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ABSTRACT 

The electromagnetic environment became dense with the spread of its 

artificial sources in urban and rural areas. More and more publications are 

describing their unfavourable effects, including human well-being 

deterioration, disruption of the nervous system functions or cancer occurrence. 

Also, there is a legal loophole related to electromagnetic fields (EMF) in many 

countries. The aim of this contribution is to map people's exposure to EMF 

from phone base stations in the north of Libreville, Gabon. Data on phone base 

station emissions have been collected with Spectran 6080HF, processed with 

MCS Spectrum Analyser 2.1.6, transferred in a WPS spreadsheet, and 

converted to a shape file before mapping them in ArcMap and examining 

spatial concentration in QGis. Phone base station emissions vary in space and 

time between 0 to 488,09 V/m from June to December 2021. The threshold of 

phone base station emissions standards is exceeded at different periods for all 

mobile phone network operators, by the Salzburg Resolution and Gabonese 

standards. Furthermore, the concentration of EMF exposure varies in space 

and concerns more Akanda than Libreville. This fact explains the spatio-

temporal variation of people at risk, as all types of districts and social classes 

are concerned. Based on the precautionary principle, and because this risk is 

a matter of accumulation of exposure, it is important to revise standards and 

raise awareness of EMF pollution as cancer cases and related diseases have 

grown amidst struggling health systems for years. 
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INTRODUCTION 

The use of technology is growing in Africa, and so 

is exposure to electromagnetic fields (EMF). 

Electric and magnetic fields are invisible areas of 

radiation, produced by electricity (NIH & NCI, 

2022). Sources of exposure to EMF pollution in 

urban areas mainly include mobile communication, 

electric base stations, wireless and cable internet, 

radio equipment, high energy voltage transmission 

lines, medical devices, and others (Thulu et al., 

2023). However, Electromagnetic Hyper-

Sensitivity is characterized by awareness and/or 

symptoms triggered by EMF exposures. Symptoms 

like nausea, loss of appetite, sleep disturbance, loss 

of memory, lowering of libido, headaches, 

dizziness, heart palpitations, tinnitus, skin rashes, 

visual disturbance, sensory disturbance, and mood 

disturbance have been linked to phone base station 

(BSs) vicinity (ICBE-EMF, 2022; Raphael Yende, 

2016; Carpenter, 2013; Khurana et al., 2010; Kundi 

& Hutter, 2009; Santini et al., 2002). Furthermore, 

cancers are significant in people living close to base 

stations (ICBE-EMF, 2022; Gómez-Perretta et al., 

2013; Carpenter, 2013; Khurana et al., 2010; Wolf 

& Wolf, 2004; Eger et al., 2004). Moreover, the 

increase in the number and spread of phone base 

stations have raised public awareness. Therefore, 

the health risk due to exposure to radio-frequency 

electromagnetic fields (RF EMFs) is a topic today.  

To try to protect people, the International 

Commission on Non-Ionizing Radiation Protection 

(ICNIRP) and the Federal Communications 

Commission (FCC) from the United States, on the 

basis of animal experiences and thermal effects 

mainly, adopted radio frequency radiation exposure 

limits in the late 90s (Hirata et al., 2021; Raphael 

Yende, 2016). In the Western world, standards vary 

between 61 V/m for the European Union and 0.6 

V/m recommended by the Salzburg Resolution 

(Roth et al., 2024; Raphael Yende, 2016; Viel et al., 

2009, Altpeter, 2000). As effects on the brain of 

those living near phone base stations, consequences 

in terms of sleep disturbance, fatigue or headaches 

have been established from 0.6 V/m, scientists 

suggested that residential exposure should not 

exceed 0.194 V/m or 0.01 µW/cm² (Raphael Yende, 

2016).  

