
As of 2024, approximately 8.3 billion active mobile 

subscriptions exist globally, with over 1.17 billion in India 

— the world's second-largest telecom market [1]. The 

average urban Indian resident lives within 500 m of at 

least three cellular tower systems, creating a permanent 

ambient electromagnetic environment orders of 

magnitude denser than any in which biological life 

evolved [2]. 

The BioInitiative Working Group documented over 1,800 

peer-reviewed studies showing biological effects from 

low-intensity RF-EMF — up from 1,200 in their 2012 

review — signalling an accelerating scientific 

understanding of non-thermal exposure effects [3]. 

Electromagnetic radiation (EMR) spans from gamma rays 

to ELF fields. Cell phone radiation falls in the non-

ionizing microwave/RF band (450 MHz–5.8 GHz), 

historically assumed biologically inert below thermal 

thresholds. However, non-thermal mechanisms — 

reactive oxygen species (ROS) generation, voltage-gated 

calcium channel (VGCC) activation, and epigenetic 

changes — produce measurable biological effects far 

below regulatory limits [4]. 

The Specific Absorption Rate (SAR) quantifies tissue 

energy absorption (W/kg). Regulatory limits are 1.6 W/kg 

(FCC/India) and 2.0 W/kg (ICNIRP), based solely on 

thermal endpoints with a 50-fold safety factor [5]. 

II. Scientific Basis: How RF-EMF Affects Biology

Thermal Mechanisms 

Oscillating EM fields induce rotational motion in polar 

water molecules, generating heat. Significant 

physiological effects arise when SAR exceeds 4 W/kg 

(raising core temperature >1°C). Current limits are set 

with a 50-fold safety margin from this threshold [5]. 

Non-Thermal Mechanisms 

VGCC Activation: RF-EMF triggers voltage-gated 

calcium channels, causing Ca2+ influx, activating nitric 

oxide synthase, producing peroxynitrite — damaging 

DNA, proteins, and mitochondria [4]. 

• ROS Overproduction: Mitochondrial dysfunction and

NADPH oxidase activation generate superoxide

radicals exceeding antioxidant defenses, causing lipid

peroxidation and protein carbonylation [6].

• Genotoxicity: Double-strand DNA breaks detected

via comet assay; elevated 8-OHdG (oxidative DNA

damage marker) in lymphocytes, fibroblasts, and

neural cells [7].

• Cryptochrome Disruption: RF-EMF at <1 microtesla

disrupts quantum radical-pair reactions in avian retinal

cryptochromes, abolishing geomagnetic orientation

[8].
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ABSTRACT 

This review examines the biological and ecological impacts of radiofrequency electromagnetic field (RF-EMF) 

radiation from mobile phones (450 MHz–5.8 GHz) on human health, animals, and avian species. Synthesizing over 

1,800 peer-reviewed studies (2013–2024) alongside WHO, IARC, ICNIRP, FCC, and India DoT guidelines, key 

findings reveal that chronic RF-EMF exposure causes oxidative DNA damage, sleep disruption, reduced sperm 

motility, and neurological alterations in humans. In animals, hippocampal neurodegeneration, endocrine disruption, 

and colony collapse in honeybees are documented. For birds, RF-EMF critically disrupts cryptochrome-based 

magnetoreception, causing migratory failure and population declines (60–80% sparrow loss in high-EMF zones). 

Current safety standards address only thermal effects; non-thermal biological impacts remain unregulated. Urgent 

policy revision, independent research, and wildlife-specific protections are recommended, especially given 5G 

deployment. 
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Figure 1: indicate Biological Interaction Pathway 

III. Impact on Human Health

Health Domain Key Effect Magnitude / Finding Source 

Neurology Altered EEG alpha/spindle 

bands, sleep disruption 

Significant in double-blind 

studies 

Loughran et al., 2005 [9] 

Oncology Increased glioma risk OR 1.40 (95% CI 1.03–

1.89) 

INTERPHONE, 2010 [10] 

Oncology Malignant schwannoma (rats 

— NTP) 

