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Introduction 

Humans are continuously exposed to ionizing radiation of  natural 
sources (NORMS) from terrestrial and extraterrestrial origin, and 
artificial sources used for various applications in medicine, agri-
culture, industry, research and teaching. The extent of  exposure 
if  significant could lead to detrimental health effects. Exposure to 
high levels above background radiation could lead to somatic and 
genetic effects that tend to damage critical and/or radiosensitive 
organs of  the body, which ultimately can lead to death[1].

A spice is a dried seed, fruit, root, bark, or vegetative substance 
primarily used for flavouring, colouring or preserving food and 
can sometimes be used to hide other flavours. It is sometimes used 

as a preservative by killing or preventing the growth of  harmful 
bacteria. Spices are distinguished from herbs, which are parts of  
leafy green plants also used for flavouring or as garnish. Many 
spices have antimicrobial properties and may explain why spices 
are more commonly used in warmer climates, which have more 
infectious disease, and why use of  spices is especially prominent 
in meat, which is particularly susceptible to spoiling [2]. There are 
two groups of  spices consumed by Ghanaians and they are the 
natural or the fresh ones and those that have been processed into 
powdered or solid forms. Some people prefer the processed ones 
to the fresh ones. This could be due to storage or convenience. 

Assessment of  contamination of  spices consume by the popula-
tion is very important to know the baseline value, or the level of  
radiation dose of  both natural and artificial radionuclides received 
by them. Knowledge of  the concentrations and distributions of  
the radionuclides in spices are of  interest since it provides use-
ful information in the monitoring of  environmental radioactivity. 
Studies on the natural and artificial radioactivity levels in spices 
via foods assume importance as it is necessary to estimate the 
ingestion dose to the public. However, in Ghana no study has 
been performed to determine the radionuclides concentrations in 
spices and the dose assessment from consumption of  these spices 
by the Ghanaian population. 

In this study, the radioactivity levels of  226Ra, 232Th and 40K and 
the artificial radionuclide 137Cs in fresh and processed spices were 
determined using gamma spectrometry. The assessment of  the 
ingested dose in these radionuclides via food consumption was 
also made. The natural spices considered in the study were On-
ion, Garlic, Ginger, Ashanti Pepper, and Green Pepper and the 
processed spices were Adja, Benny, Maggi, Mamita, Jumbo, Napa 
Valley, Onga, Royco, Mimido, and Gino Curry Powder. The study 
focused on these spices because they are commonly available and 
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used in Ghana. These spices were purchased from different trad-
ers at the Madina market in the Accra Metropolis of  Ghana. This 
study, therefore, investigated the extent of  the exposure of  the 
general public due to intake of  spices as part of  the national ef-
fort to establish baseline values for the Regulatory Authorities to 
control the exposure of  the public to natural and artificial radio-
nuclides due to the consumption of  spices in Ghana.

Material and Methods

Background of  the Study Area 

Accra is the capital and the largest city in Ghana, with an esti-
mated urban population of  2,291,352 as of  2012. Accra is also the 
capital of  the Greater Accra Region and of  the Accra Metropoli-
tan District. Accra lies between longitudes 0°12′00″W  and 0.2°W 
and latitudes 5°33′00″N and 5.55°N [3].

Accra stretches along the Ghanaian Atlantic coast and extends 
north into the country’s interior. It is Ghana’s primate city, serving 
as the nation’s economic and administrative hub. It is furthermore 
a centre of  culture and tourism, sporting a wide range of  night-
clubs, restaurants and hotels. 
The central business district of  Accra contains the city’s main 
banks and department stores, the Cocoa Marketing Board head-
quarters (dealing with cocoa, Ghana’s chief  export), and an area 
known as the Ministries, where Ghana’s government administra-
tion is concentrated. Economic activities in Accra include the fi-
nancial and agricultural sectors, Atlantic fishing, and the manufac-
ture of  processed food, lumber, plywood, textiles, clothing and 
chemicals.

Accra lies within the coastal-savanna zone with low annual rain-
fall. The rainfall pattern of  the city is bimodal with the major 
season falling between the months of  March and June, and a mi-

nor rainy season from September to October. The mean annual 
rainfall is about 730 mm. Mean temperatures vary from 24 ºC in 
August to 27 ºC in March [4].

