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Abstract: The objective of this study is to assess public exposure to natural background 
gamma radiation in Cotonou, southern Benin, in West Africa. This is a cross-sectional 
study with both descriptive and analytical aims, conducted from July to December 2024. 
The methodology involved continuous, georeferenced measurement of the ambient 
gamma dose rate at a height of one meter (1 m) above ground level using a spectrometer. 
The study sites included city streets and selected markets, including Dantokpa, an open-
air market, and eight indoor markets. A total of 341,991 data points were recorded along 
the streets and 16,202 were recorded within the markets. The ambient gamma dose 
equivalent rate along the streets ranged from 4.67 to 136.84 nSv·h– 1, with an average of 
25.11 ± 12.72 nSv·h– 1. The highest average rate was observed in District 5, which hosts 
a cement manufacturing plant. The average dose rates were 23.71 ± 12.90 nSv·h– 1 at the 
Dantokpa market and 69.72 ± 21.96 nSv·h– 1 in the indoor markets. In the latter, the 
dose rates were higher than those recorded in their respective districts. The estimated 
external annual effective doses were 0.04 ± 0.02 mSv for streets, 0.10 ± 0.06 mSv for 
Dantokpa, and 0.30 ± 0.09 mSv for indoor markets. These values remain below the 
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worldwide average of 0.87 mSv, as recognized by the United Nations Scientific 
Committee on the Effects of Atomic Radiation for public exposure to natural radiation 
of terrestrial and cosmic origin. Overall, ambient gamma radiation exposure in Cotonou 
is low, though higher in enclosed market environments. These values may serve as 
baseline references for future studies in Cotonou and other African cities.  

Keywords: ambient dose equivalent rate, gamma radiation, georeferenced measurement, 
public radiation protection. 
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Évaluation de l’exposition du public 
au rayonnement gamma à Cotonou, au 
sud du Bénin 

Résumé : L’objectif de cette étude est d’évaluer l’exposition du public au rayonnement 
gamma de fond naturel à Cotonou, au sud du Bénin, en Afrique de l’Ouest. Il s’agit d’une 
étude transversale à visée descriptive et analytique, conduite de juillet à décembre 2024. 
La méthodologie a consisté en une mesure continue et géoréférencée du débit de dose 
gamma ambiant à un mètre (1 m) du sol à l’aide d’un spectromètre. Les sites d’étude 
comprenaient les rues de la ville et des marchés sélectionnés, notamment Dantokpa, un 
marché à ciel ouvert, et huit marchés couverts. Au total, 341 991 points ont été enregistrés 
le long des rues et 16 202 dans les marchés. Sur les rues, le débit d’équivalent de dose 
ambiant gamma variait entre 4,67 et 136,84 nSv·h– 1, avec une moyenne de 25,11 ± 12,72 

nSv·h– 1. La moyenne la plus élevée a été observée dans le 5ᵉ arrondissement, qui abrite 
une cimenterie. Les moyennes étaient de 23,71 ± 12,90 nSv·h– 1 au marché Dantokpa et 
de 69,72 ± 21,96 nSv·h– 1 dans les marchés couverts. Dans ces derniers, les débits 
d’équivalent de dose étaient supérieurs à ceux mesurés dans les arrondissements 
d’implantation. Les doses efficaces annuelles externes estimées étaient de 0,04 ± 0,02 mSv 
pour les rues, 0,10 ± 0,06 mSv pour Dantokpa et 0,30 ± 0,09 mSv pour les marchés 
couverts. Ces valeurs restent inférieures à la moyenne mondiale de 0,87 mSv, reconnue 
par le Comité scientifique des Nations Unies pour l’étude des effets des rayonnements 
ionisants pour l’exposition du public aux rayonnements naturels d’origine terrestre et 
cosmique. De manière générale, l’exposition du public au rayonnement gamma ambiant 
à Cotonou est faible, bien qu’elle soit plus élevée dans les environnements clos des 
marchés. Ces valeurs pourraient servir de références de base pour de futures études à 
Cotonou et dans d’autres villes africaines.  

