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Sra. Mónica Susana Urquiza

A todos los Bloques Legislativos

De nuestra consideración:

Las que suscriben Aleth Sandra Lede DNI 14677063 y Alejandra
Guerrero DNI 24173436, Referentes de Corte Tierra del fuego ( Ciudadanos organizados para
regular las telecomunicaciones ), elevamos la presente en virtud de las declaraciones que se han
hecho públicas del Sr. Concejal Nicolás Pelloli y de la Sra. Belén Montes de Oca, respecto a la
revisión de la ordenanza sancionada N 6317/23 de fecha 6 de diciembre de 2023 y promulgada
mediante decreto N 2593/ 2023, haciendo hincapié de la importancia de la conectividad en la
ciudad mediante radiación electromagnética no lonizante artificial de quinta generación (5G)
y sucesivas.

Queremos manifestar y poner en conocimiento de todos los
señores concejales y de toda la población de Tierra del Fuego que la tramitación para la
sanción de la misma, se hizo acreditando 22000 pruebas científicas en un compendio de 225
páginas elaborado por un comité de investigadores del Grupo para el Futuro de la Ciencia y la
Tecnología (STOA) del Parlamento Europeo
https://www.europarl.europa.eu/RegData/etudes/STUD/2021/690012/EPRS  STU(2021)69001 
2 ES.pdf. . Cómo así también se presentaron estudios realizados y/o reunidos, leyes, etc. , por
profesionales, investigadores de CoRTe de la Argentina, cómo también, se ha citado, con
acreditación de hechos, la terrible situación acontecida en la ciudad de Güemes- Salta
https://www.fm899.com.ar/noticias/salta-1/tras-siete-anios-de-lucha-quitaran-las-antenas-
de-telefonia-en-guemes-86953 , donde murieron 80 personas luego de la instalación de tres
Antenas de telefonía inalámbrica con un dictamen judicial que ordenó el retiro de las mismas

Todas las pruebas presentadas pueden ser chequeadas por
cualquiera que quiera verificar la veracidad de las mismas (son informes científicos por miles y
otros)

En virtud de las muchas pruebas indubitables presentadas y de la
Ley Nacional de medio ambiente N 25"675 la que en su artículo 4 establece que las autoridades
están obligadas a tomar medidas de preservación del medio ambiente -medida precautoria
(sólo con tener sospechas que algo puede ser perjudicial para el ambiente como para las
personas animales etc.), es que se firmó la citada ordenanza. Y Aquí no hay sospecha, HAY



CERTEZA que el uso de los campos electromagnéticos artificiales para brindar Internet
inalámbrico, producen radiaciones no lonizantes que pueden provocar muchas enfermedades.

Además y a pedido del señor presidente del Concejo Deliberante
Sr. Juan Carlos Pino, fueron invitados a participar, debatir y presentar información al respecto,
a través de las minutas correspondientes y antes de la sanción a:

1) Ministerio de salud

2) Enacom

3) Ministerio de Comunicación

4) Ministerio de Ambiente

5) Secretaria de Gabinete de la Municipalidad de Ushuaia

A través de la Comisión de Calidad de Vida y Turismo, y ninguno se
hizo presente, ni respondió por escrito a la convocatoria.

En caso de que resuelvan presentar el proyecto de derogación de
la ordenanza, solicitamos participar del debate que corresponde realizar, previo a tomar
cualquier resolución. Estando dispuestos a participar en forma presencial o vía zoom
investigadores, científicos y profesionales en la materia, para que puedan informarse con
verdad sobre este tema, aportando todas las pruebas científicas que respaldan las
declaraciones que se han realizado y se realizarán, situación que resulta en extremo peligroso

para la salud y la vida de todos los vecinos., por lo cual se debería tomar todos los recaudos
pertinentes para tomar las mejores decisiones.

Amerita la seriedad de este grave problema, que aquellos que
declaran no haber evidenciado problemas sobre la salud de la población irradiada con energía
electromagnética provenientes de la tecnología de quinta generación y sucesivas, acrediten
con pruebas científicas indubitables y reproducibles por pares, la total inocuidad de las
mismas. "Condición indispensable para considerar válidas las declaraciones"

Además adjuntamos a la presente:

1) Estudio Observacional de campo de Muestras de Sangre expuestas a Radiación de
Microondas (moo) proporcionada por la Dra. Marcela Witt

2) Fundamentos y estudios proporcionados por el Dr. en Radioqímica Rodolfo Touzet (
asesor de CNEA)

3) Fundamentos de: Dr. en Física de la UBA Andrés Ozols
4) Mail de la Premio Nobel de la Paz 2007 Dra. Devra Davis

Asimismo queremos aclarar que no estamos oponiéndonos al
desarrollo de las comunicaciones sino que éstas se realicen con el conocimiento y precaución
para la preservación de la Salud y vida de todos los vecinos.

En caso que se instale este servicio de telefonía inalámbrica de
quinta generación (5G) mediante el uso de energía electromagnética no ionizante artificial NO

habrá lugar ni persona, cualquiera sea su actividad o posición social, que pueda evitar las

radiaciones electromagnéticas no ionizantes dado que estarán en todo lugar, sufriendo las
consecuencias sobre la salud y la vida aun para los señores y señoras concejales y sus propias
familias.



Hacemos una breve síntesis de los problemas de salud que
producen las radiaciones mencionada y que por desconocimiento no se tiene en cuenta, ante
una excesiva exposición a los campos electromagnéticos de radiofrecuencia: dolores de
cabeza, zumbidos en los oídos, insomnio, cansancio, etc., y bajo exposición crónica:
miocarditis, neumonías bilaterales, turbo cánceres, enfermedades del sistema inmunológicas,
agravamiento de enfermedades sistémicas, etc.

Por último queremos llevar a la reflexión de cada uno de los
concejales, que una buena decisión trae buenas consecuencias y una mala decisión trae malas
consecuencias. En Caso de derogar la ordenanza traería una grave situación de pérdida de
salud para la población y en muchos casos la de la vida misma, siendo ustedes responsables en
caso que tomaran esa determinación.

Qué Dios y los vecinos se lo demanden.

Quedamos a vuestra disposición.

Saludamos a Ustedes atentamente.
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P g Gmail	 FDM Imprenta <fdmimprenta@gmail.com >

Fwd: Ushuaia; Argentina
1 mensaje

alejandra guerrero <alejandraguerrero1974@gmail.com >	 8 de enero de 2024, 3:39 p.m.
CC: "fdmimprenta@gmail.com " <fdmimprenta@gmail.com >

	 Forwarded message 	
De: Devra Davis <ddavis@ehtrust.org >
Date: dom, 7 ene 2024 a las 3:05
Subject: Re: Ushuaia; Argentina
To: alejandra guerrero <alejandraguerrero1974@gmail.com >
Cc: Kent Chamberlin <kent.chamberlin@unh.edu >, Rodolfo Touzet <rodolfotouzet@gmail.com >, DGI <All@dgicomm.com>

"5G has not been tested for safety before a widespread network is being proposed. Emissions from existing 4G antennas are not routinely monitored, or measured.
Environmental Health trust is calling for real time reporting of electromagnetic field emissions from existing antennas with appropriate averaging times and a complete
moratorium on 5G until it has been adequately evaluated, consistent with your legislation.

This call is also consistent with recommendations from the international commission on the biological effects of EMF, and the New Hampshire Commission on 5G and other
expert groups that recognize the need for policies that reduce exposures and especially protect children, who will bear the consequences throughout their lives.

We applaud the efforts of Ushuaia, Argentina, Commune of Lechmann (Santa Fe), Azul (Buenos Aires) and Capilla del Monte (Córdoba),
resolving not to permit 5G antennas without evidence that 5G radiation will not adversely impact the health or physical environment of
the community and wildlife.

The expanded new edition of our book Disconnect — — a scientist's solutions for safer technology, provides additional supporting
information.

There are videos of me and Prof. Chamberlin, copied here, discussing this on our website that you can easily find

Please let us know how we might be helpful. I am sure that Prof. Chamberlin would also be glad to elaborate on his relevant work.

Lo siento que l'informacion no esta traducido en espanol.



Traducción del mail enviado por la Dra. Devra Davis

"5G has not been tested for safety before a widespread network is being proposed. Emissions
from existing 4G antennas are not routinely monitored, or measured. Environmental Health
trust is calling for real time reporting of electromagnetic field emissions from existing antennas
with appropriate averaging times and a complete moratorium on 5G until it has been
adequately evaluated, consistent with your legislation.

This call is also consistent with recommendations from the international commission on the
biological effects of EMF, and the New Hampshire Commission on 5G and other expert groups
that recognize the need for policies that reduce exposures and espedally protect children, who
will bear the consequences throughout their lives.

"No se ha probado la seguridad del 5G antes de proponer una red generalizada. Las emisiones
de las antenas 4G existentes no se controlan ni miden de forma rutinaria. Environmental
Health Trust pide informes en tiempo real de las emisiones de campos electromagnéticos de
las antenas existentes con tiempos promedio adecuados y una moratoria completa sobre 5G
hasta que haya sido evaluado adecuadamente, de acuerdo con su legislación.

Este Ilamado también es consistente con las recomendaciones de la comisión internacional
sobre los efectos biológicos de los CEM, y la Comisión de New Hampshire sobre 5G y otros
grupos de expertos que reconocen la necesidad de políticas que reduzcan la exposición y
protejan especialmente a los niños, quienes soportarán las consecuencias a lo largo de su vida.
vidas.

Dear Dr. Davis:

We thank you for the time and dedication in sending us this email with your words, since it is
of utmost importance, as you are a global reference. Sincerely Alejandra Guerrero

We applaud the efforts of Ushuaia, Argentina, Commune of Lechmann (Santa Fe), Azul
(Buenos Aires) and Capilla del Monte (Córdoba), resolving not to permit 5G antennas without
evidence that 5G radiation will not adversely impact the health or physical environment of the
community and wildlife.

The expanded new edition of our book Disconnect	 a scientist's solutions for safer
technology, provides additional supporting information.

There are videos of me and Prof. Chamberlin, copied here, discussing this on our website that
you can easily find



Please let us know how we might be helpful. I am sure that Prof. Chamberlin would also be
glad to elaborate on his relevant work.

Aplaudimos los esfuerzos de Ushuaia, Argentina, Comuna de Lechmann (Santa Fe), Azul
(Buenos Aires) y Capilla del Monte (Córdoba), resolviendo no permitir antenas 5G sin evidencia
de que la radiación 5G no impactará negativamente la salud o el medio ambiente físico. de la
comunidad y la vida silvestre.

La nueva edición ampliada de nuestro libro Disconnect: soluciones científicas para una
tecnología más segura proporciona información de apoyo adicional.

Hay videos míos y del Prof. Chamberlin, copiados aquí, discutiendo esto en nuestro sitio web
que puede encontrar fácilmente.

Háganos saber cómo podríamos ser útiles. Estoy seguro de que el Prof. Chamberlin también
estará encantado de ampliar su importante trabajo.



Señor Walter Vouto 	 7 de enero de 2024

Intendente de la Ciudad de Ushuaia

De mi mayor consideración

Yo, Andrés Ozols, Dr. en física del Instituto de Ingeniería Biomédica de la Universidad
de Buenos Aires, me remito a Usted por el solo hecho de ser un hombre consciente, que
se preocupa por la salud del prójimo.