Geography of  the Madina Markets

There are about 47 market sites in Accra, the majority of  which 
operate during the day and a few operate at night. Most of  the 
markets are located in the old town section of  Accra but were in-
tended to be eventually distributed in Accra’s different residential 
neighborhoods.

Madina is a town in the Ga East Municipal district, a district in the 
Greater Accra Region of  southeastern Ghana. It lies between lon-
gitudes 0°10′0″W and latitudes 5°41′0″N and is next to the Uni-
versity of  Ghana. Madina is the twelfth most populous settlement 
in Ghana, in terms of  population, with a population of  137,162 
people. The Madina market is one of  the largest markets in Ac-
cra metropolis and all walks of  life come to Madina to shop. The 
market relies on the importation of  spices from foreign countries 
and those locally produced. Figure 1 shows the map of  Greater 
Accra region, Ghana, showing the study area, Madina in the Ga 
East Municipal district [5].

Sampling and sample preparation 

A total of  fifteen samples were purchased from different traders 
at the Madina market. They included five natural spices namely 
Onion, Garlic, Ginger, Ashanti Pepper, and Green Pepper and 
ten processed spices of  different brands namely Adja, Benny, 
Maggi, Mamita, Jumbo, Napa Valley, Onga, Royco, Mimido, and 
Gino Curry Powder. The natural samples were washed, peeled 
when necessary, and oven dried at a temperature of  105°C and 
then ground into powder form for analysis. The prepared samples 
were then measured in 1.0 l Marinelli beakers, i.e. in the same ge-
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ometry as the standard. The prepared samples were stored in the 
laboratory prior to analysis. 

Instrumentation and calibration

Instrumental analysis without pre-treatment (non-destructive) 
was used for the measurement of  gamma rays for the samples 
using a High Purity Germanium detector (HPGE). The relative 
efficiency of  the detector is 25% with energy resolution of  1.8 
keV at gamma ray energy of  1332 keV of  60Co. The identification 
of  individual radionuclides was performed using their gamma ray 
energies and the quantitative analysis of  radionuclides was per-
formed using gamma ray spectrum analysis software, ORTEC 
MAESTRO-32. 

The detector is mounted in a cylindrical lead shield (100 mm) 
lined with copper, cadmium and plexiglass (3 mm each) to reduce 
the background radiation. The detector is cooled in liquid nitro-
gen at a temperature of  -196 0C (77 k). In order to determine the 
background distribution in the environment around the detector, 
ten empty Marinelli beakers were thoroughly cleaned and filled 
with distilled water and counted for 36000 s in the same geom-
etry as the samples. The background spectra were used to cor-
rect the net peak area of  gamma rays of  measured isotopes. The 
background spectra were also used to determine the minimum 
detectable activities of  the measured natural radionuclides and the 
results are presented in Table 1.

The efficiency calibrations were carried out by counting stand-
ard radionuclides of  known activities with well-defined energies 
in the energy range of  60 keV to ~2000 keV. For the analysis of  
samples, the efficiency calibration was carried out using standard 
radionuclides uniformly distributed in solid water with volume 
and density of  1000 ml and 1.0 gm-3 respectively (source number: 
NW146 and manufactured by QSA Global GmbH).

Calculation of  activity concentrations from spectral data

A counting time of  36,000 seconds was used to acquire spectral 
data for each sample and the data were evaluated. The background 
spectra were measured frequently under the same conditions of  

sample measurements and were used to correct the calculated 
sample activities [6]. The characteristic gamma peaks selected for 
the determination of  the different radionuclides were 295 keV 
for the 226Ra (214Pb), 352 keV for the 226Ra (214Pb), 609 keV for the 
226Ra (214Bi), 911, 969 and 338 keV for the 232Th (228Ac), 662 keV 
for the 137Cs and 1461 keV for the 40K.

The analytical expression used in the calculation of  the activity 
concentrations in Bq/Kg for the samples is as shown in equation 

A_ac=(N_sam  exp(λT_d ))/(P_E*(E)*T_c*M)     (1)

where; Aac is the activity concentration, λ is the decay constant, 
Nsam is total net counts for the sample in the peak range, PE is 
the gamma-ray emission probability, Td is decay time between the 
sampling and counting, Tc is the counting time, ε(E) is the total 
counting efficiency of  the detector system, M is the mass of  sam-
ple (kg) and the expression exp (λTd) is the correction factor for 
decay between sampling and counting [7]. 

Estimation of  Uncertainty

In this study, the uncertainty associated with the determination of  
activity concentrations of  each radionuclide was estimated using 
equation 2.
                 
