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ABSTRACT 
 
Current work presents the results of further development of optimized experimental protocol for RAD7 instant 
radon detector (Durridge Company Inc.) usage in low level radon in water measurements and the results 
concerning Ra-226 activity evaluation in bottled mineral water samples purchased at Brazilian market. With the 
purpose to achieve the statistically consistent results for the activity levels of 0.1Bq/L for radon (radium) 
activity in water, present study used modified experimental protocol which consists of: 1) water samples were 
stored in hermetically sealed glass vials of 250mL during 30 days to guarantee that Rn-222 will reach the 
secular equilibrium; 2) the measurements were performed using WAT250 protocol of RAD7 detector; 3) with an 
aim to decrease the background, the cleaning (activated carbon filter) and drying (DRIERITE desiccant) 
vessels, which have a function to retain the radioactive decay product of Rn-222 and humidity, were connected 
to a closed air loop of RAD7 permanently by means of valves and taps, which gave a possibility to repeat all 
sequence of measurements (including background evaluation) three or four times without to open the air loop 
and disconnect the sample vial with water. Each water sample was submitted to such measurements two or three 
times. Obtained results presented the level of Ra-226 activity in studied samples of bottled mineral water that 
varied from 0.007 +/- 0.061 Bq/L to 0.145 +/- 0.049 Bq/L, which is below the limit of 0,5 Bq/L established by 
the World Health Organization (WHO) in 2011 for drinking water.  
 
 

1. INTRODUCTION 
 
The human being is always exposed to the radiation that come from miscellaneous sources, 
some natural and others are result of human being activities. The human exposure to natural 
sources is inevitable but its control is fundamental and the worldwide average of annual dose 
from natural sources is estimated of 2,4 mSv [1, 2, 3]. 
 
The radionuclides are part of the terrestrial composition where they could be found in 
different concentrations. The radionuclides from radioactive series of 238U, 235U, and 232Th are 
present in the human body and contribute to internal radiation emitting alpha and beta 
particles. Radium and radon isotopes are examples of radionuclides, which contribute 
significantly to the internal dose [2]. 
 



INAC 2013, Recife, PE, Brazil. 
 

The 226Ra (half-life 1622 years) decays to 222Rn by emitting alpha particles. Thereafter, 222Rn 
undergoes multiple alpha and beta decays in succession resulting in various isotopes of 
polonium, astatine, bismuth, thallium, and lead (Eisenbud and Gesell, 1997). Making the 
analysis of exposure to a substance such as radium, several factors determine which effects 
may occur and also the severity of these effects. Among those factors are the dose, the 
duration of exposure, the manner of exposure (inhalation, ingestion or contact), other agents 
to which the individual is exposed as well as individual characteristics like an age, sex, 
nutritional characteristics, lifestyle, and health status [4]. 
 
Radium is alkaline earth metal that has some natural chemical compounds (similar to calcium 
compounds) such as the RaCl2, RaBr2, RaI2 and RaSO4 whose solubility in water reaches 
245g/L, 706g/L, 180g/L and 0.002 g/L, respectively [5]. 
 
Due to its similarity to the calcium, radium normally is accumulated in the bone tissue that 
contains usually from 70 to 95% of the radium present in the body. High concentration of 
radium compoundas can potentially cause the development of osteosarcomas and bone 
carcinomas. There is a correlation between the radium concentration in human body and its 
concentration in water intake [4, 6, 7, 8, 9]. 
 
The ingested water quality is a matter of concern of the World Health Organization (WHO). 
Among all factors considered important for the evaluation of water quality there are the 
radiological aspects related. Although these present a lower risk when compared to chemical 
and microbiological aspects, various radioactive compounds found in the environment may 
be also present in drinking water and in some circumstances this cause the health risk 
increase. The contribution of drinking water to total exposure is typically small but its major 
portion is related to the radionuclides present in decay chains of uranium and thorium [10]. 
 
