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ABSTRACT 

The concentration of natural radionuclides in samples of agricultural soil, fertilizers and cereal types 
commonly used in Ethiopia and collected from Holeta Agricultural Research Center were measured using 
gamma ray spectrometry coupled to HPGe detector. Following the measurements, the transfer of natural 
radionuclides (U-238, Th-232, and K-40) from the agricultural field to identified cereal types was also 
investigated. The average activity concentrations in samples of agricultural soil are 46.44±6.68 Bq.kg-1, 
94.66±13.98 Bq.kg-1, and 368.88±51.76 Bq.kg-1 and in fertilizer samples 38.5±4.15 Bq.kg-1, 87.6±9.36 
Bq.kg-1, and 334.0±35.58 Bq.kg-1 for U-238, Th-232, and K-40, respectively. The related radiological 
health hazards and radiation indices in the samples of soil and fertilizer were figured and compared with the 
prescribed limits set by the concerned committees (UNSCEAR, ICRP and WHO). According to this study, 
U-238 and Th-232 activity concentrations in samples of soil and fertilizer are above the prescribed limits, 
while K-40 is within the safety limit. Gamma radiation exposure from the soil samples and annual effective 
dose via ingestion of cereals can create a risk to the public and therefore solemn monitoring is required. 
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INTRODUCTION 

Levels of environmental radiation are related to the 
geological composition of each lithologically 
separated area and the contents of thorium (Th), 
uranium (U), and potassium (K) in rocks 
(Alzubaidi et al., 2016). Rocks are the main origin 
of environmental soil, so natural radionuclides (Th, 
U, and K) are present at a specific activity 
concentration in the soil. These radionuclides can 
create major external and internal radiation 
exposure to humans through inhalation and 
ingestion of air and food, whereas other, artificial 
sources can also contribute to total exposure, but 
not as natural radiation sources (Hassan & Khoo, 
2014).  

Soil is the first link of the ecological chain for 
radionuclides transfer among plants-animals-
humans (Alharbi & El-Taher, 2013). Food items 

such as wheat, barley, and teff (Eragrostis teff), 
bean, pea, maize, and sorghum are directly linked 
with the soil in their fruitage, mainly via their root. 
When these food items take up minerals from 
soil/fertilizer, natural radioactive nuclides are also 
transported to all parts of the plants, especially to 
their grain part. The flow of radionuclides from 
soil to food item (plants) depend on soil pH values, 
kinds and amounts of clay, physicochemical 
properties of the radionuclide, type of crop, 
fertilizer application, and climate conditions 
(Asaduzzaman et al., 2015). 

Through the application of gamma-ray 
spectroscopy measurement (Kadiri, 2022), the 
average activity concentration of natural 
radionuclides and the associated radiological 
parameters derived from soil samples in Kosovo 
fall within the normal range of radionuclide 
concentrations and acceptable values, as referenced 
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in global reports such as those from the 
International Commission on Radiological 
Protection (ICRP) and the United Nations 
Scientific Committee on the Effects of Atomic 
Radiation (UNSCEAR). Another study (Roy et al., 
2006) in Yemen indicates that the average 
concentrations of natural radionuclides in the soil 
specimens were higher than the worldwide average 
values of 33, 35, and 400 Bq.kg-1. respectively. 
Huge utilization of NPK fertilizers by agriculturists 
and small mining activities in the region is the 
main sources.  

In this work, the transfer of natural radionuclides 
from soil and fertilizer to cereal types (grain part) 
and radiological risk level indicators were 
investigated. The study samples, soil (agricultural) 
and cereal samples were collected from Holeta 
Agricultural Research Center (HARC), which was 
established in 1966 under the Institute of 
Agricultural Research, now Ethiopian Institute of 
Agricultural Research. 