Clear dose-dependent 

evidence 

NTP, 2018 [11] 

Reproduction Reduced sperm motility & 

viability 

8–40% reduction (meta-

analysis) 

Adams et al., 2014 [12] 

Reproduction Elevated DNA fragmentation 

index 

Significant; 8-OHdG 

elevated 

Gorpinchenko et al., 2014 

[13] 

Cognition Behavioural problems in 

children 

OR 1.82 (highest vs. lowest 

quartile) 

Divan et al., 2008 [14] 

Metabolism Altered brain glucose 

metabolism 

Elevated in regions near 

antenna 

Volkow et al., 2011 [15] 
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The WHO/IARC classified RF-EMF as a Group 2B 

carcinogen ('Possibly Carcinogenic') in 2011 [16]. The 

2018 NTP study and 2019 Ramazzini Institute results 

substantially strengthened carcinogenicity evidence, 

prompting an ongoing IARC re-evaluation that may 

upgrade RF-EMF to Group 2A. Population data show 

a doubling of frontal/temporal glioblastoma 

multiforme incidence in England from 1995–2015, 

coinciding with mass mobile phone adoption [17]. 

IV. Impact on Animals

Rodents & Mammals 

• Hippocampal neurodegeneration (CA1/CA3) and

impaired Morris water maze performance in rats at

900 MHz / 0.9 W/kg SAR over 28 days [18].

• Blood-brain barrier (BBB) leakage measured via

albumin immunohistochemistry at SAR as low as

0.001 W/kg [19].

• Disrupted thyroid (T3, T4, TSH) and cortisol

profiles in rats after 30-day 900 MHz exposure —

indicating HPT and HPA axis interference [20].

• European dairy farmers reported reduced milk yield

(10–15%), increased reactivity, and immunological

changes in cattle near broadcast towers [21].

Insects & Pollinators 

• Worker piping distress behavior increased

dramatically (p < 0.0001) in beehives with active

mobile phones placed underneath [22].

• Complete colony collapse within 5–10 days of

continuous mobile phone attachment to hives in

Indian field experiments, consistent with

navigation disruption [23].

• RF-EMF disrupts magnetite-based navigation in

bee abdomens and cryptochrome photoreception,

explaining homing failure.

• Colony Collapse Disorder costs USD 15–30

billion/year in lost crop pollination globally [24].

RF-EMF is identified as a contributory

environmental stressor alongside pesticides and

pathogens.

V. Impact on Birds

Magnetoreception and RF-EMF Disruption 

Migratory birds navigate using light-induced radical-

pair reactions in cryptochrome proteins (Cry1a, Cry4) 

in retinal photoreceptors. RF-EMF at frequencies near 

the Larmor resonance (~1.4 MHz) and broadband 

urban noise (50 kHz–3 MHz) disrupt singlet/triplet 

spin-state interconversion, erasing magnetic 

directional information. Ritz et al. (2004) first 

demonstrated this mechanism in European robins [8]. 

Engels et al. (2014) proved it in urban field conditions: 

robins in Faraday-shielded aviaries oriented normally; 

unshielded urban birds failed completely — with 

disorienting fields six orders of magnitude below 

safety limits [25]. 

House Sparrow Population Decline 

House sparrow (Passer domesticus) populations have 

declined 60–80% in Indian cities and over 70% in 

European capitals, temporally correlating with cellular 

network densification. Key studies: 

• Everaert & Bauwens (2007): Statistically

significant negative correlation (r = -0.43, p <

0.05) between sparrow density and 900–1800

MHz RF field intensity across 150 Belgian sites;

threshold effect at >0.5 V/m [26].

• BNHS India: Steepest declines in cities

receiving 3G upgrades vs. 2G-only areas [27].

• Balmori (2015): Chronic 900 MHz exposure of

eggs at 0.02 W/kg SAR produced 34%

embryonic mortality vs. 14% in controls [28].

Migratory Species 

Species including the bar-tailed godwit (11,000 km 

non-stop flights) and Arctic tern (pole-to-pole 

migration) possess      

magnetoreceptive systems refined over millions of 

years, now operating in an electromagnetic 

environment created within three decades. 

