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ABSTRACT  

Humans are exposed to radiation in dumpsite areas due to the natural presence of cosmic 

and terrestrial radiation in the environment. Residents, including children, frequently visit these 

sites to scavenge for food and other materials, which increases their risk of radiation exposure. 

The aim of the study was to ascertain whether natural radioactivity found in the Helao Nafidi 

dumpsite pose a threat to human health. In this work, the activity concentrations of 226Ra, 
232Th, and 40K in 19 soil samples were measured using a high purity germanium gamma-ray 

spectrometer . Several radiological parameters were computed based on these activities.  The 

average activity concentrations of 226Ra, 232Th and 40K were 4.83 ± 0.58, 4.72 ± 0.62 and 51.31 

± 5.41	Bq. kg!", respectively. The average estimated Ra#$ value of the dumpsite soil was 15.53 

Bq. kg!". All the soil samples Ra#$ values were less than the average global value of 370 

Bq. kg!". The average AEDE value was 0.01 mSv. y!", less than the 0.48 	mSv. y!" global 

recommendation. The Dumpsite soil's Annual Gonadal Dose Equivalent (AGDE) value was 

50.77 Sv. y!", which was found to be less than the 298 Sv. y!"	global critical value.  The 

average values of RLI and H#% were found to be 0.11 and 0.04, respectively. These indices 

were less than the world accepted-limit values. The average value of the excess lifetime 

cancer risk (ECLR) was found to be 0.03× 10!& and lower than the world average of 

2.9 × 10!&. The findings suggest that the natural radioactivity in the soil at the Helao Nafidi 

dumpsite currently does not pose a radiological health risk. 
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1. INTRODUCTION 

In recent years, increased radiation exposure in dumpsite soils has emerged as a 

significant concern, following the latest findings on the health risks linked to elevated 

levels of naturally occurring radioactive materials (NORMs) (IAEA, 2015). Numerous 

studies have been conducted on various aspects of naturally occurring radioactive 

materials (NORM), including their origins, environmental pathways, types of ionizing 

radiation, modes of exposure, interactions of gamma radiation with matter, and health 

risk assessments in dumpsite soils (Penabei et al., 2018). Certain natural resources 

inherently contain radionuclides, which are often found in significant concentrations 

within igneous geological formations and ores (IAEA, 2003). These substances, which 

come from the crust of the earth, are found in the soil, water, air, food, and construction 

materials (Adedokun et al., 2019). Building materials containing radioactive materials 

have been used for decades in many regions of the world (European Commission, 

1999). Radioactive materials end up in goods, byproducts, residues, and waste 

because of human actions that exploit these resources (Andric & Gajic-Kvascev, 

2021). Increased radiation exposure could happen if these residues containing 

naturally occurring radionuclides are not handled carefully and disposed of in secure 

dumpsites. 

Humans can be exposed to radiation either internally or externally; External exposure 

is the type where exposure occurs when the radiation source is outside the body. While 

scavenging at landfills, NORM is spread over people's skin and clothing. Some of the 

items in the dumpsite can be swallowed if normal hygiene precautions like washing 

hands and changing clothes after handling them are not followed (IAEA, 2005), this 

may affect sensitive organs in the human body (Avwiri & Olatubosun, 2014). Gamma 

radiation has the highest effect on external exposures due to its high penetrating 

power. Doses from external exposure depend on factors such as the extent of the 

exposure, closeness to the radiation source, and the radionuclide concentration 

(ARPANSA, 2008). The most common modes of entry for naturally occurring 

radionuclides to the body are via inhalation and ingestion (Oladapo et al., 2012). For 

internal exposures, alpha radiation has the most impact because of its relatively high 

energy and weak penetrating strength (Kant et al., 2015). Dosages from internal 

exposures depend on the radionuclide concentrations in food, air, and materials being 

handled, the duration of the exposure, and the rate of intake of material into the body 
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(ARPANSA, 2008). Radon-222 is inhaled when 226Ra decays. The radiological risk 