MATERIALS AND METHODS 

Description of the study area: 

The study samples were collected at latitude 
9°;00’N and longitude 38°;30’E, HARC, found in 
Holeta town, Oromia National Regional state of 
Ethiopia as shown in Fig. 1. Since the center was 
established in 1966, a continuous application of 

fertilizers, DAP and UREA, has been going on up 
to the date of the study (2023). Phosphate 
fertilizers, which contain some natural 
radionuclides like U, Th and K, have become the 
major contributor to outdoor terrestrial natural 
radiation (Hussain & Hussain, 2011). In addition to 
that, the geological formation of this agricultural 
area has been observed to be red soil, which is rich 
in natural radionuclide materials.   

Most cereal types taken from this study area are 
used in the highlands of Ethiopia for seed crops 
and consumption. In Ethiopia, food consumption 
patterns are diverse; across the country, a food 
basket consists of a wide variety of cereals and 
other staples. Therefore, consumption levels and 
mixes of the cereal types vary widely according to 
differences in agroecology, socioeconomic levels, 
and livelihood strategies (Dibaba, 2019). 

Sample Collection and Preparation: 

A total of 10 cereal types, 9 soil samples from 
HARC, and 5 samples of DAP and UREA 
fertilizers from the open market were collected. For 
soil samples, a judgement sampling technique was 
used, based on the geological and geochemical 
composition of the study area. Samples of 
fertilizers from the open markets were collected 
only by checking its catalog as DAP and UREA, 
which are the same types used in the study area. 

 

 

Fig. 1. Location map of the study area, West Shoa, Holeta, Ethiopia. 
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Cross-sectional contamination during sample 
collection was seriously considered. Each sample 
was dried very well and then made into a fine 
powder using a crusher. The crushed samples were 
weighed and sealed in plastic cylindrical beakers 
(Marinelli beakers) for more than 4 weeks to 
guarantee access to the secular equilibrium 
between parent radioisotopes and daughters in the 
natural disintegration series (Hassan & Khoo, 
2014; Sidique et al., 2022). 

Analytical Gamma Spectrometric Analysis: 

A low-background gamma ray spectroscopy 
system consisting of a semiconductor HPGe 
(Hyper-Pure Germanium) detector with a 70% 
relative efficiency was used in this study. The 
resolution of detector was tested by FWHM 
measurement for Co-60 at energy 1332keV and 
found to be 3keV. A suitable lead shield 
surrounding the detector was used to prevent 
external background radiation from reaching the 
detector during the analysis. The gamma spectrums 
were acquired and analyzed by utilizing the Genie-
2000 software coupled with a multichannel 
analyzer, DAS-1000. 
Each prepared sample was put on the detector for 
more than 10 hours to obtain counting statistic of 
photo-peaks. The activity concentration of K-40 
radionuclide was determined directly by its gamma 
line intensity (1460.8 keV). As for U-238, it was 
specified through its progeny Bi-214 (609.3 keV) 
and Pb-214 (351.9 and 295.2 keV). On the other 
hand, activity concentration of Th-232 was 
identified via its daughters Ac-228 (968.9, 911.2, 
and 338.3 keV), and Pb-212 (238.6 keV) (Sidique 
et al., 2022; Hazou et al., 2021). 

Activity Concentrations and Transfer Factors 
Investigations: 

The activity concentration (AC) in the soil, 
fertilizer, and type of cereal samples under 
investigation was estimated as follows: 

 
sE

Ei Mt
BqkgAC

...P
N

)(
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Ec,1



 ………………(1) 

where Nc,E is the net counted, Pγ,E the probability 
of emitted gamma radiation with energy E for the 
radioisotope of interest, εE is the detector absolute 
efficiency at energy E, t is counting time and Ms 
refers to the sample’s mass (Sidique et al., 2022; 
Sidique  et al., 2021). 
The radionuclide transfer factor (TF) is the 
correlation between the activity concentrations 
found in the soil and/or fertilizers sample and the 
cereal types of the same geographical location. The 
activity concentration in cereal types is divided 
directly by the activity concentration in dry soil 
and/or fertilizer samples as in Equation (2) 
(Howard et al., 2013). 

