTpanusA ypasa cocrasua 0,90 MKr/4, IIpy 9TOM B OTA€ABHBIX CAydasiX 3HaueHNs 40cTUTaAn 47,15 MKr/A.
Hauboapmmme 3HaueHMsI KOHIIEHTpalUMy ypaHa B Moue ObLAM 3apUKCHPOBAaHEl ¥ paOOTHMKOB, 3aHATBIX B OCHOBHBIX
TEXHOAOTMYECKNX IIporieccax. /s OIleHKM AOIYCTMMOIO YPOBH: ypaHa B OpTaHM3Me Oblla paccunTaHa IIpeAeAbHast
KOHIIEHTpanus B ITOYKaX ¥ COIOCTaBAeHa C YPOBHAMU DKCKpeLNN ypaHa ¢ MOUYOI. YCTaHOBAEHO, YTO KOHIIEHTpalluy
cepiie 15 MKr/4 yKasbplBalOT Ha ITOTEHIIMAAbHYIO HePOTOKCMYHOCTh ¥ HeOOXOAMMOCTb KOPPeKIUM YCAOBUI TPyaa
nepconaaa rpymmnsl A. IToaydennnie gaHHbIe OIOMOHUTOPMHIA IO3BOASIOT HE TOABKO KOHTPOAMPOBaTh CODAI0AeHIe
AOIIYCTMMBIX JO30BBIX Harpy3oK, HO 1 oDecriednBalOT HeOoOXOAUMYI0 MHQpOpMaIMIO AAsd ONTUMM3AIMU Mep
PaAualyoOHHONM 3aIIUTEl U IPUHATIAS pelleHNuii O BMeIlaTeAbCTBe B CAydasX HpeBbIIeHNs YPOBHeN BO3JeMCTBISL.
ITpusHaHMe PUCKOB, CBsA3aHHBIX C 400bIYel] 1 IlepepaboTKoli ypaHa B KazaxcraHe, 401KHO crIocOOCTBOBATh MI3MEHEHUIO
MIOANTUKN AAsI 3aLTUTHI 340pOBbsl PaOOTHIKOB 1 HaceAeHMs B OyAyIeMm.

KaroueBnle caoBa: ypaH, Macc-CIIeKTpoMeTpus, paOOTHMKM YPaHOBOI IIPOMBIIILAEHHOCTH, YPaHOBOPYAHasI

IIPOBMHIIVIL, SIIUAEMUOAOTNYECKIIE VICCAeA0BaHVsl, COCTOSIHIIE 340POBbB:I.
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