Suspend 5G Canada Appeal - SUPPLEMENTAL INFORMATION
Adverse health effects of wireless radiation in pre-5G technologies:
Key Papers in Peer-reviewed Journals
Numerous frequencies and modulations are used to make wireless signals.
5G wireless signals include 3G and 4G frequencies plus other frequencies
of the electromagnetic wavelength “spectrum.”

A. CANCER
Evidence to support a Group 1 “KNOWN HUMAN CARCINOGEN” classification
[World Health Organization, International Agency for Research on Cancer
(WHO-IARC)]
EPIDEMIOLOGY UPDATES
• Miller, A. B.*, Morgan, L. L., Udasin, I., & Davis, D. L. (2018). Cancer epidemiology update, following the

2011 IARC evaluation of radiofrequency electromagnetic fields (Monograph 102). Environmental
Research, 167, 673–683.
https://doi.org/10.1016/j.envres.2018.06.043
“Glioma is an important human cancer found to be associated with RFR in 9 case-control studies
conducted in Sweden and France, as well as in some other countries. Increasing glioma incidence trends
have been reported in the UK and other countries. Non-malignant endpoints linked include acoustic
neuroma (vestibular Schwannoma) and meningioma. … When considered with recent animal
experimental evidence, the recent epidemiological studies strengthen and support the conclusion that
RFR should be categorized as carcinogenic to humans (IARC Group 1).”
*Anthony B. Miller, MD, FRCP, FRCP(C), FFPH, FACE. Professor Emeritus, Dalla Lana School of Public Health,
University of Toronto. A physician-epidemiologist, he was trained in internal medicine, and was a member of the
scientific staff of the Tuberculosis and Chest Diseases Research Unit, UK Medical Research Council, 1962-71. He was
Director of the Epidemiology Unit of the National Cancer Institute of Canada 1971-86 and Chair of the Department
of Preventive Medicine and Biostatistics, University of Toronto, 1992-96. He served as a special expert in the
Division of Cancer Prevention, US National Cancer Institute, 1997, Senior Epidemiologist, International Agency for
Research on Cancer 1998-99, Head, Division of Epidemiology, German Cancer Research Centre, Heidelberg, 200003, Associate Director, Research, Dalla Lana School of Public Health, University of Toronto, 2008-10. He has been a
consultant to the World Health Organization. He is Scientific Lead of the OncoSim microsimulation modelling
initiative of the Canadian Partnership Against Cancer. His research encompasses cancer etiology, prevention and
screening.

• Hardell, L., & Carlberg, M. (2018). Comments on the US National Toxicology Program technical reports
on toxicology and carcinogenesis study in rats exposed to whole-body radiofrequency radiation at 900
MHz and in mice exposed to whole-body radiofrequency radiation at 1,900 MHz. International Journal
of Oncology.
https://doi.org/10.3892/ijo.2018.4606
“We conclude that there is clear evidence that RF radiation is a human carcinogen, causing glioma and
vestibular schwannoma (acoustic neuroma). There is some evidence of an increased risk of developing
thyroid cancer, and clear evidence that RF radiation is a multi‑site carcinogen. Based on the Preamble to
the IARC Monographs, RF radiation should be classified as carcinogenic to humans, Group 1.”
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CANADIAN BRAIN CANCER DATA
2X RISK OF GLIOMAS WITH >558 HOURS OF CELL PHONE USE (APPROX. 10 MINUTES/DAY FOR 10 YEARS)
- ADJUSTED FOR SELECTION AND RECALL BIAS.
• Momoli, F., Siemiatycki, J., McBride, M. L., Parent, M.-É., Richardson, L., Bedard, D., … Krewski, D. (2017).
Probabilistic Multiple-Bias Modeling Applied to the Canadian Data From the Interphone Study of
Mobile Phone Use and Risk of Glioma, Meningioma, Acoustic Neuroma, and Parotid Gland Tumors.
American Journal of Epidemiology, 186(7), 885–893.
https://doi.org/10.1093/aje/kwx157
“For glioma, when comparing those in the highest quartile of use (>558 lifetime hours) to those who
were not regular users, the odds ratio was 2.0 (95% confidence interval: 1.2, 3.4). After adjustment for
selection and recall biases, the odds ratio was 2.2 (95% limits: 1.3, 4.1).”
BRAIN CANCER INCIDENCE IN ENGLAND
• Philips, Alisdair, Henshaw, Denis L., Lamburn, Graham, & O’Carroll, Michael. (2018). Brain tumours: rise
in Glioblastoma Muliforme incidence in England 1995-2015 suggests an adverse environmental or
lifestyle factor. Journal of Environmental and Public Health, 20.
https://www.hindawi.com/journals/jeph/2018/7910754/
“UK Office of National Statistics (ONS) data covering 81,135 ICD10 C71 brain tumours diagnosed in
England (1995–2015) were used to calculate incidence rates (ASR) per 100k person–years, age–
standardised to the European Standard Population (ESP–2013). Results. We report a sustained and highly
statistically significant ASR rise in glioblastoma multiforme (GBM) across all ages. The ASR for GBM more
than doubled from 2.4 to 5.0, with annual case numbers rising from 983 to 2531. Overall, this rise is
mostly hidden in the overall data by a reduced incidence of lower-grade tumours. Conclusions. The rise is
of importance for clinical resources and brain tumour aetiology. The rise cannot be fully accounted for by
promotion of lower–grade tumours, random chance or improvement in diagnostic techniques as it
affects specific areas of the brain and only one type of brain tumour. Despite the large variation in case
numbers by age, the percentage rise is similar across the age groups, which suggests widespread
environmental or lifestyle factors may be responsible.”