TF =  "Activity concentration in dry food item"/ 
"Activity concentration in dry food item" 
…………………………………………………(2) 

Radiological Risks Assessment: 

Several radiation hazard indices were estimated to 
understand the effect of radiological hazards on 
human health when using low level radioactive 
materials; soil, fertilizer, and cereal types. The 
radium equivalent activity (Raeq) absorbed dose 
rate (D), annual effective dose rate (Deff), external 
hazard index (Hex), internal hazard index (Hin), 
gamma index (Iγ), alpha index (Iα) and Excess 
Lifetime Cancer Risk (ELCR) were used to 
investigate gamma radiation risks (Sidique et al., 
2022; Sidique et al., 2021). 

Radium Equivalent Activity (Raeq): 

The Raeq is one of the most effective radiological 
indices for determining gamma radiation hazards 
due to the radioisotopes K-40, U-238, and Th-232 
content in radioactive materials by considering 
their non-uniform distribution. It indicates gamma 
dose rates from 4810 Bq.kg-1 of K-40, 259 Bq.kg-
1 of Th-232, and 370 Bq.kg-1 of U-238 are almost 
equal. It is described by the following Equation 
(3): 

KThUeq ACACACkgBqRa 077.043.1).( 1  …(3) 
Where ACU, ACTh, and ACK are the specific 
activity concentrations of the radioisotopes U-238, 
Th-232, and K-40, respectively (Sidique et al., 
2022). 

Absorbed Dose Rate (D): 

The absorbed dose rate in air (D) is the external 
terrestrial gamma radiation in the air at 1 m above 
ground level, due to the presence of U-238, Th-
232, and K-40 on the surface of natural radioactive 
materials. This was calculated using Equation (4) 
as (Alzubaidi, 2016; Hassan & Khoo, 2014): 

KThU ACACACnGyhD 0417.0621.0*462.0)( 1 

 ……………………………………………….(4) 

Annual Effective Dose Rate (Deff): 

Soil and Fertilizer: 

Annual effective dose is calculated to assess the 
health effects of the absorbed dose in a year. A 
conversion coefficient (0.7 Sv.Gy−1) is used to 
transform the absorbed dose in the air to the 
effective dose received by humans, with an outdoor 
occupancy factor (0.2), which is equivalent to an 
outdoor occupancy of 20% and 80% for the 
indoors. This factor is suitable to determine the 
patterns of life in the study area. It is calculated by 
using Equation (5) as (UNSCEAR, 2000): 

2.0*)10*10(*7.0*8760*)()( 93111 nGymSvhynGyhDmSvyDeff
 

 …………………………………………………(5) 
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Cereal types: 

Annual effective dose by consumption is 
calculated to assess the health effects of the 
absorbed dose by consumers (ingestion) per year: 

 ……………………...(6) 
Where: M is a mass of ingested cereal type per 
year (kg.y-1) and cfi is dose conversion coefficient 
by ingestion of food items, for K-40, U-238, and 
Th-232 in (Sv.Bq-1) given as 6.2∗10−9, 2.8 ∗ 
10−7, and 2.2 ∗ 10−7, respectively (Abojassim et 
al., 2014; Al-Hamidawi et al., 2013).Although the 
Ethiopian food basket consists of a wide variety of 
grains and other staples (Dibaba, 2019), the 
average consumption of cereals types per 
individual is considered as 50 kg.y-1 in this 
assessment. 

External Hazard Index (Hex): 

This index measures the external hazard due to the 
environmental radiation and was defined as 
(Abojassim et al., 2014; Roy et al., 2006; Al-
Hamidawi et al., 2013): 
 

………………………. (7) 

Internal Hazard Index (Hin): 

Radon and its short-lived products are hazardous to 
the respiratory organs. The internal exposure to 
radon and its daughter progenies is quantified by 
the internal hazard index (Hin), which is given by 
Equation (8) (Hassan & Khoo, 2014): 
 

4810259185
KThU

in
ACACACH   …………….(8) 

Gamma Index (Iγ): 

This index is considered as a monitoring tool 
specifying whether the used radioactive materials 
are safe to use or not. Gamma radiation from 
materials has a limit of 1 mSv.y-1 (Sidique et al., 
2022). It is estimated according to the following 
Equation: 

1)
1500100150

 KThU ACACACI  …………(9) 

Where ≤ 1 indicates the safety value for this index 
(Alharbi & El-Taher, 2013). 

