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RADIOLOGICAL INDICES OF DRINKING WATERS ON THE
NORTH PART OF THE BULGARIAN BLACK SEA COAST
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Bulgaria is a country which is located in the Eastern Europe. A drinking
water sources on the North part of Bulgarian Black Sea coast have different
radiological indices. The sources of drinking water can be lakes, rivers, wells,
dam lakes and so on. Property estimation of the contents of Uranium (Ur),
Radium (Ra 226), and total Beta activity, shows that concentrations of
investigated parameters vary around TDI (tolerable daily intake). To Uranium for
example the TDI yields a guideline value are 2 ug/litre if a 60 kg adult consuming
2 litres of drinking water per day and the provisional guideline value of Uranium
which shows the health significance in drinking waters is 0.002 mg/1. The
situation with the full Beta activity and Radium concentrations is the same. All
these qualitative and quantitative indices are close to the provisional guideline
values, but in some cases it is higher than the limit concentrations. The full Beta
activity is measured in Becquerel per litre and values are around 0.193+/-20%
Bq/1. The Radium concentration takes the dimensions of Bq/1 and it is about
0.009Bq/l. No matter of the source of drinking water, contents of radiological
indices is a very important element of the healthcare control.
Keywords: "Drinking-water", "Uranium", "Radium", "total Beta activity",
"provisional guideline value"

INTRODUCTION
Bulgaria is a country which is located in the Eastern Europe. It is not of the richest
countries if we talk about water supplies. So we use different sources of water to provide our
needs.
The sources of drinking water can be lakes, rivers, wells, dam lakes and so on. But as
a whole we can say that the main water sources are two - water from ice-melting and rain
water and the second source is water which is located in the earth's womb. But before
reaching the consumers water contact with the earth's crust and air and can be enriched from
them with different radiological compounds which naturally or as a result of human activities
occurs in them.
The global average human exposure from natural sources is 2.4 mSv/year.
(mSieverts/year). There are large local variations in this exposure depending on a number of
factors, such as height above sea level, the amount and type of radionuclides in the soil, and
the amount taken into the body in air, food, and water. The contribution of drinking-water to
the total exposure is very small and is due largely to naturally occurring radionuclides in the
uranium and thorium decay series. (See chart 1).
From the World Health Organization (WHO), water is one of the main sources of
radiological compounds for human body in normal conditions. In chart 1 we can see to what a
degree water influence to the uranium intake regarding to the other main sources of this
radionuclide. Water is the second basic deliverer of uranium and other radionuclides to the
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human body, so it is necessary to control quantity of these components in drinking-water if
we want to restrict their intake in to the human organisms arid to prevent progress of different
disease.
Levels of natural radionuclides in drinking-water may be increased by a number of
human activities. Radionuclides from the nuclear fuel cycle and from medical and other uses
of radioactive materials may enter drinking-water supplies; the contributions from these

The daily intake of uranium from main sources for adults
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Chart 1. The daily uranium intake from different sources.
sources are normally limited by regulatory control of the source or particle, and it is through
this regulatory mechanism that remedial action should be taken in the event that such sources
cause concern by contaminating drinking-water.
So to control the concentration of different types of chemical elements with
radioactive characteristics the authorized organs must attend to some parameters of the water.

METHODOLOGY
For the year 2003 there were taken more than 89 samples from more than 59 water
sources, most of which are for drinking purposes and which provide drinking-water for the
consumers. (See figure 1). The water samples are investigated about their chemical compound
and presence of some polluting agents. The most important investigated substances with
radiological characteristics in drinking-water are uranium, radium, and gross beta activity.
Water samples are taken from different places in the region of the North part of
Bulgarian Black Sea coast. Investigation includes a lot of towns and villages in the region.
Some of them are Varna, Dobrich, Devnya, Kavama, Shabla and so on.
Varna is located on the sea coast and with its population of more than 300 000 people
it is biggest town in the region. This is due to the resorts which are disposing in the region and
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to the harbors located here. At the holyday season population can grow two - three times and
to reach even a million, regarding with the numerous numbers of tourists.
The next big town is Dobrich. It is located on about 60 km north from Varna. As the
second biggest town in the region along with Varna, Dobrich is responsible to control the
radiological parameters in drinking-water too.
The authorized organs from the "Radiological protection and control" department by
the Institute for Hygiene and Epidemiology in Varna and Dobrich must control the
concentrations of some parameters of drinking-water regarding to the Bulgarian National
Standards.
Devnya is located at the west direction from Varna. It is a very important industrial
center with high developed chemical industry. Besides in Devnya are located and the main
water sources in the ragion.
Varna and Dobrich are the main towns in the region but there are a lot of small towns
and villages which are liable to control too.

