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1. INTRODUCTION 

The aim of the data and recommendations, presented in the report on defining maximum 
permissible concentration limits of radionuclide activity in potable water, is to justify that quality of 
this water meets standards for human consumption. 

National regulations adapt international guidelines in the scope of radiological protection 
[1]. This methodology is based on annual dose limit. It considers exposure risk to various artificial 
radiation sources balancing it with inevitable dose of natural radiation. The risk level regarding 
consumption of various radionuclides present in water, although low, is slightly higher than the risk 
assessed for certain chemical carcinogenic impurities in water intended for consumption [2]. 
Comprehensive epidemiological data and well-documented dose-effect data indicate that radiation 
risk assessment is considerably less uncertain than chemical risk assessment [3]. 

Health risk assessment of ionizing radiation exposure requires knowledge on the relationship 
between the magnitude of exposure and the biological effect. 

High doses of radiation can cause harmful effects to human health such as: nausea, skin 
redness, and in more serious cases, acute clinical symptoms, which take place shortly after the 
exposure. Such effects are referred to as deterministic, because their occurrence is certain only if the 
dose exceeds a certain threshold value. 

At low radiation dose levels, received in a longer period, biological response connected with 
the initiation of carcinogenic change in various organs and tissues of the body, which are revealed 
after the latent period and can be detectable through epidemiological tests of a given population, are 
of highest importance. It is assumed for radiation protection purposes that all doses, regardless of 
their value, can cause such effects, thus in this case threshold level is not existing. Genetic effects 
caused by the exposure were detected in populations of other mammals by means of statistical 
methods. It is considered, however, that they take place in human populations as well. Cancer 
diseases and genetic effects which are detectable through epidemiological tests are called stochastic 
effects, due to their random character [4, 5, and 6]. 

The exposure (irradiation) of tissue leads to the damage of the exposed cells due to ionizing 
radiation absorption through this tissue. The basic dosometric measure of this effect is absorbed dose, 
D, which is defined as mean energy quantity imparted to the mass by ionizing radiation. Energy can 
be averaged in any finite volume. A mean dose equals total energy imparted to this volume and 
divided by the volume mass. The quantity unit is grey (Gy) which equals the energy of 1 joule per 
1 kg of tissue. The absorbed dose does not depend of kind and energy of radiation; nonetheless, equal 
absorbed doses do not necessarily cause the same biological effects. The extent of damage depends 
on the rate transfer of energy to the tissue and on the lineal ionization density, which varies 
depending on the kind of radiation. 

In order to consider all kinds of ionizing radiation in the quantity which has an equal 
influence on the damaged tissues, radiation weighting factors (wR) were introduced. Numerical values 
of w^ for various kinds of radiation, are listed in Table I. 
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Table 1. 

Kind and range of radiation energy Weighting factor wR 

Photons, all energies 
Electrons and muons, all energies 
Neutrons, energy <10 keV 

lOkeV-lOOkeV 
100keV-2MeV 
2 MeV - 20 MeV 
> 20 MeV 

Protons (without recoil protons), energy > 2 MeV 
Alpha particles, fission fragments, heavy ions 

1 
1 
5 
10 
20 
10 
5 

5 
20 

In radiological protection the reference quantity is weighed dose, called equivalent dose. 
The equivalent dose is a quantity calculated by multiplying the absorbed dose by the weighting 
coefficient for the radiation kind and is applied to define a dose in a single organ. If the radiation field 
consists of different radiation kinds of various values wR, then the equivalent dose HT is defined as: 

HT{Sv)=JjWR.DR{Gy) 
R 

The unit of the equivalent dose is sievert (Sv) which equals joule / kg. 

The relation between the probability the initiation of a carcinogenic disease and the 
equivalent dose depends also on the type of exposed organ or tissue. In order to consider various 
types of vulnerability of different organs or tissues to the initiation of stochastic effects an additional 
tissue weighting factor (wT) is applied. A list of tissue weighting factors is presented in Table 2. 

Table 2. 

