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ABSTRACT 
 
Preliminary activity measurements of low radium concentration in mineral water by using RAD7 equipment 
showed high values of statistical errors. Therefore, the need to develop a new protocol for measuring and 
proofing the evaporation test for radium measurements in water is in place. This study evaluates the possibility 
of using RAD7 equipment to measure Ra-226 activity in equilibrium with Rn-222 present in water samples. 
The technique involves evaporation process so as to increase the Ra-226 concentration in the sample in a 
controlled manner and thus reduce statistical errors. Two samples were compared, 10 L sample of distilled water 
and a 7.75 L sample of known concentration (0.1 Bq/L). The evaporation was carried out starting with different 
initial volumes for both samples: 500 mL, 1000 mL, 2000 mL, 4000 mL and a 250 mL sample not subject to 
evaporation. All samples reached a final volume of approximately 250 mL. After evaporation, the samples were 
stored for 30 days until secular equilibrium was achieved between Ra-226 and Rn-222. The values obtained, by 
using RAD7 detector, for distilled water, as expected, are near zero averaging 0.021 ± 0.016 Bq/L. The average 
value found in the water of known concentration was 0.099 ± 0.011 Bq/L, also close to the expected 0.1 Bq/L. 
The conclusion is that the application of an evaporation process is efficient and the proposed methodology is a 
proven alternative to decrease the statistical errors.  
 
 
 

1. INTRODUCTION 
 
 
Radium-226 is an alpha emitter whose half-life is 1622 years belongs to the uranium Series 
and decays to Rn-222. The Environmental Protection Agency of the United States of America 
[1] considers bone and other soft tissues cancers as the main consequences associated to 
radium ingestion. Due to its similar chemical properties to calcium, radium is, mainly, 
absorbed into the bones during growing phase of the infant, therefore, wielding a substantial 
dose to this tissue [2]. In particular, part of this dose comes from drinkable water as it 
contains radium dissolved in it. 
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Specialized literature on measuring radon activity in water samples from Brazil is extensive 
[3, 4, 5]. Current standard techniques, such as Lucas cell, Liquid Scintillation and Gamma 
Spectroscopy, are able to measure low radium activity but they make use of rather 
sophisticated equipment. Recently, a modified RAD7 setup to measure low radium activity 
concentration was developed [6]. This paper improves on the latter by means of evaporation 
of water samples in order to increase Radium concentration, therefore, reducing the statistical 
errors.  
 
 

2. METHODOLOGY 
 
 
The setup one used was based on a RAD7 electronic detector for Radon activity and the 
measurements were done by using the RAD H2O kit that allows identifying low Ra-226 
concentrations in water samples of 250mL [6]. 
 
3.1. Samples 
 
The experiment was done with two water samples, namely, (a) a distilled water sample as a 
zero activity reference and (b) a sample of known high Ra-226 concentration, which was 
diluted to acquire a low activity of 0.1Bq/L. In all, one used approximately 20L of distilled 
water from 4 bottles of 5 L each which were all mixed together in order to get them all 
homogenous. The original high Ra-226 activity water was, then, diluted with a volume of 
distilled sample enough to acquire 0.1Bq/L. This concentration was based on the WHO 
(2011) guidelines [7]. 
 
3.2. Evaporation 
 
One started with two sets containing four low activity (0.1Bq/L) and four distilled water 
samples of different initial volumes (500mL, 1000mL, 2000mL and 4000mL). They were 
allowed to evaporate up to o final volume of, approximately, 250mL each. Other two sets of  
(one) low activity (0.1Bq/L) and (one) distilled water samples were kept at 250mL 
throughout the experiment.  
 
To implement the evaporation process, one used an electrical resistance to heat up a granite 
slab that supported the erlenmeyers. The evaporation process caused by this uniform heating 
took about 1 – 2 days. 
 
3.4. Sample Secular Equilibrium 
 
The water samples were kept in sealed bottles for at least 30 days to allow for Rn-222 already 
present in the water to decay (the half-life time of Rn-222 is 3.8 days). As is well known, Rn-
222 is produced by Ra-226 decay whose half-life time is 1622 years. Therefore, after 30 days, 
Ra-226 and Rn-222 reach secular equilibrium. The Durridge RAD7 equipment was, then, 
used to measure Rn-222 activity concentration. 
 
3.5. Measuring Radium activity concentration by means of RAD7 equipment 
 
A methodology to measure low Ra-226 activity concentration was proposed recently [6]. In 
this methodology, after measuring the system background, data are collected according to 
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WAT250 protocol, repeated four times. The system is, then, dried out between each data 
collecting. According to the RAD7 manual [8], the system humidity cannot be above 10% 
while the experiment is done.  
 