Me apena profundamente la decisión de la derogación de la Ordenanza de prohibición
de	 la	 instalación	 de	 la	 tecnología	 5G	 en	 vuestra	 Ciudad.
La insistencia respecto a los daños a la salud provocados por la radiación
electromagnética (RE) no es un capricho o exageración de un conjunto de ciudadanos
que responden a caprichos.

Los efectos de la RE se remontan a la instalación del tendido eléctrico, como ocurrió en
España en 1917.

La intensa radicación generó un cuadro inflamatorio con síntomas similares a una
influenza, que erróneamente fueron atribuidos a un virus. Esta intoxicación externa
provoca como otras intoxicaciones la formación de exosorrias, secreciones de las
células, alterando el potencial de membrana celular. Somos seres eléctricos, como son
el cerebro y corazón. Esta perturbación no vivida anteriormente provocó la muerte de
20 millones de españoles en la denominada Fiebre Española de 1918.

La instalación de nuevas tecnologías de distribución eléctrica y sistemas de
comunicación incrementaron la expoáición a mayor diversidad de campos
electromagnéticos operados a frecuencias cada vez mayores, a nivel mundial,
provocaron la cronificación de enfermedades, de acuerdo a estudios epidemiológicos,
asociándolo a virus o patógenos externos, que hasta el día de hoy no fueron aislados.
La teoría de la infección nunca fue probada científicamente.

Wuhan en la República China, tenia la mayor cantidad de tecnología 5G y a principios
del 2020 denuncian casos de inflación aguda pulmonar, SARS COV-2, atribuido a un
virus, que hasta el día de hoy no fue aislado. Las autopsias realizadas en Italia,
demostraron cuadros trombóticos en los vasos capilares de los pulmones. Esto impedía
el intercambio de oxígeno, la disminución de la saturación de oxígeno, y finalmente la
muerte al insistir con protocolo médicos errados.

¿Parece casualidad?



Los antecedentes relativos al efecto a las radiaciones electromagnéticas lo resumo a

continuación:

A finales de la década de 1990, la FCC y la lCNIRFf optaron límites de exposición a la
radiación de radiofrecuencia (RFR) para proteger al púS9 y a los trabajadores de los efectos
adversos de la RFR. Estos límites se basaron en los re usualtcados de estudios de comportamiento
realizados en la década de 1980 que involucraron exposiciones de 40 a 60 minutos en 5 monos
y 8 ratas, y luego aplicaron factores de seguridad arbitrarios a una tasa de absorción específica
(SAR) de umbral aparente de 4 W/kg. Los límites también se basaron en dos supuestos
principales: cualquier efecto biológico se debía a un calentamiento excesivo de los tejidos y no
se producírían efectos por debajo del umbral putativo de SAR, así como doce supuestos que
no fueron especificados ni por la FCC ni por la ICNIRP. En este artículo, mostramos cómo los
últimos 25 años de investigación exhaustíva sobre RFR demuestran que los supuestos
subyacentes a los límites de exposición de la FCC y la ICNIRP no son válidos y continúan
presentando un daño para la salud pública. Los efectos adversos observados en exposiciones
por debajo del umbral supuesto de SAR íncluyen inducción no térmica de especies reactivas
de oxígeno, daño en el ADN, miocardiopatía, carcinogenicidad, daño en los espermatozoides
y efectos neurológicos, incluida la hipersensibilidad electromagnética. Además, múltiples
estudios en humanos han encontrado asociaciones estadísticamente significativas entre la
exposición a RFR y un mayor riesgo de cáncer de cerebro y tiroides. Sin embargo, en 2020, y
a la luz del conjunto de pruebas revisadas en este artículo, la FCC y la ICNIRP reafirmaron los
mismos límites que se establecieron en la década de 1990. En consecuencia, estos límites de
exposición, que se basan en suposiciones falsas, no protegen adecuadamente a los
trabajadores, los niños, las personas hipersensibles y la población en general de las
exposiciones a RFR a corto o largo plazo. Por lo tanto, se necesitan con urgencia límites de
exposición que protejan la salud de los seres humanos y el medio ambiente. Estos límites
deben basarse en pruebas científicas y no en suposíciones erróneas, especialmente teniendo
en cuenta la creciente exposición mundial de las personas y el medio ambiente a la RFR,
incluidas las nuevas formas de radiación de las telecomunicaciones 5G para las que no existen
estudios adecuados sobre los efectos en la salud (Comisión Internacional sobre los Efectos
Biológicos de los Campos Electromagnéticos (ICBE-EMF), Salud Ambiental, 2022, 21:92
https://doi.orq/10.1186/s12940-022-00900-9)

Creo que tomará conciencia que mi preocupación no carece de fundamentos científicos y

evidencias clínicas.

Piense que sus propios vecinos le podrán demandar explicaciones en el futuro.

Desde ya estor a vuestra disposición para proporcionarle todo información que considere

pertinente.

(454Lo saluda ate.

Dr. Andrés Ozols
Grupo de Biomateriales para Prótesis e Ingeniería de Tejidos
Instituto de Ingeniería Biomédica (IIBM)
Instituto de Tecnologías y Ciencias de la Ingeniería (INTECIN)
Facultad de Ingeniería de la Universidad de Buenos Aires
Av. Paseo Colón 850, C1063ACV Ciudad Autónoma de Buenos Aires, Argentina
Tel- +54 (11) 4343 0891/3 ext. 50924Fax. +54 (11) 4331 1852, Mob. +54 (11) 4081 7446



INFORME sobre Ordenanzas que limitan el despliegue 5G 
Con relación a las Ordenanzas de varias ciudades que han limitados las dosis de los Campos
Electromagnéticos o que no permiten el despliegue 5G, se debe informar a la comunidad médica y a
la población de cuatro cosas:

1 - Existe una Normativa Internacional reciente (OMS-ICNIRP-OIT-ICRP) que establece medidas de
Radioprotección de las personas y el Medio ambiente que deben respetarse y ya muchos países lo
han hecho (Suiza, Italia, Polonia, Bélgica, Rusia, N. Zelandia, Australia, Canadá, etc.)

2 - Existen miles de Trabajos científicos de los efectos para la salud producidos por especialistas
en la materia que deben ser conocidos por la comunidad médica y por la población.

3 - En el caso de algunas frecuencias 5G los riesqos son mucho mayores debido a una mayor dosis
de radiación, los efectos sobre el sistema inmune y la falta de estudios específicos suficientes.

4 - La Radioprotección salva vidas mejorando la comunicación y el acceso a internet.

1 - Normativa Internacional de Consenso (participaron todas las organizaciones competentes)
a) En el año 2020 se reúne la Comisión Internacional de Protección de las Radiaciones No lonizantes

(ICNIRP) con representantes de la Asociación Internacional de Protección Radiológica (IRPA), creadora
del ICNIRP, La Comisión Internacional de Protección Radiológica (ICRP), La Organización Internacional
del Trabajo (01T), El Comité Científico de Naciones Unidas sobre efectos de las Radiaciones (UNSCEAR)
y La Organización Mundial de la Salud (OMS) y se emiten en forma consensuada "Los Principios del
ICNIRP-2020" (ver Ref. 1) donde se crea un "Marco Único de Radioprotección para todo el Espectro de
Radiaciones", lonizantes y no ionizantes, y se establece como "Documento de Referencia" el ICRP-103,
que es el documento que ya usa la Autoridad Regulatoria Argentina (ARN) Esta decisión conjunta es
significativa pues determina que no debe haber diferencias de criterio en las medidas de control, y se
debe usar la misma norma y se deben aplicar los mismos criterios de radioprotección que se
aplican a las Radiaciones lonizantes (Justificación, Optimización y Límites de dosis).

b) La responsable de la Organización Mundial de la Salud (OMS) para el control de los Campos
Electromagnéticos, la Dra. Emilie Van Deventer, en un documento emitido el año pasado, junto con
representantes de la Organización Internacional del Trabajo (01T), la Asociación Internacional de
Protección Radiológica (IRPA) y otros expertos, reconoce que "No existe un marco coherente y global
para la protección de la salud de la población de las radiaciones no ionizantes" (ver Ref-2) razón por
la cual se recomienda a todos los gobiernos establecer Políticas Nacionales con objetivos claros de Salud
y Seguridad, a semejanza de las políticas establecidas para la protección de las radiaciones ionizantes.

Propone además, este proyecto de la OMS, que se establezca una Comisión Multidisciplinaria que
incluya a médicos, biólogos, epidemiólogos, físicos y otros especialistas, para aplicar los 3 Principios
de Radioprotección del ICRP. La carencia de un Sistema de Protección para las RNI supone un enorme
riesgo para la población. Esto fue señalado por el CIPRACEM y la delegación argentina en el Congreso
IRPA-15 de Radioprotección celebrado en Seúl, Corea, en el 2021, (ver Ref-3)
c) Los 3 Principios de Radioprotección ICRP-103 (ver Ref 4) se aplican a las radiaciones ionizantes

desde hace casi 100 años en forma exitosa, habiéndose disminuido las dosis y los riesgos de la población
y de los trabajadores de nuestro país en forma continua. El ICRP-103 fue traducido al español por
profesionales de la Comisión Nacional de Energía Atómica (CNEA) y de la Autoridad Regulatoria Nuclear
(ARN), y se cuenta con personas de experiencia en su aplicación en la CNEA, la ARN, la NA-SA, la
Superintendencia de Riesgos de Trabajo (SRT) en la Sociedad Argentina de Radioprotección (SAR), en la
Sociedad Argentina de Física Médica (SAFIM) y en sociedades médicas que trabajan con radiaciones
ionizantes como la de Radiología y la de Medicina Nuclear. En síntesis, se puede cumplir con la Normativa
Internacional e implementar la propuesta de la OMS y otros organismos internacionales de manera
adecuada. Por otra parte el ICRP-103 requiere establecer una "Autoridad Regulatoria" independiente
de las empresas comerciales, de la misma forma que ocurre con la ARN para las radiaciones ionizantes,
y las autoridades competentes deben tomar las medidas necesarias para asegurar su independencia y
competencia, siguiendo las recomendaciones de la OMS.

En síntesis, establecer un Sistema de Protección para las RNI y cumplir con los Principios del 1
ICNIRP y el ICRP-103, siguiendo las recomendaciones de la OMS; es un objetivo posible y
sustentable, y continuar el despliegue 5G sin designar antes una Autoridad de Control es
exponerse a múltiples riesgos inaceptables para la población y el medio ambiente.