Considering its entire territory and population, Brazil has very small quantity of radon and 
radium activity monitoring. As an example: the survey of these concentrations at Paraná State 
performed sistematically since 2003 is still insufficient to meet the requirement of 
epidemiological analysis in this region. The need for further studies of radon and radium 
activity is evident taking into account that the soil in some regions of this State as well as 
other regions of Brazil is complete with granitic rocks, which are known to have high radium 
concentration. 
 
The values for 226Ra activity concentration in drinking water found by researchers from other 
countries are at the order of 0.1 Bq/L or lower. The experimental results of studies performed 
by Godoy and Amaral (2001) for Brazilian mineral waters present very high regional 
variation, but the average value for Brazil was found of 0.027 Bq/L. The experimental results 
presented by Martin Sanchez et. al. (1999) for total alpha radioactivity in bottled mineral 
waters of Spain, Portugal and France ranged from 0.007 to 8.4 Bq/L, which is partially above 
the recommended limit of 1.0 Bq/L established by the World Health Organization [7, 10, 11]. 
 
The equipment RAD7 is a versatile instrument that can be used as the basis of a measurement 
system specific to radon. There are several methods already developed for measurements of 
radon in water, of which one can cite: Gamma Spectroscopy (GS), Lucas cell (LC) and 
Liquid Scintillation (LS). In comparison with the methods mentioned above, the RAD H2O 
provides a method as accurate as the method Liquid Scintillation, and is faster to read a first 
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portable, does not require as intense studies and have relatively lower cost. The use of 
equipment RAD7 also eliminates the need to use toxic chemicals [12]. 

 
Thus, the general purpose of present survey was to contribute to the data compilation 
concerning the presence and activity concentrations of natural radioactive elements (Ra and 
Rn) in mineral waters available in the markets at various regions of Brazil. Amog the specific 
objectives it has to be mentioned the development of measurement technique for low level 
activity activity measurements of 226Ra using the RAD7 instant radon detector (Durridge 
Company) in mineral bottled drinking water available at the Brazilian market. 
 
 

2. MATERIALS AND METHODS 
 
For the present survey, twenty-seven samples of bottled mineral water were purchased at 
Brazilian market. Nine of them have their sources located at Paraná, six samples of mineral 
water derive from São Paulo, five from Santa Catarina, three from Espirito Santo, and the rest 
from Minas Gerais, Mato Grosso and Rio Grande do Sul. 
 
Purchased water samples were stored in hermetically sealed bottles for at least 30 days in 
order to extinguish the radon diluted in the sample, which origin is related to the geological 
structures at the extraction place. At the same time, after 30 – 40 days the radon still present 
in the sample of mineral water has to be associated with deluted radium compounds. After 40 
days when the sample of mineral water is stored in hermetic botled, the radon reaches the 
secular equilibrium and measuring its activity we can evaluate the activity and concentration 
of deluted radium compounds. 
 
The 226Ra concentration was measured using the RAD7 instant radon detector [12], which 
using a solid-state detector can distinguish the energy of each alpha particle thus identifying 
exactly which isotope (polonium-218, polonium-214, radon and thoron, etc.) produced the 
radiation. This technique could be considered as some sort of alpha spectrometry. 
 
It’s obvious that such technique for alpha spectrometry based on detector with high-energy 
resolution allows to RAD7 to perform the measurments with rather high accuracy. 
Nevertheless, the lowest level of activity concentration that RAD7 detector is capable to 
identify may be less than 0.37 Bq/L, which depends on the technique and measurments 
protocol being used [12].  
 
In present research of activity measurements of radon in water samples it was used the H2O 
kit together with RAD7 detector [13]. This kit includes a set of vials of 40 mL and 250 mL, 
aerator, desiccant tube and hoses connections. Obtained experimental data were transferred to 
PC for further statistical analysis using CAPTURE software supplied by DURRIDGE Co. 
 
