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TELECOMMUNICATION MAST SITING NEAR RESIDENTIAL AREAS: POTENTIAL CARCINOGENIC RISKS, PUBLIC HEALTH RISKS AND REGULATORY GAPS IN A SUB-SAHARAN AFRICAN CONTEXT
Abstract

There is rapid growth and expansion of Telecommunication industry and infrastructures worldwide. In sub-Sahara Africa this has led to increased erection of base transceiver stations (BTS) often close to residential areas. The siting of telecommunication masts around residential buildings is often done without sufficient health and environmental risk assessments and adequate regulatory oversight. All these raise serious public health concerns, leading to community anxiety and agitations. In this review, we explore the existing regulations and monitoring of the siting of telecommunication masts in a sub-Saharan Africa nation, with the associated carcinogenic and public health implications, using Nigeria as a case study. This study uses a narrative review approach to synthesize data from national regulatory documents, international guidelines and peer reviewed literature with regards to the current understanding of electromagnetic radiation (EMR), the siting of telecommunication masts, as well as possible carcinogenic and public health concern of exposure to EMR from telecommunication masts. Policy frameworks, enforcement and monitoring, were analysed and compared with international standards. This work reveals systemic regulatory gaps, some uncoordinated approaches, poor public consultation and communication and lack of adequate health sector involvement in siting of telecommunication masts. The findings in the review, highlights the need for policy reform, inter-sectoral collaboration, including but not restricted to; policy makers, urban planners, telecommunication companies, public health experts and community engagement to safeguard environmental and public health. The outcome of this review may be valuable for other developing, low, and middle income countries facing similar challenges in balancing technological growth with public health protection.
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Introduction
The World Health Organization (WHO, 1948) defined heath as ‘the state of complete physical, mental, and social well-being, not merely the absence of disease or infirmity’.1 By this definition, health initiatives should better be considered as a holistic concept that includes overall well-being, and not presence or absence of illness, while considering some of the determinants of health - biological determinants, behavioural and lifestyle determinants, social and economic determinants, environmental determinants, healthcare system determinants, and political and policy determinants. Among environmental determinants, exposure to radiation, housing, water quality, and pollution levels are central.
The global technological revolution presents with it both possible positive and negative public health impacts. Sub-Saharan African nations are not exempted from these. The possible positive impacts include increased and speedy access to health related information, improved medical care and increased life span. Some of the possible negative impacts include radiation effects (including possible carcinogenic effect, especially when appropriate safe limits and proper cancer registry are not maintained), eye challenges from prolonged screen time, increased stress and other psychological disorders, increased sedentary lifestyles and associated diseases. Most countries adopt measures that will increase the benefits from the technology while minimising or limiting the negative effects using the guidelines advanced by World Health Organization (WHO)/International Commission on Non-Ionizing Radiation Protection (ICNIRP).2,3
In Nigeria, the return of civilian rule in 1999 led to the privatization and deregulation of telecommunication industry.4 Then in 2003, the National Assembly enacted the Nigerian Communications Act, in which Section 3 established and empowered the Nigerian Communications Commission (NCC) to see to the compliance with provisions.5 The rapid growth in the telecommunication industry has brought with it public health concerns over the environmental safety, particularly regarding the proximity of telecommunication masts indiscriminately mounted around residential areas.  These telecommunication structures emit non-ionizing electromagnetic radiation (EMR), which, though generally considered safe within regulated limits, remains under scrutiny due to long-term exposure concerns. 