  A_ac=N/(P_E*ε(E)*T_c*M)         	         (2)

where Aac is the activity concentration in Bqkg-1, N is the back-
ground corrected net peak area, ε(E) is the absolute detector ef-
ficiency, PE is the gamma yield, Tc is the counting time of  the 
sample, M is the mass of  the sample in kg.			 
	

Neglecting the uncertainties in the counting time and the gamma 
emission probability, the following expression was used to deter-
mine the overall uncertainty in the activity.

dA_ac=A_ac {(dN/N)^2+(dε/ε)^2+(dM/M)^2 }^½     (3)

where; dN is determined from the uncertainty in the integration 

                        Table 1: Minimum Detectable Activity (MDA) of  the gamma counting system

Parent Daugh-
ter

Energy 
(keV)

MDA 
(Bq)

226Ra 214Pb 295.22 0.11±0.01
214Pb 351.93 0.13±0.02
214Bi 609.31 0.14±0.04
214Bi 1120.28 0.10±0.01

232Th 228Ac 911.20 0.12±0.02
228Ac 968.97 0.14±0.04
228Ac 338.32 0.15±0.02

40K 40K 1460.83 0.90±0.10
137Cs 137Cs 662 0.02±0.01
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of  the peak area of  each full energy event; dM is the standard 
uncertainty on the weighing balance used to weigh the samples 
and the standard uncertainty was quoted to be 0.1 mg; dε is the 
uncertainty in the efficiency.

Results and Discussions 

Activity concentrations in samples 

Table 2 shows the results of  the measured activity concentrations 
of  226Ra, 232Th, 40K and 137Cs via their daughters in the five natural 
spices purchased from the Madina market in the Accra Metropo-
lis of  Ghana.

The activity concentration of  226Ra in the natural spices analyzed 
ranged from 0.35 ± 0.2 to 1.19 ± 0.1 Bq/Kg with an average value 
of  0.81 ± 0.2 Bq/Kg. The minimum and maximum activity con-
centrations were obtained from garlic and ginger respectively. For 
232Th, the radionuclide concentrations in the spices ranged from 
0.62 ± 0.3 to 1.02 ± 0.6 Bq/Kg with an average value of  0.98 
± 0.4 Bq/Kg. The minimum activity concentration of  232Th was 
recorded from green pepper whilst the maximum was obtained 
from onion. The radionuclide concentrations of  40K also ranged 
from 1.92 ± 0.7 to 2.42 ± 0.8 Bq/Kg with an average value of  
2.28 ± 0.9 Bq/Kg. The lowest activity concentration of  40K was 
recorded from green pepper whilst the highest was obtained from 
ginger.

Caesium-137 (137Cs) was the only artificial radionuclide that was 
detected in the spices. The activity concentrations of  137Cs varied 
in a range of  0.04 ± 0.01 to 0.08 ± 0.02 Bq/Kg with an average 
of  0.06 ± 0.01 Bq/Kg. The minimum and the maximum con-
centrations of  137Cs were obtained from green pepper and ginger 
respectively.

Table 3 also shows the results of  the measured activity concentra-
tions of  226Ra, 232Th, 40K and 137Cs via their daughters in the ten 
processed spices of  different brands. 

The average value of  the activity concentration of  226Ra is 0.18 
± 0.1 Bq/Kg in a range of  0.14 ± 0.1 to 0.55 ± 0.3 Bq/Kg. The 
minimum and maximum activity concentrations were obtained 
from jumbo and rocyo respectively. For 232Th, the average activ-
ity concentration was 0.3 ± 0.1 Bq/Kg in a range of  0.18 ± 0.1 
to 0.68 ± 0.3 Bq/Kg. The minimum activity concentration of  
232Th was recorded from benny whilst the maximum was obtained 

from mamita. The average activity concentration of  40K was 1.30 
± 0.8 in a range of  0.95 ± 0.4 to 1.72 ± 0.7 Bq/Kg with maggi 
and rocyo recording the lowest and highest activity concentration 
respectively.

The concentration of  137Cs in most of  the processed spices was 
below the MDA, except in 4 samples with an average value of  
0.02 ± 0.01 Bq/Kg in a range of  0.02 to 0.04 Bq/Kg. The lowest 
and highest activity concentrations of  137Cs were found in onga 
and napa valley respectively. The exemptions level of  137Cs in any 
material as recommended in the BSS [8] is 10 Bq/Kg. The activity 
concentrations of  137Cs in all the samples studied are below the 
exemption levels.