Organ or tissue Tissue weighting factor wT 

Gonads 0,20 
Red medulla 0,12 

Colon 0,12 
Lungs 0,12 

Stomach 0,12 
Bladder 0,05 

Mammary glands 0,05 
Liver 0,05 

Esophagus 0,05 
Thyroid gland 0,05 

Skin 0,01 
Bone surface 0,01 
Other organs 0,05 

Effective dose, E, is a sum of equivalent doses in all specified tissues and organs of the body 
(HT ) multiplied by a proper weighting factor of a given tissue or organ, wT: 

£(Sv)=2> r HT(Sv) 
T 
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Effective dose (E) is a basic indicator of risk for the creation of stochastic effects in the 
whole body, irrespective of the dose origin, that is, its internal or external origin. 

In the case of the internal exposure, radionuclides, which penetrated the body both through 
the inhalation as well as consumption, can remain in the body for a long period of time. In many 
cases, total dose for internal organs can be spread over several months or years. Internal exposure is 
assessed as a quantity expressed as a result of dose summation in time and determined as 
a committed dose. It refers to a dose which was received by a given organ or the whole body 
through the whole period of radionuclide presence in the body. The standard integration period for an 
adult population amounts 50 years and 70 years to children. This dose is described as the committed 
effective dose and its unit is siwert (Sv). The measurement of the internal exposure constitutes 
a basis for adapting of guidelines for drinking water. 

2. THE ORIGIN OF POPULATION EXPOSURE 
TO IONIZING RADIATION INCLUDING WATER CONSUMPTION 

Most informations on radiation effects is derived from epidemiological studies connected 
with high activity. Above all they refer to examinations of persons after atomic bomb explosions in 
Japan. U.S. National Research Council Committee on the Biological Effects of Ionizing Radiation 
(V BEIR) and United Nations Scientific Committee na Effects Atomic Radiation (UNSCEAR) [2] 
which, on the basis of these analyses, assessed the risk of lethal disease occurrence within the human 
life after the exposition of the whole body to high doses, such as 8% and 11% perl Sv. Both V 
BEIR and UNSCEAR considered that, this risk should be reduced twice for low exposure dose 
rates for several months or years. After the reduction by factor of 2 for small dose rates, 
UNSCEAR recommends risk assessment in the lifetime as 5%/l Sv. 

International Commission on Radiological Protection (ICRP) [3] recommends the 
application of risk assessment for low exposure levels. On the basis of assessment of risk coefficients 
for stochastic effects, ICRP set out the following limits for radiation dose for the population: 

The basic rule was formulated in a way to prevent the occurrence of deterministic effects through 
the maintenance of dose limits below thresholds of their occurrence and to provide that all appli
cable measures in order to diminish the probability of the existence of stochastic effects were 
taken in to account. 

Population dose limit is based on risk of the occurrence of stochastic effects; it was determined 
as equal the effective dose of 1 mSv per 1 year. 

For members of society, the limit between non-permissible and acceptable changes is based 
on risk levels ranking from 10"5 to 10"Vyear and considers fluctuations in a dose of natural radiation 
background. Natural radiation background, though harmless, influence to a small extent the global 
health loss experienced by society in a given place. Excluding a highly changable radon exposition, 
yearly effective dose from natural sources is about 1 mSv. On this basis, ICRP recommends effective 
dose limit and effective committed dose 1 mSv, determined through internal and external exposure 
within the period of one year, obviously excluding natural radiation background resulting from 
radiation procedure [3]. The exposure rate of 1 mSv/year through the lifetime (70 years) causes that 
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the total risk occurrence of all lethal and non-lethal effects of carcinogenic disease and genetic 
effects in further generations, is at the level of 6 * 10"3. 

Dose constraint is an important concept understood as a limitation of individual dose 
connected with a defined ionizing radiation source. This limitation determines the upper limit of 
individual exposure in the conditions of optimization of radiological protection and source safety [6]. 

While establishing a dose contraint for drinking water a reference to radionuclide 
concentration was searched. Water consumption partly contributes to the total dose connected with 
population exposure to some radionuclides which are always present in natural environment. As 
a consequence, it was decided that, dose contraint for radionuclide content in drinking water is 
a derivative based on the effective committed dose of 0.1 mSv from drinking water consumption 
within one year. This value constitutes one tenth of value of the limit dose recommended for 
population by ICRP. This dose constitutes less than 5% of the average year dose connected with 
natural background radiation (i.e.: 2.6 mSv). 