Mots-clés : débit d’équivalent de dose ambiant, rayonnement gamma, mesure 
géoréférencée, radioprotection du public. 
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1. INTRODUCTION  

Environmental radioactivity is the primary source of natural exposure to ionizing 

radiation for the general population. This exposure arises mainly from terrestrial gamma 

radiation emitted by naturally occurring radionuclides in the Earth’s crust, cosmic radiation 

from outer space, and radon gas, a radioactive decay product of uranium found in soil and 

rocks [1]. These sources are ubiquitous and contribute continuously to background radiation, 

although levels vary with geological and atmospheric conditions. According to Aswal, 

accurately assessing background radiation is essential not only for understanding long-term 

population exposure but also for informing environmental health policies and enhancing 

emergency preparedness [2]. Establishing baseline measurements of ambient dose rates is a 

prerequisite for detecting abnormal radiological events and safeguarding public health. 

Although ambient radiation monitoring networks are well established and frequently 

updated in most developed countries, many regions of sub-Saharan Africa remain poorly 

monitored, and publicly available environmental radiological data are limited [3]. In Benin, 

this lack of data can be attributed in part to the delayed development of radiation protection 

infrastructure, which remained minimal until the adoption of national nuclear safety and 

radiological protection laws [4]. 

In addition to natural exposure, artificial sources from human activities, especially in 

healthcare, industry, and research, also contribute to population exposure. Ionizing radiation 

from these sources can interact with living tissues and cause biological damage. Such damage 

may result in deterministic effects at high doses and stochastic effects, such as radiation-

induced cancers, at even low doses [5,6]. According to the United Nations Scientific 

Committee on the Effects of Atomic Radiation, stochastic effects have no threshold, 

justifying the application of the precautionary principle in chronic exposure scenarios [7,8]. 
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The World Health Organization recommends the implementation of ambient 

radioactivity monitoring systems, particularly in densely populated urban areas [9]. The 

natural background radiation level varies greatly depending on the regional geology and the 

concentration of naturally occurring radioactive materials [10]. Mapping ambient 

radioactivity not only supports public health protection but also serves as a critical reference 

in the event of accidental or intentional radiological incidents. However, such mapping 

remains largely absent in Benin, with existing measurements limited to selected sites in the 

Collines Department in the central part of the country [11]. 

In this context, the present study was conducted in Cotonou, southern Benin, to assess 

public exposure to ionizing radiation by measuring ambient gamma dose equivalent rates. 

2. STUDY AREA, MATERIALS, AND METHODS 

2.1. Study Area 

The study was conducted between July and December 2024 in the city of Cotonou, 

which is located in southern Benin, West Africa, between 6°22′ N latitude and 2°26′ E 

longitude. Cotonou is the only municipality in the Littoral Department, one of Benin’s twelve 

administrative divisions. It is the economic capital of the country and the most urbanized 

city, and is subdivided into 13 districts. The city covers an area of 79 km² and had an 

estimated population of 738,400 in 2024, resulting in a population density of 9,347 

inhabitants per square kilometer [12]. Cotonou lies on a coastal strip between Lake Nokoué 

to the north and the Atlantic Ocean to the south. A lagoon crosses the city, dividing it into 

two zones connected by three bridges. The western part of the city accounts for 

approximately 70% of the total area and hosts key infrastructures, including the Autonomous 

Port of Cotonou, the international airport, and a cement manufacturing plant located in 

District 5. The eastern zone comprises a major industrial area with several manufacturing 
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and logistics companies. A comprehensive street network survey was conducted in the 

western part of the city (districts 5 to 13). The eastern part (Districts 1 to 4) was also surveyed, 

although less extensively, with selected routes explored between districts but without full 

street coverage. 