Dreyer et al. (2018): Reed warblers exposed to artificial 

0.1–3 MHz RF-EMF could not compensate compass 

heading in displacement experiments; sham-exposed 

controls performed normally [29]. 

Avian RF-EMF Effects Summary 

Navigation: Compass abolition at <100 nT RF fields 

Reproduction: 34% embryo mortality at 0.02 W/kg 

Population: 60–80% sparrow decline in EMF zones 

Migration: Displacement orientation failure (urban) 

VI. Environmental & Ecological Impact

Ecosystem Cascade Effects 

RF-EMF effects on individual organisms scale to 

population and ecosystem disruption through keystone 

species. Approximately 87.5% of flowering plant 

species depend on animal pollination [30]; RF-EMF-

induced pollinator disruption threatens wild plant 

communities, agriculture, and dependent trophic 

levels. 

Migratory bird declines reduce insect population 

regulation, seed dispersal, and vegetation structure. 

The IPBES 2019 Global Assessment identified 

electromagnetic pollution as an emerging, inadequately 

characterized biodiversity threat — absent from all 

current global biodiversity monitoring frameworks 

[31]. 

Biodiversity Concerns 

Level Impact Pathway 

Individual Navigation / reproduction failure 

Population Decline & local extinction 

Community Pollinator network collapse 

Ecosystem Vegetation & trophic change 

Biosphere Altered migratory corridors 

Additional vulnerable taxa: amphibians (pond 

homing), bats (echolocation), and magnetotactic 

bacteria (sediment biogeochemical cycling). None are 

currently protected by any national or international 

EMF regulation. 
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VI. Regulations & Safety Standards

Body Region SAR Limit 

(Head) 

Reference Level Basis 

ICNIRP 2020 Europe / ~50 

countries 

2.0 W/kg 10 mW/cm² Thermal only 

FCC OET-65 United States 1.6 W/kg 10 mW/cm² Thermal only 

BIS / DoT India (since 2013) 1.6 W/kg 1/10th ICNIRP 

(towers) 

Thermal only 

Russia / China Russia, China ~0.04 W/kg 

(Russia) 

0.1–2 mW/cm² More precautionary 

BioInitiative Scientific advisory Not thermal-based 0.003 mW/cm² 

proposed 

Non-thermal 

A fundamental critique by 248 scientists from 42 

countries (International EMF Scientist Appeal) is that all 

current international standards ignore non-thermal 

biological effects. India's standards for tower emissions 

are 10 times stricter than ICNIRP for base stations — 

among the world's most stringent — yet handset SAR 

limits remain based solely on thermal endpoints. In 2021, 

the U.S. Court of Appeals ruled the FCC 'failed to 

provide a reasoned explanation' for dismissing non-

thermal evidence, ordering re-assessment covering 

children, wildlife, and environmental impacts [32]. 

VII. Mitigation Strategies

Technological Measures 

• Dynamic Power Control: Mandate maximum use of

adaptive power algorithms in LTE/5G NR devices,

reducing average SAR by 50–90% without degrading

service quality.

• Low-SAR Device Standards: Progressive SAR limit

reductions with mandatory consumer-facing

disclosure in device OS settings (as required in

France since 2020).

• Small Cell Densification: Deploy low-power high-

density small cells to reduce required transmission

power per device — 5G architecture paradoxically

can reduce per-device power with correct

implementation.

• Antenna Optimization: Precise base station antenna

tilt to minimize ground-level RF radiation in

residential and ecologically sensitive areas.

• Fiber Backhaul Preference: Prioritize fiber optic over

wireless point-to-point microwave backhaul to

reduce ambient RF-EMF transmitters.

Policy Recommendations 

• Adopt the precautionary principle for non-thermal

RF-EMF, requiring demonstrated biological safety

before new frequency band deployment.

• Designate RF-EMF-restricted zones around Ramsar

wetlands, migratory corridors, and protected areas —

analogous to radio telescope quiet zones.