Figure 1. From: Philips A, et al; Rise in GBM incidence, England 1995–2015; Supplementary File.
https://www.hindawi.com/journals/jeph/2018/7910754/
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ANIMAL STUDIES
CLEAR EVIDENCE OF CARCINOGENICIITY
• National Toxicology Program, National Institute of Environmental Health Sciences. (2018). Toxicology
and carcinogenesis studies in Hsd: Sprague Dawley SD rats exposed to whole-body radio frequency
radiation at a frequency (900 MHz) and modulations (GSM and CDMA) used by cell phones. NTP
Technical Report 595, 384. (This was a multi-million dollar study.)
“Under the conditions of this 2-year whole-body exposure study, there was clear evidence of
carcinogenic activity of CDMA-modulated cell phone RFR at 900 MHz in male Hsd: Sprague Dawley SD
rats based on the incidences of malignant schwannoma of the heart. The incidences of malignant glioma
of the brain were also related to RFR exposure.”
• Falcioni, L., Bua, L., Tibaldi, E., Lauriola, M., De Angelis, L., Gnudi, F., … Belpoggi, F. (2018). Report of final
results regarding brain and heart tumors in Sprague-Dawley rats exposed from prenatal life until
natural death to mobile phone radiofrequency field representative of a 1.8 GHz GSM base station
environmental emission. Environmental Research. https://doi.org/10.1016/j.envres.2018.01.037
“[Our] ﬁndings on far ﬁeld exposure to RFR are consistent with and reinforce the results of the NTP study
on near ﬁeld exposure, as both reported an increase in the incidence of tumors of the brain and heart in
RFR-exposed Sprague-Dawley rats. These tumors are of the same histotype of those observed in some
epidemiological studies on cell phone users.”
• Lerchl, A., Klose, M., Grote, K., Wilhelm, A. F. X., Spathmann, O., Fiedler, T., … Clemens, M. (2015). Tumor
promotion by exposure to radiofrequency electromagnetic fields below exposure limits for humans.
Biochemical and Biophysical Research Communications, 459(4), 585–590.
https://doi.org/10.1016/j.bbrc.2015.02.151
“We have performed a replication study … We could confirm and extend the originally reported findings.
Numbers of tumors of the lungs and livers in exposed animals were significantly higher than in shamexposed controls. In addition, lymphomas were also found to be significantly elevated by exposure …
many of the tumor-promoting effects in our study were seen at low to moderate exposure levels (0.04
and 0.4 W/kg SAR), thus well below exposure limits for the users of mobile phones … Our findings may
help to understand the repeatedly reported increased incidences of brain tumors in heavy users of
mobile phones.”

