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Background: Food consumption is one of the most important routes for radionuclide intake
for the public; therefore, there is the need to have a comprehensive understanding of the amount
of radioactivity in food products. Consumption of radionuclide-contaminated food could in-
crease potential health risks associated with exposure to radiation such as cancers. The present
study aims to determine radioactivity levels in some food products (milk, rice, sugar, and wheat
flour) consumed in Mali and to evaluate the radiological effect on the public health from these
radionuclides.

Materials and Methods: The health impact due to ingestion of radionuclides from these foods
was evaluated by the determination of activity concentration of radionuclides **U, **Th, “K, and
¥Cs using gamma spectrometry system with high-purity germanium detector and radiological
hazards index in 16 samples collected in some markets, mall, and shops of Bamako-Mali.

Results and Discussion: The average activity concentrations were 9.8+0.6 Bq/kg for **U, 8.7+
0.5 Bg/kg for **Th, 162.9+7.9 Bq/kg for “K, and 0.0035+0.0005 Bq/kg for '’Cs. The mean
values of radiological hazard parameters such as annual committed effective dose, internal haz-
ard index, and risk assessment from this work were within the dose criteria limits given by in-
ternational organizations (International Commission on Radiological Protection and United
Nations Scientific Committee on the Effects of Atomic Radiation) and national standards.

Conclusion: The results show low public exposure to radioactivity and associated radiological
impact on public health. Nevertheless, this study stipulates vital data for future research and
regulatory authorities in Mali.

Keywords: Activity Concentration, Annual Committed Effective Dose, Foodstuft, Internal
Hazard Index, Risk Assessment, Stochastic Effects

Introduction

Natural radioactivity is mostly caused by the primordial radionuclides, namely K,
and **U-**Th decay series, which are present in earth formations. It is important to un-
derstand the concentrations and distributions of naturally occurring radioactive mate-
rials (NORM) since it gives helpful information to monitor environmental radioactivity.
Artificial radionuclides such as '*’Cs which are occasioned by anthropogenic activities
also contribute to environmental monitoring [1].

Several human activities enhance the level of NORM in the environment. For exam-
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ple, there are the burning of fossil fuels and the unrestrained
mining processes, etc. These radionuclides accumulated in
the soil can reach foods or plants through metabolic process-
es and ultimately can be transferred to animals and subse-
quently to humans when they consume contaminated foods.
The level of risk to human health is dependent on the type,
amount of radionuclide, and the exposure time. Radiation
exposure to humans differs from one place to another de-
pending on the geographical and geological conditions [2, 3].

The key objective of this study is to calculate the activity
concentration of radionuclides and evaluate the radiological
hazards in some food products consumed by the Malian pop-
ulation using gamma spectrometry.

This study will offer a basis for more assessment of expo-
sures to radionuclides in food products and useful data for
the Malian regulatory body Agence Malienne de Radiopro-
tection (AMARAP) and other relevant authorities.

Materials and Methods

1. Sample Collection, Preparations, and Measurement

Mali is the second largest importing country in West Afri-
ca. Around 13.91% of agricultural products are imported and
13.45% of this value is foods only [4]. Based on the collected
data from Direction Généraledu Commerce, de la Consom-
mation et de la Concurrence (DGCCC) and Office des Produits
Agricoles du Mali (OPAM), four different kinds of the most
consumed foods by the Malian population (powdered milk,
rice, sugar, and wheat flour) were selected for sampling. Thir-
teen samples were collected: three from powdered milk, three
from sugar, three from rice, and four from wheat flour from
different markets, malls, and shops around Bamako city (Mali),
between them, five samples were made in Mali (one rice, one
sugar, and three wheat flour samples).

Sixteen samples were prepared and stored for almost 1
month for secular equilibrium between the U-Th series and
their daughters to be reached. The activity concentration of
samples was obtained using a gamma spectrometry system
with a high-purity germanium (HPGe) detector at the Ghana
Research Reactor-1 (GHARR-1) of the Ghana Atomic Energy
Commission (GAEC). The gamma spectrometry system was
made up of an HPGe detector connected to a computer-
based multi-channel analyzer. The detector has a relative ef-
ficiency of 40% with an energy resolution of 2.0 keV at gam-
ma-ray energy of 1,332 keV of ®Co. The individual radionu-
clides were identified by their characteristic gamma-ray en-
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ergies and the quantitative analysis of radionuclides was
done with the Genie 2000 gamma acquisition and analysis
software (Mirion).