This work reviews the carcinogenic and public health implications of continuous indiscriminate mounting of telecommunication mast around residential buildings as well as regulatory gaps with comparative international standards. This aims to provoke dialogue and possible policy action for safeguarding public health in this era of digital revolution.
Overview of Telecommunication Masts

Telecommunication masts (towers) are tall structures used to support antennas and transmission equipment for wireless communications such as mobile phones, internet services and satellite communication. The International Telecommunication Union (ITU, 2021) defined telecommunication masts as infrastructure components that support antennas for wireless communication services, including mobile networks, broadcasting, and satellite communications.6 The Federal Communication Commission (FCC, 2019) of United States described telecommunication mast as structure used to mount antennas for telecommunications, broadcasting, and wireless networking purposes, ensuring signal transmission over long distances.7
The materials used in Telecommunication Masts include: (1) Steel – due to the strength and durability. (2) Aluminium – for lightweight structures. (3) Concrete – especially in heavy duty towers.
Types of Telecommunication Masts
a) Monopole Towers (or Post Masts) – single, tall pole without cross-bracing.
b) Guyed Towers (Masts) – tall and thin structures stabilized with guy wires.
c) Self-Supporting Towers – free-standing, robust towers without external support.
d) Roof Mounts – on top of roofs to overcome roof interference of signals.
e) Lattice Towers – triangular or square framework made of steel.
f) Camouflaged Towers (Stealth Towers) – disguised as buildings, trees, or other objects.
g) Microwave Towers – specially designed to carry microwave dish antennas.
The major components of Telecommunication Mast are as follows:
· Tower Structure – provides height and support.

· Antennas – for signal transmission and reception.

· Feeder Cables – carry signals between antennas and equipment.

· Base Station Equipment – includes transmitters, receivers, and power supply.

· Lightning Protection – guards against electrical surges.

· Grounding System – ensures electrical safety.

Electromagnetic Radiation (EMR) Emitted by Telecommunication Masts
Telecommunication masts emit electromagnetic waves, also called electromagnetic radiation, in the non-ionizing spectrum especially in the form of radiofrequency (RF) and microwaves, to enable wireless communication. These waves travel through the air to transmit data, voice, and video signals across distances. 
On a general note, electromagnetic waves can be ionizing or non-ionizing radiation. Examples of ionizing radiation are X-rays, gamma rays, etc. They are regulated in Nigeria by the Nigerian Nuclear Regulatory Authority (NNRA), and are not the subject of this work. On the other hand, the radiations from telecommunication masts are considered in the category of non-ionizing radiation, meaning that they do not have enough energy to ionize atoms or molecules, but can cause biological effects under prolonged or high exposure, hence need for strict public health regulations in line with ICNIRP and WHO guidelines.2,3
Frequency Ranges of Common Types of Non-Ionizing Radiation and Uses
a) Radio Waves (RF Radiation). Frequency Range: 30kHz – 300GHz. Commonly used in mobile communications (2G, 3G, 4G, etc), radio, TV broadcasting, Wi-Fi and in Magnetic Resonance Imaging (MRI) in Radiology.

b) Microwaves. Frequency Range: 300MHz – 300 GHz. Commonly used in satellite communications, radar, microwave ovens, and 5G networks.

c) Infrared Radiation (IR). Frequency Range: 300GHz – 400THz. Used in remote controls, night vision, and heat sensing.

d) Visible Light. Frequency Range: 400 THz – 790THz. Used in day light vision. The only form of electromagnetic radiation visible to the human eye.

e) Ultraviolet Radiation (UV, Low-Energy). Frequency Range: 790THz – 30PHz (315 – 400 nm). Used in phototherapy to treat skin conditions like vitiligo and psoriasis.
Radiofrequency emissions from telecommunication masts are generally within regulated safety thresholds, if within safety limits. Concerns about long term exposure persist globally, hence many nations institute strict regulatory guidelines to eliminate or minimise any possible negative outcomes from the telecommunication masts.
Scientific Evidence of Carcinogenic and General Health Concerns Over EMF Emitted by Telecommunication Masts