In Africa, few studies exist about RF EMF 

exposure. Abdel-Rassoul et al. (2007) in Egypt, 

assessed neurobehavioral effects around phone base 

stations in Menoufiya governorate. They found out 

that people living near that kind of infrastructure are 

at risk for developing neuropsychiatric problems 

and some changes in their neurobehavioral 

functioning. In fact, the prevalence of headaches, 

memory problems, dizziness, tremors, depressive 

symptoms, and sleep disturbances was significantly 

higher among exposed inhabitants (Kundi & Hutter, 

2009). Also, measures of RF EMFs emitted were 

lower than the Egyptian standards based on the 

American National Standards Institute (ANSI) and 

the Institute of Electrical and Electronics Engineers 

(IEEE) standards. The authors recommended the 

revision of standards guidelines for public health 

exposure to radiofrequency electromagnetic 

radiation (RER) from BSs.  

In the Congo Democratic Republic (Beni City) the 

study demonstrated that people can use up to four 
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telecommunication networks and that there is a need 

for appropriation of the technology for development 

(Raphael Yende, 2016). In Ethiopia (Addis Ababa, 

Dessie and Kombolcha) and South Africa (Cape 

Town, Milernton, Muizenberg and Stellenbosch) 

radiofrequency electromagnetic field exposure 

levels were compared in different everyday 

microenvironments (Sagar et al., 2018). This study 

stated that the mean total RF-EMF exposure levels 

were below ICNIRP guidelines that there is a high 

variability of RF-EMF between selected 

microenvironments, and also that exposure tends to 

increase with the level of urbanity.  

In Malawi (Blantyre City) EMF was assessed 

through electric and magnetic pollution 

measurements (Thulu et al., 2023). These 

measurements were found lower than international 

organisation standards, but considered a threat to 

people, in terms of cumulative doses. The majority 

of these countries use international exposure limits 

from ICNIRP recognized by the World Health 

Organization (WHO), ANSI and IEEE. However, 

more recently, international exposure limits have 

been considered not adequately protective of people 

from short-term or long-term RFR exposures, by the 

International Commission on Biological Effects of 

EMF (ICBE-EMF, 2022). In addition, given the 

One Health approach, to improve the understanding 

of health problems, it is essential to pay attention to 

EMF exposure, especially because EMF pollution is 

becoming one of the main concerns in terms of 

environmental quality. 

In Gabon, a coastal country in central-west Africa, 

more and more cancer cases are notified and health 

systems have been struggling for years. In other 

respects, since 2010 Gabon has a limit exposure to 

EMF of 6V/m and a security distance of 100 meters, 

only for nurseries, schools and health facilities 

(MCPEN, 2010). This value of 6 V/m seems based 

on technical reasons more than medical ones 

(Ndonghan Iyangui, 2016).  

Also, the first study related to EMF in Gabon 

assessed for 2015, the proximity of phone base 

stations and schools in some districts of Libreville, 

the capital (Ndonghan Iyangui, 2016). Some base 

stations were found too close to some schools. 

However, because not all the schools’ establishment 

dates were available, it was not possible to 

determine if base stations were established before or 

after schools started. At that time, data on 

measurements of exposure were not available 

anywhere, as the Regulatory Authority for 

Electronic Communications and Posts (ARCEP) 

was not willing to collaborate, let alone the major 

cell phone companies. This subject is really 

sensitive in Gabon. 

This study was the start of the collaboration with the 

NGO Gabonese Observatory of Electromagnetic 

Pollution (OGAPEM) to exploit data on phone base 

station emissions they collected. Indeed, to motivate 

decision-makers to reduce exposure limits to less 

than 0.6 V/m, it is important to provide them with 

sufficient scientific arguments, mainly based on 

local studies. In 10 years, Gabonese standards 

should be 0.194 V/m, as scientists already suggested 

(Raphael Yende, 2016). But for instance, moving 

standards from 6 V/m to 0.6 V/m as recommended 

by the Salzburg Resolution to improve inhabitants 

and environmental biodiversity protection will be a 

good start.  