Following the recommendations of the H2O kit and RAD7 user manuals [13], before water 
samples would be submitted to the measurments, the air routes of the equipment and 
detection system must be purged through a desiccant for 10 minutes at open circuit, for the 
system air being replaced by outside air. After this, the circuit hoses should be closed and the 
process of purging should continue until the moisture inside the system is as low as possible, 
since during entire process of measurements the humidity should not exceed 10%. 
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Figure 1 shows RAD7 and H2O kit in radon measurements of water samples. For such survey 
the user manual suggests pre-set protocols WAT250 or WAT-40, which have to be chosen 
considering the volume of water sample. Each protocol consists of an aeration sample step 
during five minutes following by five minutes interval to achieve the equilibrium between 
218Po and 222Rn. This time interval is necessary because the equipment detects alpha particles 
of energies close to the alpha particle originated from 218Po decay. Each measurement 
consists of 4 such cycles of 5 minutes each. Both protocols only differ by the volume of the 
sample [13], which is considered during the calculation of radon activity in analysed water. 
 

 

Figure 1: RAD7 Detector together with H2O kit used for radon measurements in water 
samples. 

 
The methodology suggested by the manual of RAD7 H2O kit was not adequate for 
measurements of low concentrations of 226Ra due to problems related to the errors that have 
the same order of magnitude as measure data. In order to improve the results, it was 
necessary to reduce the measurement error besides measure and reduce the background 
system [14]. 
 
Considering the expected radon activity of 0.1 Bq/L in bottled water samples, special 
attention should be given to the factors that could be influencing the results such as 
background. Tests were performed in order to reduce the statistical errors of measurements 
by increase the measurement time as well as to verify how the moisture accumulated in the 
air inside the system would behave in relation to that increase. Thus separate tests of 
background and humidity during long time measurements were performed using the samples 
of distilled water and suggested by the manual WAT250 protocol. Obtained significant 
variation of collected data and its statistical erros lead us to conclude that the system 
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background is susceptible to the changes in hose connections. The need to introduce some 
changes in the connections was also noticed [14]. 
 
At the next step, taking into account observed problems of standard measument system 
related to the humidity and background, it was developed an alternative setup of system 
connections for low-level activity measurments. These modifications have provided the 
conditions to perform the drying and purging (cleaning) of measurement system as well as to 
change water samples without modifying the air within the system by its exchange with 
external laboratory atmosphere [14].  
 

Figure 2:  Scheme of the modified experimental arrangement, which permit to reduce  
the background as well as experimental erros and to perform low level radon in water 

measurements. 
 
Figure 2 shows a scheme of modified system for low-level radon activity measurments in 
water. Two-way valves (spigots) 1 and 2 close are inserted in the system circuit of the 
measurement system giving a possibility to purge the internal volume by causing the air to 
flow following the green arrow bypassing the water sample. Two-way spigots 3 and 4 are are 
inserted in the air circuit to give a possibility to change drying unit by isolating the system air 
from the environment. And last two-way spigots 4 and 5 are used to select the path of the air 
during the purging (cleaning) procedure with activated carbon unit. During this step the air 
flows through the hoses following the way represented by red arrows (Figure 2) [14]. 
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In order to maintain the humidity of the system air beneath 10%, as it is suggested by the user 
manuals of RAD7 detector, and to reduce the experimental background and errors associated, 
the measurements were performed using the modified scheme of connections together with a 
modified measurments protocol, which consist of drying and purging procedure of the system 
air using activated charcoal and Drierite filters before and after each sample analysis. 
Furthermore, to verify the experimental arrangement, background was measured before and 
after each water sample evaluation, which was performed usin pre-set protol WAT250 [14].  
 
In addition to the changes made in the system, methodological research was performed in 
order to verify the background variation as a function of time measurement, the background 
level and the possibility of increasing the measurement time with the aim to minimize errors 
[14]. 
 