The world Health Organization (WHO) in 1996 launched the International EMF Project to assess the scientific evidence of possible health effects of EMF exposure.8 The International Agency for Research on Cancer (IARC), an agency of the WHO, in 2011 classified radio-frequency electromagnetic field (RF-EMF) as ‘possibly carcinogenic to human’ (Group 2B), pointing to the fact that there could be some risks, hence further research is needed.9 Biomarker studies have also raised concern over subtle adverse  molecular effects of chronic  RF-EMF exposure. For instance Zothansiama et al.10 reported the frequencies of micronuclei (which are indicators of chromosomal damage) to be statistically higher in  the lymphocytes of residents living within 80m of mobile base stations in comparison to  those living over 300m away. They further reported the presence of reduced antioxidant defences (like glutathione, catalase, and superoxide dismutase) and increased lipid perioxidation among those living within the 80m range10. These findings raise serious suspicion on possible DNA damage through both chromosomal instability and oxidative stress among such residents, hence the need for precaution in location of these base stations especially in environments with poor regulation and monitoring.
Other reported negative effects of RF-EMR to humans include: electrohypersensitivity (also called clinicobiological entity and includes progressive headache, tinnitus, hyperacusis, and declined cognitive efficacy), and microwave sickness11.
The International Commission on Non-Ionizing Radiation Protection (ICNIRP, 2021) set exposure limits to prevent excessive radiation exposure.12 There is continuous health concern about prolonged exposure to high levels of radiofrequency (RF) radiations. Hence, nations are making conscious efforts to ensure that residents are not exposed to this ‘above limits’ that could pose health dangers. 

Studies from WHO (2020) and FCC (2022) indicates no conclusive scientific evidence of harmful health effects at exposure levels below international guidelines.2,13 WHO endorsed the safety guidelines set by the International Commission on Non-Ionizing Radiation Protection (ICNIRP) which specified mainly exposure limits that could ensure public safety. ICNIRP initial guideline was in 1998, then updated in 2009 with later review in 2020.3 Radio wave exposure can be measured or calculated and expressed in terms of their power density in watts per square metre, or as a fraction of the ICNIRP guideline level. WHO states that to date, no adverse health effects have been established as being caused by exposure to wireless technology.
Key Determinants of the Exposure of Radiation 
· Antenna radiation pattern
· Power output
· Installation height
· Distance from human dwellings
The above determinants need be in consideration while approving setbacks for telecommunication masts especially around residential buildings.

Comparative Application of ICNIRP Guidelines and Setback Guidelines for Telecommunication Masts from Buildings in some Countries

United Kingdom:14
The UK Health Security Agency (UKHSA, 2024) reiterates that exposure below international guidelines (ICNIRP limits) are unlikely to cause adverse health effects.14 The UKHSA continues to monitor the health-related evidence applicable to radio waves exposure including that from base stations and is committed to updating its advice as required. The research is still ongoing.
The UK has no standardized national setback distance between telecommunication masts and residential buildings, but employs a decentralized regulatory model, where local planning authorities assess each mast proposal individually, ensuring compliance with the ICNIRP guidelines through product safety legislation, health and safety legislation and planning policy (zoning laws).
Canada:
Similar to UK, Canada does not enforce uniform national setback distance. There is consultation with the public and local land-use authority before mounting masts based community byelaws, standards and preferences.

India:15
The guidelines on distance was set based on number of antennas on a mobile tower according to Department of Telecommunication to minimize EMF exposure. For example, masts with 1 antenna, minimum distance should be 20 meters from residential building, masts with 2 antennas = 35 meters, masts with 4 antennas = 45 meters, and for masts with 6 antennas = 55 meters.

United States of America (USA):16
The setback requirements are set at the local levels. For example, in the City of Newton, Kansas, for single-family or duplex residential unit, the setback should be 200 feet or 300% of the mast’s height, whichever is greater; and for existing multi-family residential units greater than duplex units, the required setback should be 100 feet or 100% of the tower’s height, whichever is greater.

Ghana:17
The regulation prohibits siting of telecommunication masts within proximities to social and major installations, and for schools and other public places, mast must be minimum offset of 150 meters.