Alpha Index (Iα): 

The Iα given by Equation (10) is used for 
estimating the risk of exposure to internal alpha 
radiation owing to the inhalation of radon. It is 
fundamentally dependent on the U-238 activity 
concentration in samples of radioactive materials, 
considering that materials with a concentration of 
U-238 less than 200 Bq.kg-1 cannot emit an indoor 
radon concentration greater than 200 Bq.m-3 
(Sidique et al., 2022). 

 1
.200 1  kgBq

ACI Ra
  ……………………..(10) 

Excess Lifetime Cancer Risk (ELCR): 

The ELCR is an important quantity through which 
the incidence of cancer for an individual exposed 
to a low gamma radiation dose over a lifetime of 
60 years or more. Depending on the Deff incurred 
by individuals from the studied soil and fertilizer 
samples can be computed by using Equation (11): 
 
 RFDLDELCR eff **  ………………...(11) 
 
Where DL is the life span (70 years) and RF is the 
risk factor (Sv-1), that is, mortal cancer risk per 
Sievert. As stochastic effects, the ICRP used values 
of 0.05 for the community (Kadiri, 2022).  

RESULTS  

Activity Concentration of Natural 
Radionuclides in Soils, Fertilizers and Cereal 
Types: 

The measured activity concentrations of natural 
radionuclides (U-238, Th-232, and K-40) in the 
soil, fertilizer and cereal (grain part) samples are as 
presented in Table 1. The activity concentration 
values were computed using Equation (1) 
following the experimentally investigated photo 
peak areas of gamma spectrometry, shown in Fig. 
2, for each sample. The average activity 
concentration values in soil samples are 
46.44±6.68 Bq.kg-1, 94.66±13.98 Bq.kg-1, and 
368.88±51.76 Bq.kg-1 for U-238, Th-232, and K-
40, respectively, and 38.5±4.15 Bq.kg-1, 87.6±9.36 
Bq.kg-1, and 351.44±62.81 Bq.kg-1 for U-238, Th-
232, and K-40 in fertilizer samples, respectively. 
These show that the activity concentrations of U-
238 and Th-232 are above the permissible values 
(35, 30 Bq.kg-1, respectively) (UNSCEAR, 2000), 
whereas K-40 activity concentration is below the 
recommended value (400 Bq.kg-1) as seen in Table 
1.  
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The activity concentrations of U-238 and Th-232 
radionuclides in bchickpea, pea, barley, and beans 
were Below Detection Limit (calculated Minimum 
Detectable Activity [MDA] is zero due to zero 
counts in the region after background count is 
subtracted). The average activity concentration of 
K-40 for the cereals ranges from 158.35 ± 8.60 
Bq.kg-1 to 301.00 ± 12.90 Bq.kg-1. Samples of 
wheat and maize cereal types show higher activity 
values for the three natural radionuclides than 
samples of other identified cereal types. The 
average activity concentration in indigenous 
cereals, teff DZ-01-1278 (nech teff) and DZ-01-

2053 (keyi teff) are not as high as wheat and 
maize, and not as low as measured in a sample of 
barley. 

The measured values of activity concentration for 
natural radionuclides in the study samples (soil, 
fertilizer and cereal types) were comparable to the 
investigated values from the relevant literature 
using the same approach as presented in Table 2. 
The comparison table shows lower values of 
activity concentration in some countries and 
elevated values of activity concentration than that 
we measured in our study area.  

Table 1. Activity concentrations of natural radionuclides in soil, fertilizer, cereal samples and 
global average values. 