Fig. 1. Places of gathering of some of the water samples.
In most cases water sample taking has a control function, so the authorized organs
take one or two samples (in the most cases) through the year from a lot of different places.
Water sample taking must be done in plastic or glass radiologically clean containers.
After taking of water samples there is an estimation of the contents of the most
important parameters of the water.
The main parameters which are controlled are: total Beta activity and concentration of
uranium and radium-226.
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RESULTS AND DISCUSSION
Results and discussion will be made for each of the investigated parameters personally
in the text below.
Uranium (U):
Uranium occurs naturally in the +2, +3, +4, +5 and
+6 valence states, but it is most commonly found in
the hexavalent form, in nature, hexavalent uranium is
commonly associated with oxygen as the uranyl ion,
UC>22+. Naturally occurring uranium (nalU) is a
mixture of three radionuclides (234U, 235U, and 238U),
all which decay by both alpha and gamma emissions.
Natural uranium consists almost entirely of the 238U
f
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respectively comprising about 0.712% and 0.006%
of the natural uranium. Uranium is widespread in
nature, occurring in granites and various other
mineral deposits.
Uranium is present in drinking-water
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Fig. 2.238Uranium radioactive decay
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Most of the uranium compounds are soluble in water, but it is possible uranium to be
in drinking-water and at its insoluble forms.
Uranium is present in the earth's crust, principally in the hexavalent form. It is
introduced into water supplies as a result of leaching from natural sources, from mill tailings,
from emissions from the nuclear industry, from the combustion of coal and other fuels, and
from phosphate fertilizers.
Investigated water sample for uranium is taken in radiologically clean container which
is washed two-three times with the investigated water. After that the sample is ready to be
analyzed in the laboratory.
Uranium in water is most commonly measured by solid fiuorimetry with either laser
excitation or ultraviolet light following fusion of the sample with a pellet of carbonate and
sodium fluoride (detection limit 0.1 jug/litre).
For the year 2003 there were taken more than 89 samples from more than 59 water
sources. This affords an opportunity to be study the correlation of concentration of
investigated components. Content of these components is relatively permanent so if there are
some changes this can be a sign for a problem.
In this research there were investigated 57 sources of tap water, 15 sources of water
from pump-stations ,11 sources of drilling water, 5 sources of mineral water and even one
source of surface-running river water.
Concentrations of uranium for the North-Eastern part of Bulgarian Black sea coast
varies between 0.00004 mg/litre to 0.003 mg/litre for different sources of drinking-water. The
official standards in Bulgaria allow limit concentration of natural uranium (natU) for drinkingwater to be not more than 0.06 mg/litre.

Concentration of Uranium
10.002

10.00008

Surfacerunning
river water

y WHO guideline

0.002

H Official standart in
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HI Maximal concentration
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Tap water
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Chart 2. Concentration of uranium in drinking-water.
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The provisional WHO (World Health Organization) guideline level for uranium in
drinking-water is 0.002 mg/litre. (See chart 2).

Concentration of Uranium in some of the main towns in the
investigated area
DReal cpncentration ID WHO guideline B Official standart in Bulgaria