The study also included several markets in Cotonou, which are areas of high human 

concentration. These markets included the open-air Dantokpa market, located in District 6 

and regarded as the largest and most iconic market in West Africa, as well as eight modern 

indoor markets, which were inaugurated in 2024: Menontin, Wologuèdè, Aïdjèdo, 

Cadjèhoun, Gbégamey, Ganhi, Midombo, and Tokplégbé (Figure 1). 

Figure 1: Map of Cotonou showing the districts and markets included in the study. The numbers 1 to 13 
indicate the 13 districts of Cotonou. 

 

 

2.2. Materials and methods 

This is a cross-sectional descriptive and analytical study. The methodology involved 

measuring the ambient dose equivalent rate Ḣ*(10) for gamma radiation at a height of one 

meter above the ground (referred to as the ambient gamma dose rate). The ambient dose 

equivalent H*(10) corresponds to the dose in a tissue at a depth of 10 mm and is used as a 

conservative estimate of the effective dose [13]. The measuring instrument used was the 

AT6101C(E) spectrometer from ATOMEX. It is equipped with a solid-state detector probe 
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based on europium-doped strontium iodide (SrI₂(Eu)), providing a typical energy resolution 

of 3.2% for cesium-137. The system also includes an adapter (Adapter BT-DU3) and a 

portable mini-computer, the Nautiz X8. The adapter transfers data from the detector to the 

mini-computer (Figure 2). 

Figure 2: Photograph of the AT6101C(E) spectrometer used in this study to measure the ambient gamma 
dose equivalent rate. 

 

The components of the device are integrated into a backpack. The AT6101C(E) 

spectrometer was factory-calibrated by the manufacturer using certified gamma reference 

sources. During fieldwork, the instrument was operated under standard conditions, and 

routine background checks were performed prior to measurements to verify its stability. The 

device simultaneously measures the ambient dose rate and GPS coordinates. It performs 

continuous scanning of gamma radiation, with real-time recording of dose rates and 

geographic data. An integrated mini-computer enables instant visualization of the collected 

data. Measurements were continuously conducted while riding on a motorcycle operated by a 

third party at a maximum speed of 30 km/h along the streets of Cotonou and on foot within 
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the city’s markets. Measurements in the markets were conducted indoors, except at Dantokpa, 

an open-air market where they were performed outdoors. To facilitate route tracking, the Geo 

Tracker application installed on an Android smartphone was used, providing GPS tracks with 

a typical horizontal accuracy of 5–10 meters under open-sky conditions.  

Data analysis was performed via ATAS Scanner© software, R (version 4.3.1), and 

Python (version 3.12). Descriptive statistics, including measures of central tendency and 

dispersion (average, standard deviation, first and third quartiles, and the 2.5th and 97.5th 

percentiles), were calculated for the ambient gamma dose rate. Maps were created on the 

basis of the GPS coordinates collected during field surveys. The coordinates are represented 

as scatter plots overlaid on a map background sourced from an OpenStreetMap shapefile 

and used solely for the geographic context of the points. A filter was applied to ensure 

consistency. Only measurements from the first visit to each location were retained, thereby 

avoiding bias from repeated measurements at the same locations. 

The annual external effective dose (AEED) was estimated by extrapolating the average 

hourly dose equivalent rate (Ḣ ∗ (𝟏𝟎)̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ) over the duration of annual external exposure (t) via 

the following formula: 

AEED = Ḣ ∗ (𝟏𝟎)̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅ × 10⁻⁶ × t 

where AEED is in millisieverts (mSv), (Ḣ ∗ (𝟏𝟎)̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ) is in nanosieverts per hour (nSv·h– 1), t is 

the annual external exposure time expressed in hours (h); and the factor 10⁻⁶ is used to 

convert nSv to mSv. 

This method aligns with the recommendations of the International Commission on 

Radiological Protection, which advocates the direct use of the ambient dose rate to estimate 

the effective dose for the public exposed to external gamma radiation [13]. 