Dose constraint for drinking water should be based on total radionuclide activity present in 
a water sample, no matter if radionuclides are present individually or in combination. This limit can 
also consider a dose introduced through radionuclides present in natural water environment. Risk of 
stochastic effects resulting from exposure to ionizing radiation in the life period of value of effective 
committed dose amounting 0.1 mSv/year is between 10"5 and 10^/year or about 6 * 10"4 through the 
lifetime [6]. 
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3. MAXIMUM PERMISSIBLE CONCENTRATION 
OF RADIONUCLIDE ACTIVITY (MPC) IN DRINKING WATER 

In order to facilitate monitoring of radionuclides in water, dose limit can be expressed as 
maximum permissible concentration of radionuclide activity (MPC). MPC for each radionuclide is 
determined on the basis of previously published radiological data. National Radiological Protection 
Board (NRPB) [10] determined conversion coefficients of the effective committed dose per of unit of 
radionuclide activity, which entered to the body through consumption ( e(g) ). The coefficients are 
based on models of metabolism and dosimetric models for adults and children. Each e(g) value 
presents assessment of a 50 or 70-year effective committed dose, which is the effect of a single intake 
of 1 Bq of activity of a given radionuclide. The data was also quoted in Polish regulations as well [5]. 

MPC of a radionuclide for a population for drinking water are determined by means of e(g) for 
adult persons, assuming 2 liters of daily water consumption or 730 liters per year and maximum 
committed effective dose of 0.1 mSv, or 10% of the dose limit for the population. 

MPC[Bqll]= . W y y w ] 

Then, the consumption of drinking water containing a single radionuclide by adult persons within 
one year of MPC concentration will determine the committed effective dose 0,1 mSv. If two or more 
radionuclides are present in drinking water which affect on the same organ or tissue, the following 
relation should be applied: 

-— + -— + -—<1 
MPCX MPC2 MPCj 

for Cj and MPQ are: currently measured and maximum radionuclide concentration in drinking water, 
successively, for each detected radioactive isotope. 

4. REFERENCE LEVELS FOR MPC IN DRINKING WATER 

Reference levels MPC in drinking water refer to routine conditions existing in the 
environment or to new water intake points. However, they do not refer to water intake points polluted 
as a result of an event or accident through which considerable quantities of radionuclides were 
introduced into the environment. Recommendations applying to such incidents are listed in the report 
of Euroatom [9]. Agreements regarding MPC do not distinguish natural or artificial radionuclides. 

Reference concentrations of radionuclide activity in drinking water are determined on the 
basis of metabolism models for an adult person [2]. Analyses of the models of metabolism and 
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dozometric issues were considered in the assessment of dose conversion coefficients to the activity 
of matter introduced to the body, expressed as: sievert / becquerel (e(g)). 

Table 3. Activity concentration for the selected radionuclides in drinking water (MPC) corresponding to 
0.1 mSv dose, resulting from yearly water consumption. 

Radionuclide Dose con.coeff. (Sv/Bq) Approximate concentration (Bq/1) 
3H 
1 4 C 

^Co 
89Sr 

^Sr 
129T 

I M j 

,34Cs 

I37Cs 

210pb 

2,0Po 

224Ra 

226Ra 

228Ra 

232Th 

238U 
2 3 4 u 

239Pu 

1 . 8 x 1 0 " 

5.6 x l O ' 0 

7.2 x 10"9 

3.8 xlO"9 

2.8 xlO"8 

1.1 X 10'7 

2.2 x 10"8 

1.9 X 10"8 

1.3 xlO"8 

1.3 x l O 6 

6.2 x 10"7 

8.0 xlO"8 

2.2 xlO"7 

2.7 x l O 7 

1.8 x 106 

3.6 xlO"8 

3.9 xlO"8 

5.6 xlO"7 

78001 

250 

20 

37 

5 

1 

6 

7 

10 

0.1 

0.2 

2 

1 

1 

0.1 

4 

4 

0.3 

The reference value was set lower than the listed one, that is: 100 Bq/1 [11]. 

On the basis of relations listed above, exemples of activity concentrations for some 
radionuclides of the most frequently present in drinking water were determined. The concentrations 
correspond to the dose contraint of 0.1 mSv / year. These concentrations were determined through 
dose conversion coefficients (e(g)), originally defined by the United Kingdom National Radiological 
Protection Board [10], and presently included in the executive regulations of the Atomic Law [5]. 

