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Abstract 
The current study validates an α-spectrometry method by assessing the functionality and response of a solid-state alpha detector 
to known Radon concentrations, outdoor weather conditions and varied sample volumes. These all have an influence on the 
sample’s behaviour inside the detector. Five samples of water with known radon concentrations (ranged from 90.66±7.20 mBq.l-1 
to 314.65±24.6 mBq.l-1) were used. The experimental setup used a radon-stripping unit connected to a continuous radon monitor, 
which measured the 222Rn in the water by counting α-particles emitted by its progeny in secular equilibrium. The effects of 
meteorological parameters such as the sample concentrations and volume, internal temperature and relative humidity inside 
the detector were observed. The analysis of the fluctuations of temperature and relative humidity in the detection chamber were 
found to be in agreement with theoretical predictions and outcomes of other previous studies. To calibrate the detector of choice, 
the same standard samples were measured by a liquid scintillation counter (LSC) which was considered as a reference detector 
in the current study. The two techniques gave similar trends in the results. The LSC results appeared to be consistently lower 
than those of the α-spectrometry as seen by the RAD-7 device. The α-spectrometry system based on a solid-state detector had a 
good resolution of the peaks (FWHM of 18.61 keV and 20.93 keV) which was better than that of LSC (FWHM 166 keV) whose 
peaks could not be resolved. The energy-tailing of the LCS spectrum caused by Compton Scattering led to a higher count-rate 
of 4.11 cpm for the LSC compared to 0.71 cpm for the RAD-7. The study demonstrated that α-spectrometry method as deployed 
in the RAD-7 device is the most suitable equipment for the measurement of radon concentration in water because of its superior 
sensitivity.
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1. Detection and Measurement of Radon in Water
In the current study, the radon (222Rn) concentration in water was 
measured using the α-spectrometry technique. 222Rn is a naturally 
occurring colourless, odourless, and invisible radioactive gas 
resulting from the decay of  226Ra in the uranium-series decay chain. 
It is commonly transported freely via faults and fragmented rocks 
and soils to the open atmosphere, surface dwellings, underground 
water and cavities [1]. Exposure to radon is considered the second 
leading cause of lung cancer after smoking [2]. Because of the 
damage it causes when inhaled or ingested in human body, it is 
always important to make precise measurements of radon in the 
environment. A number of detectors have been developed to 
fulfil this task, such as low-level proportional counters, Liquid 
Scintillation Counters (LSC), Lucas cell scintillation chambers, 
cryogenic detectors, and electrostatic chambers and finally by 
α-spectrometry with high-resolution solid-state detectors [3-
7]. For the proper functionality of the equipment, the effect of 
meteorological parameters should be taken into consideration and 

be tested. Because radon is an inert gas, it dissolves in water, but 
does not react with water. Radon-in-water can either be measured 
in the laboratory after collecting the samples, taking into account 
the decay correction or measured in-the-field [8]. 

The aim of this study is to assess the performance and functionality 
of a specific radon detector under different conditions which are 
influential to the release of radon. The detector-of-choice was the 
solid-state alpha detector system, the RAD-7 radon detector. The 
RAD-7 radon detector was deployed in this research at the Necsa 
Radiation Protection Training Centre, although the calibration 
system described here could be used with other types of radon 
monitoring equipment. Measurement of radon concentration 
on a standard sample prepared in the laboratory with a known 
concentration was carried out by counting α-particles emitted by 
the progeny of radon, 218Po and 214Po [9]. In order to determine if 
the detector is working properly, it has to be calibrated by using 
standard samples with known radon concentration.  Secondly, for 
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a control process of this experiment, the LSC detector was used to 
measure radon concentration from the same standard sample and 
compare with that measured with RAD-7 detector. 

2 The Detector of Choice
2.1 Alpha-spectrometry using Solid-state Alpha Detectors
Alpha spectrometry is a widely applied radio-analytical technique, 

primarily due to its high counting efficiency, good energy 
resolution, low intrinsic background, its versatility in terms of both 
the range of radionuclide and sample types which can be analyzed 
and the reliability of the technique due to the possibility to use an 
a α-emitting isotope of the element of interest as an internal tracer 
[10].

Figure 1: Schematic representation of the experimental setup using a grab sample and a radon-in-air monitor, a α-spectrometry method 
[11].

Figure 1 represents an experimental set-up using a grab sample 
and a radon-in- air monitor, which uses well defined signals in 
a solid-state alpha detector as a continuous radon monitor. The 
monitor applies the α-spectrometry process. It is a highly versatile 
instrument, used to measure radon in real-time and designed to 
detect α-particles only [12, 13]. The detector’s major advantage 
is its high sensitivity, with detection limits as low as 1 mBq per 
sample being easily achievable. 

The interior of the RAD-7 instrument contains a hemisphere of 
0.7 l volume with an ion-implanted silicon solid-state α-detector, 
and an air pump to be found at the centre. A representation of the 
measurement chamber with the detector is shown in Figure 2 [14]. 
The high voltage power circuit charges the inside conductor to a 
potential of 2 000 to 2 500 V, creating an electric field throughout 
the volume of the detector [15]. The radon in the air is sucked 
inside and it decays into the positive ions of 218Po+ (T1/2 = 3.05 
min; α-energy = 6.00 MeV) and 214Po+ (T1/2 = 164 ms; α-energy 
= 7.67 MeV), which are attracted by the electric field and may be 
deposited on to the detector, which is at ground potential, before 
they are neutralized [16]. The emitted α-particles of characteristic 
energy produce an electrical signal pulse. This set-up avoids the 
energy broadening effect due to alpha particle energy loss in 
different air layer thicknesses, as all alpha decays will happen on 
the detector surface. As such, especially high-resolution spectra 
are obtained.