Sample Type Sample 
Code 

Activity Concentration (Bq.kg-1) 

U-238 Th-232 K-40 
 
 
 
 
Soil Samples 

S1 46.00 ±2.2 94.00 ±4.5 360.00 ±17.0 
S2 45.5 ±2.1 94.00 ±4.6 360.00 ±17.0 
S3 47.00 ±2.2 91.00 ±4.4 350.00 ±15.0 
S4 51.00 ±2.5 99.00 ±5.0 370.00 ±18.0 
S5 46.5 ±2.2 92.00 ±4.6 360.00 ±17.0 
S6 45.5 ±2.2 93.00 ±4.5 360.00 ±17.0 
S7 50.00 ±2.4 100.00 ±5.0 390.00 ±18.0 
S8 43.5 ±2.1 93.00 ±4.5 370.00 ±17.0 
S9 43.00 ±2.1 96.00 ±4.8 400.00 ±19.0 

Av*. 1 S1-S9 46.44±6.68 94.66±13.98 368.88±51.76 
 
Fertilizer Samples 

F1 32.00±1.5 81.00±3.0 270.00±12.0 
F2 35.00±1.6 85.00±4.2 280.00±13 
F3 40.50±1.9 86.00±4.2 340.00±16 
F4 40.50±2.0 89.00±4.4 340.00±16 
F5 44.50±2.2 97.00±4.9 440.00±21 

Av*. 2 F1-F5 38.5±4.15 87.6±9.36 334.0±35.58 
Average Av.1 and Av.2 42.47±7.68 91.13±16.82 351.44±62.81 
GAV* in Soil Ref. 

(UNSCEAR-
2000) 

35 30 400 

 
 
 
 
Cereal Types 

Teff (Nech) BDL 0.875 ± 0.015 158.35 ± 8.60 
Teff (Keyi) 0.964 ± 0.091 0.807 ± 0.016 171.00 ± 9.38 
Chickpea BDL BDL 220.00 ± 13.00 
Wheat (1) 3.945 ± 0.255 1.38 ± 0.155 259.10 ± 13.46 
Wheat (2) 1.342 ± 0.17 11.61 ± 0.80 246.36 ± 2.42 
Pea BDL BDL 192.00 ± 10.00 
Barley  BDL BDL 172.00± 8.00 
Bean BDL BDL 301.00 ± 12.90 
Maize (1) 4.62 ± 0.38 12.40 ± 0.25 242.72 ± 12.90 
Maize (2) 6.45 ± 0.54 9.65 ± 1.0 247.13 ± 14.10 

GAV* (Joint et al., 
2016) 

 20 3 ** 

Av*=Average, GAV*= Global Average Values, S=Soil, F=Fertilizer, *BDL=Below Detection Limit 
(non-distinguishable photon statistics from background’s photon statistics (IAEA, 2017)), GAV*=Global 
Average Value, ** K-40 occurs naturally in a fixed ratio to stable potassium, and the average value is not 
given. This is because potassium is an essential element for humans and its concentration in the body is 
controlled by metabolic processes (Joint et al., 2016). 
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Transfer Factor and Radiological Health 
Hazards: 

The transfer of natural radionuclides from soil and 
fertilizer to each cereal type was calculated using 
Equation (2) and presented in Table 3. Hence, the 
values of TF for U-238 and Th-232 in teffs, wheat, 
and maize samples are lower than the TF values of 
K-40. In all types of cereal, the TF for K-40 
exceeds the TF values for both U-238 and Th-232. 
All the computed TFs of the natural radionuclides 
are much higher than values given in IAEA 
technical report no. 472 (Howard et al., 2013). 

Table 4 displays the assessed radiological 
parameters for the considered study samples 
according to Equations 3 to 11. The annual 
effective doses for wheat and maize samples are 
elevated, surpassing the annual effective dose rate 
from inhalation of soil and fertilizer samples, 
which is reported by the WHO to be 0.1 mSv per 
year. 