2 - Los efectos sobre la salud 
a) La Comisión Internacional de efectos biológicos de los Campos Electromagnéticos (ICBF-EMF),
integrada por prestigiosos expertos del IARC y otros especialistas destacados, afirma que los límites de
exposición actuales no son válidos y significan un grave riesgo para la salud pública..! (ver Ref 5)
b) Efectos adversos a la salud que incluyen un mayor riesgo de abortos espontáneos (ver Ref 6)
c) un mayor riesgo de enfermedades y cáncer en la vecindad de las antenas base (ver Ref 7)
d) la inducción de especies reactivas de oxígeno y daño en el ADN (ver Ref 8),
e)efectos neurológicos y enfermedades neurodegenerativas como el Alzheimer (ver Ref 9),
f) daño a nuestro sistema inmunológico, particularmente importante durante la pandemia dado que se ha
observado que el número de muertes por Covid en los distritos y estados de USA con 50 fue el doble o el
triple de los estados con 3G o 4G (ver Ref-10), lo que determinó medio millón de muertos injustificados.
g) un mayor riesgo de tumores cerebrales (ver Ref 11) y otros daños como pérdida de motilidad en los
espermatozoides, tumores de tiroides, colon y recto, diabetes y osteoporosis, etc.
Muchos de estos daños a la salud constituyen "Efectos Determinísticos" que deben ser totalmente evitados
de acuerdo a las recomendaciones del ICRP-103
Todo esto demuestra la necesidad de establecer un Sistema de Control de las RNI semejante al utilizado
para las radiaciones ionizantes, tal como se propone en los Principios del ICNIRP-2020 para evitar
diferencias entre los trabajadores y entre la población
3 — El 5G y sus propios riesqos 
a)el trabajo de Kavindra Kesari y J. Behari sobre el efecto de las ondas de 50 GHz (5G) en el cerebro de
las ratas, que muestra como la exposición prolongada puede causar la ruptura de la doble cadena del ADN
y hacer cambios en las enzimas antioxidantes en el sistema neurológico de las ratas debido a la formación
de radicales libres. También confirma que el posible sitio de acción de dicha radiación milimétrica es el
hipocampo, la región responsable del control del aprendizaje y la memoria localizado en el centro de
nuestro cerebro.(ver Ref 12). Esto descarta la hipótesis de que los efectos son solo en la piel.
b) El Servicio de Investigaciones del Parlamento Europeo (EPRS) ha producido un informe (Ref-13), donde
se afirma que la literatura "no contiene estudios adecuados" para excluir el riesgo de que se produzcan
tumores y efectos adversos sobre la reproducción y el desarrollo tras la exposición a 50, o excluir la
posibilidad de algunas interacciones sinérgicas entre 5G y otras frecuencias que ya se están utilizando.
Esto hace que la introducción de 5G esté Ilena de incertidumbre respecto a ambos problemas de
salud, lo que justifica el Ilamado a una moratoria sobre 5G, hasta que se complete toda la
investigación necesaria.
c) Se adjunta como complemento el Informe del CIPRACEM a la comunidad médica sobre 5G.

4 - Finalmente se debe destacar que proteger la salud no implica dificultar la comunicación que
debe ser más rápida y potente y libre para toda la comunidad sin excepción, como ocurre con las
radiciones ionizantes con las que se prestan servicios pero sin causar muertes como ocurre con
las radiaciones elctromagnéticas cuando se descuida la salud de la gente. 

Dr. Rodolfo Touzet (CNEA-ARN-SAR-ANM-INC-IRPA)
Presidente del CIPRACEM

ComislánInteramericana de Protecrión
contra laRadiación Electromagnética

ADJUNTOS: 
1 - ICNIRP Principles 2020 (Health Phys 118 (5):477-482; 2020):
2 - Marco de Protección para las RNI (OMS) 12 /01/ 2022 en inglés y español
3 - Protection against IR vis-a-vis NIR (IRPA-15) A. González y R. Touzet
4 - ICRP - 103 (traducción al español de la APCNEAN)
5 - International Commission on the Biological Effects of EMF (ICBE-EMF)
6 - Exposición a RNI de Embarazadas (Calif)
7 - Riesgo de las antenas base — Balmori et al
8 - H. Lai RFR-oxidative effect-study abstracts
9 - M. Pall - CEM y Enfermedad de Alzheimer
10 - Magda Havas 5G y Sistema Inmunológico
11 - Hardell - Bradford Hill Tumores cerebrales
12 - K. Kesari y J. Behari sobre el efecto de las ondas milimétricas (5G)
13 - Informe sobre 5G del Servicio de Investigaciones del Parlamento Europeo (EPRS)
14 - Informe CIPRACEM a la comunidad médica sobre 5G
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Comunicado 1 del CIPRACEM a la comunidad médica sobre los riesqos de
los Campos Electromagnéticos (CEM) para la salud de las personas 

La Comisión Interamericana de Protección Radiológica de Campos
Electromagnéticos y Radiaciones No lonizantes (CIPRACEM) desea hacer Ilegar alguna
información sobre los riesgos de la exposición de las personas a los campos
electromagnéticos (CEM) a todos los médicos y a todas las organizaciones médicas de
nuestro país y ofrecerles todo el apoyo y la documentación que puedan requerir para
actuar adecuadamente frente a esta nueva problemática.

La situación actual, generalidades: 
Las empresas de telecomunicaciones con el apoyo de los gobiernos, están

desplegando la red inalámbrica de quinta generación (5G) para tener hogares
"Inteligentes", y cludades "inteligentes". Todo lo que poseamos desde refrigeradores
hasta pañales para bebés, tendrán antenas y microchips y se conectarán de manera
inalámbrica a Internet. Lo que no se reconoce es que esto tendrá como resultado un
impacto muy fuerte en la salud de la gente y el medio ambiente a escala mundial.

Incluso antes de que se propusiera la red 5G, docenas de peticiones y
declaraciones firmadas por clentíficos internacionales, incluyendo la Declaración de
Friburgo, firmada por más de 3.000 médicos, pedían el cese de la expansión de la
tecnología inalámbrica y una moratoria a las nuevas estaciones base, hasta tanto se
investigaran todas sus consecuenclas..!

En 2015, 215 científicos de 41 países comunicaron a las Naciones Unidas (ONU) y
a la Organización Mundial de la Salud (OMS), que más de 10.000 estudios científicos
publicados, con revisión de pares, demostraban fuertes daños a la salud humana por
radiación de RF. Los efectos incluían: Alteración del ritmo cardiaco, Cambio en la
expresión genética, Cánceres, Diabetes, Deterioro cognitivo, Enfermedades
cardlovasculares, Daños en el ADN, Aumento de los radicales libres, Alteraciones en
la calidad de los espermatozoides, Abortos espontáneos, Daños neurológicos,
Enfermedad de Alzheimer y Estrés oxidativo celular y en los niños incluye Autismo,
trastorno por déficit de atención con hiperactividad (TDAH) y asma.

Los daños van mucho más allá de los seres humanos, ya que hay abundante
evidencia de daños a plantas y vida silvestre y a animales de laboratorio, que incluye
Aves, Mamíferos, Abejas, Insectos, Ranas, Ratas, Plantas, Árboles y Bosques.

Los niveles proyectados de radiación de radlofrecuencias, serán decenas o clentos
de veces mayores que los que existen actualmente..!!, sin posibilidad de escapar en
ninguna parte del planeta, por lo que los daños actuales a la salud crecerán en forma
exponencial. Se puede agregar que en 5G se planifica ampliar las frecuencias de
operación hasta 100 GHz, desconociéndose si esas frecuencias provocan daños a la
salud humana por no haberse realizado aún investigaciones serias e independientes al
respecto.,!!

Alqunos problemas más relevantes: 
1 - Se observó el crecimiento por factor 4 o 5 de la frecuencia de los tumores
cerebrales, de mayor malignidad, en aquellos países que cuentan con 
estadísticas epidemiológicas, como es el caso de Francia, Suecia, Australia,
Inglaterra y Brasil. Se estima que solo por tumores cerebrales la exposición a los CEM
han producido ya más de 4 millones de fallecimientos. Para determinar "la Causalidad"
dos expertos del IARC (los Dres. C. Portier y L. Hardell) aplicaron los 9 criterios de Sir
Bradford Hill obteniendo una muy fuerte evidencia de la causalidad atribuida a la
exposición a los CEM. En Argentina lamentablemente no contamos aún con
estadísticas nacionales y ya ha sido comunicada esta necesidad al Instituto Nacional



del Cáncer. Se cuenta solo con algunos datos parciales procedentes de un servicio de
cirugía que ha reportado que se quintuplicó, en solo 10 años, la frecuencia de los
Neurinomas del acústico de grado 4, denominados gigantes,
2 - Se ha observado también un gran aumento de los tumores de tiroides, y de colon y
recto en personas muy jóvenes en USA atribuido al uso de celulares en los bolsillos.
3 - Además del efecto carcinogénico se observa la Co-carcinogénesis en personas y
animales, aumentando el número, volumen y agresividad de los tumores pre-
existentes lo cual determina la necesidad inmediata de proteger a todos los pacientes
con cáncer.
4 - Se observa una sensible debilitación del sistema inmunológico ocasionado por
la inhibición de la Calcineurina sumada al aumento de la permeabilidad de la
membrana hemato-encefálica, así como el camblo en la expresión de algunos
oncogenes y cambios epigenéticos que producen una disminución de las defensas
naturales del organismo, lo cual en el caso de una pandemia resulta doblemente
grave.
5 - Hay otros efectos sobre la salud, que no se pueden describir aquí en detalle,
que afectan el Sistema reproductor masculino y femenino, en personas y animales,
incluyendo el aumento de los abortos espontáneos, también sobre el sistema
endócrino y las hormonas, en particular sobre la melatonina, también sobre el
Sistema de circulación sanguínea y sobre el Sistema nervioso con enfermedades
neurológicas y psiquiátricas, el autismo y el aumento de la enfermedad de
Alzheimer en personas muy jóvenes.

A diferencia de las radiaciones ionizantes cuyos efectos se observan solamente a
valores de exposición muy superiores a los límites establecidos para el público y los
trabajadores, en el caso de los CEM estos efectos ocurren frecuentemente a valores
de exposición 100 veces por debajo de los límites establecidos.., razón por la cual se
puede afirmar que el Poder Cancerígeno de los CEM es, como mínimo, 1000 veces
superior al de las radiaciones lonizantes.

Normas para protener a la población y el medio ambiente de los CEM 
Afortunadamente disponemos de una normativa internacional y de una reciente

iniciativa de la OMS que nos permiten disminuir fuertemente los riesgos, por factor
100 o 1000, aplicando los mismos principios que se utilizan para la protección de las
Radiaciones lonizantes..!! y en esta tarea hay varias sociedades médicas, que forman
parte del Programa de Protección Radiológica del paciente, que ya tienen experiencia
en la aplicación de los 3 Principios de Radioprotección del ICRP para disminuir las
dosis de radiación recibidas por los pacientes.
a) En el año 2020 la Comisión Internacional de Protección de Radiaciones No
lonizantes (ICNIRP), emite Los Principios del ICNIRP que fueron aprobados por la
Organización Internacional del Trabajo (01T) y la Organización Mundial de la Salud
(OMS), y establecen que:
Se deben cumplir los 3 Principios de Radioprotección, la Justificación, la
Optimización y los Límites de Dosis, de forma exactamente igual como se hace con
las radiaciones lonizantes y de hecho el Documento de Referencia propuesto es el
ICRP-103
b) En enero de este año la OMS inicia un Proyecto (Marco de Protección de RNI)
que Insta a los Gobiernos a establecer un Sistema de Protección (multisectorial) que
incluya médicos y físicos para cumplir los 3 Principios de Radloprotección.
c) Dado que no existe experiencia previa, ni especialistas, en la aplicación de los 3
Principios de Radioprotección del 1CRP a los Campos Electromagnéticos (CEM) esta



Comisión Interamericana de Protección Radiológica de los Campos Electromagnéticos
y las Radiaciones No lonizantes (C1PRACEM) desarrolló una Guía Informativa
justamente para la aplicación de los Principlos de Radioprotección a las Radiaciones
no lonizantes y los CEM.., que puede brindar alguna ayuda para encontrar soluciones
prácticas para proteger a la población de los dispositivos tecnológicos usados en las
comunicaciones inalámbricas. (recomendamos a las autoridades leerla atentamente)
d) La medida fundamental que propone la OMS es el establecimiento de un "Sistema
de Control Regulatorio" Independiente de las Empresas y de carácter Multisectorial.
Entendemos que esta recomendación debe ser cumplida a la brevedad para proteger
la población en forma inmediata.