The measured activity concentrations in each radionuclide in the 
natural spices were found to be higher than the processed spices. 
The extra use of  phosphate fertilizer in soil can be a factor caus-
ing the increase in the radionuclide concentration in the natural 
spices than the processed ones [9]. Some surveys conducted have 
also shown that these processed spices are sometimes adulterated 
with other substances just to increase the quantity. The presence 
of  some foreign substances such as sand from the environment 
or method of  drying or milling has also been reported [10].

Estimation of  internal dose from ingested spices via foods

The intake of  radionuclides in spices through the food chain is 
dependent on the concentration of  radionuclides in the various 
spices and on the food consumption. It is obvious that the con-
sumption of  spices via food depends on many factors, some of  
which concern the individual while others are group related. In-
formation on the range and amounts of  spices consumed regu-
larly by individuals is required. The risk associated with an intake 
of  radionuclides in the body is proportional to the total dose de-
livered by the radionuclides while staying in the various organs. 

In general, it is assumed that stochastic effects occur linearly with 
dose and usually the effective dose (E) is used to define this risk. 
The annual effective dose, E (mSv/y) to an adult individual due to 
intake of  natural radionuclides in the spices via food was calculat-
ed on the basis of  the activity concentrations of  the radionuclides. 
The annual effective dose owing to ingestion of  226Ra, 232Th and 
137Cs in the spices was calculated using equation 1. 

                          E = Σ (As × Is × DCFs)                    (1)

MDA: Minimum Detectable Activity

Table 2: Activity concentrations of  radionuclides measured in natural spices from Madina market in Accra Metropolis of  
Ghana (±Uncertainty).

Name of  
Spices

226Ra (Bq/Kg fresh)
232Th (Bq/Kg fresh)

40K 
(Bq/Kg)

137Cs 
(Bq/Kg )

214Pb 214Pb 214Bi 214Bi 228Ac 228Ac 228Ac
1460.83
(keV)

662
(keV)295.22

(keV)
351.93
(keV)

609.31
(keV)

1120.28
(keV)

911.20
(keV)

968.97
(keV)

338.32
(keV)

Onion 0.71±0.2 0.60±0.2 1.04±0.5 <MDA 1.14±0.6 1.20±0.7 <MDA 2.35±0.8 0.07±0.01
Garlic 0.68±0.2 <MDA <MDA 0.35±0.2 <MDA <MDA <MDA 2.28±0.9 0.06±0.01
Ginger 1.19±0.1 0.85±0.5 1.05±0.6 <MDA 1.02±0.6 <MDA <MDA 2.42±0.8 0.08±0.02
Ashanti Pepper 0.89±0.3 <MDA 0.60±0.3 0.56±0.3 0.99±0.4 0.62±0.3 <MDA 1.98±0.6 0.05±0.01
Green Pepper 1.10±0.4 <MDA <MDA 0.87±0.4 0.89±0.4 <MDA <MDA 1.92±0.6 0.04±0.01
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where; As, is the average activity concentration of  radionuclides 
(Bqkg-1), Is, is the annual intake of  spices (kgy-1), DCFs, is the 
dose conversion factors (SvBq-1) [11].  

The dose coefficients were 2.8×10-7 SvBq-1 for 226Ra, 6.7×10-7 
SvBq−1 for 232Th and 1.3×10-8 SvBq−1 for 137Cs [12]. The Con-
sumption rate was defined using food balance sheet [13]. The an-
nual consumption rate was calculated to be 5.70 kg /year.

Internal doses due to 40K are not recommended to be taken into 
consideration towards the total internal dose received. This is be-
cause the total amount of  potassium in the human body is main-
tained constant at a fixed body mass. The specific activity of  40K 
in potassium in spices is not different from that in food or in the 
human body. Intake of  additional potassium in spices simply re-
sults in a reduction in the biological half-life of  potassium in the 

body and no increase in the dose from 40K [11].

The annual effective dose due to each radionuclide is shown in 
Table 4. The annual effective dose for the adult population of  Ac-
cra metropolis due to consumption of  the natural spices was es-
timated to be 1.29 µSv/year of  226Ra and 3.74 µSv/year of  232Th. 
Among the processed spices, the annual effective doses of  226Ra 
and 232Th were 1.02 and 1.15 µSv/year respectively. The estimat-
ed annual effective doses of  137Cs for the natural and processed 
spices were 0.82 and 0.45 µSv/year respectively with a total value 
of  1.27 µSv/year. 