Experimental results concerning the background (BG) and measured activity of water 
samples (Mwater) together with associated errors were used to calculate the 226Ra 
concentration in water [14]. The result of subtracting the BG from the water average (Mwater) 
gives the 226Ra activity concentration (CRa): 

𝐶!" = 𝑀!"#$% − 𝐵𝐺      (1) 

 
The total error of this concentration (ERCRa) was calculated considering the BG error (ERBG) 
and experimental sample error (ERSP): 

𝐸𝑅!"# = ERSP2+ERBG2      (2) 

 
 

3. RESULTS AND DISCUSSION 

 
Preliminary result of 226Ra activity concentrations in 9 different samples of bottled mineral 
water together and results obtained for distilled water are shown in Table 1. These data were 
measured following the measurement protocols WAT250 and WAT-40 suggested by the 
User manual of RAD7 detector and H2O kit. 
 
It has to be noted that all results presented very high level of error, which vary from 40% to 
100%. Evidently, such errors, which absolute values could be acceptable in the case of high 
level radon concentrations in water, in the case of low concentrations do not permit to make 
definitive conclusions. 
 
One can see that comparing the measured values with recommended limit of 1.0 Bq/L 
established by the World Health Organization [10] for intake of 226Ra, if it was the only 
source of dose due to ingestion of alpha emitters, obtained difference should be 2 times 
bigger than the error of measurements to be able to conclude with confidence greater than 
95.5% that evaluated water sample is safe for consumption. 
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Table 1: 226Ra activity concentration using the RAD7 manual protocols 

Sample Protocol Concetration (Bq/L) 
DISTILLED  WAT 250 0,16 ± 0,14 
AM-A  WAT 250 0,26 ± 0,19 
AM-B  WAT 40 2,49 ± 0,97 
AM-C  WAT 40 2,07 ± 2,0 
AM-D  WAT 40 2,7 ± 2,1 
AM-E  WAT 40 3,1 ± 1,7 
AM-F  WAT 40 0,8 ± 1,2 
AM-G  WAT 40 2,90 ± 0,47 
AM-H  WAT 250 0,41 ± 0,28 
AM-I  WAT 250 0,185 ± 0,075 

 
Unfortunately, considering the results (Table 1) obtained with standard protocols WAT250 
and WAT-40, it was possible to reach the conclusion for only four samples. Among those 
four samples there are three, which presented the radiud activity below the limit (AM-A, 
Distilled and AM-H) and one sample, which activity was found above it (AM-G). The reest 
of water samples samples have radium activity values comparable with standard deviation, In 
other words, those experimental values were obtained with very large uncertainty associated 
with the result. Therefore, it has to be concluded that measured concentrations of 226Ra in 
mineral waters, shown in Table 1, cannot be compared with the limit of 1Bq/L established by 
WHO (2011), which demonstrates the need to improve the measurement process since the 
accuracy of obtained results using studard protocols suggested by RAD7 user manual is not 
satisfactory in low activity concentration measurements. 
 
The optimized methodology was applied to the analysis of 24 samples of bottled mineral 
water. Table 2 contains background measurements values and sample measurements already 
discounting background. These calculations took into account the value of the background, 
the average value of the samples and also the error associated with these values [14]. 
 
The results shown in Table 2, when compared to the limit of 1 Bq/L concentration on the 
activity of 226Ra water set by WHO (2011), show that all 24 samples tested were below the 
limit. Thus, it was observed that the values presented in Table 2, when compared with the 
results presented above in Table 1, show values with closest order of magnitude as expected 
results according to the work of other authors [7, 11]. The errors shown in Table 2 are also 
lower than those presented in Table 1, setting up a positive result. But it is known that the 
errors presented could be decreased to obtain most reliable results. 
 