• Mandate ecological impact assessments for cellular

tower installations adjacent to protected habitats or

known sparrow/pollinator decline zones.

• Establish industry-independent government research

funding: industry-funded studies show significant

positive-result bias compared to independent studies

[33].

Public & Behavioral Measures 

• Promote speakerphone/wired headsets, text over

calls, and device-from-body habits — especially for

children.

• Mandatory SAR labelling at point of sale with

consumer-accessible language.

• Implement phone-free school policies; pediatric

guidelines for device use based on developing-

brain vulnerability.

IX. Future Research Directions

5G and mmWave 

5G millimeter-wave bands (24–86 GHz) penetrate only 

skin/cornea (<1 mm) but achieve extreme surface power 

densities via beamforming. Fewer than 100 peer-

reviewed studies on mmWave biological effects existed 

as of 2024. Preliminary in vitro findings include altered 

gene expression in keratinocytes and enhanced antibiotic 

resistance in bacteria at 60 GHz — raising concerns for 

wound healing and antimicrobial resistance [34]. 

IoT Cumulative Exposure 

30–50 billion IoT devices projected by 2030 create a new 

paradigm of 24-hour multi-source, multi-frequency 

exposure from smart-home devices, wearables, and 

smart-city infrastructure. Cumulative multi-band 

exposure remains almost entirely unstudied for 

biological safety [35]. 
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Research Priority Rationale Approach Urgency 

5G mmWave skin effects Mass deployment, no long-

term data 

In vitro skin models + animal 

studies 

Urgent 

Children's developmental 

exposure 

Lifetime exposure from 

infancy 

Prospective birth cohort High 

Non-thermal safety standards Current standards ignore 

non-thermal effects 

IARC/WHO revision process High 

Avian 5G magnetoreception 

effects 

mmWave impact on 

cryptochromes unknown 

Controlled aviary 

experiments 

Urgent 

India national cohort study Unique demographics, no 

data 

ICMR-led longitudinal 

cohort 

High 

Conclusion 

This review establishes that mobile phone RF-EMF 

exposure is associated with measurable biological 

effects across humans, animals, and birds through 

multiple non-thermal mechanisms. The following 

conclusions are supported by the weight of evidence: 

• Human health: Robust evidence for genotoxicity,

oxidative stress, male reproductive impairment,

sleep disruption, and neurological effects. IARC

Group 2B classification may be upgraded based on

NTP and Ramazzini findings.

• Safety standards gap: International guidelines

(ICNIRP, FCC) are based exclusively on thermal

mechanisms and explicitly do not protect against

the non-thermal biological effects documented in

1,800+ studies — a recognized and unresolved

regulatory failure.

• Avian crisis: Cryptochrome magnetoreception

is disrupted by RF-EMF at intensities six orders

of magnitude below safety limits. House

sparrow population collapses (60–80%) in high-

EMF zones represent a documented,

ecologically significant outcome.

• Pollinators & insects: Honeybee colony

collapse linked to RF-EMF navigation

disruption represents a USD 15–30 billion/year

agricultural risk. Regulatory frameworks do not

address any invertebrate or wildlife protection

from RF-EMF.

• Ecosystem risk: Electromagnetic pollution is an

unmonitored biodiversity threat absent from

global frameworks. Cascading effects from

pollinator and bird population declines can

destabilize ecosystem services valued at USD

125 trillion/year.

• 5G urgency: Millimeter-wave 5G introduces

qualitatively new exposure profiles with

essentially no long-term safety data.

Precautionary deployment timelines and

independent safety research are warranted

before further densification.

The electromagnetic environment is now a permanent, 

human-modified component of the global biosphere. 

Its governance requires the same scientific rigour, 

institutional independence, and ecological foresight 

applied to chemical and particulate pollution 

regulation. Accelerated interdisciplinary research, 

revision of safety standards to incorporate non-thermal 

endpoints, and specific regulatory protections for 

wildlife and sensitive ecosystems are not optional 

precautions — they are obligations of responsible 

technological stewardship. 
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