The signal is amplified electronically and transformed into a 
digital signal and the energy of the signal is histogrammed by 

the microprocessor to form a spectrum [17]. The energy of the 
α-particle is linearly proportional to the electrical pulse voltage 
[17]. One of the many advantages of using this detector is its ability 
to immediately differentiate between different radionuclides by 
their α-energy using a α-spectroscopy (e.g. separate radon from 
thoron by the energy) [18]. The humidity inside the chamber must 
be kept low to prevent the ions from being neutralized so that the 
positive ion collection efficiency is high [18]. This explains the 
need for the desiccant, a laboratory-drying unit that is made of 
CaSO4 granules, which have a high affinity for water, so it absorbs 
moisture before it reaches the RAD-7 detector chamber [18]. 
Normally the RAD-7 instrument operates well at a humidity of 
less than 10 %  and activity can be measured below 4 Bq.m-3. The 
RAD-7 radon detector is a high-performance instrument which 
can determine the activity of 222Rn continuously by electrostatic 
collection and measurement of the alpha-emitting daughters, 218Po 
and 214Po [19, 11]. 

2.2 The Reference Detector
For the purpose of establishing a control measurement for the 
detector of choice, it is quite important to analyze its efficiency 
against a control detector and establish if α-particle spectrometry 
in the RAD-7 detector is the most appropriate for radon progeny 
measurements. The Liquid Scintillation Counter (LSC) housed at 
Necsa’s Radio-Analysis Laboratories was employed for the current 
study as reference detector. The set-up in Figure 2 schematically 
presents the main components and their functions within an LS 
counter.

 
 

concentration from the same standard sample and compare with that measured with RAD-7 

detector.  

 

2 The Detector of Choice 

2.1 Alpha-spectrometry using Solid-state Alpha Detectors 

Alpha spectrometry is a widely applied radio-analytical technique, primarily due to its high 

counting efficiency, good energy resolution, low intrinsic background, its versatility in terms 

of both the range of radionuclide and sample types which can be analyzed and the reliability 

of the technique due to the possibility to use an a 𝛼𝛼𝛼𝛼 −emitting isotope of the element of interest 

as an internal tracer [10]. 

 

  
 

Figure 1: Schematic representation of the experimental setup using a grab sample and a radon-

in-air monitor, a α −spectrometry method [11]. 

 

Figure 1 represents an experimental set-up using a grab sample and a radon-in- air monitor, 

which uses well defined signals in a solid-state alpha detector as a continuous radon monitor. 

The monitor applies the 𝛼𝛼𝛼𝛼 −spectrometry process. It is a highly versatile instrument, used to 

measure radon in real-time and designed to detect 𝛼𝛼𝛼𝛼 −particles only [12, 13]. The detector’s 

major advantage is its high sensitivity, with detection limits as low as 1 mBq per sample being 

easily achievable.  

 

The interior of the RAD-7 instrument contains a hemisphere of 0.7 l volume with an ion-

implanted silicon solid-state 𝛼𝛼𝛼𝛼 −detector, and an air pump to be found at the centre. A 

representation of the measurement chamber with the detector is shown in Figure 2 [14]. The 

high voltage power circuit charges the inside conductor to a potential of 2 000 to 2 500 V, 

creating an electric field throughout the volume of the detector [15]. The radon in the air is 



    Volume 1 | Issue 1 | 35Env Sci Climate Res, 2023

Figure 2: schematic representation of liquid scintillation counter operation principle [20].

Figure 3: Illustration of LSC principle. (a) Flow chart summarizing the main components of a Liquid Scintillation Counter, their 
respective functions and outputs. (b) Schematic diagram of a detection section of a Packard TRI-LSC system [21].

Figure 2 is a flow chart illustrating a water sample mixed with a 
cocktail, consisting of a scintillator and a solvent. The radiation 
emitted in the decay of radon and its progeny causes excitation 
of the scintillator molecules, which subsequently de-excite by 
emitting light. The emitted light is collected by photomultiplier 
tubes (PMTs) and converted into electrical pulses that are amplified 
by auxiliary electronics. The intensity of the scintillation light is 
linearly proportional to the deposited alpha energy [22, 23].

The signal is processed (digitized and histogrammed) and 
displayed as a spectrum on a 4 096 channel multi-channel analyzer 
(MCA). The calibration is set so that each channel corresponds 
to an energy of 0.5 keV. In LS cocktails, the kinetic energy of an 
α-particle is scaled by a factor of about 10 due to the fact that 
α-particles produce pulses of longer duration in the LS cocktail 
compared to β-pulses, e.g. alpha energy of 6.0 MeV appears at 600 
keV. The consequence is that in the LSC, the α-spectrum overlaps 
with the high-energy β-spectrum. Hence, LSCs usually incorporate 
a pulse-shape discrimination mechanism to distinguish between 
pulses from alphas and of high-energy betas [22].