For streets, an outdoor occupancy factor of 0.2 was assumed, according to UNSCEAR 

estimates [14], as they are located in residential areas; thus, t = 365 × 24 × 0.2 = 1,752 hours 
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per year. For markets, the opening and closing hours of the indoor markets (9 a.m. and 9 

p.m.) were used to determine the exposure time, yielding 12 hours per day, corresponding to 

t = 365 × 12 = 4,380 hours per year. 

3. RESULTS AND DISCUSSIONS 

3.1. Results 

3.1.1. Extent of the Surveyed Regions 

Figure 3 shows nearly exhaustive coverage of the western part of the lagoon area, 

which was achieved through a systematic street survey. The few uncovered zones mainly 

correspond to inaccessible depressions (lowlands) or street segments that were temporarily 

blocked due to ongoing construction work. In total, the dose rate was recorded at 341,991 

points across all 13 districts, which represents 4,329 points per km². 

Figure 3: Street networks surveyed in the city of Cotonou. The surveyed streets are shown as thin blue 

lines, with almost complete coverage of districts 5–9 and partial coverage of districts 1–4. 

 

All nine (09) markets included in the study were subject to a systematic and 

comprehensive scan, with a total of 16,202 points recorded. 
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3.1.2. Ambient Gamma Dose Equivalent Rate 

Along the streets, the average ambient gamma dose equivalent rate was 25.11 ± 12.72 

nSv·h– 1, with values ranging from 4.67 to 136.83 nSv·h– 1. The spatial distribution of these 

dose rates across the districts of Cotonou is illustrated in Figure 4. 

Figure 4: Map showing the ambient gamma dose equivalent rates along the street networks of Cotonou in 
2024. The level of the ambient gamma dose equivalent rate along the streets is represented according to 

the color scale. 

 

Almost all (97.4%) of the streets in Cotonou presented an ambient gamma dose 

equivalent rate in the green zone, indicating low dose rates (< 60 nSv·h– 1). The average 

ambient gamma dose equivalent rate in the districts of Cotonou ranged from 17.72 ± 6.73 

nSv·h– 1 in District 8 to 35.37 ± 25.09 nSv·h– 1 in District 5. The minimum ambient gamma 

dose equivalent rate was 4.67 nSv·h– 1 and was observed in District 9, whereas the maximum 

dose rate reached 136.84 nSv·h– 1 in District 5 (site of a cement manufacturing plant). 

The distribution of the ambient gamma dose equivalent rates in the 13 districts of 

Cotonou is summarized in Table 1.  
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Table 1: Ambient gamma dose equivalent rates along the streets of Cotonou districts in 2024. 

Districts 

Ambient gamma dose equivalent rates (nSv·h– 1) 

Average 
Standard 
deviation 

Minimum Maximum 
2.5th 

percentile 
97.5th 

percentile 

1 25.38 11.07 8.31 59.79 14.11 47.20 

2 30.27 18.73 12.28 91.95 12.92 60.31 

3 24.30 13.66 9.16 65.02 13.50 56.44 

4 26.54 22.87 6.32 121.09 13.24 101.42 

5 35.37 25.09 7.12 136.84 13.44 91.36 

6 20.58 8.43 6.11 83.52 12.75 38.76 

7 26.50 17.42 6.39 120.43 11.69 85.66 

8 17.72 6.13 5.87 78.88 11.48 36.49 

9 25.59 7.37 4.67 123.29 12.80 31.59 

10 22.75 13.16 6.87 124.42 13.28 50.97 

11 25.40 16.34 4.97 118.47 12.98 68.04 

12 25.05 14.27 5.85 101.28 13.27 64.02 

13 23.63 13.64 5.05 121.70 12.85 56.69 

 

A map of the average ambient gamma dose equivalent rates in Cotonou districts is 

shown in Figure 5. 