This work on mapping EMF exposure is the start of 

a series of studies to produce information for the 

decision-making process. It is the first time EMF 

exposure has been studied in Gabon. So, the purpose 

of this paper is to assess spatial exposure of EMF 

from phone base stations in the north of Libreville. 

To this end, the first step is to map EMF emissions 

by phone base stations in comparison with local and 

the Salzburg Resolution exposure limits. A second 

step is to examine the spatial concentration of this 

exposure. 

Mapping EMF exposure can not only help change 

the standards but also contribute to the improvement 

of population health. In a broader context, this study 

can raise awareness of the African scientific 

community mainly, to pay attention to this 
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exposure, as cancer prevalence is rising but the 

health systems are still struggling. 

MATERIALS AND METHOD 

Study design 

North of Libreville has been chosen essentially 

because of the availability of data. This area, 

indicated in Figure 1 below, is concerned with two 

districts of Libreville, the administrative capital of 

the country and two districts for Akanda, the 

administrative capital of the Estuary region. In 2013 

this part of Libreville counted 35.5% (227474 

inhabitants) of its population, while in Akanda the 

two districts represent the total of the population 

(34548 inhabitants), but 4.7% of Libreville-Akanda 

area. For all these districts, there are more males 

than females and 32.44% of the population is less 

than 15 years old (85 010 inhabitants) based on the 

2013 National Census (DGS, 2015). But today, 

since many housing estates have been built in 

Akanda, its population seems to increase.

Figure 1: North of Libreville  

 
Source: Roads, limits of regions and districts from the National Institute of Mapping (INC)  

Mobile phone has been in Libreville since 1992 

(Ndonghan Iyangui, 2016). Since 2022 Airtel 

Gabon and Moov Africa have been the only 

operators. It is only in 2010 that Standards of EMF 

appear for emissions of phone base stations with the 

former Telecommunication Regulatory Agency 

(ARTEL)’s Order No. 025/MCPEN/CAB/2010 in 

the regulation of the location of phone base stations 

in the Gabonese Republic. In Article 3, EMF 

emissions have to be not more than 6 V/m (MCPEN, 

2010). Also, Article 4 stipulates that operators have 

to locate their antennas 100 meters from sensitive 

establishments: nurseries, schools and health 

facilities. Moreover, in Gabon, operators are 
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allowed to install phone base stations in family 

concessions. So it is not rare to walk or live close to 

mobile phone base station antennas across the 

country.  

Data collection 

Different types of data have been used: phone base 

station emissions, Gabonese standards on 

electromagnetic field emissions, Salzburg 

Resolution standards, main roads and limits of 

districts and regions. Data on phone base station 

emissions have been collected from June to 

December 2021, with Spectran 6080HF in a car, 

saving information at least every 20 seconds. Routes 

have been identified mainly because of traffic, 

human density, proximity to phone base stations and 

because personal activities took place there. 

Gabonese standards on electromagnetic field 

emissions have been collected in the 

Telecommunication Regulatory Agency Orders. 

Salzburg Resolution standards have been collected 

in the literature. Roads and limits of districts and 

regions come from the National Institute of 

Mapping (INC).  

Data processing and analysis 

After collection, phone base station emissions data 

have been processed with MCS Spectrum Analyser 

2.1.6, to save and transfer data in a spreadsheet file. 

Emissions data are collected in decibels milliwatt 

(dbm) format and converted into volt per meter 

(V/m) format. Through GPS points collected by the 

Analyser, this file has been converted into a shape 

file in ArcCatalog, to be used in QGis and ArcMap 

for map production and layout respectively. 

EMF exposures have been mapped to highlight 

three measures of standards; so less than 0.6 V/m, 

between 0.6 V/m and 6 V/m and more than 6 V/m. 

The first one is to identify the Salzburg Resolution 

standards and the second helps to delimit Gabonese 

standards with the first category and the last level 

allows to show if operators overrun the standards. 