It was established that, for the routine monitoring, before conducting detailed analyses of 
radionuclides contained in drinking water, as the criteria for a preliminary exposure assessment, 
global measurements of concentrations of activity of alfa and beta radionuclides [2] are applied. 
Calibration models are: 239-240pu and ^Sr + 90Y respectively. Reference values for these 
measurements were set out as 0. 1 Bq/1 and 1 Bq/1 respectively and defined as inspection levels. 
Doses connected with radionuclides activity levels present in drinking water for measurements of 
total alfa and total beta activity for specific radionuclides of concentrations listed above are presented 
in Table 4 [ 10]. As the data indicate, for some radionuclides, such 226Ra as ^Sr, the corresponding 
dose is lower than 0.1 mSv a year. But other radionuclides, such as 232Th, 228Ra, or 2I0Pb, each give 
higher values than 0.1 Bq/1 of the total alfa activity or 1 Bq/1 of the total beta activity. The reference 
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level of 0.1 mSv dose per year could be then exceeded. However, these radionuclides constitute just 

a small part of the total activity in drinking water. 

Table 4. Examples of doses resulting of one year drinking water containing some selected alfa radionuclides of 

activity concentration of 0. 1 Bq/1 and some beta radionuclides of activity concentration of I Bq/1. 

Radionuclide Dose (mSv) *' 

Alfa emitters (0.1 Bq/1) 

210Po 0.045 

224Ra 0.006 

226Ra 0.016 

232Th 0.130 

234U 0.003 

238U 0.003 

239PU 0.04 

Beta emitters (1 Bq/1) 

^Co 0.005 

89Sr 0.003 

^Sr 0.020 

]29I 0.080 

, 3 ,I 0.016 

!34Cs 0.014 

137Cs 0.009 

210 Pb 0.95 

228Ra 0.20 

a) Appropriate dose conversion coefficients from the report [10]. 

In addition, a higher concentration of activity of these radionuclides would be linked with 
high activities of other radionuclides. It would lead to the increase of the total alfa activity or the total 
beta activity in water samples above the inspection level and would cause the need to introduce 
a detailed analysis of activity. Therefore, 0. 1 Bq/1 value for global alfa activity and 1 Bq/1 for 
global concentration of beta activity should be recommended as referential levels for drinking 
water, below which further procedures are not necessary. 

When the global measurement of concentration of activity of beta radionuclides in water 
approaches or exceeds 1 Bq/1, it does not necessarily should be assumed that the dose inspection level 
has simply been exceeded. Such a situation can also be the result of the naturally existing activity 
40K, which constitutes about 0 .01% of natural potassium. The absorption of potassium is one of the 
factors influencing homeostatic control of the body and comes mainly from the consumed food. In 
such a way, the contribution of 40K dose from drinking water consumption , having relatively low 
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dose conversion coefficient (5 x 10~9 Sv/Bq), will be considerably lower than the dose of a great deal 
of other radioactive beta emitters. This should always be clarified through the identification of 
radionuclides contained in the water sample. 

Radionuclides emitting low energy beta particles, such as 3H and 14C and some gas and 
volatile radionuclides, such as 222Rn and 131I, will not be registered by means of standard 
measurement methods. It means that using the standard measurement methods for the total alfa 
activity and total beta activity do not detect these radionuclides. Nonetheless, if their presence is 
expected, special techniques of sample preparation should be applied and then appropriate 
measurements should be conducted. 

The application of the dose reference limit to determine activity concentrations of 222Rn in 
drinking water brings difficulties as well [11]. These difficulties result from the fact that radon is 
easily freed from water during transport and the significance of radon penetration to the body through 
the inhalation. Mixing of water in a reservoir frees dissolute radon. Water left in the reservoir for 
a longer time will diminish concentration of radon activity, whereas water boiling shall remove radon 
completely. Moreover, the use of water for other household purposes will increase the concentration 
of radon in the air, which will increase the inhalation dose. This dose depends mostly on the type of 
household purposes and of the building construction. The type of the consumed water and the way of 
its use in a specific building as well as its structure are different in specific countries. The resulting 
consuption dose will depend on final radon content; it is not possible to determine the concentration 
of radon activity in drinking water which would be generally applicable. 

The global mean dose from radon inhalation from all sources is about 1 mSv/year, which 
approximetely constitutes a half of the total natural exposure of the population to the ionizing 
radiation. In comparison with it, the total radon absorption dose in drinking water to the body is 
relatively low. However, in some local cases, the exposure risk to the inhalation and to the 
consumption can be comparable due to the fact that other sources of penetration to the building of 
radon in gas state can take place. That is why, the consumption cannot be considered separately, that 
is without taking into account the exposure to inhalation. 