2.3 Quality Control for α-Spectrometers
The performance of the RAD-7 instrument was verified by counting 

the sample from the same source in the LSC [24]. The same 
standard sample containing at least two α-emitting radionuclides, 
which are 218Po and 214Po, was used to check their energies, the 
Full Width Half Maximum (FWHM) and the efficiency calibration 
of the detector or α-spectrometer [24]. The sample was measured 
in both techniques under similar conditions discussed below. The 
parameters characterizing the stability of the system are the peak 
location, the FWHM, and the counting efficiency of a selected 
radionuclide present in the standard source [24]. 

3. Methodology
3.1 Sampling Techniques
3.1.1 Standard Sample Preparation
Preparation and measurement of radon aqueous standard solutions 
are applicable to the continuous radon monitor (CRM) and LSC 
methods. The standard solution was prepared for both methods 
and it was used for the analysis to verify the results of the analysis 
from α-spectrometry CRM using LSC. For quality assurance (QA) 
regarding this approach, the aqueous standard solutions of different 
226Ra activity concentrations were prepared using a reference 
226Ra standard solution ACS/DC48/01 of 2003. The initial 226Ra 
standard activity was used to prepare the master solutions of 2.07 
± 0.07 kBq.g-1. Figure 4 shows the standard samples prepared in 
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the laboratory. Two sets of five known different Radium activity 
concentrations which were placed in closed vials and kept for 30 
days to allow the decay equilibrium between 226Ra (T1/2= 1600a), 

its immediate daughter 222Rn and the four short-lived radon 
progenies. The presence of 210Pb and its progeny was neglected 
due to the long half-life of 210Pb (T1/2 = 22:3a) [9].

Figure 4: Laboratory prepared 226Ra standard samples prepared from Necsa’s Radio-analysis Laboratory [9].

The Radon concentration in the water-filled volume of the sample-holder, is measured by the RAD-7 detector as shown in the experi-
mental set-up in Figure 5. This system of equations can easily be solved for the radon concentration measured in the air-filled volume 
of the sample-holder and displayed by RAD-7, C, which is expressed as a function of the thickness of the sample (or sample height):

Figure 5: Schematic diagram of the system using a grab sample and radon-in-air monitor, RAD-7 [9].

3. 2 RAD-7 Calibration
The main purpose of this exercise was to study the effects of 
meteorological parameters on the performance of the detector. 
The standard samples with predefined radon concentrations 
were analysed under the following parameters, variation sample 
concentrations and volumes, and the effects of RH and internal 
temperature [9]. 

3.2.1 Sample Concentration
The detector was calibrated with 222Rn standards prepared (see 
Figure 4) with different concentrations 92.06, 178.46, 262.59 
and 336.97 mBq.l-1. The correctness of the results would be 
established by comparing the measured radon concentration in the 
samples against the standard sample concentrations. The results 
were also compared with LSC radon detector measurements.

3.2.2 Sample Size
The discrete sample volumes of 1, 2, 3, 4 and 5 ml were extracted 

from the standard solution and were overlaid with distilled water 
to fill up the vial to determine the effects of sample volumes on the 
radon concentration. The relationship between the dilution factor 
and the radon content in the samples was also studied. Verification 
of the sample volume effects was also done using the LSC detector. 

3.2.3 Sample Temperature
Five series of individual experimental runs, each performed at a 
different temperature to determine the effects of sample temperature 
on the release-rate of radon from the sample. Sample vials were 
submerged in a water bath to control the temperature during the 
radon degassing for all five different temperatures [144]. Setups 
were carried out with the sample’s temperatures at 4, 9, 14, 19 and 
24℃. To achieve 4℃, the sample vial was submerged in ice water 
in the bath whilst the 24℃ temperature was reached by warming 
the water in the bath.
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3.2.4 Sample Height in the Vial
In this section, a formula is derived to calculate the radon 
concentration (C) in the water-filled volume of the sample-holder, 
measured by the RAD-7 detector as shown in the experimental set-
up in Figure 4. The radon concentration in the water will depend 
on the elevation coordinate, z and diffuse as described by the 
steady-state transport equation [25]

where D is the radon diffusion coefficient in the water, λ is the 
radon decay constant and β=(1-m+Lm)ε is the partition corrected 
porosity taking into account porosity (ε), water saturation (m) and 
the partition coefficient of radon between water and air phase (L). 
On the bottom of the sample-holder, dC(z)/dz|z=0 = 0. The boundary 
condition on the top surface of the water sample states that the 
activity concentration of radon in the water equals that in the air-
filled volume of the sample-holder, C(z=h)=C.

The rate of change of radon activity concentration in the air-
filled volume of the sample-holder is described by the following 
differential equations, which however, under steady-state 
conditions, reduces to an algebraic equation [25]:

The resultant radon exhalation rate at the water-air interface can be 
then determined by

where dC(z)=dz is determined as the solution from Equation 2, 
using the appropriate boundary conditions, Equation 3 becomes

where H is sample thickness and L is diffusion length with L=qDL.
This system of equations can easily be solved for the radon 
concentration measured in the air-filled volume of the sample-
holder and displayed by RAD-7, C, which is expressed as a 
function of the thickness of the sample (or sample height) [25]:
 

where,  

4. Results
4.1 Calibration
4.1.1 Inter-comparison between RAD-7 Instrument and LSC
The validation of the functionality of the detector of choice in the 
current study, simultaneous measurement using standard samples 

of radon concentration was carried out to get an inter-comparison 
between the RAD-7 and LSC instruments. The measured values of 
radon concentration from the two instruments presented in Table 
1. The measured concentrations varied from 90.7±7 mBq.l-1 to 
314.7±25 mBq. l-1  and 40.3±28 mBq. l-1  to 255.5 ± 11 mBq. l-1  
for the α-spectrometry technique and the LSC, respectively.