Por tratarse de una problemática que afecta muy fuertemente a la salud, la
comunidad médica debe estar informada en forma muy especial para poder proteger a 
la población y en particular a los individuos más sensibles como pueden ser los niños,
las mujeres embarazadas, los enfermos de cáncer, las personas con hipersensibilidad
electromagnética y los pacientes con cuadros que puedan ser agravados por la
exposición a los CEM.

Dado los grandes intereses puestos en juego sería necesario que la sociedad civil y
en particular la comunidad médica a través de sus organizaciones soliciten e insten a
las autoridades competentes el cumplimiento de una normativa que asegure la
protección adecuada de la población.

Aunque es un tema muy complejo y extenso no queremos extendernos demasiado
en este comunicado pero quedamos a vuestra total disposición para aportar toda la
documentación que les resulte necesaria.., por vía mail, a cualquier médico o
sociedad médica que nos lo requiera..!!

Quedan a vuestra total disposición los miembros argentinos del C1PRACEM, e1 Dr.
Daniel Orfila (Director Médico del 1C-EM -1mplantes Cocleares Equipo Multicéntrico),
el Ing. Walter Fano (Profesor responsable de Antenas y Propagación Electromagnética
de la Facultad de Ingeniería de la UBA), el Dr. Eduardo Legaspe (Bioquímico,
especialista en Radioprotección de poblaciones vulnerables por efectos de las
radiaciones no lonizantes), la Dra. Mariana Lofeudo (abogada especialista en salud y
ambiente. Docente de grado y posgrado en la Facultad de Derecho de la UBA, a cargo
del dictado del tema Contaminación Electromagnética), el Ing. Guillermo Defays
(Master of Sciences en Sistemas de Comunicaciones de la Universidad de Essex,
Inglaterra), el Bioing. Mag. Esteban Rossi (Profesor titular, Investigador de la Fac. de
Ingeniería de la UNER), el Ing. Abel González (ARN-SAR-UNSCEAR-IAEA), el Dr.
Rodolfo Touzet (CNEA-SAR-FRALC-IRPA), Ing. Jorge Ferrari (t-in memorial)

Muy atentamente, quedamos a vuestra total disposición,

ábRACEM
ComIshin lnteramerkonade Proteccido RadiolOgica de los
Campos Electromagnencos tlasiladlaciones no lorrizantes

Se adjuntan al mail, a modo de ejemplo, solo 3 documentos:
1) La Guía Informativa CIPRACEM que incluye una Bibliografía de 1500 trabajos,
2) Un muy reciente trabajo de Martin Pall sobre Enfermedad de Alzheimer y
3) Un artículo de Nature sobre los efectos en la mujer embarazada.

(Hay mucha más documentación disponible a los que nos lo requieran..)



Comunicado N° 2 del CIPRACEM a la comunidad médica sobre Diagnóstico 
tratamiento de personas con Hipersensibilidad Electromagnética (EHS) 

1) Casuística: La OMS considera que la tasa de personas electrohipersensibles en
países industrializados se acerca al 5% de la población y está aumentando en
forma exponencial. En Suecia, que posee muy buenas estadísticas, la cantidad de
personas que manifiestan tener hipersensibilidad electromagnética eran un 1.5 %
en 1996, pasó al 3% en el 2000 y al 9% en el 2004. En Austria pasó del 1.5% en
1995 al 13% en el 2002 o sea que en solo 7 años se multiplicó por 10.

Se adjunta un informe que en base a los datos de diferentes países, estiman
que actualmente un 50% de la población mundial puede ser EHS con diferentes
grados de sensibilidad, desde los que no pueden soportar un CEM y deben aislarse
hasta los que poseen sólo síntomas leves.

El Observatorio de Contaminación Electromagnética de Estados Unidos afirma
que actualmente el porcentaje de la población estadounidense que padece de
electro sensibilidad es de un 10%.

O sea que la información estadística es muy variada de un país a otro y del
nuestro no tenemos aún una estadística a nivel nacional.

Un caso particular, se informa que dos investigadores suecos, iásterdalh y
Hilgstedt, afirman que las personas que poseen reparaciones bucales con
amalgamas, tienen mayor riesgo de ser EHS porque esas amalgamas funcionan
como antenas.

2) Discapacidad: En varlos países los tribunales han reconocido los reclamos
por discapacidad a personas con sensibilidad electromagnética, caso de Australia,
Francia, España y Estados Unidos. En Suecia, gracias al trabajo del científico 011e
Johansson y su equipo del Instituto Karolinska, la Electrosensibilidad ha sido
reconocida oficialmente como una discapacidad, e incluso se dan ayudas
económicas a los afectados para que puedan proteger sus viviendas de los
campos electromagnéticos.

Los datos indicarían que la situación es cada vez más seria y el aumento de
los casos graves es cada vez más frecuente por lo que se considera la
conveniencia de que una junta médica especializada establezca los criterios que
deberán aplicarse en estos casos. Los padecimientos que sufren algunas personas
son realmente graves y ha habido casos de suicidlos. Es un tema social que los
médicos deben considerar y las autoridades deben prevenir.

3) Diagnóstico y tratamiento: Se dispone de las Directrices del Colegio de
Médicos de Austria para el diagnóstico y tratamiento de enfermedades y
problemas de salud relacionados con los campos electromagnéticos (síndrome de
los CEM) que han sido traducidas al español, y que indica cómo proceder en estos
caso, las pruebas diagnósticas a realizar y las medidas a tomar.

El principal método de tratamiento debe consistir obviamente en la prevención
o reducción de la exposición a los CEM, teniendo cuidado de reducir o eliminar, de
ser posible, todas las fuentes de CEM existentes. Muchos casos han demostrado
que estas medidas pueden resultar eficaces. Por otra parte se deben tomar las
medidas sintomáticas correspondientes.

Hay otros 2 trabajos de diagnóstico más recientes y muy importantes que se
adjuntan (de Belpomme y de Heuser), y que utilizan técnicas diagnósticas muy
elaboradas de tomografía cerebral ultrasónica, ecografía Doppler transcraneal y



escáneres cerebrales de resonancia magnética, así como el uso de
"biomarcadores" para la detección de diversas alteraciones y trastornos
patológicos tales como el estrés oxidativo celular, la apertura de la membrana
hematoencefálica, la respuesta autoinmune y la disminución de la concentración
de melatonina, todos ellos son efectos determinísticos muy adversos originados
por la exposición intensa y prolongada a los CEM.

4) Trastornos relacionados: Es muy importante destacar que el trabajo de
Belpomme demuestra claramente que en la mayoría de los casos de
hipersensibilidad electromagnética se han observado y medido un conjunto de
"trastornos funcionales fisiopatológicos" que evidencian que el cuadro clínico EHS
no es oriqinado en un simple descenso del umbral de sensibilidad del paciente 
sino más bien en la aparición de un conjunto de alteraciones patológicas
originadas por los CEM que constituyen una única, bien-definida e identificable
nueva enfermedad neurológica que no puede ser confundida ni tratada como un
trastorno psicosomático ni por efecto nocebo.

5) Conclusión: con el fin de aumentar la conciencia científica de esta entidad
patológica en la comunidad médica y el público en general, se deberá fomentar la
investigación y capacitar a los médicos para diagnosticar, tratar y prevenir de
manera eficiente los casos de hipersensibilidad electromagnética (EHS), que de
hecho constituye una única, blen-definida e identificable nueva enfermedad
neurológica.

Por otra parte es importante destacar que se deberán tomar las medidas
necesarias para prevenir la ocurrencia de estos casos estableciendo límites
adecuados de dosis de irradiación que prevengan la ocurrencia de efectos
determinísticos tal como establecen los criterios del 1CRP-103 que es el
documento de referencia adoptado por la comunidad internacional al aprobar en
forma consensuada los principios del ICNIRP-2020.

Para las radiaciones no ionizantes se deben aplicar exactamente los mismos
principios que se aplican a las radiaciones ionizantes por lo que se debe impedir la
ocurrencia de todo tipo de efectos determinísticos en las personas y los animales.

La aplicación de los Principios de Radloprotección tal como establece el
ICNIRP-2020 y recomienda el nuevo proyecto de la OMS, es una herramienta
efectiva para disminuir las dosis de radiación de la población a niveles que
prevengan o disminuyan la frecuencia de casos de EHS.

6) Asociaciones de personas EHS: En muchos países las personas con
Hipersensibilidad Electromagnética se agrupan en sociedades u ONG para
defender sus derechos y reclamar para que se establezcan lugares protegidos de
los CEM, se dicten normas que impidan el uso indebido y se capacite a la
población y se realicen campañas informativas sobre los riesgos de los CEM y
cómo prevenirlos. Una medida importante es tener disponibles materiales de
protección de las personas y las viviendas, tales como pinturas, ropa, cortinas,
tules, láminas transparentes para vidrios y todo material que ayude a construir
cajas de faraday para protegerse de los CEM.

Para mayor información, se adjuntan las los sitios web de las asociaciones de
EHS en diferentes países con información específica de mucha utilidad. (En
América latina no conocemos asociaciones de personas EHS)



Australia https://anres.orq/information-for-individuals/
Belgium https://www.bbemq.ulieqe.be/electrosensitivity-ehs/
Canada http://www.weepinitiative.orq/index.html

Denmark https://EHSF.dk
Finland https://sahkoherkkyyssaatio.fi/in-english/
France https://www.electrosensible.orq/b2/

Germany https://www.buergerwelle.de/
Ireland https://es-ireland.com/about-2/

Italy	 https://www.elettrosensibili.it/
Netherlands	 http://www.stichtingehs.nl/

Norway https://www.felo.nolnyheterl
Portugal 1	 http://antenasaquinao.blogspot.com/

Spain https://www.avaate.orq/
Sweden https://eloverkansliq.orq/

Switzerland https://www.buemerwelle-schweiz.org/
IUnited Kingdom	 https://www.es-uk.info/
IUSA	 https://wearetheevidence.orq/

Nuevamente quedan a vuestra disposición por toda información complementaria
los miembros argentinos del CIPRACEM, el Dr. Daniel Orfila (Director Médico del IC-EM
-Implantes Cocleares Equipo Multicéntrico), el Ing. Walter Fano (Profesor responsable
de Antenas y Propagación Electromagnética de la Facultad de Ingeniería de la UBA),
el Dr. Eduardo Legaspe (Bioquímico, especialista en Radioprotección de poblaciones
vulnerables por efectos de las radiaciones no ionizantes), la Dra. Mariana Lofeudo
(abogada especialista en salud y ambiente. Docente de grado y posgrado en la
Facultad de Derecho de la UBA, a cargo del dictado del tema Contaminación
Electromagnética), el Ing. Guillermo Defays (Master of Sciences en Sistemas de
Comunicaciones de la Universidad de Essex, Inglaterra), el Bioing. Mag. Esteban Rossi
(Profesor titular, Investigador de la Fac. de Ingeniería de la UNER), el Ing. Abel
González (ARN-SAR-UNSCEAR- IAEA), el Dr. Rodolfo Touzet (CNEA-SAR-FRALC-1RPA),

Se adjuntan 4 documentos para el diagnóstico y tratamiento de los EHS.