B. RADIOFREQUENCY ENERGY ABSORBED IN DEEPER REGIONS IN CHILDREN’S
HEADS
Fernández, C., de Salles, A. A., Sears, M. E., Morris, R. D., & Davis, D. L. (2018). Absorption of wireless
radiation in the child versus adult brain and eye from cell phone conversation or virtual reality.
Environmental Research, 167, 694–699. https://doi.org/10.1016/j.envres.2018.05.013
“Modeling of a cell phone held to the ear, or of virtual reality devices in front of the eyes, reveals that
young eyes and brains absorb substantially higher local radiation doses than adults’. Age-specific
simulations indicate the need to apply refined methods for regulatory compliance testing; and for public
education regarding manufacturers’ advice to keep phones off the body, and prudent use to limit
exposures, particularly to protect the young.”
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Figure 2. Specific Absorption Rate (SAR) in child (age 6 years) and adult male heads with phone in talk
position. The scale is 50 dB with 0 dB = 1.6 mW/kg. From work of Claudio Férnandez, 2018 (image
used with permission of Environmental Health Trust).

C. PUBLIC HEALTH RISKS (both Miller and Russell are medical doctors)
• Miller, A. B., Sears, M. E., Morgan, L. L., Davis, D. L., Hardell, L., Oremus, M., & Soskolne, C. L. (2019).
Risks to Health and Well-Being From Radio-Frequency Radiation Emitted by Cell Phones and Other
Wireless Devices. Frontiers in Public Health, 7. https://doi.org/10.3389/fpubh.2019.00223
“Based on the accumulated evidence, we recommend that IARC re-evaluate its 2011 classification of the
human carcinogenicity of RFR, and that WHO complete a systematic review of multiple other health
effects such as sperm damage. In the interim, current knowledge provides justification for governments,
public health authorities, and physicians/allied health professionals to warn the population that having a
cell phone next to the body is harmful, and to support measures to reduce all exposures to RFR
[radiofrequency radiation].”
• Russell, C. L. (2018). 5 G wireless telecommunications expansion: Public health and environmental
implications. Environmental Research, 165, 484–495. https://doi.org/10.1016/j.envres.2018.01.016
Website: Physicians for Safe Technology - https://mdsafetech.org/
“Like other common toxic exposures, the effects of radiofrequency electromagnetic radiation (RF EMR)
will be problematic if not impossible to sort out epidemiologically as there no longer remains an
unexposed control group. This is especially important considering these effects are likely magnified by
synergistic toxic exposures and other common health risk behaviors. Effects can also be non-linear.
Because this is the first generation to have cradle-to-grave lifespan exposure to this level of man-made
microwave (RF EMR) radiofrequencies, it will be years or decades before the true health consequences
are known. Precaution in the roll out of this new technology is strongly indicated.”

D. BEHAVIOURAL PROBLEMS IN CHILDREN
Birks, L., Guxens, M., Papadopoulou, E., Alexander, J., Ballester, F., Estarlich, M., … Vrijheid, M. (2017).
Maternal cell phone use during pregnancy and child behavioral problems in five birth cohorts.
Environment International, 104, 122–131. https://doi.org/10.1016/j.envint.2017.03.024
“Overall, 38.8% of mothers, mostly from the Danish cohort, reported no cell phone use during pregnancy
and these mothers were less likely to have a child with overall behavioral, hyperactivity/inattention or
emotional problems. Evidence for a trend of increasing risk of child behavioral problems through the
maternal cell phone use categories was observed for hyperactivity/inattention problems (OR for
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problems in the clinical range: 1.11, 95%CI 1.01, 1.22; 1.28, 95%CI 1.12, 1.48, among children of medium
and high users, respectively). This association was fairly consistent across cohorts and between cohorts
with retrospectively and prospectively collected cell phone use data.”

E. ADVERSE EFFECTS ON SPERM QUALITY (one of several reviews with similar
conclusions)
Houston, B. J., Nixon, B., King, B. V., De Iuliis, G. N., & Aitken, R. J. (2016). The effects of radiofrequency
electromagnetic radiation on sperm function. Reproduction (Cambridge, England), 152(6), R263–R276.
https://doi.org/10.1530/REP-16-0126
“Among a total of 27 studies investigating the effects of RF-EMR on the male reproductive system,
negative consequences of exposure were reported in 21. Within these 21 studies, 11 of the 15 that
investigated sperm motility reported significant declines, 7 of 7 that measured the production of reactive
oxygen species (ROS) documented elevated levels and 4 of 5 studies that probed for DNA damage
highlighted increased damage due to RF-EMR exposure. Associated with this, RF-EMR treatment reduced
the antioxidant levels in 6 of 6 studies that discussed this phenomenon ….”