2. Calculations of Activity Concentration and Annual

Committed Effective Dose
1) Activity concentration

After the secular equilibrium time, all the samples were
read for 10 hours, the activity concentrations of **U and **Th
were assessed by averaging the peaks of different daughters
for the U-Th series, “’K and *"Cs were calculated using the
photopeak in the spectrum. The activity concentrations of
8 were obtained by using the gamma-ray energies and the
respective gamma-intensity of *“Bi at 609.3 keV (44.8%) and
21Pb at 351.9 keV (35.8%). That of #*Th was obtained using
gamma energies of *?Ac at 911 keV (26.6%), **Pb at 238.6 keV
(43.3%), and *®T1 at 583 keV (30.1%), and 2,614.7 keV (35.3%)
considering a branching ratio of 33.7% from *?Bi towards **T1.
For "X, it was estimated from its energy line at 1,460.8 keV
(10.7%) while the *"Cs were calculated from the gamma en-
ergy line at 661.67 keV (85.1%). All the energies and yields of
the various radionuclides were from a standard library.

Therefore, the activity concentration (Ag;) in Bq/kg, for a ra-
dionuclide i with a photopeak at energy E, was calculated as:

€9

where Ng; is the net peak-area of i radionuclide at energy E,

NE,i
eptygM

Ag; =
ez is efficiency at energy E, tis counting time (s), yais the gam-
ma emission probability, and M is the mass (kg).

2) Annual committed effective dose

The annual committed effective dose (AED) (Sv/yr) was
calculated using the activity concentration of all radionu-
clides detected and analyzed in the samples as:

AED = Ye(g); A;-U; )

where e(g); is the effective dose conversion factor for ingestion
of nuclide j (Sv/Bq), Aj is the activity concentration of nuclide
J (Bq/kg) and U; is the consumption rate of food (kg/yr). In
this study, the international values of annual consumption
rate were used [5].

3) Internal hazard index

The internal exposure to radon and its short-lived daugh-
ters is also dangerous to the respiratory organs. To account
for this threat the internal hazard index (H;,) was quantified
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using the activity concentration of K, *U, and **Th. It should
be below one to provide safe levels for the respiratory organs
of individuals. The internal exposure from the daughters of
8, #2Th, and *°K, was calculated using Equation (3) [6]:

_ Ay | Arn Ag
Hy, = 185 + 259 + 4810 ®)

where Au is activity concentration of **U (Bq/kg), Am is activ-
ity concentration of **Th (Bq/kg), and Ax is activity concen-
tration of K (Bg/kg).

4) Risk assessment calculation

Risk is estimated by the assumption that a linear dose-ef-
fect relationship has no threshold according to the Interna-
tional Commission on Radiological Protection (ICRP) [7].
Lower doses have a fatal cancer risk factor (RF) of 0.05 Sv!
reported by International Atomic Energy Agency (IAEA) [7].
This RF determines the likelihood of an individual dying of
cancer by a 5% increase of 1 Sv dose received throughout his
entire life.

The AED (Sv/yr) in food is estimated to determine the can-
cer risk of an adult using Equation (4).

Risk assessment (RA) = AED - LE - RF (4

with where LE is life expectancy in Mali which is 59.3 years [8]
and RFis 0.05 Sv™! [7] for low doses.

Results and Discussion

1. Results
1) Activity concentration

In the present study, 16 food samples were analyzed. Table 1
shows the activity concentrations of **U, #*Th,*K, and "Cs.
The minimum detection activity obtained for **U, #*Th,*K,
and *"Cs were 0.038, 0.044, 0.31, and 10 Bq/kg, respectively.

2. Radiological Hazard Indices
1) Annual committed effective dose

Owing to the unavailability of updated and reliable nation-
al consumption rate values of foods in Mali, the AED was cal-
culated using international consumption rate values report-
ed by United Nations Scientific Committee on the Effects of
Atomic Radiation (UNSCEAR) in 2008 [5] as presented in Ta-
ble 2.

2) Internal hazard index
The H;, was determined in the various samples of powdered

Table 1. Activities Concentration of Radionuclide in Some Imported and Locally Consumed Food Products by the Malian Population (Ba/kg
Dried Weight) Compared with the National Standard by the Regulatory Authority in Mali [9]

Activity concentration (Ba/kg)