Tap water - Dodrich

Tap water - Varna

Tap water - Devnya

Places of research

Chart 3. Concentration of Uranium in the main towns in the investigated area.
In different countries the water sources are different, so and the uranium
concentrations are different too. From chart 4 you can see that the concentration in some
states of the USA is higher than the WHO guideline value, but as a whole the concentrations
at the other investigated places are under the limit concentration. That means that in these
regions there is no risk for consumers of water health.
Value of uranium in North-East part of Bulgaria is higher than in other regions, but
nevertheless it is very low regarding to the official standards in Bulgaria. (See chart 3 and
chart 4).
Uranium is considered to be carcinogenic, and the guideline value is the concentration
in drinking-water associated with an excess lifetime cancer risk of 10"5 (one additional cancer
per 100 000 of the population ingesting drinking-water containing the substance at the
guideline value for 70 years). For uranium there is some evidence of potential hazard but
available information on health effects is limited. So the limit concentrations are very low
because they must prevent each opportunity for disease on water users. This strict restriction
is some kind of insurance.
It is likely that food is the main source of uranium intake in most areas. The daily
intake of uranium from each source for adults is presented in chart 3. Thus, the total daily
intake is approximately 2.2 /zg or 0.037 /ig/kg of body weight for 60-kg adult, the majority of
which originates from food. (See chart 1).
The average human gastrointestinal absorption of uranium is 1-2%.
Classification of radionuclides by their radiotoxicity show that natural uranium (natU)
is in the group of radionuclides with ''Low radioactivity". But all isotopes of uranium (except
2i5
U) are in the "Very high radioactivity" group next to radium-226 and its isotopes.
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The main concentration of uranium in drinking-waters
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Chart 4. Uranium concentrations in different parts of the world.
While the naturally occurring isotopes of uranium are not highly radioactive, it has
toxic effects on humans and animals, particularly affecting the kidney. Uranium causes
inflammation of the kidney at high concentrations, and this chemical toxicity occurs at levels
lower than those at which there is a significant carcinogenic risk from uranium radiation.
Thus, the radioactivity of uranium is of secondary importance, as a risk to human health, to its
chemical toxicity.
There are several methods for removing uranium from drinking-water, although some
have been tested only in the laboratory or on a pilot scale.
Uranium decays to form radium and the gas radon. Radium-226 and its products of
decay can be very dangerous to human health. (See figure 2). So the radium is one of the
investigated elements in drinking-water.
Radium-226 (226 Ra):

8 8 226.025

As a result of natural uranium decay there are
getting different radiological products - radionuclides. (See figure 2). The most abundant and most
stable is the isotope of mass 226. Radium - 226 is
formed by the radioactive disintegration of the
thorium isotope of mass 230, which is the fourth
successive isotope in the decay series starting with
uranium - 238. The half-life of radium - 226 is 1620
years. It emits alpha particles, forming the gas radon.
Radium - 226 enters water supplies via
leaching from natural sources, from industrial and
nuclear use, from combustion of coal and other fuels,
and from phosphate fertilizers used in agriculture.
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Radium is in a group of potential dangerous compounds in drinking-water so its
quantity must be controlled. For this reason the number of investigated water samples is very
close to the number of investigated samples for uranium.

The main concentration of uranium in drinking-waters
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Chart 5. Concentration of radium - 226 in drinking-water.
For the year 2003 there were taken more than 84 samples from more than 54 water
sources. This affords an opportunity to be study the correlation of concentration of
investigated components. Content of these components is relatively permanent so if there are
some changes this can be a sign for a problem.
In this research there were investigated 55 sources of tap water, 12 sources of water
from pump-stations ,11 sources of drilling water, 5 sources of mineral water and even one
source of surface-running river water.
Investigated water sample for radium - 226 must be taken in radiologically clean
container which is washed two-three times with the investigated water. Quantity of the sample
with the investigated water is not less than 1000 cm3. After that the sample is ready to be
analyzed in the laboratory.
The method is based on the determination of radium - 226 by its daughter product
radon - 222, which can be measured in the ionization camera.
As a whole the results of the research for the concentration of radium at the main
water sources, used by consumers for drinking-water are shown at chart 5.
The results clearly display that the drinking-water in the North part of Bulgarian Black
Sea coast is pure by radium - 226, and concentration is quite lower than Bulgarian National
Standard.
From this chart we can see that the highest concentrations are typical for a group of mineral
waters. But although these high concentrations, users can be anxiety-free, because the limit
concentrations which are determinates by the official standards of Bulgaria allow higher
concentration of radium for drinking-water.
Radium - 226 is measured in Becquerel/litre.
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Comparison between the main towns in the North-Eastern part of Bulgaria shows that
values of radium - 226 are relatively close. That is connected with the similarity of the
geological structure and composition of the earth's crust at the region. (See chart 6)

Concentration of Radium - 226 in some of the main towns in
the investigated area
El Real concentration CD Limit consentration
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0.0135
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Places of research
Chart 6. Concentration of 226Ra in some towns from the investigated area of the NorthEastern part of Bulgaria.
Chart 6 shows that concentrations of radium - 226 in drinking-water at three of the
main towns in the region are quite close.
The low concentration of radium - 226 in tap water is a good sign, because the tap
water is the main source of drinking-water for the population in Bulgaria.
Presence of Ra - 226 in drinking-water is not desirable, but if in the water have
presence of radium that is not extremely dangerous. Like a source of radioactivity radium
increase risk of bone cancer, but the problem of radium - 226 and the main reason to be
controlled so strictly is its daughter product - Radon. (Rn).
Radiation from radium has a harmful effect upon living cells, and radium burns are
caused by overexposure to the rays.
Radon is a daughter product with a very short period of half life - about three days
(see figure 2). It is a gas which is in the group of the noble gases. It is highly toxic and like
each gas easily penetrates through the lungs and damages them seriously. Radon increase risk
of cancer.
Radon, as a result of the 226Ra decay, can inflict serious damages of human health. So
it is of primary significance the radium concentration to be strictly controlled by the
authorized organs.