As it was mentioned previously, the 226Ra concentration in mineral water samples rather often 
have values lower than 0.1 Bq/L. Therefore it clear that the experimental setup should have 
the capacity to perform the activity measurements of this order of magnitude. Table 2 shows 
that from 24 samples, one can say that the value of the activity concentration was obtained 
only for 12 samples. These results show that the method allows obtaining the value of the 
concentration when it exceeds 0.1 Bq/L. Using these results, it is noticed that the optimized 
methodology was valid to improve the results, with values closer to the expected. Comparing 
the results shown in Tables 1 and 2, there is clearly an improvement that the new protocol for 
the experiments provided, allowing the measurement of low concentrations with reduced 
error. The measurement error, calculated from the optimized protocol ranges from 0.027 
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Bq/L to 0.097 Bq/L for measurements in which the values ranged from -0.004 to 0.239 
Bq/m3 Bq/L. 
 

Table 2: 226Ra  Activity concentration in botled mineral water samples 

Sample 
Background 

(Bq/L) 
Radium Activity discounting 

Background (Bq/L) 
A 0,017 ± 0,022 0,065 ± 0,093 
B 0,000 ± 0,009 0,105 ± 0,024 
C 0,000 ± 0,009 0,166 ± 0,035 
D 0,000 ± 0,009 0,110 ± 0,021 
D* 0,000 ± 0,009 0,025 ± 0,018 
E 0,009 ± 0,011 0,295 ± 0,059 
E* 0,000 ± 0,009 0,125 ± 0,043 
F 0,017 ± 0,022 0,199 ± 0,036 
G 0,017 ± 0,013 0,091 ± 0,029 
H 0,000 ± 0,009 0,059 ± 0,017 
I 0,000 ± 0,009 0,116 ± 0,027 
J 0,009 ± 0,011 0,058 ± 0,017 
K 0,000 ± 0,009 0,066 ± 0,021 
L 0,009 ± 0,011 0,075 ± 0,030 
M 0,009 ± 0,011 0,199 ± 0,050 
N 0,000 ± 0,009 0,116 ± 0,038 
O 0,000 ± 0,009 0,076 ± 0,024 
P 0,009 ± 0,011 0,274 ± 0,053 
Q 0,009 ± 0,011 0,116 ± 0,032 
R 0,017 ± 0,013 0,133 ± 0,030 
S 0,000 ± 0,009 0,199 ± 0,036 
T 0,009 ± 0,011 0,091 ± 0,031 
U 0,000 ± 0,009 0,125 ± 0,028 
V 0,009 ± 0,011 0,107 ± 0,035 
W 0,000 ± 0,009 0,215 ± 0,045 
X 0,000 ± 0,009 0,149 ± 0,038 

 
 
 

4. CONCLUSIONS  

 
This work provided an innovative technique that allows us to measure low concentrations of 
226Ra. Through the development of the technique was possible to obtain concentration values 
of 226Ra at levels around 0.1 Bq/L, which does not occur when using the standard procedure 
described in the manual of the equipment. 
 
Regarding the technique of measuring activity concentration of 226Ra in bottled mineral 
waters with the RAD7 equipment (Durridge Company, Inc.), it was concluded that the 
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electronic detector can be used in water measurements at low concentrations of 226Ra but, for 
this, should be used the proposed optimized technique. 
 
When using the methodology proposed by the manual of the equipment, it was found that the 
errors had the same order of magnitude of the measurement, when the measurement of 226Ra 
is low. With the manual procedures it was not possible to reach definitive conclusions 
regarding the low recommended limit. Furthermore, the values of the concentration of 226Ra 
activity exhibited order of magnitude greater than expected when compared to previous 
studies. Therefore, it was noticed the necessity of optimizing the measurement process. 
 
The experiments showed that the main source of the high level of error was the surrounding 
air. The system isolation and activated charcoal cleaning made it possible to shorten the 
measurement error of up to ~ 0.05 Bq/L. The repetition of the measurements of the same 
sample had enabled the measurement of concentrations with an error of up to ~ 0.01 Bq/L. 
 