Sample type Sample code -y pry % s
Milk M-01 32.8+2.3 10.3+£0.6 117.9+6.0 <0.001
M-02 <0.038 14.3+0.8 228.2+14.7 <0.001
M-03 <0.038 <0.044 382.2+19.5 0.0026+0.0004
Average+SD 32.8+2.3 12.3+1.0 242.8+6.8 0.0026+0.0004
Rice R-01 <0.038 <0.044 3.2+0.2 <0.001
R-02 <0.038 7.9+0.5 <0.31 <0.001
R-03 1.7+0.1 85+0.5 <0.31 0.0044 +0.0006
RF-01 6.3+0.3 11.5+0.6 <0.31 <0.001
RF-02 <0.038 3.3+0.2 <0.31 <0.001
RF-03 11.3+£0.7 11.2+0.9 <0.31 <0.001
Average + SD 6.3+0.3 8.5+0.3 3.2+0.2 0.0044 +0.0006
Sugar S-01 1.1+0.1 <0.044 <0.31 0.0025+0.0004
S-02 <0.038 0.8+0.05 <0.31 <0.001
S-03 <0.038 0.01+0.001 <0.31 <0.001
Average+SD 1.1+0.1 0.4+0.04 <0.31 0.0025+0.0004
Wheat flour WEF-01 2.8+2.0 8.7+05 <0.31 0.0043+0.0006
WF-02 10.1+£0.6 33.9+2.2 <0.31 0.0039+0.0006
WEF-03 1.9+0.1 6.4+0.4 <0.31 <0.001
WF-04 <0.038 0.6+0.03 <0.31 <0.001
Average+SD 5.0+0.2 12.4+1.0 <0.31 0.0041+0.0006
Mean 9.8+0.6 8.7+0.5 162.9+7.9 0.0035+0.0005
Malian standard [9] 1,000 1,000 100,000 10,000

SD, standard deviation.

86 www.jrpr.org

https://doi.org/10.14407/jrpr.2022.00178



Assessment of Radiological Hazards in Foods Products in Mali

JRPR

Table 2. Annual Committed Effective Dose of Radionuclide in the Samples

Sample Activity concentration (Bg/kg) Annual committed effective dose, AED (uSv/yr)
code P R K ¥7Cs Age1-2yr  Age2-7yr Age7-12yr Age12-17yr Age >17yr
M-01 32.8 10.3 117.9 <0.001 1,708.0 1,044.9 810.2 623.7 480.6
M-02 <0.088 14.3 228.2 <0.001 2,086.9 1,175.8 853.7 584.1 494.0
M-03 <0.038 <0.04 382.2 0.0026 2,201.3 963.1 596.2 319.5 248.8
R-01 <0.088 <0.04 3.2 <0.001 7.0 3.1 3.8 2.2 2.8
R-02 <0.038 7.9 <0.31 <0.001 1569.3 123.9 205.3 177.0 253.3
R-03 1.7 8.5 <0.31 0.0044 179.3 138.7 230.1 199.2 282.4
RF-01 6.3 1.5 <0.31 <0.001 266.7 203.6 338.4 296.5 409.6
RF-02 <0.038 3.3 <0.31 <0.001 66.7 51.9 85.9 741 106.0
RF-03 11.3 1.2 <0.31 <0.001 288.3 217.5 362.1 320.2 432.6
S-01 1.1 <0.04 <0.31 0.0025 5.8 3.8 6.5 6.4 6.7
S-02 <0.038 0.8 <0.31 <0.001 15.8 12.3 20.4 17.6 251
S-03 <0.038 0.01 <0.31 <0.001 0.3 0.2 0.3 0.3 0.4
WF-01 2.8 8.7 <0.31 0.0043 190.2 146.3 242.9 211.5 296.2
WEF-02 10.1 33.9 <0.31 0.0039 741.5 570.6 947.2 824.2 1,155.9
WF-03 1.9 6.4 <0.31 <0.001 140.3 1071 179.3 1566.0 218.8
WF-04 <0.088 0.6 <0.31 <0.001 11.9 9.2 15.3 13.2 18.8
Mean 504.3 298.3 306.1 239.1 277.0
326.0 (~0.33 mSv/yr)
Table 3. Internal Hazard Index (Hx) Values powdered milk contained the maximum values of activity
Radionucide activty concentrations (Ba/kg) concentrations of NORM; the R-03 contains the maximum
Sample g P pros Hn value of "*’Cs. All of which are imported from Europe and
: Asia. Special or more investigation must be carried out on
Powder milk 32.8 12.3 242.8 0.3 . X
Rice 6.3 85 32 01 the milk because they are more consumed by infants and
Sugar 1.1 0.4 <03 0.01 children.
Wheat flour 5.0 12.4 <03 0.1 The activity concentrations of measured radionuclides in

milk, rice, sugar, and wheat flour as presented in Table 3.

3) Risk assessment
The RA was calculated using Equation (4) above and the
results are shown in Table 4.

3. Discussion

The range of activity concentrations for **U varies from
1.1+0.1 to 32.8+2.3 Bq/kg, for **’Th from 0.01+0.001 to
33.9+2.2 Bq/kg, for “K from 3.2+ 0.2 to 382.2+19.5 Bq/kg,
and for '*"Cs from 0.0025 £ 0.0004 to 0.0044 + 0.0006 Bq/kg.
The peaks of “’K and *’Cs for most of the rice, wheat flour,
and sugar samples were below the detection limit as indicat-
edin Table 1.