Muy atentamente, quedan a vuestra total disposición

abRACEM
Comishin Interamericana de Proteuldn Radkiógico de 1os
Campos cct,oma gnéticosylao Radtacionit.n. lontunres

Adjuntos al comunicado CIPRACEM N° 2: 
• Directrices para EHS del Colegio de Médicos de Austria
• Diagnóstico tratamiento de (EHS) - D. Belpomme
• Uso de MRI en pacientes con EHS - Gunnar Heuser
• Tendencia mundial de crecimiento de los EHS - O. Hallberg



Comunicado 3 del CIPRACEM a la comunidad médica sobre los riesgos de
la proximidad de las Antenas base para la salud de las personas 

La Comisión Interamericana de Protección Radiológica de Campos Electromagnéticos y
Radiaciones No lonizantes (CIPRACEM) desea hacer Ilegar a la comunidad médica información
sobre los riesgos de las personas que viven en la proximidad de las antenas base de telefonía
celular y ofrecer el apoyo y documentación necesaria para actuar frente a esta problemática.

1 — Revisión de la literatura científica sobre los efectos sobre la salud de las antenas de 
estaciones base de celular: 

a) El grupo de A. Balmori hizo una revisión completa de estudios realizados en 39 países
diferentes, en condiciones urbanas reales, y en más del 70% se encontró que provocaban
enfermedades, cambios en los parámetros biológicos como rotura del ADN, aumento de la
frecuencia de cáncer que en algunos casos Ilega a ser 5 veces mayor que los valores en
poblaciones alejadas de las antenas. Esta revisión de A. Balmori es la más reciente y completa y se
recomienda leerla atentamente. Es importante señalar que además hay muchos estudios realizados
en animales y árboles cerca de las antenas "que obviamente no pueden ser conscientes de su
proximidad" por lo que nunca se les pueden atribuir efectos psicosomáticos.

Estos efectos son esperables dadas las experiencias realizadas con seres humanos (CERENAT,
Interphone, INTEROCC) y las experiencias realizadas con animales de laboratorio en USA (NTP) y
en Italia (Instituto Ramazzini) que demostraron que aumenta la frecuencia de cáncer por la 
exposición a teléfonos celulares y antenas hasta valores de 3% con relación a los animales no 
expuestos. Se adjunta este trabajo completo como Ref. 3.1a.

b) Hay otro estudio, realizado en los Estados Unidos, que analiza el impacto de las antenas
base y de wifi sobre las personas expuestas. Destaca en el caso de Israel, que la frecuencia de
cáncer en mujeres es 10 veces más alta en las zonas cercanas a las antenas que en el resto de la
ciudad, y además se observó un aumento significativo de la frecuencia en un período de solo un
año.!!, lo cual indicaría, considerando los períodos de latencia, "un fenómeno de aceleración de
casos latentes o co-carcinogénesis", que ya fue observado en el estudio INTEROCC, Francia.

Las personas que utilizan dispositivos inalámbricos deben saber que cada emisión de voz o
datos contribuye al deterioro, la enfermedad y el sufrimiento de personas y animales dentro del
alcance de la antena. Se afirma que no existe una autoridad federal, estatal o local en los EE. UU
que esté monitoreando y calculando la radiación emitida por millones de antenas y sus riesgos. Los
expertos del Comité Nacional Ruso de Protección contra la Radiación No lonizante (RNCNIRP)
afirman que la mayoría de las señales de radiofrecuencia que se utilizan en los sistemas de
comunicación no han sido probados en condiciones reales..!! dado que no se consideran los
efectos de "los cócteles de radiaciones electromagnéticas", que incluyen un conjunto de
parámetros físicos variables, como polarización (vedical u horizontal), densidades de potencia,
campos pulsados con variaciones de ancho, forma y amplitud de pulso, etc., etc., para cientos de
canales de frecuencia diferentes que pueden estar presentes en un sitio determinado n

Dice este informe que el Dr. Dietrich Klinghardt M.D., especialista en la Enfermedad de Lyme,
LD, está "convencido de que el aumento de la virulencia de esta enfermedad (LD), que se está
viendo en USA con cientos de miles de casos, está relacionado al aumento exponencial de los
campos electromagnéticos (CEM)" y por lo tanto, el tratamiento de la enfermedad de Lyme no será
efectivo si no ocurre la disminución de los CEM. Estos son solo algunos puntos extraídos de este
informe que es la Ref. 3.1b. y se recomienda leer en detalle.

c) Hay una tercera recopilación de efectos sobre la salud sobre más de 100 antenas en todo el
mundo, donde se señalan diferentes daños, tales como: aumento de casos de cáncer y leucemia de
acuerdo a la distancia a la antena, un riesgo elevado de neoplasia cerebral en niños con una
exposición a CEM-RF superior a la mediana, mayor prevalencia de síntomas neuroconductuales
adversos y/o cáncer en poblaciones que viven a distancias menores a 500 metros de las estaciones
base, mayor riesgo de desarrollar problemas neuropsiquiátricos, efectos nocivos en la función del
sistema nervioso central a través del estrés oxidativo celular, infertilidad irreversible, aumento de la
tasa de mortalidad de ratas con mortalidad en los grupos expuestos de casi el doble del valor
observado en el grupo de exposición simulada, etc., etc. Ver Ref. 3.1c.

Del análisis de estas 3 recopilaciones se desprende que las Antenas base producen en sus
cercanías efectos determinísticos y un aumento de la frecuencia de efectos estocásticos que son
incompatibles con las recomendaciones del ICRP-103 que corresponde aplicar. Si cualquiera de
estos efectos fuera observado en la proximidad de una instalación radiactiva o una Central Nuclear
la misma sería puesta "fuera de servicio" por la Autoridad Regulatoria correspondiente (ARN).



2 — Experiencia realizada en Bello Horizonte, Brasil: 
En este estudio se realiza una comparación entre la frecuencia y la mortalidad por cáncer en

relación a la cercanía de las estaciones base. Este estudio fue complementado por una evaluación
detallada, casa por casa, de las dosis que efectivamente recibían los residentes de dichas casas.

Como resultado del estudio que se realizó entre 1996 y 2016, se encontró que las tasas de
mortalidad y el riesgo relativo fueron mayores para los residentes dentro de un radio de 500 m
desde las antenas de estaciones base, en comparación con la tasa de mortalidad promedio de toda
la ciudad, y se observó además una disminución del gradiente de dosis-respuesta para los
residentes que vivían mucho más lejos. Ver el trabajo completo en Ref. 3.2
3 — Evidencia clara de "efectos determinísticos": (efectos en linfocitos de sangre periférica
humana de personas que residen en las cercanías de estaciones base de telefonía móvil):

Para complementar los 4 trabajos de campo realizados en cercanías de antenas de estaciones
base de telefonía celular, se adjunta el resumen de un trabajo donde se observa daño en el ADN de
linfocitos de sangre periférica (LSP) de las personas que residen en las cercanías de estaciones
base de telefonía móvil y son comparados con controles sanos. Los grupos de estudio se
emparejaron según varios datos demográficos, como edad, género, patrón dietético, hábito de
fumar, consumo de alcohol, duración del uso del teléfono móvil y uso promedio diario del teléfono
móvil. La densidad de potencia de RF de los individuos expuestos fue significativamente mayor (p
< 0,0001) en comparación con el grupo de control que residían a 300 metros. Se cultivaron los LSP
y se evaluó el daño del ADN mediante ensayo de micronúcleos. Los análisis de los datos del grupo
expuesto (n = 40), que residían dentro de un perímetro de 80 m de las estaciones base móviles,
mostraron una frecuencia significativamente mayor (p < 0,0001) de micronúcleos en comparación
con el grupo de control, que residía a 300 m de la estación/es base móvil/es.

Esta experiencia muestra que los residentes cercanos a las antenas base pueden sufrir efectos
determinísticos, que como se ha dicho previamente es incompatible con las recomendaciones del
ICRP-103, que es el "Documento de Referencia" establecido en el estándar ICNIRP-2020 que fuera
consensuado internacionalmente, Ver Ref. 3.3
4 — Constancia de la Causalidad de los efectos estocásticos: 

Es importante destacar que cuando "se afirma que todos los efectos observados son causados
por la exposición a los Campos Electromagnéticos" se fundamenta esta afirmación en la aplicación
explícita de los 9 Criterios formulados por Sir Bradford Hill (1965) que son imprescindibles para
determinar la "Causalidad". En los Principios del ICNIRP-2020 se establece que antes de tomar
determinaciones y/o establecer requisitos regulatorios es necesario que los "efectos estén
científicamente comprobados" y para lograr que "los efectos estén científicamente comprobados"
es necesaria la aplicación de los 9 Criterios formulados por Sir Bradford Hill (1965) que son
imprescindibles para determinar la "Causalidad"(esto dice textualmente el ICNIRP-2020)

En síntesis, las decisiones no pueden ser tomadas sobre la base de solo algunos trabajos, sino
"sobre el conjunto de toda la información existente" utilizando los 9 Criterios formulados por Sir
Bradford Hill.

Esta tarea ha sido realizada por dos prestigiosos expertos del IARC: los doctores Lennart
Hardell y Christopher J. Portier, que han considerado la totalidad de la información científica que
incluye trabajos in vitro, estudios de casos, estudios sobre animales, estudios estadísticos, etc. y
ambos han concluido que las pruebas de Causalidad de los campos electromagnéticos en los
casos de tumores cerebrales como los gliomas y los Neurinomas del acústico son muy fuertes,
razón por la cual la causalidad está debidamente demostrada.

Para comprobar esta afirmación se adjunta el trabajo de Lennart Hardell "Uso de los puntos de
vista de Bradford Hill para evaluar la fuerza de la evidencia del riesgo de tumores cerebrales
asociados con el uso de teléfonos móviles e inalámbricos. Ref. 3.4
5 — La penetración de las ondas milimétricas producidas por el 5G: 

La penetración de los campos electromagnéticos en inversamente proporcional a la frecuencia,
o sea a mayor frecuencia menor será el alcance y la penetración dentro de la piel y los tejidos
biológicos. En base a esta circunstancia algunas publicaciones han aprovechado para afirmar que
para las frecuencias de los GHz (denominadas milimétricas por su longitud de onda), la penetración
es menor que las radiofrecuencias de MHz y por lo tanto: "No van a producir mayores daños en la 
salud de las personas expuestas.." Por lo cfue podemos quedarnos tranquilos..!!

Si bien es correcto que hay un menor alcance, "Se ha comprobado experimentalmente que la
radiación de microondas de 50 GHz (milimétrica) penetra profundamente en el cerebro de ratas
Wistar y produce serios daños en el hipocampus que está precisamente en el centro del cerebro..!!"
(lo que indicaría que o tienen acceso a través del canal auditivo o los lagrimales o a través de los
poros de la piel o mediante la exposición de la sangre periférica que circula por los capilares
superficiales que luego accede a los vasos internos, etc.)



En la experiencia de Kumar Kesari y J. Behari los animales fueron expuestos, durante solo 2 h al
día, durante 45 días de forma continua a una densidad de potencia de 0,86 pW/cm 2 con una tasa de
absorción específica nominal de 8,0 x 10 4 W/kg.. O sea, a valores de exposición 100 veces por
debajo de los límites establecidos..!! y no obstante los efectos fueron muy graves.