Table 1: Radon standard sample concentrations measured by 
RAD-7 and LSC detectors.

Table 2: The parameters characterizing the stability of the 
system.

Observations showed that α-spectrometry technique closely 
matched with that the standard sample by a factor pf 0.9 while 
the LSC factor was 0.6. It is clear from the measurements that 
the α-spectrometry in the RAD-7 instrument to be more reliable 
in comparison with other radon monitors. Therefore, the RAD-
7 instrument can be used in low and high radon environment, 
it is portable and can be useful for a general survey even in the 
dwellings or fields.
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Vial Rn-CStd 
(mBq.l-1) 

Rn-CRAD-7 
(mBq.l-1) 

Rn-CLSC 
(mBq.l-1) 

A 92.1 91 ± 7 40 ± 28 

B 178.5 136 ±19 83 ± 20 

C 262.6 242 ± 27 149 ± 15 

D 337.0 315 ± 19 255 ± 11 
 

 

 

 

 

 

Table 1: Radon standard sample 

concentrations measured by RAD-7 and LSC 

detectors. 

 

 

 

 

Parameters 

per Detectors 

RAD-7 

Detector 

LSC 

Detector 

Peak position 

(MeV)  

6.05 (218Po) 7.51 (218Po) 

7.90 (214Po) 8.31 (214Po) 

Resolution 

(FWHM) (keV) 

18.61 

(218Po) 

166 

 20.93 

(214Po) 

Counting 

efficiency (%) 

90.03 50.6 

Table 2: The parameters characterizing the stability of the system. 

 

Observations showed that 𝛼𝛼𝛼𝛼 −spectrometry technique closely matched with that the standard 

sample by a factor pf 0.9 while the LSC factor was 0.6. It is clear from the measurements that 

the 𝛼𝛼𝛼𝛼 −spectrometry in the RAD-7 instrument to be more reliable in comparison with other 

radon monitors. Therefore, the RAD-7 instrument can be used in low and high radon 

environment, it is portable and can be useful for a general survey even in the dwellings or 

fields. 
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RAD-7 

Detector 

LSC 

Detector 

Peak position 

(MeV)  

6.05 (218Po) 7.51 (218Po) 

7.90 (214Po) 8.31 (214Po) 

Resolution 

(FWHM) (keV) 

18.61 

(218Po) 

166 

 20.93 

(214Po) 

Counting 

efficiency (%) 

90.03 50.6 

Table 2: The parameters characterizing the stability of the system. 

 

Observations showed that 𝛼𝛼𝛼𝛼 −spectrometry technique closely matched with that the standard 

sample by a factor pf 0.9 while the LSC factor was 0.6. It is clear from the measurements that 

the 𝛼𝛼𝛼𝛼 −spectrometry in the RAD-7 instrument to be more reliable in comparison with other 

radon monitors. Therefore, the RAD-7 instrument can be used in low and high radon 

environment, it is portable and can be useful for a general survey even in the dwellings or 

fields. 

 

 



    Volume 1 | Issue 1 | 38Env Sci Climate Res, 2023

 
 

         
Figure 6: Measured radon concentration by 

two methods the RAD-7 and LSC the as a 

function of the standard concentration. 

 Figure 7: Correlation between the RAD-7 

and the LSC detectors. 

 

4.1.2 Spectra Analysis 

When charged, 218Po and 214Po ions impact onto the surface of the detector in the internal cell 

of the RAD-7 instrument, this produces a signal which when accumulated and stored, resulted 

in a spectrum with an energy scale from the calibration (Figure 8). The spectrum scale divided 

into 200 channels (of 0.05 MeV each) and selected regions grouped into 8 energy windows of 

which the four major ones were A, B, C and D. The two peaks with resolutions (FWHM) 19 

keV (218Po) and 21 keV (214Po) shifted to the right by 50 keV and 210 keV, respectively. 

 

 

Figure 8 presents the energy spectrum of 222Rn and its progeny for the same standard sample 

of 92.06 mBq.l-1, measured with the LSC instrument with three peaks of 222Rn, 218Po and 214Po 

with the energy shifted to the right by almost 2 MeV. The cause of the shift of the peaks was 

due to energy loss in the transfer from solvent to solute or the attenuation of light photons in 

the solution. The scintillometer efficiency factor (1.86) obtained here was over the range 0 – 

10 240 keV energy window [113], chosen for the refined 𝛼𝛼𝛼𝛼/𝛽𝛽𝛽𝛽 −separation capability and lower 

background. The spectrum was characterized by a relatively poor resolution with a FWHM of 

166 keV and the variation of the resolution as a function of energy is more than in 

semiconductor 𝛼𝛼𝛼𝛼 −spectrometry [113]. 
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4.1.2 Spectra Analysis
When charged, 218Po and 214Po ions impact onto the surface of the 
detector in the internal cell of the RAD-7 instrument, this produces 
a signal which when accumulated and stored, resulted in a spectrum 
with an energy scale from the calibration (Figure 8). The spectrum 
scale divided into 200 channels (of 0.05 MeV each) and selected 
regions grouped into 8 energy windows of which the four major 
ones were A, B, C and D. The two peaks with resolutions (FWHM) 
19 keV (218Po) and 21 keV (214Po) shifted to the right by 50 keV 
and 210 keV, respectively.