Kernel Density Estimates (KDE) or Heatmap in 

QGis have been performed, using the mean centre 

and spatial standard distance, to identify places 

which might have the highest concentration of 

exposure. 

RESULTS 

BS emissions have been recorded for 172 days from 

June to December 2021 as shown in Table 1 below, 

where a variability in data can be identified, as the 

standard deviation stays higher than the mean, 

especially in June, July, October and December. 

This means that values oscillate between the 

minimum and the maximum limits numerous times 

throughout measurements and describe a spatio-

temporal variation of EMF emissions. It is 

important to note that the maximum value in June 

has not been mapped, because of the lack of GPS 

points for this particular information. 

 

Table 1: Statistical description of emissions data from phone base stations.  

 
Day of 

record 
Mean 

Standard 

Deviation 

the Salzburg Resolution 

atypical days (> 0.6v/m) 

Gabon atypical 

days (> 6v/m) 

Jun-21 27 0.043 4.42 5 0 

Jul-21 29 0.067 5.58 9 1 

Aug-21 22 0.003 0.10 2 0 

Sep-21 23 0.004 0.08 9 0 

Oct-21 20 0.062 5.42 5 1 

Nov-21 25 0.002 0.03 5 0 

Dec-21 26 2,18E+15 1,63E+17 15 2 

Total 172 4,20389E+14 7,17913E+16 50 4 

Source: OGAPEM data collected in the field from June to December 2021 
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On average, emissions have been recorded 24.57 

days a month, (standard deviation 3.10). An atypical 

day is a day where a value above a standard is 

recorded. For the Salzburg Resolution standard of 

0.6 V/m, 50 days of values above this standard have 

been recorded in all months and for Gabonese 

standards of 6 V/m only fourth days in July, October 

and December have been registered, as noticed in 

Table 1 above. For levels above the Salzburg 

Resolution standards, the two operators are 

concerned with GSM and UMTS bands, and for 

those above Gabonese standards, it is just one of 

them for the same bands. When Spectran 6080HF 

detected unexpected values, like in July, October 

and December, a default value of 488.09 V/m was 

recorded for the UMTS band and 1,226035e+019 

V/m for the GSM band.  

Mapping of EMF emissions  

The spatiotemporal variation of EMF emissions can 

be visualized in Figure 2 below.  Most of the time 

people's exposure along routes was less than 0.6 

V/m from June to December 2021. Between 0.6 

V/m and 6 V/m, exposure varies depending on 

places and days. Furthermore, in Akanda, there are 

more places where emissions are above 0.6 V/m. 

One place counts 31 days of emission above 0.6 

V/m: 1er Campement. Jiji is coming in second place 

with six (6) days, then ISTA, Avorbam and 

Carrefour Entraco with three (3) days each before 

Okala derrière l’Ecole Publique with two (2) days. 

Eleven other places have one day of emission above 

the Salzburg Resolution standards. Around ISTA, 

there is a GSM base station and for other places, 

there are UMTS ones. For UMTS and GSM EMF 

exposure, most of the time emissions above the 

standards are recorded between 3:00 pm and 8:00 

pm. For the GSM band, there is also a record at 7 

am.  

Then, compared to the Gabonese standards, Chez 

Mackjoss in Libreville in July, Avorbam in October, 

Cité Marocaine and Carrefour Entraco in 

December in Akanda, are the four places where 

emissions values are above Standard as shown in 

Figure 2 below. For each place, these values are 

recorded only one day. Higher values are recorded 

in the morning, but also in the afternoon and the 

evening, mainly from UMTS.

 

Figure 2: Mapping of EMF in the north of Libreville from June to December 2021. 
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Source: Roads, limits of districts from the National 

Institute of Mapping (INC), OGAPEM data 

collected in the field from June to December 2021. 