associated with radon is because the half-lives of the radon decay products are similar 

with the residence time of air in the lungs. These radionuclides may be attached to 

dust particles in some cases. The radionuclides in the dust can then decay within the 

body if it is inhaled. In this study, the activity concentrations from the soil were used to 

carry out health risk assessment in terms of radium equivalent activity (Raeq), 

absorbed dose rate in air	(𝐷), annual gonadal dose equivalent	(𝐴𝐺𝐷𝐸), , the annual 

effective dose equivalent	(𝐴𝐸𝐷), and excess lifetime cancer risk (𝐸𝐿𝐶𝑅).The external 

hazard index	(𝐻!"), and the representative level index	(𝑅𝐿𝐼),  are the other radiological 

factors assessed in the study.  

2. MATRIALS AND METHODS 

2.1 Study area 

This study was undertaken in the dumpsite soils of Helao Nafidi dumpsite, in 

Ohangwena region, Namibia (Figure 1). The study was conducted in August 2021, 

with the samples obtained from Helao Nafidi dumpsite where scavenging is a common 

practice (Figure 2). The settlement is inhabited by approximately 5000 people 

(Namibia Statistic Agency, 2015), dominated by crop and livestock farming of 

Ovakwanyama communities, a subgroup of the Ovambo people. The dumpsite is 

located at 17°26$2$$S	lattitude, and				15°52$58$$E	longitude.	 

 

 

Figure 1: Location of Helao Nafidi dumpsite the map of Namibia 
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      Figure 2: Part of Helao Nafidi dumpsite, with animals and people scavenging 

 

2.2 Sample collection and Preparation 

A total of 19 soil samples were collected from various locations across the dumpsite 

at depths ranging from 30 cm to 50 cm. Each sample was then transferred into plastic 

bags, which were sealed, labelled, and taken to the lab for storage and sample 

preparation. Samples were air dried for 72 hours under laboratory conditions, 

homogenized and sieved with a 2.00 mm sieve, before oven dried for 12 hours at 80 

°C to achieve moisture free samples. Approximately 500 g of each sample was 

weighed out then transferred into 1liter Marinelli beaker and stored for more than 31 

days to prevent the escape of 220Rn	and 222Rn. This enables 226Ra and 232Th and their 

daughter to reach secular equilibrium. 

 

2.3 Gamma-ray Spectrometer  

A Gamma-ray spectrometer, with High purity germanium detector, which consist of a 

coaxial cable (62.80 X 64.80 mm), was used in this study. The detector, manufactured 

by Canberra and is made up of germanium crystals contained in a 100 mm thick 

cylindrical classified lead shield (Model No. GC4520 SN 10882 Canberra), to reduce 

background radiation and cooled by liquid nitrogen. The detector has a resolution of 

2.00 keV full width at half maximum at 1.33 MeV peak of 60Co, 45 % relative efficiency 
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and 1.200 keV (FWHM) at 122 keV. For data acquisition and analysis, computer-

based software, Genie 2000 from Canberra was used (Nicolas Fourches, 2019).  

To minimize uncertainty in gamma ray intensities, energy and efficiency calibrations 

of the detector were performed using specific efficiency for the radionuclides of 

interest. The standard reference source, IAEA − RGTh%&(3250	Bq ∙ kg%&		) thorium ore 

was prepared in a 1-liter Marinelli beaker and used for energy calibration. Moreover, 

three samples of uranium ( RGU%&), thorium (RGTh%&) and potassium	 (KCl) were 

prepared in a 100ml bottle and used as standard sources for efficiency calibration. 

Samples were counted for 43000s in a reproducible manner with the arrangement and 

geometry sustained during the analysis. The 295.22 keV and 351.93keV energy lines 

of 214Pb and the 609.32 keV, 1120.29 keV and 1764.49 keV of 214Bi were used for 

assessment of activity concentration of 226Ra. Similarly, 609.32 keV, 1120.29 keV and 

1764.49 keV for 214Bi gamma lines were used for assessment of activity concentration 

of 226Ra, while 911.21 keV for 228Ac and 968.97 keV and 238.63 keV for 212Pb were 

used for 232Th. The isotope of 40K was obtained from the single 1460 keV Gamma-line 

of 40K (IAEA, 2015). 