Figure 5: Map showing the average ambient gamma dose equivalent rates in Cotonou districts in 2024. 
The highest average rate was observed in District 5, which hosts a cement manufacturing plant. 
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In the markets of Cotonou, the average ambient gamma dose equivalent rate was 42.22 

± 28.23 nSv·h– 1, with extreme values ranging from 7.38 to 156.10 nSv·h– 1. The highest 

individual dose rate was recorded at the Gbégamey market, whereas the Midombo market 

presented the highest mean dose rate (83.17 ± 20.43 nSv·h⁻¹). Table 2 presents the ambient 

gamma dose equivalent rate values for the nine markets in Cotonou. 

Table 2: Ambient gamma dose equivalent rates in the markets of Cotonou in 2024. 

Markets 

Ambient gamma dose equivalent rates (nSv·h– 1) 

Average 
Standard 
deviation 

Minimum Maximum 
2,5th 

percentile 
97,5th 

percentile 

Aïdjèdo 63.26 21.24 13.31 123.12 16.97 96.37 

Cadjèhoun 65.38 22.91 17.99 98.95 19.39 95.50 

Ganhi 65.30 11.81 35.75 90.42 45.09 87.28 

Gbégamey 75.13 22.77 25.20 156.10 39.35 113.19 

Midombo 83.17 20.43 15.15 121.00 41.03 107.69 

Menontin 64.41 25.34 16.44 115.37 18.47 102.99 

Tokplégbé 67.49 16.49 31.46 102.26 36.90 94.35 

Wologuèdè 62.39 20.06 14.77 98.46 23.87 91.33 

Dantokpa 23.71 12.90 7.38 85.14 13.47 55.98 

 

The average ambient gamma dose equivalent rate in the indoor markets was 69.72 ± 

21.96 nSv·h– 1. The average ambient gamma dose equivalent rate in the indoor markets was 

more than double that of the Dantokpa market. The average dose equivalent rate was higher 

in the indoor markets (Aïdjèdo, Cadjèhoun, Ganhi, Gbégamey, Midombo, Menontin, 

Tokplégbé, Wologuèdè) than in their respective districts. The average ambient gamma dose 

equivalent rate in the Dantokpa market was close to that measured in the district where it is 

located. Figure 6 provides an overview of the average ambient gamma dose equivalent rate 

in each market, as well as in their respective districts.  
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Figure 6: Average ambient gamma dose equivalent rates in markets and their host districts. 

 

The difference in the average ambient gamma dose equivalent rate between the 

markets and their respective districts of location is shown in Figure 7. 

Figure 7: Differences in average ambient gamma dose equivalent rates between markets and their 
corresponding districts in 2024. The error bars represent the 95% confidence intervals of the average 

differences. 
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The difference in the average dose equivalent rate between the Dantokpa market and 

its district of location was significantly lower and distinct from that observed for the indoor 

markets and their respective districts. 

3.1.3. Annual External Effective Doses 

The average annual external effective doses ranged from 0.03 ± 0.01 mSv to 0.06 ± 

0.04 mSv along the streets of the Cotonou districts (Table 3). 

Table 3: Estimated annual external effective doses along the streets of Cotonou districts in 2024. 

Districts 
Annual external effective doses (mSv) 

Average 
Standard 
deviation 

1 0.04 0.02 

2 0.05 0.03 

3 0.04 0.02 

4 0.05 0.04 

5 0.06 0.04 

6 0.04 0.01 

7 0.05 0.03 

8 0.03 0.01 

9 0.04 0.01 

10 0.04 0.02 

11 0.04 0.03 

12 0.04 0.03 

13 0.04 0.02 

All districts 
(Cotonou) 

0.04 0.02 

 

The average of annual effective dose was 0.10 ± 0.06 mSv for the Dantokpa market 

and ranged from 0.27 ± 0.09 mSv to 0.36 ± 0.09 mSv for the indoor markets (Table 4). 
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Table 4: Estimated annual external effective doses in the markets of Cotonou in 2024. 