5. CONTROL STRATEGY OF WATER INTENDED FOR HUMAN CONSUMPTION 

If the global concentration of activity of alfa radionuclides 0. 1 Bq/1 or the global concentrations 
of activity of beta radionuclides 1 Bq/1 is increased, then radionuclides present in the sample 
should be identified and their individual concentrations of activity should be measured. These 
data should serve to assess the dose for each radionuclide and to determine the sum of these 
doses. It is recommended to apply the following additional formula as a referential level: 

^Cj/MPCj <1 

It should be taken into account that if the sum for a single sample exceeds the reference dose 
level 0. 1 mSv should be exceeded only if the consumption of drinking water with the measured 
concentrations would be continued for the whole year. Such a sample implies, that water does not 
meet requirements of constant consumption and should be subject to further control. Competent 
regional authorities should examine the possibility of decreasing of the dose for the population by 
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means of taking other remedial measures. This strategy should be considered and justified. The 
application of these recommendations is presented on Fig. 1. 

The issue of regionalization of risks should be considered as well. A great deal of drinking 
water in Poland is supplied from ground water resources and thus mainly radionuclides of natural 
origin are present. Higher concentrations of radionuclides can be expected where mixing of surface 
and waters from mines takes place or where uranium ores or rocks with uranium content (eg.: granite) 
are present. Special attention should be paid to the monitoring of nuclear plants, radioactive waste 
repositories, nuclear medicine institutes, research and scientific laboratories using radioactive 
substances, or in the cases of emergency. 

In the recent years, the interest has been even higher due to the present international political 
problems. The use of depleted uranium (DU) in the form of munitions has been widespread. This can 
cause contamination of ground water, soil and drinking water pollution. Moreover, there has been a 
risk of terrorism acts including deliberate contamination of drinking water resources or the use of 
'dirty bombs'. The idea of authorities of many countries, including those of Poland, is to prepare an 
appropriate monitoring. Constant measurements and assessment of radioactivity in drinking water is 
therefore an important issue as far as avoiding the risk for human population is concerned. This refers 
to standard situations as well as to emergency cases. That is why national laboratories should be able 
to conduct all the required measurements. 

Defining of a and (3 beta global 
activities 

Global a > 0,1 Bq/I and/or 
Global p > 0,1 Bq/I 

Identification of concentration of specific 
radionuclides and determining of the total 
dose i 

Dose <0,1 mSv 

Drinking water acceptable; 
Further procedures are not 
indispensable 

Consider taking well-founded 
measures to reduce the dose 

Fig, 1, Optimization of the decision process on suitability of drinking water for human consumption. 
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6. RECOMMENDED ARRANGEMENTS FOR REFERENTIAL LIMITS 
OF MPC IN WATER INTENDED FOR HUMAN CONSUMPTION IN POLAND 

The review of reference values for concentration of radioactivity in drinking water, on the 
basis of international recommendations and hitherto existing national arrangements consists of: 

Standard situations: 

1. Dose constraint of effective dose commitment for all concentrations of radionuclides present in 
drinking water was set out as 0,1 mSv/year. For tritium a lower concentration than it results from 
the given relation was established, that is, the concentration level was determined as: 100 Bq/1 
[European Union (1), USA (14), Poland (7)]. 

2. Maximum concentration of uranium decay products in drinking water were set as: radon-222 -
100 Bq/1, polonium-210 - 0,1 Bq/1 and lead 210 -0 ,2 Bq/1 [Euratom (3)]. 

3. WHO [2] in the guidelines regarding methodology of radionuclide concentrations control in 
drinking water set out the following required inspectional levels: 

- for the measurement of global concentrations of activity of alfa radionuclides - 0,1 Bq/1 (239Pu), 
- for the measurement of global concentrations of activity of beta radionuclides - 1 Bq/1 (^Sr - 90Y), 
- for the uranium content the concentration of 2 ug/l was set out, this value considers, above all, the effects 

of chemical toxicity of uranium, because they are much higher than radiological effects. 