2.4 Radiological parameters 

Several parameters were utilized to assess radiation hazards linked with NORM in soil 

samples of Helao Nafidi dumpsite. 

 

2.4.1 Radium equivalent activity (Raeq) 

This is the weighted sum of 226Ra, 232Th and 40K activity concentrations, and assumes 

that, 370 Bq. kg%&	of 226Ra, 259 Bq. kg%&		of 232Th and 4810	Bq. kg%&	 of 40K produce the 

same dose rate. Radium equivalent activity was calculated using equation 1 (Tufail, 

2011): 

Ra!' = R()!"
*+,

+ ()#$
-./

+ ()%
01&,

T × 370       (1) 

where  𝐴𝐶23, 𝐴𝐶45  and  𝐴𝐶6  are the activity concentrations in Bq.kg-1 of 226Ra, 232Th 

and 40K respectively. The maximum dose 𝑅𝑎!' in soil samples must be less than the 

recommended value of 370 𝐵𝑞. 𝑘𝑔%&	in soil.  
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2.4.2 Annual Effective Dose Equivalent (AEDE) 

Annual effective dose equivalent is the dose received by people from radioactivity 

concentrations found in soil and was measured in unit of mSv	y%&. The AEDE was 

determined from equation 3. 

 AEDE	(mSv. y%&) = D7(nGy	h%&) × 8760(h) × 0.2 × 0.7(Sv	G𝑦%&) × 10%8   (2) 

 

where D is the absorbed dose rate, and 0.7	Sv. G𝑦%& is the conversion factor from 

absorbed dose to effective dose, 0.2 signifies the outdoor occupancy factor, and 8760 

hours is the time for one year with a conversion factor of 10-6. The maximum dose 

equivalent of 1.0 mSv. y%& is recommended by ICRP for the public. 

 

2.4.3 Absorbed dose rate in air (Dr) 

Absorbed dose rate depends on activity concentrations of 226Ra, 40K and 232Th in soil 

where other radioactive isotopes are negligible. The absorbed dose rate was 

calculated using equation 4. 

D7(nGy	h%&) = 0.442AC9: + 0.604AC;< + 0.0417	AC=           (3) 

where Dr is the absorbed dose rate, and	AC9: ,	AC;< and AC=  have the same meaning 

as in equation 2. 

 

2.4.4 Annual Gonadal Dose Equivalent (AGDE) 

Gonads are the main reproductive organs, ovaries in the female and testes in male. 

As a result of the gonads high radio sensitivity, gonadal dose to the general population 

needs to be reduced. It is also known that the bone marrow responsible for producing 

red blood cells is impacted by an increase in AGDE levels (Mohamed et al., 2014). 

This may lead to cancer of the blood called leukemia, which is often fatal. Other organs 

of interest are the thyroid, lungs, liver, colon, and bladder. For this reason, they are 

considered as organs of interest for dosimetry purposes. The annual gonadal dose 

equivalent (AGDE) in	µSv. y%& is determined by using the formula in equation 5. 

𝐴𝐺𝐷𝐸(µSv. y%&) = 3.09AC9: 	+ 4.19AC;< + 0.314AC=     (4) 
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2.4.5 Representative Level Index (RLI) 

This is the gamma radioactivity Representative Level Index associated with naturally 

occurring radioactive elements and was calculated using equation 6. The maximum 

recommended value in soil is 1. 

RLI = &
&.,>?&'

+ &
&,,>?()

+ &
&.,,>?*

        (5) 

 

2.4.6 External Hazard Index (Hex) 

Different radionuclides contribute to the total gamma dose received by human. To 

quantify radiological hazards as a single quantity, the hazard index was used. For 

radiological purposes, the Hex should be less than one to keep exposure to radiation 

hazard negligible. The external hazard index was calculated using equation (7). 