The result of samples showed that S-01, S-03, R-01, WF-04
represented the lowest activities concentrations level of **U,
#2Th, *K, and "Cs, respectively; M-01, WF-02, M-03, and
R-03 represented the highest values of **U, **Th, K, and
57Cs, respectively. The results proved that the samples of
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the food samples are much lower than the Malian standard
1,000 Bq/kg for #*U and **Th, 10,000 Bq/kg for *’Cs, and
100,000 Bq/kg for K and in comparison, to other works as
shown in Table 5 1, 9-13].

The AED from ingestion is calculated for various age
groups (from infant to adult). The range of values for AED
(uSv/yr) of samples was; for powdered milk 248.8 (M-03) to
2,201.3 (M-03), for rice 2.2 (R-01) to 432.6 (RF-03), for sugar
0.2 (S-03) to 25.1 (S-02), and for wheat flour 9.2 (WF-04) to
1,155.9 (WF-02), as shown in Table 2. The highest values of
AED were reported again in powdered milk. The AED’s
mean value for the consumption of these foods was around
0.33 mSv/yr. This compared well with the UNSCEAR world-
wide average annual dose due to the ingestion of foodstuffs
0f 0.29 mSv/yr.

Based on the calculated values (H;, < 1), the obtained val-
ues of this index due to the ingestion of these food products
were below one. For consumption of these foods products,
the calculated Hi, means good safe levels for the respiratory
organs due to internal exposure to radon and its short-lived
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Table 4. Risk Assessment Values

Age range (yr)

Variable

1-2 2-7 7-12 12-17 >17
AED (Sv/yr) 5.04x10* 2.98x10* 3.06x10* 2.39x10* 2.77x10*
RA 1.50x10° 7.07x10* 9.08x10* 7.09x10* 8.21x10*
Mean value of RA 9.28x10*

AED, annual committed effective dose; RA, risk assessment.

Table 5. Evaluation of the Average Activity Concentration (Ba/kg) of 228U, 22Th, K, and '*’Cs in Foods in the Present Study and Other Pub-

lished Data around the World

Country Sample 28y “OK ¥Cs Reference
India Rice - 120.8+2.1 - 1
Ghana Rice - 104.36+10.22 - [1]

USA Rice - 13.67 231.87 - [12]
New-Zealand Powder milk - 349.86+36.45 0.7+0.62 [13]
Europe Powder milk - - 337.6+19.83 0.43+0.05 [13]

Iraq Wheat flour 6.60+3.72 1.95+1.33 133.10+67.04 ° [11]
Sudan Wheat flour 2.83+0.95 3.19+2.03 11.87+7.12 - [10]

Mali Powder milk 32.8+2.3 12.3+1.0 242.8+6.8 0.0026+0.0004 Present study
Mali Rice 6.3+0.3 85+0.3 3.2+0.2 0.0044 +0.0006 Present study
Mali Sugar 1.1+0.1 0.4+0.04 - 0.0025+0.0004 Present study
Mali Wheat flour 5.0+0.2 12.4+1.0 - 0.0041+0.0006 Present study
Malian standard 1,000 1,000 100,000 10,000 9]

Values are presented as mean + standard deviation.

progenies as in Table 3.

The RA was calculated for different ages from 1 year to
more than 17 years, the range of RA varied from 7.07x 10"
(for 1 to 2 years) to 1.5x 10 (for 2 to 7 years). It is 4 to 8.5 times
less than the risk (6.0 x 10?) from all natural radiation sources
based on the global average annual radiation dose which is
2.4 mSv/yr to man [5]. The mean value of RA is 9.28x 10,
which is 6.5 times less than the risk 6.0 x 10° as mentioned
above as shown in Table 4.

The cancer risk is based on an annual dose limit of 1 mSv
for the public, which gives an annual death probability of 105,
i.e., 1 in 100,000 reported by ICRP in 1990 [14]. That means
the death probability by cancer due to the ingestion of these
food products is much lower than the estimated value re-
ported by ICRP in 1990 [14].

Conclusion

Natural and artificial radionuclides (**’Cs) in selected
foods were studied for their radiological hazards. The radio-
nuclides of **U, **Th (through their daughters) and *’K, and
137Cs were the main radionuclides detected in the food sam-
ples in this research. The analysis revealed that the results of
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activity concentrations of the **U, **Th, K, and "’Cs in
samples were generally lower than the national standard
and global reference. The calculated AED values were less
than the authorized limit for the public which is 1 mSv/yr.
The mean radiological parameters such as AED, H;,, and RA
were below the dose criteria limits given by international or-
ganizations (ICRP and UNSCEAR) and national standards.

The results of this study proved that these foods are safe for
human consumption even if the risk (stochastic effect) asso-
ciated with internal exposure due to low dose intakes exists.
Based on obtained values, the probability of someone dying
of cancer due to the ingestion of these foods is less than 10°
in the Malian population.
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