Figure 8 presents the energy spectrum of 222Rn and its progeny for 
the same standard sample of 92.06 mBq.l-1, measured with the 
LSC instrument with three peaks of 222Rn, 218Po and 214Po with the 
energy shifted to the right by almost 2 MeV. The cause of the shift 
of the peaks was due to energy loss in the transfer from solvent 
to solute or the attenuation of light photons in the solution. The 
scintillometer efficiency factor (1.86) obtained here was over the 
range 0 – 10 240 keV energy window [113], chosen for the refined 
α/β-separation capability and lower background. The spectrum 
was characterized by a relatively poor resolution with a FWHM of 
166 keV and the variation of the resolution as a function of energy 
is more than in semiconductor α-spectrometry [113].
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Figure 8: Spectroscopy of the standard 

sample (92.06 mBq.l-1). RAD-7 instrument 

alpha spectrum showing peaks of 218Po and 
214Po. 

 Figure 9: Energy spectrum obtained for     

determining 222Rn, 218Po and 214Po activity 

and concentration. 

 

This resolution does not allow the detection of the individual alpha lines belonging to the 

various 𝛼𝛼𝛼𝛼 −emitting isotopes. In Figure 9 the 𝛼𝛼𝛼𝛼 −radiation of 218Po and 214Po appears in a single 

common peak and cannot be resolved [113]. The energy-tailing was caused by Compton 

Scattering. The summary of QCs between RAD-7 and LSC in this study are presented in Table 

4.2. This discussion further emphasizes the preference of selecting the RAD-7 instrument for 

radon concentration determination over the LSC instrument, and it lends additional credibility 

to the results that will be obtained, as the survey instrument is more reliable. Therefore, the 

method of 𝛼𝛼𝛼𝛼 −spectrometry technique as embodied in the RAD-7 instrument was an 

appropriate choice as it is more precise and less susceptible to interferences than other 

instruments, for the task in hand.  

 

4.2 Effects of Varying Sample Geometry Parameters on the Radon Concentration 

4.2.1 Effects of Sample Volume 

The experimental results of the effect of five different volumes of the water sample that was 

collected from the Hartbeespruit River, Vs (1, 2, 3, 4 to 5 ml) on the radon concentration in the 

sample. The results show that when the sample volume increased, the radon concentration 

slightly increased. Figure 10 the radon concentration as a function of the sample volume. The 

radon concentration increased by a factor of 4 between the first sample volume which was 1 

ml to the last volume of 5 ml. Ideally, the concentration was supposed to remain the same 

because all five volumes were taken from the same sample. Since the basic volume of the air 

chamber in the RAD-7 instrument, desiccant and tubes are fixed, any variation of air volume 

is dependent on Vs in the vial [1]. 
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Figure 8: Spectroscopy of the standard sample (92.06 mBq.l-1). RAD-7 instrument alpha spectrum showing peaks of 218Po and 214Po.

 Figure 9: Energy spectrum obtained for determining 222Rn, 218Po and 214Po activity and concentration.

This resolution does not allow the detection of the individual alpha 
lines belonging to the various α-emitting isotopes. In Figure 9 the 
α-radiation of 218Po and 214Po appears in a single common peak 
and cannot be resolved [113]. The energy-tailing was caused by 
Compton Scattering. The summary of QCs between RAD-7 and 
LSC in this study are presented in Table 4.2. This discussion further 
emphasizes the preference of selecting the RAD-7 instrument for 
radon concentration determination over the LSC instrument, and 
it lends additional credibility to the results that will be obtained, 
as the survey instrument is more reliable. Therefore, the method of 
α-spectrometry technique as embodied in the RAD-7 instrument 
was an appropriate choice as it is more precise and less susceptible 
to interferences than other instruments, for the task in hand. 

4.2 Effects of Varying Sample Geometry Parameters on the 
Radon Concentration
4.2.1 Effects of Sample Volume
The experimental results of the effect of five different volumes of 
the water sample that was collected from the Hartbeespruit River, 
Vs (1, 2, 3, 4 to 5 ml) on the radon concentration in the sample. The 
results show that when the sample volume increased, the radon 
concentration slightly increased. Figure 10 the radon concentration 
as a function of the sample volume. The radon concentration 
increased by a factor of 4 between the first sample volume which 
was 1 ml to the last volume of 5 ml. Ideally, the concentration 
was supposed to remain the same because all five volumes were 
taken from the same sample. Since the basic volume of the air 
chamber in the RAD-7 instrument, desiccant and tubes are fixed, 
any variation of air volume is dependent on Vs in the vial [1].
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Figure 10: Radon concentration measured by 

RAD-7 as a function of the standard sample 

and river sample, and Correlation between 

RAD-7 and LSC at different sample volumes. 

 Figure 11: Correlation between the 

RAD-7 and the LSC techniques applied 

for measurements of 222Rn in different 

Vs in the range from 0.001- 0.005 L. 

 

The experimental results indicated that the volume of water sample, 𝑉𝑉𝑉𝑉s had a little effect and 

can be useful in the determination of radon concentration in water. Therefore, a bigger volume 

of the sample is recommended for future studies.  