𝐇𝐄𝐗 =
𝐀𝐂𝐑𝐚
𝟑𝟕𝟎

+ 𝐀𝐂𝐓𝐡
𝟐𝟓𝟗

+ 𝐀𝐂𝐊
𝟒𝟖𝟏𝟎

 ≤ 𝟏        (6) 

 

2.4.7 Excess Lifetime Cancer Risk (ELCR). 

The likelihood that a person will get cancer over their lifetime at a specific dose is 

provided by the excess lifetime cancer risk (ELCR) for outdoor exposure. (IAEA, 

2003). The ELCR was calculated with the presumption that the dose and the relevant 

stochastic effects are linearly related. This was calculated using equation 8. 

ELCR = AEDE × DL × RF	 ≤ 0.05         (7) 

Where AEDE is the Annual Effective Dose Equivalent, DL is the Duration of Life (70 

years), and RF is the risk factor (Sv%&). The International Commission on Radiological 

Protection (ICRP) employed the value 0.05 for stochastic effects for the public. 
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3. Results and Discussion  

3.1 Activity concentrations  

The activity concentrations of 232Th, 226Ra and 40K analyzed from the soil in the 

dumpsite are presented in Table 1. Average activity concentrations in 𝐵𝑞. 𝑘𝑔%&		of 
226Ra ranged from 2.15	±0.32 to 15.14±1.21, while 232Th ranged from 3.24±0.26 to 

7.10±0.97 and 40K from 13.66	±3.78 to 150.39±8.64Bq. kg%&	respectively (Figure 3). 

Also, it was shown that neither average activity concentration exceeded the global 

permissible level of 35, 30 and 400 Bq. kg%&	(UNSCEAR, 2000). The average value 

was 4.83 ±0.58, Thorium with 4.72±0.62 and Potassium with 

150.39±8.64	Bq. kg%&	respectively. 

 

Figure 3: Activity concentrations of the samples from waste dumpsite 

 

3.2 Radium equivalent  

Radium equivalent (Table 1) (Figure 4)  has the highest value of  31.18 𝐵𝑞. 𝑘𝑔%&	, and 

lowest value of 18.17 𝐵𝑞. 𝑘𝑔%&	, with an average value of 15.53 𝐵𝑞. 𝑘𝑔%&	, which is less 

than the world accepted limit of 370	Bq	kg%& according to  (UNSCEAR, 2000). 
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Figure 4: Radium equivalent as a function of sample number 

3.3 Absorbed dose rate  

Absorbed dose rate (Table 1), ranged from the value of 3.68 to 14.50	nGy. h%&, with an 

average value of 7.24 nGy. h%&, which is lower than the world accepted limit of 59 

nGy. h%&, (UNSCEAR, 2000). Figure 5 presents the graphical representation of the 

absorbed dose rate. 

 

Figure 5: Graphic representation of the absorbed dose rate (nGy	h%&) in air. 
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Table 1: Activity concentrations (226Ra, 232Th and 40K), Radium Equivalent 

and Absorbed Dose 

 
Activity concentrations (Ai ) in   𝐁𝐪. 𝐤𝐠0𝟏 

  

Sample number 
226Ra 232Th 40K 

Raeq 
(𝐁𝐪. 𝐤𝐠0𝟏) Dr (𝐧𝐆𝐲. 𝐡0𝟏) 