La exposición crónica a estas radiaciones provocó la ruptura de la doble cadena del ADN y una
disminución de las actividades de las enzimas antioxidantes y de un protector tumoral (PKC). Se
concluye que estas radiaciones milimétricas pueden tener un efecto muy significativo en todo el
cerebro, por lo que se debe evitar exponer a las personas a las mismas. El hipocampo es
probablemente un sitio preferencial para la biointeracción de los CEM y esto está en línea con otros
informes que refieren que una exposición crónica a la radiación electromagnética afecta las
funciones de aprendizaje y memoria al afectar el hipocampo. Ver Ref. 3.5

Conclusión: De la revisión de muchos trabajos y los estudios complementarios parece adecuado
concluir que las Antenas base producen en sus cercanías efectos determinísticos y un aumento de
la frecuencia de efectos estocásticos incompatibles con las recomendaciones del ICRP-103 que
corresponde aplicar. Afortunadamente disponemos de una normativa internacional (ICNIRP-2020) y
de una reciente iniciativa de la OMS que propone el establecimiento de un "Sistema de Control
Regulatorio" de carácter Multisectorial que nos permiten disminuir fuertemente los riesgos,
aplicando los mismos principios que se utilizan para la protección de las Radiaciones lonizantes..!!
y en esta tarea hay varias sociedades médicas, que forman parte del Programa de Protección
Radiológica del paciente, que ya tienen experiencia en la aplicación de los 3 Principios de
Radioprotección del ICRP para disminuir las dosis de radiación recibidas por los pacientes.

Hay varios estudios que muestran que el poder cancerígeno de los Campos Electromagnéticos
es muy superior al poder cancerígeno de las radiaciones ionizantes, razón por la cual las medidas
de prevención deben ser aun más estrictas.

Quedan a vuestra disposición los miembros argentinos del CIPRACEM, el Dr. Daniel Orfila
(Director Médico del IC-EM -Implantes Cocleares Equipo Multicéntrico), el Ing. Walter Fano
(Profesor responsable de Antenas y Propagación Electromagnética de la Facultad de Ingeniería de
la UBA), el Dr. Eduardo Legaspe (Bioquímico, especialista en Radioprotección de poblaciones
vulnerables por efectos de las radiaciones no ionizantes), la Dra. Mariana Lofeudo (abogada
especialista en salud y ambiente. Docente de grado y posgrado en la Facultad de Derecho de la
UBA, a cargo del dictado del tema Contaminación Electromagnética), el Ing. Guillermo Defays
(Master of Sciences en Sistemas de Comunicaciones de la Universidad de Essex, Inglaterra), el
Bioing. Mag. Esteban Rossi (Profesor titular, Investigador de la Fac. de Ingeniería de la UNER), el
Ing. Abel González (ARN-SAR-UNSCEAR-IAEA), el Dr. Rodolfo Touzet (CNEA-SAR-FRALC-IRPA),
Ing. Jorge Ferrari (t-in memorial)

Muy atentamente, quedamos a vuestra disposición,

Comis ds, Inreramencans.d Proterdshs Radlolágika
Campos Ekarørngn1Jcos y les Radlactones no lonizaptel

Ad'untos:
3.1a - Efectos de las Antenas (2022) - Revisión de Balmori
3.1b - The Kill Zones, Evaluación de los efectos de las antenas. USA
3.1c - Cell-Tower-Studies-updated (100 papers)
3.2 - Estudio de Bello Horizonte, Brasil - A. Dode
3.3 - Aberraciones cromosómicas en leucocitos de sangre periférica —Resumen
3.4 - Uso de los 9 criterios de Bradford Hill para demostrar la Causalidad — L. Hardell
3.5 - 50 GHz exposure Rats brain (K. Kesari y J. Behari)



Comunicado 4 del CIPRACEM a la comunidad médica sobre el impacto en
la salud de las ondas milimétricas utilizadas en los sistemas 5G 

Los sistemas de comunicación celular de quinta generación (5G), utilizan en algunos tramos,
radiofrecuencias hasta ahora poco utilizadas para un despliegue masivo; las Ilamadas "ondas
milimétricas". Debido al menor alcance y la menor penetración de las ondas milimétricas, se debe
aumentar la cantidad de antenas 5G, para ponerlas más cerca de la oente para mantener la
conectividad, por lo que la exposición del público crece muchísimo y, por ejemplo, el organismo de
control de los Estados Unidos, la FCC, decidió aumentar 4 veces los límites permitidos para el
público, de 1000 a 4000 pW/cm 2, y se colocaron antenas hasta en las luminarias de las calles. Todo
esto produjo naturalmente un gran aumento de las dosis colectivas de la población expuesta y de
los riesgos ligados a las mayores dosis.

En un primer momento, se especuló con que las ondas milimétricas, debido a su baja
penetración, solo podían tener efectos superficiales en la piel humana. Pero esto no parece ser así.
Se adjunta el trabajo de Kavindra Kesari y J. Behari del efecto de las ondas milimétricas en el
cerebro de las ratas, que muestra como la exposición prolongada puede causar la ruptura de la
doble cadena del ADN y hacer cambios en las enzimas antioxidantes en el sistema neurológico de
las ratas debido a la formación de radicales libres. También confirma que el posible sitio de acción
de dicha radiación milimétrica es el hipocampo, la región responsable del control del aprendizaje y
la memoria localizado en el centro de nuestro cerebro. Este trabajo es muy importante para
demostrar que no sería correcto afirmar que las ondas milimétricas afectan solo la piel.

Como conclusión, las nuevas frecuencias que 5G suma a la radiación existente, no hace más
que potenciar y aumentar los efectos de las mismas sobre la salud humana, en particular, los
efectos biológicos que disminuyen las defensas del organismo, como por ejemplo:

(1) La RF, a valores de exposíción muy bajos, produce la apertura de los canales iónicos de la
membrana celular y el ingreso abrupto de iones calcio que provocan una avalancha de
reacciones bioquímicas que concluyen en "la inhibición de la Calcineurina" que es la enzima
responsable del desarrollo y maduración de las células T, cuya función es la protección del
organismo ante el ingreso de agentes extraños como microbios y virus.

(2) La exposición a la RF produce a bajas dosis y en un corto período de tiempo el aumento de la
permeabilidad de la barrera hematoencefálica (BBB) lo que permite el ingreso al cerebro de
moléculas de mayor tamaño, como la albúmina y toxinas que dañan las neuronas.

(3) La exposición a la RF provoca el estrés oxidativo celular y el aumento de los radicales líbres
lo que Ileva a un aumento de la inflamación.

(4) La exposición a RF afecta la estructura de la hemoglobina, reduciendo su capacidad para
unirse al oxígeno. Después de solo dos horas de exposición a un teléfono celular, la
estructura de la hemoglobina humana cambia, disminuyendo su afinidad para unirse al
oxígeno en los pulmones entre un 11 y un 12 %, lo que reduce la cantidad de oxígeno que se
transporta desde los pulmones a los tejidos, contribuyendo a la hipoxia.

(5) La RF provoca cambios morfológicos en los eritrocitos, incluida la formación de equinocitos y
"rouleaux" (pila de monedas), fenómeno que se observa al microscopio luego de solo 10
minutos de exposición a ondas milimétricas lo que contribuye a la formación de coágulos.

(6) Se ha demostrado que la exposición a RF reduce la producción glutatión. Las personas que
residían cerca de una antena base de celular tenían niveles de glutatión muy inferiores a
quienes vivían lejos de esa misma antena. Los bajos niveles de glutatión reducen los niveles
de vitamina D y producen mayor riesgo de complicaciones por COVID-19 y el tratamiento con
glutatión de pacientes con neumonía evitó con éxito la tormenta de citoquinas.

(7) La radiación RF afecta la cadena de transporte de electrones en las mitocondrias. Las
mitocondrias suministran la energía a las células y consumen la mayor parte del oxígeno. La
exposición a RF conduce a una disfunción mitocondrial que conduce a un menor consumo de
oxígeno y a una menor producción de energía, lo que provocaría fatiga.

(8) La radiación RF afecta la expresión de los genes, incluyendo algunos oncogenes como el p53
que activa . la apoptosis por la vía mitocondrial que es un mecaniSmo de defensa. etc., etc....

Estos efectos de reducción de las defensas, debido al aumento de la radiación que es provocada
por las ondas milimétricas de los sistemas 5G que se suman a la radiación existente (debida sobre
todo a los sistemas 3G y 4G) son más dañinos durante una epidemia o pandemia y pueden



naturalmente aumentar el número de casos y el número de muertes. Queda claro que esto, "no
significa que las tecnologías anteriores sean inocuas" muy por el contrario, son también muy
dañinas y provocan enfermedades como se ha descripto en el anterior comunicado 3, sobre "los
riesgos de la proximidad de las Antenas base para la salud de las personas".

El análisis de los efectos de radiaciones electromagnéticas durante una pandemia ha sido objeto
de un estudio epidemiológico de gran detalle en los Estados Unidos, durante la reciente epidemia
de Covid, por dos reconocidas investigadoras, las Dras. Magda Havas y Ángela Tsiang siendo
aceptada su publicación por Medical Research Archives de la European Society of Medicine.

Los resultados del estudio mostraron que, en las mismas fechas, todas las ciudades que ya
disponían de la tecnología 5G tenían una cantidad de casos/millón de habitantes y de
muertos/millón de habitantes, significativamente mayores a las poblaciones que aun no disponían
de la tecnología 5G. El número de casos y de muertes donde las ondas milimétricas se sumaban a
las de 4G y 3G aumentaban significativamente y resultaban ser el doble o el triple de los lugares
donde solo estaban en uso los sistemas anteriores.!

Es conveniente aclarar en este punto que estos resultados del trabajo científico, no tienen
relación con ciertas teorías que identifican al sistema 5G como un factor determinante e intencional
para el covid-2 y que, hasta Ilegan a negar la existencia del virus SARS-Cov-2.

El problema aquí son simplemente las ondas electromagnéticas de radiofrecuencia que,
afectan a la salud humana por "la disminución de sus defensas" y que el sistema 5G, sumado al 3G
y 4G lo que hace es aumentar las exposiciones de la población y aumentar los daños, sin que eso
signifique que 5G sea particularmente dañino. Todas las radiofrecuencias son dañinas, hasta el
wifi, el celular o el teléfono inalámbrico que tenemos en nuestros domicilios. Como uno de los
efectos principales sobre la salud es disminuir las defensas del organismo, esto se manifiesta muy
particularmente en situaciones donde hay enfermedades, como la última pandemia.

Se pone a consideración de la comunidad médica el estudio de Ángela Tsiang y Magda Havas
que cuenta con una bibliografía importante para ser analizado por epidemiólogos, hematólogos y
otros especialistas y permitan tomar las medidas preventivas y terapéuticas necesarias.

En los Estados Unidos se inició el despliegue de la tecnología 5G muy tempranamente, en el
2019, y cuando la OMS declara la pandemia en marzo del 2020, más de la mitad de los estados
americanos ya disponían de antenas 5G y dispositivos que emitían frecuencias de GHz, las
denominadas ondas milimétricas.

Esta circunstancia, tan especial, permitió contar con un Escenario único: que permitió comparar
en un mismo país, el impacto de la pandemia en estados, ciudades y condados que ya disponían de
5G con otros que aún utilizaban tecnologías inalámbricas anteriores, como 1G/4G, pero con otras
variables comparables como: el Sistema de Salud, el ingreso per cápita, la densidad poblacional, el
clima, las costumbres, la calidad del aire, las etnias, etc. En las comparaciones entre diferentes
países resulta necesario tener en cuenta todos estos factores que pueden afectar la causalidad.