Markets 

Annual external effective doses (mSv) 

Average 
Standard 

deviation 

Aïdjèdo 0.28 0.09 

Cadjèhoun 0.28 0.10 

Ganhi 0.29 0.05 

Gbégamey 0.33 0.10 

Midombo 0.36 0.09 

Menontin 0.28 0.11 

Tokplégbé 0.30 0.07 

Wologuèdè 0.27 0.09 

Dantokpa 0.10 0.06 

 

3.2. Discussion 

The measurement of the ambient gamma dose equivalent rate along streets and in 

markets in Cotonou, southern Benin, provided valuable data on public external exposure to 

ionizing radiation. The data, derived from a nearly exhaustive survey of the study area, 

provide representative coverage of the city of Cotonou. The methodology, which is based 

on measuring the ambient gamma dose equivalent rate along streets, is particularly relevant, 

as these routes are frequently used by the population, whether on foot, by motorcycle, or by 

car. Moreover, this nearly exhaustive network enables the mapping of a large portion of the 

urban area, especially residential zones, through continuous and georeferenced data 

collection over long distances. Previous studies have adopted a similar approach. In Kenya, 

a study assessed natural radioactivity by measuring the ambient dose rate along a section of 

roadway in a laterite mining region on the southern coast [15]. In Egypt, another study 

included the Aswan-Abu Simbel highway in a campaign measuring the ambient dose rate in 

the southern part of the country [16]. 
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In Benin, an earlier study measured the ambient gamma dose equivalent rate in the 

central part of the country, specifically in the Collines Department, with study sites in granite 

quarries and schools [11]. Similar studies have examined public areas in Nigeria [17], Burkina 

Faso [18], and Cameroon [19]. Other studies have focused on specific areas, including 

phosphate mines in Togo [20], gold mines in Burkina Faso [21] and Ghana [22,23], and tin 

mines in Nigeria [24]. 

In the present study, the ambient gamma dose equivalent rate was measured directly 

in the air, following a similar approach to that used in certain studies conducted in 

Nigeria [17] and Benin [11]. However, this method differs from that used in several other 

studies, where dose rates were calculated from the activity concentrations of radionuclides in 

soil samples [25,26]. While this indirect approach allows for the identification of specific 

radionuclides, it limits the geographic scope of the results to the sampling sites. 

The measured values in Cotonou, along the streets, ranged from 4.67 to 136.83 nSv·h–

1, with an average of 25.11 ± 12.72 nSv·h–1. These rates are significantly lower than those 

recorded in schools in the Collines Department, a mountainous area located approximately 

220 km north of Cotonou, where ambient gamma dose rates range from 80 to 400 nSv·h⁻¹, 

with an average of 250 nSv·h–1 (10). This difference is attributable mainly to the geological 

characteristics of the study areas, as mountainous regions tend to be naturally richer in 

radionuclides [14]. Similar values to those reported in Cotonou have been reported in 

Burkina Faso [18,21], Nigeria [27], Cameroon [28], Algeria [29], and Sudan [30]. In contrast, 

higher dose rates have been recorded at specific sites, such as a phosphate mine in Togo [19], 

a gold mine in Ghana [31], and a coastal region in Madagascar [32]. The dose rate data 

reported by these authors are summarized in Table 5. 

Outside the African continent, dose rate values also show considerable regional 

variability. According to UNSCEAR, the average absorbed dose rate in air ranges from 

54 nSv·h–1 in Canada to 88 nSv·h–1 in Mexico, 66 to 103 nSv·h–1 in several European 
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countries, such as Denmark, Finland and Lithuania, and between 68 and 104 nSv·h–1 in East 

Asian countries, including China, Indonesia, Japan and Korea [33]. However, such 

comparisons are limited by the heterogeneity of study sites and methodological approaches. 

As a result, these findings must be interpreted with caution, considering the specific 

geographical, environmental, and technical contexts of each study. 