Nigeria:
The Nigerian Communications Commission gave setback requirement for masts as minimum of 5 meters from nearest property, in addition to other technical guidelines in mounting telecommunication masts (NCC, 2009).18 However, the NCC is not a public health authority, raising questions about the scientific basis for this setback. Then, the National Environmental Standards and Regulations Enforcement Agency (NESREA), in their published Standards for Telecommunication and Broadcast Facilities Regulations (NESREA, 2011) gave setback of 10 meters from perimeter of residential buildings.19 
It is clearly evident that present operational setback guidelines in Nigeria are significantly lower than those in comparable nations, pointing to increasing potential exposure to nearby populations. The reason may not be far from the fact that unlike UKHSA, Department of Public Health or any other direct Health Agency is yet to critically make policy input in the exposure of Nigerian population to EMR from indiscriminate telecommunication masts. Though NESREA in the guideline, with major objective as to protect the environment and human health, ensure safety and general welfare, eliminate or minimize public and private losses due to activities of the telecommunications and broadcast industry, made mention of ICNIRP guidelines on radiation and seems to be more health-conscious compared to that of NCC, but the implementation of the even comparable lesser setback seems not to be complied with most times around the Nigerian cities. For instance, the required mandatory environmental impact assessment (EIA) for all new installations seem to be bypassed.
Hence, need to bridge this regulatory gap and the attendant public health implication. There is need to increase the setback by Nigeria to reduce exposure to EMR, with periodic monitoring emissions to comply with WHO and ICNIRP standards, while considering the key determinants of exposure in each telecommunication mast like antenna radiation pattern, power output, installation height, and then distance from human dwellings.
Overview of Sections 5 and Section 8 of NESREA Regulation 2011 on Telecommunication Masts in Nigeria19
5 (1) Notwithstanding the provisions in any other Regulations or Guidelines on Environmental Requirements for siting and installation of telecommunications/broadcast base stations, mast and towers:
(a) all new telecommunications/broadcast base stations and masts/towers shall be erected and operated in compliance with the provisions of the Environmental Impact Assessment (EIA) Act, Cap E12 Laws of the Federation of Nigeria, 2004, in addition to the submission of site-specific Environmental Impact Assessment (EIA) to the Agency;
(b) all existing telecommunications/broadcast base stations and masts/towers that have been erected without an EIA shall be subjected to an Environmental Audit (EA) in accordance with the National Environmental Standards and Regulations Enforcement Agency (NESREA) Guidelines on EA.
5 (4) (1) All new facilities shall:
(a) primarily be located in industrial, commercial or business areas;
(b) have minimum setback of 10 meters from the perimeter wall (fence) of residential/business premises, schools and hospitals to the base of the mast/tower; and
(c) where there is no perimeter wall (fence), have minimum of 12 meters from wall of residential/business premises, schools and hospitals to the base of the mast/tower.
8 (1) Radiation levels from telecommunications/broadcasting base stations shall be monitored to ensure that the base stations do not transmit electromagnetic waves with potential adverse effects on people and the environment.
(2) Permissible radiation level for occupational staff on site and for the general public shall conform with all extant standards, regulations and the permissible limits approved for telecommunications/broadcast facilities by the World Health Organization (WHO) and the International Commission on Non-Ionising Radiation Protection (ICNIRP) and any amendments thereof.
Environmental Impact Assessment (EIA) and Health
EIAs are set of crucial tools for minimising environmental and health risks from infrastructure projects.20 NESREA Regulations 2011 mandates EIA for all new mast installations and environmental audits for existing structures. Unfortunately, many masts are indiscriminately installed in Nigeria around residential buildings without undergoing full EIA cycles. Community engagement, an important step in EIA is often skipped, exacerbating mistrust and increasing potential health risks.

Steps in EIA Process

1. Screening: - determine whether project require EIA based on legal requirement, and risk levels, and then categorize impact (high impact vs low impact).
2. Scoping: - identify key environmental issues, in addition to involving stakeholder consultations and expert input.
3. Baseline Study: - involves data collection on existing environmental conditions; examine physical, biological and socio-economic factors, and establish reference points for impact assessment.