As seen in Table 4, the effective dose from the radionuclides due 
to consumption of  natural spices contributed the highest to the 
mean annual effective dose compared to the processed ones. The 
estimated total annual effective dose received from 226Ra, 232Th 

MDA: Minimum Detectable Activity

Table 3: Activity concentrations of  radionuclides measured in processed spices of  different brands from Madina market in 
Accra Metropolis of  Ghana (±Uncertainty).

Name of  
Spices

226Ra (Bq/kg processed) 232Th (Bq/kg processed)
40K 

(Bq/kg)
137Cs 

(Bq/kg)
214Pb 214Pb 214Bi 214Bi 228Ac 228Ac 228Ac

1460.83
(keV)

662
(keV)295.22

(keV)
351.93
(keV)

609.31
(keV)

1120.28
(keV)

911.20
(keV)

968.97
(keV)

338.32
(keV)

Adja <MDA <MDA 0.30±0.1 0.55±0.2 0.26±0.1 0.34±0.1 <MDA 1.36±0.6 <MDA
Benny <MDA <MDA <MDA 0.34±0.2 0.22±0.1 0.18±0.1 <MDA 1.67±0.7 0.03±0.01
Maggi 0.17±0.1 0.15±0.1 <MDA <MDA 0.34±0.1 0.49±0.1 <MDA 0.95±0.4 <MDA
Mamita <MDA <MDA 0.51±0.2 0.55±0.3 0.68±0.3 0.42±0.1 <MDA 1.15±0.8 0.02±0.01
Jumbo <MDA <MDA 0.15±0.1 0.30±0.1 0.54±0.2 0.35±0.1 <MDA 1.37±0.8 <MDA
Napa Valley <MDA <MDA 0.26±0.1 0.31±0.1 0.23±0.1 0.19±0.1 <MDA 1.52±0.9 0.04±0.01
Onga 0.18±0.1 0.14±0.1 0.44±0.1 0.43±0.2 0.39±0.1 0.52±0.2 <MDA 1.04±0.5 0.02±0.01
Rocyo 0.21±0.1 0.22±0.1 0.23±0.1 0.45±0.2 0.65±0.3 0.45±0.2 <MDA 1.72±0.7 <MDA
Mimido <MDA <MDA 0.28±0.1 0.47±0.2 0.45±0.2 0.42±0.1 <MDA 0.96±0.4 <MDA
Curry Powder <MDA <MDA 0.22±0.1 0.46±0.2 0.67±0.3 0.43±0.1 <MDA 1.25±0.5 <MDA

Table 4: Annual effective dose due to consumption of  spices by the inhabitants of  Madina in Accra Metropolis, Ghana

Radionuclide
Annual effective dose (µSv/year)

Natural spices Processed spices
226Ra 1.29 1.02
232Th 3.74 1.15
Sub-Total 7.20
137Cs 0.82 0.45
Sub-Total 1.27
Grad Total 8.47

and 137Cs, due to consumption of  natural (fresh) and processed 
spices by the inhabitants of  Madina in the Accra metropolis 
was 8.47 µSv/year. Comparing the value from this study with 
published data for ingestion of  natural radionuclides from UN-
SCEAR (2000) report (0.29 mSv/year), it would be seen that the 
value obtained from this study is far lower than that given in the 
UNSCEAR report.  This shows that consumption of  the spices 
does not pose any significant radiological risk to the general pub-
lic.

Conclusion

A systematic study was conducted to evaluate the concentration 
of  radionuclides 226Ra, 232Th, 40K and 137Cs, in some common 
spices consumed by inhabitants in the Greater Accra region of  
Ghana. The average activity concentration of  226Ra, 232Th, 40K 
and 137Cs in the natural spices was found to be higher than the 
processed ones. The levels of  137Cs observed in the samples were 
below the exemption levels in any material. The calculated total 
annual effective dose received from 226Ra, 232Th and 137Cs in this 
study was far lower than the total exposure per person resulting 
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from the ingestion of  terrestrial radionuclides. The results from 
the study could be used as baseline values for the Regulatory Au-
thorities to control the exposure of  the public to natural and ar-
tificial radionuclides due to the consumption of  spices in Ghana.
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