 
 

3. RESULTS AND DISCUSSION 
 
 
IAEA document (2010) suggests co-precipitation as well as evaporation as methods for 
concentrating radium in water samples [9]. Other pre-concentration techniques such as ion 
exchange resin (e.g. DOWEX ™ Radium Selective complexer resin) and filters impregnated 
with potassium permanganate can also be used [10 ,11]. However, for RAD7 detector one 
chose the simple evaporation process as it dispenses with the use of chemical products and 
avoids the contact between these chemicals with the interior of the detection system.  
 
The methodology described in the previous section was applied to both distilled water and the 
samples containing a known concentration and their expected concentration values are 0 and 
0.1Bq/L, respectively. Thus, the expected (normalized) value of the concentration must be the 
same for all samples regardless the initial volume, and the angular coefficient of the best 
fitting (straight line) ought to be zero or close to it.  
 
Table 1 and figure 1 show the results of the activity concentration of Ra-226 in distilled water 
after evaporation for different initial volumes (4000mL, 2000mL, 1000mL and 500mL) and 
no evaporation (250mL). Average values represent the results for 16 cycles of water 
measurements taking out the background value. 
 
Table 1: Activity concentration of Ra-226 in distilled water samples for different initial 

volumes. 
 

Initial Volume – final volume (mL) Average (Bq/L) 
4000-250 0.0013±0.0023 
2000-250 -0.0003±0.0049 
1000-250 0.012±0.010 
500-250 0.010±0.017 
250-250  0.083±0.035 
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The angular coefficient of the best (linear) fitting is 1.92 10-6 Bq/L2. This low coefficient 
implies that averaging the activity concentration for the different initial volume samples is 
meaningful and its value is 0.021 ± 0.016 Bq/L. As expected, the activity values of distilled 
water are rather low. 
 
Table 2 shows the concentration values found in water samples of pre-established 0.1 Bq/L 
activity. Similar to the measurements of distilled water samples, the best fitting, showed in 
figure 1, is a straight line whose angular coefficient is low, 8.174 x 10-6 Bq/mL2. This 
corresponds to an average value 0.099 ± 0.011 Bq/L, close to the known pre-established 0.1 
Bq/L concentration activity. 
 
 
Table 2: Activity concentration of Ra-226 in pre-established activity water samples for 

different initial volumes. 
 

Initial	  Volume	  –	  final	  volume	  (mL)	   Average	  (Bq/L)	  
4000-‐250	   0.116±0.010	  
2000-‐250	   0.084±0.011	  
1000-‐250	   0.099±0.019	  
500-‐250	   0.129±0.034	  
250-‐250	   0.067±0.046	  
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Figure 1: Linear fitting of activity concentration of Ra-226 in distilled water samples. 
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Figure 2 – Linear fitting of activity concentration of Ra-226 in pre-established activity 
water samples. 

 
It can be seen, from figure 2, that the samples of initial higher concentration (by evaporation) 
displayed lower statistical errors. For instance, the 250mL sample had an associated error of 
69% whereas the 4000mL sample had an error of 8.6%. Despite the limited number of 
samples (5 of distilled water and 5 of pre-established concentration), the angular coefficient 
of the linear fitting was close to zero. It is expected that, as the number of samples increases, 
the straight lines should tend to constant functions. 
 
This reduction in the relative errors associated to the Ra-226 activity measurements by 
evaporation means that our goal has been fully achieved. Therefore, this methodology can be 
applied to measure low Ra activity concentration in bottled mineral water by using the RAD7 
setup in its detection limit.  
 
 
 

4. CONCLUSIONS  
 
 

It was presented a technique to measure low Ra-226 activity concentration in water samples 
by means of evaporation. The RAD7 (Durriged Company, Inc.) detector was used and 
samples were divided into two groups, (a) distilled water and (b) a pre-established 
concentration (0.1 Bq/L). As expected, the average activity concentration of distilled water 
was close to zero, 0.021 ± 0.016 Bq/L. As for the samples of know activity, the average 
concentration calculated was 0.099 ± 0.011 Bq/L, close to the pre-established value of 
0.1Bq/L. 
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By comparing the measured activity of Ra-226 in water samples to the expected or pre-
established values, the technique based on evaporation turned out to be efficient and more 
precise, in that it reduces the relative errors. As future directions, this methodology will be 
used to measure Ra-226 in bottled mineral water 
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