Table 5: Ambient gamma dose equivalent rates measured in our study and in previous studies 

Authors, Year Countries/Regions Sites 

Ambient gamma dose equivalent 
rates 

nSv·h–1 nGy·h–1 

Our study Benin (Littoral) 

Streets (Public 
area) 

25 (4,67 – 137)  

Indoor markets 68 (13 – 156)  

Abdalhamid et al., 2017 [30] Soudan Mountainous area 180 (50 – 250)  

Adeodjo et al., 2023 [17] Nigeria Public area 80 –310  

Bramki et al., 2018 [29] Algérie (Mila) Fertilizers and soil  56.98 ± 3.06 

Faanu et al., 2016 [31] Ghana Gold mine  741.6 ± 260.1 

Joël et al., 2019 [27] 
Nigeria (Ado-
Odo/Ota) 

Public area  81(58 – 101) 

Kall et al., 2014 [32] Madagascar Coastal region  153 (89 – 209) 

Nabayaogo et al., 2021 [21] Burkina Faso Gold mine  20 – 70 

Saïdou et al., 2019 [28] Cameroun (Poli) Public areas 57 (25 – 102)  

Hazou et al., 2019 [20] Togo (Sud) 
Phosphate mine  198 (142 – 255) 

Public area  26 (20 – 22) 

Zinsou et al., 2024 [11] Benin (Collines) 
Granite quarries 255 (110 – 400)  

School 240 (80 – 400)  

 

Spatial heterogeneity in dose rates was observed across the various districts of 

Cotonou, suggesting an uneven distribution of natural radioisotopes in the Earth's crust or 

the presence of specific anthropogenic sources, including naturally occurring radioactive 

material (NORM) industries. The relatively high average dose in District 5 may be 

attributable to the presence of a cement manufacturing plant located in this area [34]. 
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At the open-air Dantokpa market, the dose rate was low and comparable to that of its 

host district. In contrast, in Cotonou’s modern market, which includes indoor facilities built 

and inaugurated in 2024, the ambient dose rate was higher than that in the surrounding 

districts, reaching nearly twice the district’s average dose rate. Indoor markets may favor the 

accumulation of radon due to limited ventilation and the possible use of construction 

materials containing elevated levels of uranium or thorium, as suggested by studies of radon 

exposure in public buildings [28,34]. A study on granite from central Benin reported that the 

specific activity of natural radionuclides was greater than that of sand [35]. Furthermore, 

enclosed markets may contribute to increased indoor radon concentrations. 

The estimated annual external effective dose on streets across various districts, as well 

as in Cotonou’s markets, remains below the UNSCEAR reference level of 0.87 mSv/year for 

public exposure to natural terrestrial and cosmic radiation [14]. 

Although ambient dose rates in markets remain below this threshold, further 

investigations would be relevant from an optimization perspective. In particular, studies on 

the radionuclide composition of construction materials and measurements of indoor radon 

activity concentrations, especially in enclosed public spaces, would also be justified. 

4. CONCLUSIONS 

This study provides representative data on ambient gamma dose equivalent rates 

across the city of Cotonou. The results indicate low levels of natural radiation exposure 

among the population, generally below the recommended public dose limits. However, the 

observation of higher dose rates in certain indoor markets highlights the need for greater 

attention to the construction materials used, especially in buildings open to the public. The 

relatively high dose rate in District 5, where the cement plant is located, underscores the 

importance of environmental radiological monitoring in areas potentially affected by NORM 

industries. In addition to the measurements performed, further investigations should be 
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undertaken to assess the radiological composition of local construction materials and indoor 

radon concentrations. The findings of this study may serve as a reference for future research 

in Cotonou and surrounding areas and as a foundational tool for strengthening national 

public radiation protection and environmental health policies. They also highlight the need 

for broader environmental radiation monitoring strategies in other West African urban areas 

where radiological data remain sparse. Strengthening regional collaboration and data sharing 

could enhance preparedness and support evidence-based policymaking across the subregion. 
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