 

4.2.2 Effects of Internal Temperature and Relative Humidity 

A radon concentration was detected in the water samples from the Walkerspruit River with an 

average radon concentration of 35 mBq.l-1 using RAD-7 instrument at different relative 

humidity (RH) and internal temperature (𝑇𝑇𝑇𝑇int) values, as shown in Table 3. The effects of 

increased RH and Tint from 14 % to 24 % and 21℃ to 22 ℃ respectively have an impact of 

the functionality of the detector in terms of its counting efficiency. It was observed that the 

radon concentration varied from 34.2 ± 8 mBq.l-1 to 26.6 ± 1.5 mBq.l-1 while the relative 

humidity and temperature inside the RAD-7 instrument varied. The average radon 

concentration measured in this sample was 31.2 ± 7 mBq.l-1. 

 

 

Measurement 

time (min) 

Tint  

(℃) 

RH  

(%) 

Rn-C  

(mBq.l-1) 

5.00 20.55 ± 

1.82 

13.09 ± 

1.82 

34.22 ± 

8.14 

13.00 20.98 ± 

0.21 

17.64 ± 

1.13 

33.79 ± 

9.41 
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Figure 10: Radon concentration measured by RAD-7 as a function of the standard sample and river sample, and Correlation between 
RAD-7 and LSC at different sample volumes.

Figure 11: Correlation between the RAD-7 and the LSC techniques applied for measurements of 222Rn in different Vs in the range 
from 0.001- 0.005 L.

The experimental results indicated that the volume of water 
sample, Vs had a little effect and can be useful in the determination 
of radon concentration in water. Therefore, a bigger volume of the 
sample is recommended for future studies. 

4.2.2 Effects of Internal Temperature and Relative Humidity
A radon concentration was detected in the water samples from 
the Walkerspruit River with an average radon concentration of 
35 mBq.l-1 using RAD-7 instrument at different relative humidity 

(RH) and internal temperature (Tint) values, as shown in Table 3. 
The effects of increased RH and Tint from 14 % to 24 % and 21℃ 
to 22 ℃ respectively have an impact of the functionality of the 
detector in terms of its counting efficiency. It was observed that 
the radon concentration varied from 34.2 ± 8 mBq.l-1 to 26.6 ± 
1.5 mBq.l-1 while the relative humidity and temperature inside 
the RAD-7 instrument varied. The average radon concentration 
measured in this sample was 31.2 ± 7 mBq.l-1.
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21.00 21.45 ± 

0.16 

20.50 ± 

0.50 

31.49 ± 

7.40 

32.00 22.01 ± 

0.28 

22.36 ± 

0.51 

29.72 ± 

7.16 

36.00 22.35 ± 

0.17 

24.00 ± 

0.50 

26.60 ± 

1.50 

Table 3: The effect of relative humidity and internal temperature on the response of the RAD-

7 during the measurement period. 

 

 

 
Figure 12: The effect of changes in the relative humidity, internal temperature on the radon 

concentration during the counting period inside the RAD-7 detector using the Walkerspruit 

water sample. 

 

The internal temperature (𝑇𝑇𝑇𝑇int) and bias voltage affect the measurement of radon concentration 

when using the RAD-7 instrument. The performance and characteristics of the electrostatic 

collection rate of 222Rn by the detectors are dependent on the charge of the uranium progeny 

atoms. In the RAD-7 detector, a high electric field of 2 keV in the detection chamber propels 

the positively charged 218Po and 214Po, onto the detector (Figure 12) [26]. The movement can 

be hindered by an increase in relative humidity, RH, inside the detection chamber. According 

to Batta (Radon in the DRIFT-II, 2015),” Being a polar molecule, water vapour attracts ions 

and hence reduces the instrument’s sensitivity by preventing radon daughters from reaching 

the sensitive part of the detector [27]. As the RH rises, radon concentration decreases, Figure 

12. A similar reasoning based on the survival of ions in their charged state would apply for the 

internal temperature variable” [27]. 
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Figure 12: The effect of changes in the relative humidity, internal temperature on the radon concentration during the counting period 
inside the RAD-7 detector using the Walkerspruit water sample.

The internal temperature (Tint) and bias voltage affect the 
measurement of radon concentration when using the RAD-7 
instrument. The performance and characteristics of the electrostatic 
collection rate of 222Rn by the detectors are dependent on the 
charge of the uranium progeny atoms. In the RAD-7 detector, a 
high electric field of 2 keV in the detection chamber propels the 
positively charged 218Po and 214Po, onto the detector (Figure 12) 
[26]. The movement can be hindered by an increase in relative 
humidity, RH, inside the detection chamber. According to Batta 
(Radon in the DRIFT-II, 2015),” Being a polar molecule, water 
vapour attracts ions and hence reduces the instrument’s sensitivity 
by preventing radon daughters from reaching the sensitive part of 
the detector [27]. As the RH rises, radon concentration decreases, 
Figure 12. A similar reasoning based on the survival of ions in their 

charged state would apply for the internal temperature variable” 
[27].