TOTAL (GROSS) BETA ACTIVITY:
Gross beta activity is a parameter which detection has a long history. Next to uranium
and radium - 226, it is at the great meaning for normal study of drinking-water
characteristics.
Gross beta activity measures the emissions of beta particles from different types of water.
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As a whole this method of investigation is use not to show the presence of some kind
of radiological isotopes in the investigate water. This procedure is use to show the level of the
radiological contamination.
The methodology of the research is based at the determination of beta activity in dry
water sample. So this procedure is connected with analysis of the mineral compound in the
water sample.
Some of the natural sources of gross beta activity are natural isotopes of different
chemical compounds. In these group is: 40K (which half-life is 1.27 x 1015 years, and which
represents about 0.01% of natural potassium), 67Rb, and so on. Another radiological isotope is
7
Be - Beryllium, which is get from nitrogen (N) as a result of impact from space.
Analyzing chart 7 we can see that the quantity of gross beta activity is very low. Even
the maximal concentrations of this activity are very low regarding to the limit concentrations
specify by the WHO and Bulgarian legislation.
This is a very good sigh confirm fact that drinking-water from different sources in the
North-Eastern part of Bulgaria is with wonderful properties and can be used by consumers.
It is necessary to say that higher values of 1 Bq/litre for gross beta activity do not
necessarily imply that water is unsuitable for human consumption. But it will be better if we
can restrict its use.

^iSii^

|€pj%)

Chart 7. Gross beta activity in the drinking-water.
The guideline activity concentrations assume an intake of total radioactive material
from the consumption of 2 litres of water per day for 1 year and are calculated on the basis of
the metabolism of an adult. Metabolic and dosimetric considerations have been included in
the development of dose conversion factors, expressed as sieverts per Becquerel, which relate
a dose expressed in sieverts to the quantity (in becquerels) of radioactive material ingested.
Examples of radionuclide concentrations (reference concentrations) corresponding to the
reference level of dose, 0.1 mSv/year, are given in table 1.
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Therefore, the values of 0.1 Bq/litre for gross alpha activity and 1 Bq/litre for gross beta
activity continue to be recommended as screening levels for drinking-water, below which no
further action is required.
Table 1. Activity concentration of various radionuclides in drinking-water
corresponding to a dose of 0.1 mSv from 1 year's intake".
Radionuclide

m

226:

idhfactor

liiitis

8.0x10-8

234\
238

V

?3:6M&0W.

Beta particles can increase risk of cancer. The different forms of radiation cause
different degrees of biological damage, alpha and beta being most damaging, and different
types of tissue vary in susceptibility to damage from radiation.
The recommended reference level of committed effective dose is 0.1 mSv from
1 year's consumption of drinking-water. This reference level of dose represents less than 5%
of the average effective dose attributable annually to natural background radiation.
Below this reference level of dose, the drinking-water is acceptable for human
consumption and action to reduce the radioactivity is not necessary.
For practical purposes, the recommended guideline activity concentration is 1 Bq/litre
for gross beta activity.

CONCLUSION
Analyzing the results from this research we will find out that the radiological indices
of drinking water on the north part of the Bulgarian Black Sea coast are with very good
parameters. Examination and Comparing of the findings are the best index about drinkingwater quality.
In all of the examine cases concentrations or parameters are quite lower than the
concentrations given in the Bulgarian National Standard, and at the most cases the values of
the research are even below the World Health Organization guideline.
This is a very good sign for a quality of the water as a whole, and it must show that
there should be no doubt about property of drinking-waters at the investigation area.
So at the end I want to say that drinking-waters on the North - Eastern part of Bulgaria
have very good indices and they can be used by the consumers. The low concentration of all
of the investigated parameters shows that the whole region is pure from radiological
compounds and all water supplies can be used properly.
Up to this moment the survey of radiological compounds shows good results, but the
research must continue, because people's health is of a big importance.
Water gives life. Let's use it properly.
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