Emergency cases: 

1. After the accident in nuclear plant in Chernobyl, Euratom (5) recommended for drinking water 
control monitoring, the following inspectional levels: 

- Global concentrations of activity of alfa radionuclides - 20 Bq/1 (transuranium elements), 
- Global concentrations of activity of beta radionuclides - 125 Bq/1 (strontium isotopes), 

2, The commission for alimentary products appointed by the IAEA (Codex Alimentarius) have defined 
intervention indicatory concentration levels for the selected radionuclides present in alimentary products, 
which are dealt in international trade and could have been subject to the incidental contamination [ 18]. The 
data contains just the nuclides which are of importance in the cases of extraordinary exposure. In the scope 
of drinking water they cover the following intervention levels: 

- ,34Cs, m C s , 103Ru, 106Ru, 89Sr 1000 Bq/1 

- , 3 1 I 100 Bq/1 

- 241Am, 238Pu, 239Pu 1 Bq/1. 

On the basis of the above mentioned data and methodology of counting of MCP values with 
exemplary data presented in Table 3, a proposal of referential limits MCP for concentrations of 
radionuclide activity in drinking water in Poland was elaborated. These reference limits, however, are 
rounded to one meaning number, by means of the log value scale (up to lOn, if the counted value is 
lower than 3*1 On and higher than 3 *10n-l). These figures are listed in Table 5. 
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Table 5. Proposed reference limits MCP for radionuclides in drinking water. 

Radionuclides 

total betad 

3H 

7Be 

14C 

22Na 

32P 

33P 

35S 

36C1 

45Ca 

47Ca 

46Sc 

47Sc 

48Sc 

48V 

51Cr 

52Mn 

53Mn 

54Mn 

55Fe 

59Fe 

56Co 

57Co 

58Co 

60Co 

59Ni 

63Ni 

65Zn 

71Ge 

73As 

74As 

76As 

77As 

75Se 

82Br 

86Rb 

85Sr 

89Sr 

90Sr 

Reference Limit 

(Bq/1)" 

1 

100 

10000 

100 

100 

100 

1000 

100 

100 

100 

100 

100 

100 

100 

100 

10000 

100 

10000 

100 

100 

100 

100 

1000 

100 

100 

1000 

1000 

100 

10000 

1000 

100 

100 

1000 

100 

100 

100 

100 

100 

10 

Radionuclides 

total alfae 

93Mo 

99Mo 

96Tc 

97Tc 

97mTc 

99Tc 

97Ru 

103Ru 

106Ru 

105Rh 

103Pd 

105Ag 

llOmAg 

UlAg 

109Cd 

115Cd 

115mCd 

l l l l n 

114mln 

113Sn 

125Sn 

122Sb 

124Sb 

125Sb 

123mTe 

127Te 

127mTe 

129Te 

129mTe 

131Te 

131mTe 

132Te 

1251 

1261 

1291 

1311 

129Cs 

131Cs 

Reference Limit 

(Bq/1)" 

0,1 

100 

100 

100 

1000 

100 

100 

1000 

100 

10 

1000 

1000 

100 

100 

100 

100 

100 

100 

1000 

100 

100 

100 

100 

100 

100 

100 

1000 

100 

1000 

100 

1000 

100 

100 

10 

10 

1000 

10 

1000 

1000 

Radionuclides 

140La 

139Ce 

141Ce 

143Ce 

144Ce 

143Pr 

147Nd 

147Pm 

149Pm 

151Sm 

153Sm 

152Eu 

154Eu 

155Eu 

153Gd 

160Tb 

169Er 

171Tm 

175Yb 

182Ta 

181W 

185W 

186Re 

1850s 

1910s 

1930s 

190Ir 

192Ir 

191Pt 

193mPt 

198Au 

199Au 

197Hg 

203Hg 

200T1 

201T1 

202T1 

204T1 

Reference 
Limit (Bq/I)" 

100 

1000 

100 

100 

10 

100 

100 

1000 

100 

1000 

100 

100 

100 

1000 

1000 

100 

1000 

1000 

1000 

100 

1000 

1000 

100 

100 

100 

100 

100 

100 

1000 

1000 

100 

1000 

1000 

100 

1000 

1000 

1000 

100 
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90Y 
91Y 
93Zr 
95Zr 

93mNb 
94Nb 
95Nb 

Radionuclides 

224Rab 

225Ra 
226Rab 

228Rab 

227Thb 

228Thb 

229Th 
230Thb 

231Thb 

232Thb 

234Thb 

230Pa 
231Pab 

233Pa 
230U 
231U 
232U 
233U 
234Ub 

100 
100 
100 
100 

1000 
100 
100 

Reference Limit 
(Bą/l)' 