The effect of the relative humidity on the measurement was 
caused mainly from the continuous circulation of incoming air to 
the detection chamber of the RAD-7 instrument [27]. Figure 12 
showed that when RH and Tint increase in the internal cell of the 
detector, less radon concentrations were counted by the detector 
[27]. The inverse relationship between DRH and DTint, and the 
radon concentration measured by the detector is presented in both 
figures. The results in Table 3 proved that RH has an influence over 
radon detection. Figure 4.8a further shows that the highest radon 
concentration occurs at the lowest RH percentage.
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4.2.3 Sample Temperature
Table 4 and Figure 13 showed the influence of the change in sample 
temperature (Tsample) to the release of radon concentration from the 
sample. When the Tint  increased, more radon concentration was 
released from the sample into the detector which resulted in more 

concentration counted as presented in Table 4. Radon solubility 
decreases with increase temperature (see Figure 13(b)). An 
increase of sample temperature increases the release rate from the 
water as shown in Figure
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Tsample (℃) Cwater (Bq.l-1) Rrate 

4.00 93.21 ± 3.62 1.55 ± 0.06 

9.00 123.97 ± 

10.13 

2.07 ± 0.17 

14.00 130.10 ± 7.09 2.17 ± 0.12 

19.00 154.97 ± 

12.31 

2.58 ± 0.21 

24.00 169.32 ± 6.99 2.82 ± 0.12 

Table 4: The effects of sample temperature (Tsample) on radon concentration release rate and its 

partition coefficient in water samples. Experimental setup of sample volume (Vs) and total air 

volume (Va) in the system, Va of 0.25 L and 1.34 L, respectively 
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Figure 13: Effects of the change of sample temperature on the release of radon concentration 

in the water. 

 

4.2.4 Sample Height 

Table 5 showed the effects of sample height, h, (Column 2) on radon concentration using RAD-

7 detector. The height of the sample was increased in the interval of 0.01 m resulted in a non-

linear increase of radon concentration (see Column 3). Radon concentration of the samples that 

was collected from the river in the vial increases from 0.72 ± 0.22 mBq.l-1 – 2.13 ± 0.38 mBq.l-

1. 
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4.2.4 Sample Height
Table 5 showed the effects of sample height, h, (Column 2) on radon concentration using RAD-7 detector. The height of the sample was 
increased in the interval of 0.01 m resulted in a non-linear increase of radon concentration (see Column 3). Radon concentration of the 
samples that was collected from the river in the vial increases from 0.72 ± 0.22 mBq.l-1 – 2.13 ± 0.38 mBq.l-1.
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The radon concentration measurement at different values of h, 
is graphically presented on Figure 14 together with the curve of 
the best fit of the model formula. The mathematical model of the 
measurement technique described well the response of RAD-7 as 
a function of h.

4.3 Time-Series
Since the RAD-7 is a counting system in a closed air-loop, only 
decay and leakage would lead to lower concentrations over time. 
The plotted data in Figures 15(a) and (b) shows that there were 

reduction of radon activity concentration during the counting 
periods which were about 85 hours (3.5 days) and 3 hours, 
respectively [9]. The theoretical loss was calculated by use of the 
radioactive decay equation,

where A0 is the initial radon concentration; At observed 
concentration at time, t and l is radon decay constant (0.00755 h-1).
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Figure 14: Radon concentration as a function of sample height, h in the sample-holder [9].

Table 5: The relationship between the sample height, h in the sample-holder using the RAD-7. The sample was collected from Moganwe 
River, Pretoria West [9].
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of sample height, h in the sample-holder [9]. 

 

 

 

Vial 

No. 

h  

(m) 

*MoganweRAD-

7 (mBq.l-1) 

CTheory 

(mBq.l-1) 

A 0.01 72 ± 22 97.73 

B 0.02 137 ± 38 159.15 

C 0.03 174 ± 44 187.29 

D 0.04 194 ± 45 198.30 

E 0.05 209 ± 43 202.35 

F 0.06 213 ± 38 203.80 
 

 

Table 5: The relationship between the sample 

height, h in the sample-holder using the RAD-

7. The sample was collected from Moganwe 

River, Pretoria West [9]. 

 

 

The radon concentration measurement at different values of h, is graphically presented on 

Figure 14 together with the curve of the best fit of the model formula. The mathematical model 

of the measurement technique described well the response of RAD-7 as a function of h. 

 

4.3 Time-Series 

Since the RAD-7 is a counting system in a closed air-loop, only decay and leakage would lead 

to lower concentrations over time. The plotted data in Figures 15(a) and (b) shows that there 

were reduction of radon activity concentration during the counting periods which were about 

85 hours (3.5 days) and 3 hours, respectively [9]. The theoretical loss was calculated by use of 

the radioactive decay equation, 

 𝐴𝐴𝐴𝐴 = 𝐴𝐴𝐴𝐴0𝑒𝑒𝑒𝑒−𝜌𝜌𝜌𝜌𝜆𝜆𝜆𝜆 (6) 

where A0 is the initial radon concentration; At observed concentration at time, t and l is radon 

decay constant (0.00755 h-1). 

 

 
 

Figure 14: Radon concentration as a function 

of sample height, h in the sample-holder [9]. 

 

 

 

Vial 

No. 

h  

(m) 

*MoganweRAD-

7 (mBq.l-1) 

CTheory 

(mBq.l-1) 

A 0.01 72 ± 22 97.73 

B 0.02 137 ± 38 159.15 

C 0.03 174 ± 44 187.29 

D 0.04 194 ± 45 198.30 

E 0.05 209 ± 43 202.35 

F 0.06 213 ± 38 203.80 
 

 

Table 5: The relationship between the sample 

height, h in the sample-holder using the RAD-

7. The sample was collected from Moganwe 

River, Pretoria West [9]. 