F. DNA DAMAGE (more than 30 studies)
Panagopoulos, D. J. (2019). Comparing DNA damage induced by mobile telephony and other types of
man-made electromagnetic fields. Mutation Research/Reviews in Mutation Research, 781, 53–62.
https://doi.org/10.1016/j.mrrev.2019.03.003
https://www.sciencedirect.com/science/article/pii/S1383574218300991
“The present review - of results published by my group from 2006 until 2016 - compares DNA
fragmentation induced by six different EMFs on the same biological system - the oogenesis of Drosophila
melanogaster - under identical conditions and procedures. Such a direct comparison between different
EMFs - especially those employed in daily life - on the same biological endpoint, is very useful for drawing
conclusions on their bioactivity, and novel. It shows that real MT EMFs are far more damaging than 50 Hz
alternating magnetic field (MF) - similar or much stronger to those of power lines - or a pulsed electric
field (PEF) found before to increase fertility. The MT EMFs were significantly more bioactive even for
much shorter exposure durations than the other EMFs. Moreover, they were more damaging than
previously tested cytotoxic agents like certain chemicals, starvation, dehydration. Individual parameters
of the real MT EMFs like intensity, frequency, exposure duration, polarization, pulsing, modulation, are
discussed in terms of their role in bioactivity. The crucial parameter for the intense bioactivity seems to
be the extreme variability of the polarized MT signals, mainly due to the large unpredictable intensity
changes.”

G. OXIDATIVE STRESS
Oxidative stress can lead to many health conditions, including cancer, Alzheimer’s
and Parkinson’s Diseases.
Yakymenko, I., Tsybulin, O., Sidorik, E., Henshel, D., Kyrylenko, O., & Kyrylenko, S. (2016). Oxidative
mechanisms of biological activity of low-intensity radiofrequency radiation. Electromagnetic Biology
and Medicine, 35(2), 186–202. https://doi.org/10.3109/15368378.2015.1043557
“… among 100 currently available peer-reviewed studies dealing with oxidative effects of low-intensity
RFR, in general, 93 confirmed that RFR induces oxidative effects in biological systems. A wide pathogenic
potential of the induced ROS and their involvement in cell signaling pathways explains a range of
biological/health effects of low-intensity RFR, which include both cancer and non-cancer pathologies. In
conclusion, our analysis demonstrates that low-intensity RFR is an expressive oxidative agent for living
cells with a high pathogenic potential and that the oxidative stress induced by RFR exposure should be
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recognized as one of the primary mechanisms of the biological activity of this kind of radiation.”

H. ELECTROHYPERSENSITIVITY (EHS)
• Belyaev, I., Dean, A., Eger, H., Hubmann, G., Jandrisovits, R., Kern, M., … Thill, R. (2016). EUROPAEM EMF

Guideline 2016 for the prevention, diagnosis and treatment of EMF-related health problems and
illnesses. Reviews on Environmental Health, 31(3). https://doi.org/10.1515/reveh-2016-0011
“… the emerging electromagnetic hypersensitivity (EHS) is more and more recognized by health
authorities, disability administrators and case workers, politicians, as well as courts of law. We
recommend treating EHS clinically as part of the group of chronic multisystem illnesses (CMI), but still
recognizing that the underlying cause remains the environment. In the beginning, EHS symptoms occur
only occasionally, but over time they may increase in frequency and severity. Common EHS symptoms
include headaches, concentration difficulties, sleep problems, depression, a lack of energy, fatigue, and
flu-like symptoms. A comprehensive medical history, which should include all symptoms and their
occurrences in spatial and temporal terms and in the context of EMF exposures, is the key to making the
diagnosis.”
• Havas, M. (2019). Electrohypersensitivity (EHS) is an Environmentally-Induced Disability that Requires
Immediate Attention. J. Sci. Discov., 3(1), 20. https://doi.org/jsd18020
“A growing number of countries are beginning to acknowledge that electrohypersensitivity (EHS) exists
and a few countries have classified it as a disability or a functional impairment attributable to the
environment. Epidemiological studies and in vivo experiments show that exposure to non-ionizing
radiation (NIR) from extremely low to microwave frequency electromagnetic fields (EMF) at exposure
intensities far below the maximum limits in international guidelines increases anxiety, depression, and
physiological stress and impairs cognitive functions that include concentration, memory and learning.”