Spatial concentration of EMF exposure 

There is a spatial concentration of EMF exposure 

between June and December 2021 as it is shown in 

Figure 3 below. In fact, the results reveal a main 

peak of EMF exposure at 1er Campement and a 

second at Carrefour Jiji in Akanda mainly, although 
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Carrefour Jiji has a part in Libreville. Then there is 

ISTA, Cité Marocaine, Carrefour Entraco in 

Akanda and between ASECNA and Ballon d’Or in 

Libreville. 

Figure 3: Spatial concentration of EMF in the north of Libreville from June to December 2021. 

 

 

DISCUSSION 

This study assesses the spatial exposure of the 

population to electromagnetic waves emitted by cell 

phone antennas. This assessment is the first in 

Central Africa and in Gabon. The first step was 

based on the mapping of the emission values of the 

antennas, according to the Salzburg Resolution 

standards, the lowest in the world on the one hand, 

and Gabonese standards on the other hand. The 

second step was focused on the spatial 

concentration assessment of the exposure to the 

waves. The study revealed a spatial variation of 

exposure to electromagnetic waves’ concentration.  

These results were expected, in a context where the 

policy for the establishment of cell phone antennas 

is somewhat lax. Indeed, cell phone operators can 

request plots of land from private individuals to 

install their cell phone antennas. In addition, these 

individuals do not seem to be well informed about 

the long-term risks related to their proximity to 

these infrastructures. Moreover, the subject of the 

relationship between the health of the populations 

and their proximity to these infrastructures, 

although important and current, seems 

inappropriate. These results can also be justified, to 

some extent, by the lack of emission audits of each 

functional cell phone antenna. It should also be 

noted that long-term impacts of exposure to 

electromagnetic waves are almost non-existent in 

impact studies. The OGAPEM report has been 

presented to the ARCEP, and the operator that 

overran the standards was the subject of a formal 

notice and adjusted the level of exposure. 

Therefore, the spatio-temporal variation of 

exposure to electromagnetic waves has already been 

demonstrated in Tamazunchale, San Luis Potosi in 

Mexico (Ramirez-Vasquez et al., 2021), in Paris 

(Regain et al., 2020) and in the Doubs department 

in France (Viel et al., 2009). In Gabon, cell phone 

operators are not accessible when it comes to 

electromagnetic pollution. It is certainly possible to 

link this spatio-temporal variation with that of the 

accumulation of exposures, linked for example to 
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the proximity of high-voltage power lines or the 

widespread use of WiFi in Libreville and Akanda. 

In fact, it's not uncommon to find people living 

below high-voltage lines, especially in urban areas. 

On this subject, Beka Beka and Ada Nzoughe Epse 

Abounou (2021) state that, in Gabon, seven out of 

ten homes are built on high-risk land, but exposure 

to risks is greatest in urban areas. In addition, 

Bivigou Ilama (2020) identifies banned pesticides 

among those used by market gardeners in Libreville. 

Pesticides with Cadmium (Cd) or Lead (Pb) are at 

risk of cancer development (Basu et al., 2021; 

Chaza, 2017). All these different types of exposure 

must be studied and related to the increase in cancer 

prevalence in the country.  

Accumulated exposure may, to some extent, 

account for the increase in cancers in Gabon, since 

numerous authors have demonstrated the link 

between proximity to cell phone antennas and the 

development of leukemia in children (Gómez-

Perretta et al., 2013; Carpenter, 2013; Kundi & 

Hutter, 2009; Santini et al., 2002), as well as cancers 

in general (Gómez-Perretta et al., 2013; Khurana et 

al., 2010; Eger et al., 2004). It has been shown on 

the one hand that there is three (3) times more risk 

of developing cancer after five (5) years of exposure 

within a radius of 400m around a base station 

(Ndonghan Iyangui, 2016; Eger et al., 2004), and on 

the other hand that there is more than four (4) times 

more risk of developing cancer after three (3) to 

seven (7) years of exposure to 350m from the base 

station (Ndonghan Iyangui, 2016; Khurana et al., 

2010). More recently, various cases of cancer deaths 

have been linked to the proximity (91 meters) of 

mobile phone antennas (Jayaraju et al., 2023). 