4. Impact Prediction and Evaluation: - involves identifying potential environmental impacts and magnitude
5. Mitigation Measures: - propose strategies to prevent or minimise or offset the negative impacts, and also include alternative project designs or compensation plans.
6. Public Participation and Consultation: - involves engaging the communities, NGOs and stakeholders; collect feedback on environmental and social concerns. It improves transparency and decision making.
7. Environmental Impact Report (EIR)/Environmental Impact Statement (EIS): - this is documented findings, assessments and proposed mitigation measures, to be submitted to the Authority. It includes an executive summary, methodologies, results and recommendation.
8. Review and Decision-Making by the Authority: - the Authority evaluate EIA report for adequacy - approves, reject or requests modification before approval.
9. Environmental Monitoring and Management Plan (EMMP): - involves setting up framework for ongoing monitoring and compliance to the mitigation measures. Then adapts to unforeseen environmental issues.
10. Post-Project Auditing and Compliance: - involves assessing actual versus predicted impacts, & ensure long term sustainability actions.
Summary of Observed Regulatory Gaps
1. Lack of public health involvement – Health authorities and Experts in Public Health seem not to be fully part of the decision about domesticating ICNIRP guidelines on limit of exposure to radiation.  

2. Absence of Community engagement -  EIA seems to be bypassed and where it is reported done, community/stakeholders participations seem skipped.

3. Questionable data basis – no transparency on how setbacks distances from human dwellings (by NCC and NESREA) were determined, for protection from exposure to radiation.

4. Neglected monitoring – Post-installation radiation and health monitoring were not emphasised and seem inconsistent or absent.
5. NCC not Health Authority – It was Nigerian Communications Commission (NCC) that presented Health implication of the mounting of telecommunications mast close to building to Nigerian House of Representatives and not the Public health experts.
Life expectancy and Health of a Nation
Life expectancy serves as a barometer (key indicator) for a nation’s overall health and quality of life. Environmental health, including exposure to radiation, access to clean air and water, and safe housing among other factors, plays a significant role in life expectancy, which is average number of years a person is expected to live based prevailing mortality rates within a specific population. 21-23
Nigeria’s current life expectancy stands at 54.7 years, significantly lower than that of developed nations. What is it that Nigeria need to do differently? Other factors that determine life expectancy include healthcare quality, lifestyle factors, economic conditions, and public health policies. 
Conclusion

As Nigeria navigates the technological expansion, like other nations, there is need that health and well-being of the citizens must be priority. While WHO and ICNIRP guidelines suggest that EMR exposure within the adequate limit for masts are generally safe, the country’s poor regulatory statement, and enforcement, lack of full public health expert involvement as well as general low life expectancy and  possible carcinogenesis call for concern and need for urgent reform.

The matter of telecommunication mast near residence should not just be about connectivity of service providers, but first of all safety of the human lives in the long run. Some of the questions Nigerians need to ask include: Are our current exposure limits comparatively evidence-based? Are Public health experts part of the conversation? What can we do better as a nation?

The answers lie in building a stronger resilient health system, improved health governance, multi-sectoral policy reform, and well empowered communities. The health of the nation and the inhabitants must not be compromised for unchecked digital revolution. 

The outcome of this review may be valuable for other developing, low, and middle income countries facing similar challenges in balancing technological growth with public health protection.Together, we can make the needed change.
Recommendations

1. All-encompassing regulatory guidelines:  need for harmonized setback distances with international standards, involving public health experts and environmental health scientists in setting limits. 

2. Strengthen enforcement of EIA: need for enforcing mandatory EIA for all new mast installations, with community engagement in any project that will affect the people.

3. Empower Local (Grass root) Health Authorities: need to appoint Medical Officers of Health (MOHs) in LGAs to oversee public health compliance, with authority to halt projects that pose significant health risks to the residents.

4. Promote inter-sectoral collaboration: need for multi-sectoral approach involving NCC, NESREA, Public Health, Urban Planning and other stakeholders to co-develop and implement policies.

5. Enhance Community Engagement: need for strict stakeholders’/community consultation before telecommunication mast approvals, as establishment of transparent mechanisms for aggrieved and affected communities.

6. Invest in Research and Surveillance: need to support continuous studies on the health effects of long term effects of EMR exposures in Nigeria. This will include use of GIS and remote sensing to map mast locations and associated health indicators by radiologists and other health experts.
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