I. NON-THERMAL EFFECTS: HEALTH CANADA’S SAFETY CODE 6 GUIDELINES FOR
CELL ANTENNA RADIATION ARE SOLEY BASED ON THERMAL (HEATING) EFFECTS
• Belpomme, D., Hardell, L., Belyaev, I., Burgio, E., & Carpenter, D. O. (2018). Thermal and non-thermal
health effects of low intensity non-ionizing radiation: An international perspective. Environmental
Pollution, 242, 643–658. https://doi.org/10.1016/j.envpol.2018.07.019
“Exposure to low frequency and radiofrequency electromagnetic fields at low intensities poses a
significant health hazard that has not been adequately addressed by national and international
organizations such as the World Health Organization. There is strong evidence that excessive exposure to
mobile phone-frequencies over long periods of time increases the risk of brain cancer both in humans
and animals. The mechanism(s) responsible include induction of reactive oxygen species, gene expression
alteration and DNA damage through both epigenetic and genetic processes. In vivo and in vitro studies
demonstrate adverse effects on male and female reproduction, almost certainly due to generation of
reactive oxygen species.”
• Smith-Roe, S. L., Wyde, M. E., Stout, M. D., Winters, J. W., Hobbs, C. A., Shepard, K. G., … Witt, K. L.
(2019). Evaluation of the genotoxicity of cell phone radiofrequency radiation in male and female rats
and mice following subchronic exposure. Environmental and Molecular Mutagenesis.
https://doi.org/10.1002/em.22343
“Results of the comet assay showed significant increases in DNA damage in the frontal cortex of male
mice (both modulations), leukocytes of female mice (CDMA only), and hippocampus of male rats (CDMA
only).”
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J. CELL TOWER EXPOSURE STUDIES
Symptoms, DNA damage, oxidative stress
• Bortkiewicz, A., Gadzicka, E., Szyjkowska, A., Politański, P., Mamrot, P., Szymczak, W., & Zmyślony, M.
(2012). Subjective complaints of people living near mobile phone base stations in Poland. International
Journal of Occupational Medicine and Environmental Health, 25(1), 31–40.
https://doi.org/10.2478/s13382-012-0007-9
“Headache was declared by 57% people, most frequently (36.4%) living 100–150 m away from the base
station compared to people living at longer distances (p = 0.013). 24.4% subjects, mostly living at a
distance above 150 m, declared impaired memory. Difference was statistically significant in comparison
with people living at other distances (p = 0.004).”
• Levitt, B. B., & Lai, H. (2010). Biological effects from exposure to electromagnetic radiation emitted by
cell tower base stations and other antenna arrays. Environmental Reviews, 18, 369–395.
https://doi/10.1139/A10-018
“Both anecdotal reports and some epidemiology studies have found headaches, skin rashes, sleep
disturbances, depression, decreased libido, increased rates of suicide, concentration problems, dizziness,
memory changes, increased risk of cancer, tremors, and other neurophysiological effects in populations
near base stations.”
• Zothansiama, Zosangzuali, M., Lalramdinpuii, M., & Jagetia, G. C. (2017). Impact of radiofrequency
radiation on DNA damage and antioxidants in peripheral blood lymphocytes of humans residing in the
vicinity of mobile phone base stations. Electromagnetic Biology and Medicine, 1–11.
https://doi.org/10.1080/15368378.2017.1350584
“The analyses of data from the exposed group (n = 40), residing within a perimeter of 80 m of mobile
base stations, showed significantly (p < 0.0001) higher frequency of micronuclei when compared to the
control group, residing 300 m away from the mobile base station/s. The analysis of various antioxidants
in the plasma of exposed individuals revealed a significant attrition in glutathione (GSH) concentration (p
< 0.01), activities of catalase (CAT) (p < 0.001) and superoxide dismutase (SOD) (p < 0.001) and rise in
lipid peroxidation (LOO) when compared to controls. Multiple linear regression analyses revealed a
significant association among reduced GSH concentration (p < 0.05), CAT (p < 0.001) and SOD (p < 0.001)
activities and elevated MN frequency (p < 0.001) and LOO (p < 0.001) with increasing RF power density.”

K. HEALTH CANADA’S SAFETY CODE 6 GUIDELINES COMPARED TO RECOMMENDED
PRECAUTIONARY LIMITS

* *Belyaev, et al. (2016). EUROPAEM EMF Guideline 2016 for the prevention, diagnosis and
treatment of EMF-related health problems and illnesses. Modified from Powerwatch
https://www.powerwatch.org.uk/science
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