Indeed, cervical cancer, between 1984 and 1993, i.e. 

9 years, had a prevalence of 26.4% and between 

2013 and 2017, i.e. 4 years it was 23% (Ivanga et 

al., 2021). Over the same period and based on data 

from the Libreville Cancer Institute (ICL), breast 

cancer appears as the first female cancer, and 

represents between 18% and 20% of female cancers 

(Assoumou Obiang et al., 2020). In addition, until 

2019, digestive cancers were on the rise at the 

Centre Hospitalier Universitaire de Libreville, with 

hospital frequencies of 2.5% in 2017, 3.7% in 2018 

and 7.1% in 2019 (Maganga Moussavou et al., 

2021). Also, because children are the main 

population at risk, it would be important to assess 

their exposure, in a context where many families 

expose their children by giving them access to cell 

phones for hours. 

This draws attention to the fact that the weakened 

healthcare systems, for the most part, will certainly 

not be able to cope with what looks like an epidemic 

outbreak of cancer. Measures must therefore be 

taken, based on studies and the experience of other 

countries. Reducing exposure standards is one of 

them. Particularly because most emissions are 

below 0.6 V/m. So, if the Salzburg Resolution has 

recommended this standard, it goes without saying 

that Gabon can adopt it, as many other countries, 

because since 2007 BioInitiative also has proposed 

a limit of 0.614 V/m for cumulative outdoor 

exposure and more recently, in 2022, ICBE-EMF 

declared that the FCC’s and ICNIRP’s exposure 

limits continue to present public health harm 

(BioInitiative, 2007; ICBE-EMF, 2022). The Pink 

October and Blue November campaigns would 

continue to help to improve the environment 

through screening and awareness-raising. 

Also, because society is increasingly dependent on 

technology, reducing exposure to electromagnetic 

waves is becoming complicated at the individual 

level. Nevertheless, there are a few questionable 

tips. Indeed, it is possible to choose the connection 

times and the duration outside working hours, avoid 

5G technology which is the most aggressive, live as 

far as possible from mobile phone antennas and 

high-voltage lines, turn off the modem at bedtime, 

and avoid giving connected devices to children. 

CONCLUSION 

The demonstration made by ICBE-EMF that 

international EMF exposure limits do not 

adequately protect people, the increase of cancers in 
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Gabon and the availability of EMF emission data 

collected by OGAPEM enabled an assessment of 

the spatial exposure of EMF from phone base 

stations in the north of Libreville. 

First, the mapping of EMF exposure has been made 

comparatively to both the Gabonese and the 

Salzburg Resolution standards, less than 6 V/m and 

less than 0.6 V/m respectively. It revealed a spatio-

temporal variation of exposure, characterized by the 

overruns of the two standards in time and space. The 

sharing of this information with the Regulatory 

Authority for Communications and Posts has given 

rise to a formal notice for the company concerned. 

Now that mobile phone operators know that 

OGAPEM can unexpectedly measure EMF 

exposure, they are doing their best to respect the 

standards. It also appeared that most of the time, 

telephonic companies emitted at less than 0.6 V/m. 

So this limit can be easily adopted.  

Secondly, the examination of the spatial 

concentration of EMF exposure demonstrated that 

there is a spatial variation of exposure concentration 

in Akanda. This result implies the need for more 

funds to medically follow up on people living 

around those places where the exposure is 

concentrated. The OGAPEM has to continue to 

collect data, collaborate with the ARCEP and 

sensitize people, notably about the danger of giving 

phones to children, who are more at risk of early 

development of cancers. In addition, the African 

scientific community has to embrace this problem 

to help authorities to reduce exposure in our 

countries, as in Western countries. 
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