 

 

The radon concentration measurement at different values of h, is graphically presented on 

Figure 14 together with the curve of the best fit of the model formula. The mathematical model 

of the measurement technique described well the response of RAD-7 as a function of h. 

 

4.3 Time-Series 

Since the RAD-7 is a counting system in a closed air-loop, only decay and leakage would lead 

to lower concentrations over time. The plotted data in Figures 15(a) and (b) shows that there 

were reduction of radon activity concentration during the counting periods which were about 

85 hours (3.5 days) and 3 hours, respectively [9]. The theoretical loss was calculated by use of 

the radioactive decay equation, 

 𝐴𝐴𝐴𝐴 = 𝐴𝐴𝐴𝐴0𝑒𝑒𝑒𝑒−𝜌𝜌𝜌𝜌𝜆𝜆𝜆𝜆 (6) 

where A0 is the initial radon concentration; At observed concentration at time, t and l is radon 

decay constant (0.00755 h-1). 

 



    Volume 1 | Issue 1 | 44Env Sci Climate Res, 2023

 
 

 
 

Figure 15: Radon concentration decays in the RAD-7 internal cell over time. 

 

5. Conclusion 

In the current study the RAD-7 detector at the RPTC at Necsa was calibrated by assessing 

different conditions under which the detector is operated in the local environment. The 

detection system was calibrated and cross-checked against the LSC. The calibration coefficient 

between the RAD-7 and LSC is shown in Figure 7 (𝑦𝑦𝑦𝑦 = 0.713𝑥𝑥𝑥𝑥) with the correlation coefficient 

of R2 = 0.91 and reduced chi-square of the fit of 0.81 [96]. The RAD-7 (detector of choice) 

was operating satisfactorily with a confidence level of 99.5%. The RAD-7 shows a much better 

resolution (FWHM 16.2 keV) than LSC (FWHM 166 keV). The RAD-7 was found to be a 

reliable and high-sensitive detector for radon determination in the water. An increase in sample 

temperature (Tsample), sample volume (Vsample) and sample thickness (ℎ) showed an increased 

radon concentration which is directly related to radon release-rate from soil or rocks. The 

performance and characteristics of electrostatic collection rate of 222Rn by the detectors are 

dependence on the charge of the uranium progeny atoms. In the RAD-7 detector, a high electric 

field of 2 keV in the detection chamber propels the positively charged 218Po and 214Po, onto the 

detector (Figure 6).  

 

The movement can be hindered by an increase in 𝑅𝑅𝑅𝑅𝐻𝐻𝐻𝐻 inside the detection chamber. Being a 

polar molecule, water vapour attracts ions and hence reduces the instrument’s sensitivity by 

preventing radon daughters from reaching the sensitive part of the detector. As the 𝑅𝑅𝑅𝑅𝐻𝐻𝐻𝐻 rises, 

radon concentration decreases, Figure 12. Electronic noise generate energy in the form of heat 

inside the detector which caused an increase in internal temperature (𝑇𝑇𝑇𝑇int) resulting in peak tail 

as shown in the energy spectrum, Figure 12 [28].  An increase in Tint inside the detector 

compromised its counting efficiency. The results showed that the system provided very 

Figure 15: Radon concentration decays in the RAD-7 internal cell over time.

5. Conclusion
In the current study the RAD-7 detector at the RPTC at Necsa 
was calibrated by assessing different conditions under which the 
detector is operated in the local environment. The detection system 
was calibrated and cross-checked against the LSC. The calibration 
coefficient between the RAD-7 and LSC is shown in Figure 7 (y = 
0.713x) with the correlation coefficient of R2 = 0.91 and reduced 
chi-square of the fit of 0.81 [96]. The RAD-7 (detector of choice) 
was operating satisfactorily with a confidence level of 99.5%. The 
RAD-7 shows a much better resolution (FWHM 16.2 keV) than 
LSC (FWHM 166 keV). The RAD-7 was found to be a reliable 
and high-sensitive detector for radon determination in the water. 
An increase in sample temperature (Tsample), sample volume 
(Vsample) and sample thickness (h) showed an increased radon 
concentration which is directly related to radon release-rate from 
soil or rocks. The performance and characteristics of electrostatic 
collection rate of 222Rn by the detectors are dependence on the 
charge of the uranium progeny atoms. In the RAD-7 detector, a 
high electric field of 2 keV in the detection chamber propels the 
positively charged 218Po and 214Po, onto the detector (Figure 6). 

The movement can be hindered by an increase in RH inside the 
detection chamber. Being a polar molecule, water vapour attracts 
ions and hence reduces the instrument’s sensitivity by preventing 
radon daughters from reaching the sensitive part of the detector. As 
the RH rises, radon concentration decreases, Figure 12. Electronic 
noise generate energy in the form of heat inside the detector which 
caused an increase in internal temperature (T_int) resulting in peak 
tail as shown in the energy spectrum, Figure 12 [28].  An increase 
in Tint inside the detector compromised its counting efficiency. 
The results showed that the system provided very reasonable 
calibration results with good precision. The methodologies of this 
study may be applied in the future measurements made by the 
respective instruments.
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