Analysis of 226Ra activity concentration in 24 samples of bottled mineral water using the new 
method showed that in 50% of cases in which activity concentration is greater than 0.1 Bq/L, 
it was possible to obtain the value of the 226Ra concentration. In other cases, the method 
allowed to evaluate only the upper limit of the concentration because of the high error level. 
 
The background study showed that the equipment RAD7 itself has inherent source of 222Rn, 
which does not allow to decrease the measurement error by increasing the measuring time. 
 

 
ACKNOWLEDGMENTS 

 
 
The authors are very thankful to CNEN, CAPES, CNPq and Fundação Araucaria for financial 
support of current research work. 
 
 

REFERENCES 
 
 
1. UNSCEAR - United Nations Scientific Committee on the Effects of Atomic Radiation. 

Sources and Effects of Ionizing Radiation, Anexo A, 1993. UNSCEAR Report to the 
United Nations General Assembly. 

2. UNSCEAR - United Nations Scientific Committee on the Effects of Atomic Radiation. 
Sources and Effects of Ionizing Radiation, Anexo I, 2000. UNSCEAR Report to the 
United Nations General Assembly. 

3. UNSCEAR - United Nations Scientific Committee on the Effects of Atomic Radiation. 
Sources and Effects of Ionizing Radiation, anexoB: “Exposures of Public and Workers 
from Various Sources of Radiation”, 2008. UNSCEAR Report to the United Nations 
General Assembly. 

4. USPHS and USEPA – United States Public Health Service and United States 
Environmental Protection Agency. Toxicological Profile for Radium. Agency for Toxic 
Substances and Disease Registry. Atlanta: 1990. 

5. VDOVENKO, V. M., DUBASOV, YU.V. Química Analítica de Rádio. São Petersburgo, 
Rússia: NAUKA, 1973. 



INAC 2013, Recife, PE, Brazil. 
 

6. UNSCEAR - United Nations Scientific Committee on the Effects of Atomic Radiation. 
IONIZING RADIATION: SOURCES AND BIOLOGICAL EFFECTS, Anexo B, 1982. 
UNSCEAR Report to the United Nations General Assembly. 

7. MARTIN SANCHEZ, A., RUBIO MONTERO, M.P., GOMEZ ESCOBAR, V., 
JURADO VARGAS, M. “Radioactivity in bottled mineral Waters”. Applied Radiation 
Isotopes, v. 50, p. 1049-1055, 1999. 

8. EISENBUD M.; GESELL, T. Environmental Radioactivity From Natural, Industrial and 
Military Sources. 4a ed. Califórnia: Academic Press, 1997. 

9. USEPA – United States Environmental Protection Agency. “National Primary Drinking 
Water Regulations; Radionuclides; Final Rule”. Federal Register. v. 65, n° 23, p. 76708-
76753. 2000. 

10. WHO – World Health Organization. Guidelines for drinking-water quality. 4a ed. WHO 
press, 2011. 

11. GODOY, J.M., AMARAL, E.C.S. e GODOY, M.L.D.P. “Natural radionuclides in 
Brazilian mineral water and consequent doses to the population.” Journal of 
Environmental Radioactivity. v. 53, p. 175-182, 2001. 

12. DURRIDGE COMPANY Inc. RAD7 RADON DETECTOR User Manual. USA: 
Durridge, 2009a. 

13. DURRIDGE COMPANY Inc. RAD7 RAD H2O Radon in Water Accessory Owner´s 
Manual. USA: Durridge, 2009b. 

14. KAPPKE, J. “Medidas das concentrações de rádio em águas minerais disponíveis à venda 
no Brasil.” Tese de Doutorado – Programa de Pós-Graduação em Engenharia Elétrica e 
Informática Industrial. Universidade Tecnológica Federal do Paraná. Curitiba, 2013. 

 
 
 
 
 
 