The average value of Raeq in soil samples is 
210.22 Bq.kg-1, whereas in fertilizer samples the 
average value is 189.49 Bq.kg-1. According to this 
study, all measured values of external and internal 
hazard indices in collected soil and fertilizer 
samples are below the unity value, which reflects 
its safety for the public as noted in a report of 
(UNSCEAR 2000). The external and internal 
hazard indices from the collected samples of soil 
and fertilizer are shown in Table 4, by using 
Equations (7) and (8), which find average values of 

0.577 and 0.693, respectively, for external and 
internal hazard indices in soil samples, and 0.511 
and 0.616 respectively, for external and internal 
hazard indices in fertilizer samples. The indoor 
ELCR values based on Deff in the soil and 
fertilizer samples under investigation are also 
shown in Table 4. Evidently, all the ELCR values 
are within the range of 0.280 to 0.366, with an 
overall mean of 0.327. 

DISCUSSION  

Phosphate is used to produce some chemical 
fertilizers like DAP and UREA (Hussain & 
Hussain, 2011). As from this study, the increase in 
the level of natural radionuclides may be due to the 
continuous application of fertilizers on agricultural 
fields to improve soil fertility and increase cereal 
production yield, and as a result increases the 
transfer of natural radionuclides to cereals 
harvested from the fields. 

Cereals like teff and barley are preferable for 
health benefits and widely consumed in large parts 
of Ethiopia (Daba, 2017). In all identified cereal 
samples, the activity concentration of K-40 is 
higher than the activity concentration of U-238 and 
Th-232 as many measurements before have found 
(Dhillon et al., 2017; Pourimani & Mortazavi, 
2018; El-Gamal et al., 2019; Adesiji & Ademola, 
2019). This is because potassium is an essential 
element for humans and its concentration in the 
body is controlled by metabolic processes (Joint et 
al., 2016). 

 

Fig. 2. Displayed spectrum of one cereal sample from gamma spectrometry. 
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As in this study, some measured values of activity 
concentration of Th-232 in a soil sample are higher 
than that of U-238 and lower than K-40. In 
fertilizer samples, the activity concentrations of the 
three natural radionuclides measured elsewhere 
(Germany) show much higher values than the 
measured values in this study, whereas in another 
country (Belgium) U-238 and Th-232 show values 
below the detection limit, as in Table 2. In cereal 

samples, the measured activity concentration of 
wheat and maize measured in other countries were 
considered. The measured activity concentrations 
of the three radionuclides in wheat samples are 
slightly higher than the measured values of activity 
concentration in Iraq. In maize samples, the 
activity concentrations of the three natural 
radionuclides are almost the same as the measured 
activity concentrations in Nigeria and Yemen. 

Table 2. The radionuclide concentrations (present study) in comparison to other similar previous 
international research, for agricultural soil, fertilizer, and cereal (maize and wheat) 

Sample 
Type 

Country Activity Concentration (Bq.kg-1)  

U-238 Th-232 K-40 References 

 
 
 
 

Soil 
Samples 

Nigeria 52.91 76.96 393.73 (Ibikunle et. al., 2019)  
Nigeria 36.55 29.05 537.03 (Alusa et. al., 2017)  
Saudi Arabia 21.4 12.3 381   (Latif et. al., 2014) 
Yemen 33.5 77.25 1220.25 (El-Gamal, 2019) 
Malaysia 23.22 20.06 38.53 (Hassan et.al., 2014) 
Malaysia ~95.75 ~130.87 ~361.25 (Alzubaidi et. al., 

2016) 
Italy 79 48 640 (Guidotti et. al., 2015) 
Turkey 42.2 32.2 402 (Taşkın et. al., 2018) 
Kosovo 22.3 21.1 358.2 (Kadiri, 2022) 
Ethiopia 46.44±6.68 94.66±13.98 368.88±51.76 Current Study 

 
 
 
Fertilizer 
Samples 

Iraq 64.61 49.58 623.49 (Hussain et. al., 2011) 
Bangladesh 98.6 14.6 74.2 (Alam et.al., 1997) 
Germany (NPK) 782 2.24 4452 (Latif et. al., 2014) 
Belgium BDL BDL 7662 (Latif et. al., 2014) 
Ethiopia 38.5±4.15 87.6±9.36 334.0±35.58 Current Study 