En este estudio se compararon estados con estados, condados con condados e incluso en el
caso de California, compararon condados con condados de un mismo estado..I!

Se compararon los máximos, los mínimos y los promedios, y en todos los casos el uso de la
tecnología 5G y el denominado "Factor mmW" que indica cuantitativamente "La magnitud del uso
de las ondas milimétricas" resultaron ser los factores determinantes y estadísticamente más
significativos. En todas las comparaciones, sin excepción, el uso de la tecnología 5G fue el factor
determinante y significó porcentualmente más casos de covid y más muertes por covid. 

El estudio realiza también una comparación entre los países europeos de más de 2 millones de
habitantes, en agosto del 2020, fecha en la cual ya se había desplegado la tecnología 5G en parte de
Europa y los resultados de estas comparaciones dieron resultados equivalentes, los países con
tecnología 5G tuvieron porcentualmente más casos de covid y más muertes por covid que aquel los
que aun no habían realizado el despliegue de 5G.

Por otra parte, conviene recordar que la expansión inicial del virus que causó la pandemia de
COVID-19, se produjo en Wuhan, China, donde ya se había implementado el sistema 5G en toda la
ciudad.	 --

En este estudio, se utilizó la literatura científica revisada por pares sobre los efectos biológicos
perjudiciales de las radiaciones electromagnéticas y se identificaron varios mecanismos biológicos
por los cuales la RF puede haber contribuido a la pandemia de COVID-19 como un cofactor
ambiental tóxico. Hay evidencias de que la RF puede empeorar las arritmias cardíacas y los
trastornos cardíacos.



La Comisión Interamericana de Protección contra la Radiación Electromagnética entiende
que es muy necesario que las autoridades competentes designen un grupo de especialistas
calificados, que evalúe la información científica disponible para proteger debidamente a la
población de los riesgos derivados de la contaminación electromagnética.

El ICNIRP que es el organismo internacional reconocido en la materia, ha emitido una
normativa, "los principios del ICNIRP-2020", que es necesario Ilevar a la práctica, así como el ICRP-
103 que se ha designado como el documento de referencia.

La OMS ha .puesto en marcha un proyecto para que los países apliquen los principios de
radioprotección a las radiaciones electromagnéticas para lo cual la responsable del control de las
radiaciones electromagnéticas, la Dra. E. Van Deventer, ha recomendado establecer un Organismo
de Control Multidisciplinario integrado por médicos, biólogos, epidemiólogos, hematólogos, físicos,
etc., para establecer las medidas de control necesarias para proteger a la población.

Solicitamos a las sociedades médicas el apoyo y el acompañamiento necesario para que el país
cuente con un organismo de control semejante al que controla las radiaciones ionizantes.

Sería importante contar con el apoyo médico de un grupo de especialistas que abarcara todas las
especialídades afectadas por las radiaciones electromagnéticas, que son muchas, a fin de poder
evaluar toda la extensa bibliografía existente en forma sistemática y distribuida entre especialistas
de cada área en particular. ("los temas médicos deben ser analizados por médicos9 

Quedan a vuestra disposición los miembros argentinos del CIPRACEM, el Dr. Daniel Orfila
(Director Médico del IC-EM -Implantes Cocleares Equipo Multicéntrico), el Ing. Walter Fano
(Profesor responsable de Antenas y Propagación Electromagnética de la Facultad de Ingeniería de
la UBA), el Dr. Eduardo Legaspe (Bioquímico, especialista en Radioprotección de poblaciones
vulnerables por efectos de las radiaciones no ionizantes), la Dra. Mariana Lofeudo (abogada
especialista en salud y ambiente. Docente de grado y posgrado en la Facultad de Derecho de la
UBA, a cargo del dictado del tema Contaminación Electromagnética), el Ing. Guillermo Defays
(Master of Sciences en Sistemas de Comunicaciones de la Universidad de Essex, Inglaterra), el
Bioing. Mag. Esteban Rossi (Profesor titular, Investigador de la Fac. de Ingeniería de la UNER), el
Ing. Abel González (ARN-SAR-UNSCEAR-IAEA), el Dr. Rodolfo Touzet (CNEA-SAR-FRALC-IRPA),
Ing. Jorge Ferrari (t-in memorial)

Muy atentamente, quedamos a vuestra disposición.

Comisián Interameticana de Protección
contra la Radiación Electromagnétka

Se adjuntan los trabajos mencionados:

• Fifty-gigahertz Microwave Exposure Effect of Radiations on Rat Brain.
Kavindra Kumar Kesari& J. Behari

• COVID-19 Attributed Cases and Deaths are Statistically Higher in States and Counties with
5th Generation Millimeter Wave Wireless Telecommunications in the United States.
Ángela Tsiang and Magda Havas

Ambos trabajos disponen de una amplia bibliografía que puede ser consultada



Comunicado CIPRACEM N° 5 sobre la necesidad de "Aplicar las Normas" 
para proteger la salud de la población de los Campos Electromagnéticos 
(de la misma forma que se proteqe la gente de las radiaciones ionizantes) 

1 - Los daños producidos por el uso inadecuado* de los celulares y antenas: Recientemente
se ha hecho una recopilación de cientos de estudios publicados en los últimos años, que muestran los
efectos de las radiaciones electromagnéticas cuando no se usa la normativa apropiada. Se han
expuesto seres vivos y muestras de células y tejidos del organismo humano, así como de diversas
especies de animales, como aves, conejos, ratas, ratones, aves, gusanos, moscas y diversas plantas. El
resultado de estos estudios muestra que, en la mayoría de los estudios, (más del 90%) y a valores de
exposición, incluso muy inferiores a los valores límites establecidos, se observan "daños biológicos".
producido por diversos mecanismos: como el Stress Oxidativo Celular por formación de productos
hiperoxidantes (ROS), y de radicales libres, la rotura simple y doble del ADN, apoptosis, apoxia celular,
cambios en la expresión genética, disminución de antioxidantes naturales presentes, como el glutatión,
cambios histológicos y daño degenerativo en los órganos afectados, como cerebro, hipocampo, riñones,
hígado, testículos y sangre; aglutinación de eritrocitos (ruleaux) y microcoagulación, disminución del
transporte de oxígeno por la hemoglobina, disminución del número y motilidad de los espermatozoides.
inhibición de la Calcineurina y disminución de células T, disfunción mitocondrial con menor consumo de
oxígeno lo que provoca fatiga, cambios en la permeabilidad de la membrana celular o en la membrana
hemato-encefálica, posibilitando el ingreso de toxinas, y un conjunto se otros efectos que en la práctica
podrían ser disminuidos aplicando la normativa de Radioprotección que se aplica a las
radiaciones ionizantes. (Las Normas de Radioprotección requieren la aplicación de los 3 principios del
ICRP, La Justificación, La Optimización y Los Límites de Dosis)

Algunos de estos efectos se han observado a exposiciones muy bajas y solo luego de algunos pocos
minutos de exposición., lo cual implica los graves riesgos que conlleva, incluso una comunicación muy
breve, y se debe considerar que una irradiación más prolongada podría hacer que el estrés oxidativo sea
permanente con todo lo que eso implica de daños en las biomoléculas. Como es de esperar, los efectos
son siempre más marcados en el caso de células embrionales o células madre, en niños o crías de
animales. También se observan mayores efectos en las exposiciones pulsadas.

La evidencia es muy notable por la cantidad y variedad de los estudios que se presentan (ver Ref. 1).

Estos efectos biológicos observados en la recopilación de H. Lai podrían ser la Primera etapa de
un proceso que se inicia con un fenómeno primario de formación de radicales libres que da luego
lugar al denominado "Stress Oxidativo Celular" y que de acuerdo a su desarrollo y ubicación
anatómica dentro del organismo, podría ser el inicio de un conjunto de afecciones o
enfermedades en personas y/o animales atribuidas a las radiaciones electromagnéticas y que ya
han sido descriptas en otros comunicados y que ahora solo enunciaremos algunas más significativas. 

2 - Crecimiento por factor 4 o 5 de la frecuencia de los tumores cerebrales, de mayor
malignidad, en aquellos países que cuentan con estadísticas epidemiológicas, como es el caso de
Francia, Suecia, Australia, Inglaterra y Brasil. Se estima que solo por tumores cerebrales la exposición a
los CEM ha producido ya más de 4 millones de fallecimientos. Para determinar "la Causalidad" dos
expertos del IARC (los Dres. C. Portier y L. Hardell) aplicaron los 9 criterios de Sir Bradford Hill
obteniendo una muy fuerte evidencia de la causalidad atribuida a la exposición a los CEM-RF.
En la Argentina no tenemos estadísticas de estos tumores pero si tenemos información personal de uno
de los servicios más importantes del país que atiende los "Neurinomas del Acústico" con la siguiente
información: En una década los tumores grado 4 (gigantes) se multiplicaron por 10 (de 23 pasaron a
212). Lo que equivale a un aumento de frecuencia del 25% /año..!! Y esto es muy coherente con los datos
de aumento de frecuencia de tumores cerebrales grado 4 (glioblastoma) que se mencionaron. (Ref. 2)

3 - Efectos sobre el Sistema neryioso con enfermedades neurolóqicas y psiquiátricas, el
aumento en la frecuencia de autismo, el trastorno por déficit de atención con hiperactividad (TDAH), el
deterioro cognitivo y en particular el aumento de la enfermedad de Alzheimer que se observa actualmente
en personas muy jóvenes atribuido a un mecanismo que se inicia con la apertura del canal de calcio en la
membrana celular provocado por los CEM (Ref. 3)



4 — Aumento de la presión arterial por la exposición a los cam pos electroma q néticos: En la
revista de la Sociedad Europea de Cardiología, (el European Heart Journal), acaba de salir una nota
relacionando la alta presión arterial. Según este estudio realizado sobre 220.000 personas voluntarias de
entre 37 a 73 años, con solo 30 minutos por semana de uso del celular aumenta en un 12% el riesgo de
alta presión y a mayor cantidad de minutos mayor es el riesgo de sufrir un ACV. (Ref. 4)

5 - Riesqos de la proximidad de las Antenas base para la salud: Se han realizado varías
recopilaciones sobre este tema y la más amplia y reciente, que incluye a casi 40 países, es la de A.
Balmori. Del análisis de estas recopilaciones (que incluyen la antena de Belo Horizonte, en Brasil) se
desprende que las Antenas base producen en sus cercanías al 75% de la población algún tipo de efecto,
sea la enfermedad por radiofrecuencia, aumento de la frecuencia de cáncer o cambios en los parámetros
bioquímicos de su sangre. Algunos efectos determinísticos y el aumento de la frecuencia de efectos
estocásticos son incompatibles con la aplicación de los principios de radioprotección del ICRP-103 que se
considera el Documento de Referencia. Si estos fueran observados en los vecinos de una Central
Nuclear suponemos que la misma sería puesta "fuera de servicio" por la Autoridad Regulatoria
correspondiente, hasta tanto no se demuestre que los efectos no son ocasionados por la propia
instalación. (Ref. 5)

6 - El riesqo del desplieque 5G:: El pasaje de la tecnología 4G a la 5G requiere aumentar la potencia
de emisión de las antenas por factor 4 debido a su menor alcance, En un primer momento, se especuló
con que las ondas milimétricas, debido a su baja penetración, solo podían tener efectos superficiales en
la piel humana. Pero esto no parece ser así. El trabajo de Kavindra Kesari (Ref. 6) muestra como la
exposición prolongada puede causar la ruptura de la doble cadena del ADN y. que el posible sitio de
acción de dicha radiación milimétrica es el hipocampo, la región responsable del control del aprendizaje y
la memoria localizado en el centro de nuestro cerebro. Como conclusión, las nuevas frecuencias que 5G
suma a la radiación existente, no hace más que potenciar y aumentar los efectos de las mismas sobre la
salud humana, y varios efectos biológicos que disminuyen las defensas más importantes del organismo.
Como consecuencia se pudo observar que en los Estados Unidos, debido al aumento simultaneo de las
dosis y la disminución de las defensas del organismo las muertes por el virus durante la pandemia fueron
el doble y el triple en aquellos lugares con 5G instalado en relación a los que aún tenían el 4G (Ref. 7)
El país no debiera tomar decisiones sobre cambios de tecnología ante de estudiar profundamente este
caso.