1 4.62±0.41 3.60±0.61 31.62±4.11 12.19 5.63 

2 4.27±0.48 4.70±0.66 41.88±4.60 14.21 6.57 

3 3.75±0.85 4.74±0.72 54.30±6.44 14.71 6.88 

4 4.49±0.32 4.80±0.26 61.92±3.93 16.12 7.57 

5 7.89±0.60 6.68±0.47 150.39±8.64 29.03 14.00 

6 3.54±1.21 5.44±0.82 39.54±6.66 14.36 6.58 

7 4.69±0.46 3.29±0.69 41.11±5.12 12.57 5.88 

8 2.69±0.47 3.24±0.66 33.68±4.59 9.91 4.61 

9 6.08±0.52 4.87±0.75 69.53±6.29 18.40 8.67 

10 2.90±0.43 3.75±0.29 31.61±3.95 10.69 4.93 

11 2.15±0.59 5.17±0.75 41.04±6.00 12.70 5.84 

12 6.82±0.56 6.06±0.66 49.04±5.48 19.27 8.87 

13 3.39±0.66 3.50±0.51 59.84±4.80 13.01 6.19 

14 15.14±0.36 7.10±0.54 76.55±3.78 31.18 14.50 

15 3.75±0.58 4.61±0.97 29.59±6.40 12.62 5.76 

16 3.87±0.60 5.60±0.72 50.93±5.91 15.80 7.31 

17 5.60±0.59 4.08±0.60 60.74±6.74 16.11 7.60 

18 3.69±0.81 5.22±0.60 37.86±5.32 14.07 6.45 

19 2.48±0.58 3.24±0.50 13.66±4.01 8.17 3.68 

MINIMUM 2.15 ±0.32 3.24 ±0.26 13.66 ±3.78 8.17 0.004 

MAXIMUM 15.14±1.21 7.10 ±0.97 150.39±8.64 31.18 0.02 

AVERAGE 4.83 ±0.58 4.72 ±0.62 51.31 ±5.41 15.53 0.01 

WORLD 
AVERAGE 

35 30 400 370 0.48 
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3.4 Annual effective dose equivalent (AEDE) 

Annual effective dose equivalent(Table 2) varied from 0.004 to 0.02	mSv. y%& (Figure 

6), with an average value of 0.01	mSv	. y%&  which is less than the value of 0.48 

mSv. y%&, the world accepted limit (UNSCEAR, 2000).  

 

Figure 6: Graphical representation of AEDE for each soil sample. 

3.5 Representative Level Index (RLI) 

The Representative Level Index (RLI), ranged from 0.06 - 0.22 (Figure 7), with an 

average of 0.11 .The RLI calculated is lower than the world average of 1 (UNSCEAR, 

2000), which makes the radionuclides found in the dumpsite soil less hazardous to 

human for now. 

 

Figure 7: Graphic view of the representative level index in soil samples. 
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3.6 Annual Gonadal Dose Equivalent (AGDE) 

The Annual Gonadal Dose Equivalent ranged from 25.50 -100.49 µSv. y%& (Figure 8), 

with an average of 50.77 µSv. y%&  in the dumpsite soil. This value was less than the 

world average of 298 µSv. y%&  (UNSCEAR, 2000). 

 

Figure 8: Graph showing the AGDE (µSv. y%&) in each soil sample. 

 

3.7 External Hazard Index (Hex) 

 External Hazard Index (Hex) ranged from a value of 0.02 to 0.08 (Figure 9), with an 

average of 0.04 (Table 2).  

The calculated results showed that all the values for Hex were lower than 1, which is 

the allowed maximum value by (UNSCEAR, 2000), making the dumpsite soil safe to 

the population in the area.  
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              Figure 9: External hazard index in soil samples of Helao Nafidi dumpsite. 

Table 2: Annual Effective Dose Equivalent (AEDE), Representative Level Index (RLI), 

Annual Gonadal Dose Equivalent, External Hazard Index (Hex) and Excess Lifetime 

Cancer Risk (ELCR) of Helao Nafidi dumpsite soils, Ohangwena region, Namibia. 