GAV* in 
Soil 

Global 35 30 400 (UNSCEAR, 2000) 

Food Item Samples 
Wheat Iraq 6.603 1.946 133.093 (Dhillon et. al., 2017) 

Iraq 1.46 1.38 180.54 (Pourimani et. al., 
2018) 

Ethiopia 5.29 6.50 252.73 Current Study 
Maize Yemen 3.63 2.03 188.30 (El-Gamal et. al., 

2019) 
Nigeria BDL 43.72 283.50 (Dhillon et. al., 2017) 
Ethiopia 5.54 11.02 244.92 Current Study 

GAV* in 
Grains 

Global 20 3 ** (Joint et., 2016) 

** K-40 occurs naturally in a fixed ratio to stable potassium, and an average value is not given. 
GAV*=Global Average Value 
 



 

 
Abyssinia Journal of Science and Technology Vol. 8, No. 2, 2023, 34-44 

41 

 

 

As it is possible to understand from Equation (2), 
the values of TF are determined by the activity 
concentration of natural radionuclides in soil, 
fertilizer and cereal types. In fact, the properties of 
each cereal’s mineral root up-take, moisture, and 
geochemical conditions will determine the value of 
TF (Asaduzzaman et al., 2015). Wheat’s and teff’s 

transfer factors are higher than those of other 
cereal types. We found that soil and fertilizer from 
the study area had elevated values of natural 
radionuclides, and these radionuclides are also 
measured in wheat and teff. Since these two food 
items are staples in Ethiopia, ingestion of these 
foods regularly or over the long-term can create 

Table 3. Transfer factors (TF) of U-238, Th-232, and K-40 in soil and fertilizer to identified food 
items, and annual effective dose rate.   

Common 
Name 

Transfer Factor (TF) Deff (mSv.y-1) 
Via ingestion U-238 Th-232 K-40 

Teff (Nech) NAN 0.010 0.450 0.0059 
Teff (Keyi) 0.023 0.009 0.486 0.0753 
Chickpea NAN NAN 0.626 0.0682 
Wheat (1) 0.093 0.015 0.737 0.1510 
Wheat (2) 0.032 0.127 0.701 0.2229 
Pea NAN NAN 0.546 0.0595 
Barley  NAN NAN 0.490 0.0533 
Bean NAN NAN 0.856 0.0933 
Maize (1) 0.109 0.136 0.691 0.2763 
Maize (2) 0.152 0.106 0.703 0.2731 
GAV* in Grains   6.2*10-3 

(Howard et al., 
2013) 

2.1*10-3 
(Howard et al., 
2013) 

7.4*10-1 
(Howard et al., 
2013) 

0.1 
(Joint et., 2016)  

NAN*=Not A Number (Ratio of BDL and Measured activity concentration of a sample), 
GAV*=Global Average Value. 

Table 4. Radiological parameters showing the gamma impact of the studied soil and fertilizer 
samples. 

Sampl
e Type 

Sample 
No. 

Raeq  
(Bq.kg-1) 

D 
(nGy.h-1) 

Deff 

(mSv.y-1) Hex Hin Iγ Iα ELCR 

 
 
 
 

Soil 
Samples 

S1 208.14 79.67 0.104 0.562 0.686 1.487 0.230 0.342
S2 207.64 79.44 0.097 0.561 0.684 1.483 0.228 0.341
S3 204.08 78.27 0.096 0.551 0.678 1.457 0.235 0.336
S4 221.06 85.08 0.104 0.597 0.735 1.576 0.255 0.365
S5 205.78 78.66 0.096 0.556 0.681 1.47 0.232 0.338
S6 206.21 78.82 0.097 0.557 0.680 1.473 0.228 0.338
S7 223.03 85.24 0.104 0.602 0.737 1.593 0.25 0.366
S8 204.98 77.89 0.096 0.553 0.671 1.467 0.218 0.334
S9 211.08 79.52 0.098 0.570 0.686 1.513 0.215 0.341