1 
1 
1 

0.1 
10 
1 

0.1 
1 

1000 
1 

100 
100 
0.1 
100 

I 
1000 

1 
1 

10 

132Cs 
134Cs 
135Cs 
136Cs 
137Cs 
131Ba 
140Ba 

Radionuclides 

235Ub 

236Ub 

237U 
238Ub'c 

237Np 
239Np 
236Pu 
237Pu 
238Pu 
239Pu 
240Pu 
241 Pu 
242Pu 
244Pu 
241 Am 
242Am 

242mAm 
243Am 
254mEs 

100 
10 

100 
100 
10 

1000 
100 

Reference Limit 
(Bq/l)ł 

1 
1 

100 
10 
1 

100 
1 

1000 
1 
1 
1 

10 
1 
1 
1 

1000 
1 
1 

100 

203Pb 
206Bi 
207Bi 
210Bib 

2lOPbb 

210Pob 

223Rab 

Radionuclides 

242Cm 
243 Cm 
244Cm 
245Cm 
246Cm 
247Cm 
248Cm 
249Bk 
246Cf 
248Cf 
249Cf 
250Cf 
251Cf 
252Cf 
253Cf 
254Cf 
253Es 
254Es 

1000 
100 
100 
100 
0.1 
0.1 

1 
Reference 

Limit (Bq/I)a 

10 
1 
1 
1 
1 
1 

0.1 
100 
100 
10 
1 
1 
1 
1 

100 
1 
10 
10 

a) Reference limits, after computing, are rounded by means of the log value scale (up tolOn, if the counted 
value is lower than 3*1 On and higher than 3 *10n-l). 

b) Natural radioisotopes. 

c) Limit of uranium content in drinking water -15 mg/liter is based on chemical toxicity to kidneys, 

and e) Calibration models are Sr-90+Y-90 and Pu-239,240 respectively. 
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7. RECOMMENDED MEASUREMENT METHODS 

International Standards Organization (ISO) have published standard methods for defining 
global concentrations of activity of alfa radionuclides [12] and global concentrations of activity of 
beta radionuclides [13] in water. Although detection limits depend on radionuclides contained in 
dissolute substances in the sample and measurement conditions, then the recommended measurement 
levels for global concentrations of activity of alfa radionuclides and for global concentrations of 
activity of beta radionuclides should be higher than the detection limits. 

An important parameter characterizing the usefulness of a device as well as an applicable 
measurement method, in order to define the concentration of radionuclide activity in water samples, 
is Minimum Detectable Activity defined for a given radionuclide, i.e.: tritium. 

Minimum detectable activity of a radionuclide in water samples is calculated by means of 
the Currie formula [17 ]: 

MAD• [BqI kg] = [2,71 + 4,65*(S* Ty2]/[E*T*Q] 

for: 

E - detection efficiency; is assessed through a measurement of a standard concentration of 
a radionuclide of a similar chemical content as the tested sample; 

T - measurement time [s]; 

Q - the tested water sample mass[kg]; 

B - background counting in the conditions of the measured sample [s'1]; background counting should 
be defined through the measurement of the dead water sample as a cocktail with the scincillator 
in the same conditions as the tested real sample. 

The recommended by the ISO detection limit for drinking water monitoring (MDA) for the 
global alfa activity was based on 239Pu and amounts 0.04 Bq / 1 , whereas for the global beta activity 
was based on 137Cs and varies between 0.04 and 0.1 Bq /1 [12 i 13]. 

Detailed procedures regarding specific measurement methods for determination of 
concentrations of radionuclides present in drinking water are presented in the literature data [14-16]. 
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PROPOSAL OF LIMITS FOR THE CONCENTRATION OF RADIONUCLIDES ACTIVITY 
IN DRINKING WATER FOR POLISH POPULATION. 

Summary 

The paper discusses the influence of the radionuclides conternt in drinking water on the exposure of 
the population. 

The way of transformation of the limits of effective dose into the relevant concrtration of 
radionuclides in drinking water is presented together with the results of these calculations. 

We propose to approve these limits for particular radionuclides. The suggestions for the methodology 
and organization of measurements are also given. 

15 