Sample 
number 

AEDE  

(mSv. y02  ) 

𝑹𝑳𝑰 

(𝑩𝒒. 𝒌𝒈0𝟏) 

AGDE 

(µSv. y%&) 

Hex  ELCR × 𝟏𝟎0𝟒 

1 0.01 0.09 39.22 0.03 0.02 

2 0.01 0.10 45.96 0.04 0.03 

3 0.01 0.11 48.47 0.04 0.03 

4 0.01 0.12 53.37 0.04 0.03 

5 0.02 0.22 99.55 0.08 0.06 

6 0.01 0.10 46.08 0.04 0.03 

7 0.01 0.09 41.18 0.03 0.02 

8 0.01 0.07 32.42 0.03 0.02 

9 0.01 0.14 60.97 0.05 0.04 

10 0.01 0.08 34.54 0.03 0.02 

11 0.01 0.09 41.15 0.03 0.02 

12 0.01 0.14 61.83 0.05 0.04 

13 0.01 0.10 43.90 0.04 0.03 

14 0.02 0.22 100.49 0.08 0.06 

15 0.01 0.09 40.14 0.03 0.02 

16 0.01 0.12 51.36 0.04 0.03 

17 0.01 0.12 53.42 0.04 0.03 

18 0.01 0.10 45.10 0.04 0.03 

19 0.004 0.06 25.50 0.02 0.02 

Minimum 0.004 0.06 25.50 0.02 0.02 

Maximum 0.02 0.22 100.49 0.08 0.06 

Average 0.01 0.11 50.77 0.04 0.03 

World 
Average 

0.48 1 298 1 2.90 
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3.8 Excess lifetime cancer risk (ELCR) 

Excess lifetime cancer risk varied from 0.02 × 10%0 to 0.06× 10%0 (Figure 10), with an 

average of 0.03	× 10%0 (Table 2). These evaluated results were found to be less than 

the world critical value of 2.90× 10%0. 

 

           Figure 10: Excess lifetime cancer risk in the dumpsite soil. 

 

3.9 Correlation between Radionuclides in soil samples 

To determine any relationship that exists between the radionuclides, the correlation 

between 226Ra and 232Th, 226Ra and 40K, and 232Th and 40K was drawn (Figure 11-13). 

Clearly, there was moderate correlation between 226Ra and 232Th with R2 = 0.45 

(Figure 11) and weak correlation between 40K and 226Ra, with R2 = 0.31 (Figure 12), 

respectively. Also, the correlation coefficient between 232Th and 40K was 0.37, 

suggesting a weak relationship between 232Th and 40K in the analyzed samples (Figure 

13).  

         

Figure 11: Correlation between 232Th and 226Ra                    Figure 12: Correlation between 40K and 226Ra  
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                                    Figure 13: Correlation between 40K and 232Th  

 

4. Conclusion 

The health risk assessment of radioactive compounds in the soils of the Helao Nafidi 

dumpsite was conducted by analyzing 19 soil samples using a gamma spectrometer. 

The readings were all below the 35, 30 and 400 Bq. kg%& permissible concentration 

levels. (UNSCEAR, 2000). The soil in the Dumpsite had an average Raeq value of 

15.53 Bq. kg%&. All the soil samples had Raeq levels that were less than the global 

average of 370 Bq. kg%&. The absorbed dose rate was 7.24 𝑛𝐺𝑦. ℎ%&, which is less than 

the	57𝑛𝐺𝑦. ℎ%& global average that is advised. In addition, the average AEDE value 

was 0.01 𝑚𝑆𝑣. 𝑦%&, which is less than the world recommended value of 0.48 𝑚𝑆𝑣. 𝑦%&, 

The Dumpsite soil's Annual Gonadal Dose Equivalent (AGDE) value was 50.77 

µSv. y%&,	which was found to be less than the 298 µSv. y%&,	 global limit.  Furthermore, 

average values of RLI and Hex were 0.11 and 0.04. These indices were less than the 

world accepted-limit values. The average value of the excess lifetime cancer risk 

(ECLR) calculated was 0.03 × 10%0 , which is less than the accepted limit of 2.9× 10%0 

according to (UNSCEAR,2000). These findings indicate that there is no cause for 

concern regarding NORMs in the soil of Helao Nafidi dumpsite.  
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