Av* 1 S1-S9 210.22 80.29 0.098 0.577 0.693 1.502 0.232 0.344
 

Fertilizer 
Samples 

F1 168.62 65.13 0.080 0.455 0.542 1.203 0.16 0.28
F2 178.11 68.99 0.085 0.481 0.576 1.270 0.175 0.296
F3 189.66 72.15 0.088 0.512 0.622 1.357 0.202 0.309
F4 193.95 74.02 0.091 0.523 0.633 1.386 0.202 0.317
F5 217.09 80.83 0.099 0.586 0.706 1.560 0.222 0.347

Av* 2 F1-F5 189.49 72.22 0.089 0.511 0.616 1.355 0.192 0.310
APV* 
in Soil  

 370 
(UNSCE
AR, 
2000) 

59 
(UNSCE

AR, 
2000) 

1 
(UNSC
EAR, 
2000) 

1 
(UNS

CEAR, 
2000) 

1 
(UNSC
EAR, 
2000) 

1 
(UNS

CEAR, 
2000) 

1 
(UNS

CEAR, 
2000) 

1.16 
(Sidique 
et. al., 
2022) 

Av*=Average, APV*= Average Permissible Value, S=Soil, F=Fertilizer 
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health problems. With long-term ingestion, the TF 
values of other cereal types can also cause health 
problems and therefore a continuous monitoring by 
a responsible authority is required. In some of the 
cereal samples we have considered, we found a 
non-value reading, which is due to a BDL activity 
concentration value of these cereal samples. 

As the calculated values of absorbed dose in Table 
4 show, all of the values from the samples under 
investigation (soil and fertilizer) go beyond the 
exemption limit of 60 nGy.h-1 (El-Afandy et al., 
2015). For the corresponding samples, the annual 
effective dose rate was computed from the 
absorbed dose rate using Equation (5), and 
accordingly, in Table 3, none of the values in the 
samples under investigation go beyond the 
exemption limit of 1mSv.y-1 for public (Sidique et 
al., 2022), where the finding reflects, they are safe 
for the public.  

The values of external and internal hazard indices 
must be lower than unity to keep the radiation 
hazard insignificant (UNSCEAR, 2000). The 
maximum value of unity for this index corresponds 
to the limit of 370 Bq.kg-1 for the Raeq value (El-
Afandy et al., 2015). 

The computed value of Iγ in the present study is 
above unity in all soil and fertilizer samples, but to 
be safe for use, it is expected to be less than a unit 
value (Sidique et al., 2022; El-Afandy et al., 2015; 
UNSCEAR, 2000). The averages of computed 
values in soil and fertilizer samples are 1.502 and 
1.355, respectively. These values indicate that the 
soil and fertilizer in use are unsafe by introducing 
gamma to the public. The Iα in soil and fertilizer 
samples were also computed and values in all soil 
and fertilizer samples are below a unit value, this 
indicates soil and fertilizer in use are safe from 
alpha-inducing internal alpha radiation caused by 
the inhalation of radon. 

In the current study, all computed values of ELCR 
are below the limit indicated in references (Sidique 
et al.,2022), and the public in the study area and in 
use of fertilizer of the two types (UREA and DAP) 
are not at a significant risk of developing cancer 
resulting from exposure to gamma rays emitted by 
these soil and fertilizer. 

In conclusion, it is evident from the results that the 
activity concentrations of aforementioned 
radionuclides in samples of soil and fertilizer are 
elevated above the recommended values. In the 
same way, some of the measured activity 
concentrations of cereal samples, especially for 
wheat and maize, are elevated. These elevated 
values result in the elevated values of TF in 
samples of cereals, especially for wheat and maize, 
which are above the recommended values as given 
by IAEA Technical Report 472. In addition, the 

health risk indicator, Iγ exceeds the recommended 
value given by UNSCEAR in a 2000 report. 
Therefore, special attention from a responsible 
authority is required to be given to the measured 
values that exceed the permissible values as set by 
different organizations. 
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