7 — El riesqo particular de los niños y las muieres embarazadas: Hay otros efectos sobre la
salud, que afectan el Sistema reproductor masculino y femenino, en personas y animales, incluyendo la
pérdida de motilidad de los espermatozoides y el descenso de la concentración de testosterona. En una
población de mujeres embarazadas, controladas con dosímetros personales permanentes, se observó un
aumento marcado de los abortos espontáneos en aquellas mujeres que habían recibido las dosis de
radiación electromagnéticas más altas. (Ref. 8 y 9)

Hay muchos otros temas de iqual importancia que no pudieron ser incluidos en este comunicado,
como por ejemplo, el de las personas hipersensibles (EHS), los tumores de tiroides, y de colon y recto, la
co-carcinogénesis, la diabetes, el deterioro cognitivo, la osteoporosis, la sinergia de los CEM con varios
cancerígenos físicos y químicos, la protección necesaria de los animales y el medio ambiente, etc., pero
consideramos que es más importante avanzar en la toma de medidas de radioprotección lo antes posible,

8 - Las Medidas de Radio protección: Es muy conveniente destacar en este punto que el riesgo
para la salud de la exposición a las radiaciones ionizantes es mucho menor que el de las radiaciones
electromagnéticas para lo cual basta con un par de ejemplos. A) La probabilidad matemática de cáncer
de un miembro del público de Rl es de 5 en 100.000 (5%/Sv) en el caso de las ratas del NTP la tasa de
cáncer fue del 3 en 100 o sea una relación de 1 en 1000. B) En la experiencia de Mokarram y Sheikihi
con intestino de ratas, para determinar con biomarcadores de rnetilación el poder cancerígeno del Co-60
contra un celular en contacto. La efectividad de la exposición de 1 una hora de celular resultó ser
equivalente a 1Gy, nuevamente 1 en 1000. C) La cohorte de Nagasaki e Hiroshima recibió una dosis
promedio de aproximadamente 1000 mGy y las ratas utilizadas por Tillmann y por Lerchl para su
experiencia sobre co-carcinogénesis en ratas recibieron hasta 100 veces menos de las dosis permitidas
por lo que nuevamente la relación es de 1 en 1000 o aún mucho mayor.

Parece razonable por lo tanto utilizar para las radiaciones electromagnéticas un sistema de control de
características similares o aún más estrictas que el usado para las radiaciones .ionizantes.



La Comisión Interamericana de Protección contra la Radiación Electromagnética entiende
que es necesario que las autoridades competentes designen con la mayor urgencia un grupo de
especialistas, que evalúe toda la información científica disponible para tomar las medidas
necesarias para proteger debidamente a la población de los riesgos derivados de la
contaminación electromagnética, aplicando sistemáticamente los tres principios de
Radioprotección tal como indican los organismos internacionales, el ICNIRP, el ICRP y la OMS. 

El ICNIRP que es el organismo internacional reconocido en la materia, ha emitido una
normativa, "los principios del ICNIRP-2020", que es necesario Ilevar a la práctica, así como el
ICRP-103 que se ha designado como el documento de referencia.

La OMS ha puesto en marcha un proyecto para que los países apliquen los principios de
radioprotección a las radiaciones electromagnéticas para lo cual la responsable del control de las
radiaciones electromagnéticas, la Dra. E. Van Deventer, ha recomendado establecer un Organismo
de Control Multidisciplinario integrado por médicos, biólogos, epidemiólogos, hematólogos,
físicos, etc., para establecer las medidas de control necesarias para proteger a la población.

Solicitamos a las sociedades médicas el apoyo y el acompañamiento necesario para que el
país cuente con un organismo de control semejante al que controla las radiaciones ionizantes.

Sería importante contar con el apoyo médico de un grupo de especialistas que abarcara
todas las especialidades afectadas por las radiaciones electromagnéticas, que son muchas, a fin
de poder evaluar toda la extensa bibliografía existente en forma sistemática y distribuida entre los
especialistas de cada área en particular.

Quedan a vuestra disposición los miembros argentinos del CIPRACEM, el Dr. Daniel Orfila
(Director Médico del IC-EM -Implantes Cocleares Equipo Multicéntrico), el Ing. Walter Fano
(Profesor responsable de Antenas y Propagación Electromagnética de la Facultad de Ingeniería de
la UBA), el Dr. Eduardo Legaspe (Bioquímico, especialista en Radioprotección de poblaciones
vulnerables por efectos de las radiaciones no ionizantes), la Dra. Mariana Lofeudo (abogada
especialista en salud y ambiente. Docente de grado y posgrado en la Facultad de Derecho de la
UBA, a cargo del dictado del tema Contaminación Electromagnética), el Ing. Guillermo Defays
(Master of Sciences en Sistemas de Comunicaciones de la Universidad de Essex, Inglaterra), el
Bioing. Mag. Esteban Rossi (Profesor titular, investigador de la Fac. de Ingeniería de la UNER), el
Ing. Abel González (ARN-SAR-UNSCEAR-IAEA), el Dr. Rodolfo Touzet (CNEA-SAR-FRALC-IRPA),

Muy atentamente, quedamos a vuestra disposición.

Cornisídn Iberoamerkana de Protección Radtológica de Ios
Campos Elearomagnéticos y las Radiadones no lonlantes

Se adjuntan los documentos referenciados en el texto y las Normas de Aplicación que tienen
consenso a nivel internacional y cuentan con especialistas en el país para su aplicación efectiva.

Referencias adjuntas 
1 - Henry Lai RFR-oxidative effect-study absracts 2-4-2023
2 - Hardell - Bradford Hill
3 - Low Intensity EMF Cause Early Alzheimer's Disease. M. Pall
4 - Hipertensión y CEM
5 - Balmori Antenas Review-resaltado
6 - 50 GHz exposure Rats brain (Kesari)
7 - Magda Havas 5G y COVID
8 - Natura RNI y Embarazadas (Califa)
9- EMF and Children Devra Davis et al

Nor 1- ICNIRP Principles 2020
Nor 2- Marco de Proteccion para las RNI (OMS)
Nor 3- ICRP-103 en español
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Abstract
COVID-19-attributed case and death rates for the U.S.A. were analyzed through May 2020
in three ways — for all 50 states, the country's largest counties, and the largest counties in
California — and found to be statistically significantly higher for states and counties with
compared to those without 5G millimeter wave (mmW) technology. 5G mmW index was a
statistically significant factor for the higher case and rates in all three analyses, while
population density, air quality and latitude were significant for only one or two of the
analyses. For state averages, cases per million were 79% higher (p = 0.012), deaths per
million were 94% higher (p = 0.049), cases per test were 68% higher (p = 0.003) and deaths
per test were 81% higher (p = 0.025) for states with vs. without mmW For county averages,
cases per million were 87% higher (p = 0.005) and4eaths per miTlibñ were f65% higheitfp;

0.012) for counties with vs without mrnW. While higher population density contributed
to the higher mean case and death rates in the mmW states and counties, exposure to mmW
had about the same impact as higher density of mmW states on mean case and death rates
and about three times as much impact as higher density for mmW counties on mean case and
death rates. Based on multiple linear regression, if there was no mmW exposure, case and
death rates would be 18-30% lower for 5G mmW states and 39-57% lower for 5G mmW
counties. This assessment clé-aifY shows exposure to 5G mmW-teciniólogy is statisticafiV

ssignificantly associated with higher COVID-19 case and death ratés iñthe-U.S:AThe
/rneehanismi-Ilhbuid this be a causal relationship—may relate to changes in blood CliemistDs,
ffilidativ fféss,án iiiipaired iffliritirie-félP16rile, -ari affeYed cardibVaSeriláfárid76friénióTógibaf
r'és-pó-ü)
Keywords: 5G; millimeter waves; radiofrequency; RF; microwave radiation; microwave
sickness; wireless; electromagnetic fields; EMF; EMR; EMI; EHS; COVID-19; SARS-
CoV-2
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1. Introduction

The first documented case of
COVID-19 was reported in Wuhan, China
in December 2019. To prevent its spread,
the U.S. blocked travel from China on
January 31' and declared a National
Emergency on March 13 th, 2020. After the
World Health Organization (WHO)
declared it a pandemic on March 19, 2020,
the U.S. began quarantine and stay-at-
home orders to slow the virus' spread and
to "flatten the curve". Despite these
precautions, the virus spread quickly in the
U.S. and around the globe.

The infectious agent was named
severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) due to
genetic similarity to SARS-CoV that
caused a pandemic in 2002-4. The disease
associated with SARS-CoV-2 is COVID-
19, which is an abbreviation for
Coronavirus Disease 2019 associated with
SARS-CoV-2.

According to the U.S. Centers for
Disease Control the epidemiological
triangle for infectious diseases consists of
the agent, the host and the environment.
While attention has focused on the agent
(genetics, modes of infection, etc.) and the
host (age and comorbidities), little

attention has focused on key
environmental factors. These include but
are not limited to air quality since this was
initially identified as a respiratory illness,
population density for person to person
transmission, and electromagnetic
radiation since COVID-19 appeared after
5G was implemented and many of the
COVID-19 symptoms resemble those of
microwave sickness.

As of September 18, 2020,
according to Johns Hopkins University,
the cases are not uniformly distributed
globally (Figure 1). Many factors may
account for this: testing differences, per
capita income, standard of health care,
popul ation demographics, and
environmental factors among others. This
paper focuses on four environmental
factors that may relate to the spread and
fatality of this disease: population density,
air pollution, latitude (which determines
potential endogenous vitamin D
production) and presence of 5G mmW
teclmology, which is present in
combination with frequencies used in
previous generations of wireless
communications from 1G to 4G and does
not replace them. These data, along with
COVID-19 case and death data, were
readily available for the United States.

Copyright 2021 KEI Journals. All Rights Reserved. 	 http://journals.ke-i.org/index.php/mra



B Global 55 deployment as of Septemper 2020

C U.S. confirmed cases as of September 18, 2020A Globaf cumulative cases as of September 18, 2020

https://coronavi uspu.edu/map.htmI
f1.211C3=1

Tsiang & Havas. Medical Research Archives vol 9 issue 4. April 2021 Page 3 of 32

Figure 1. Data for COVID-19 (as of September 18, 2020) and rollout of 5G as of September
2020.

As of August 9, 2020, the U.S. was
#1 out of 213 nations in the world for the
highest number of total COVID-19 cases
at 5.2 million, with 15,698 cases per
million (9th highest) and 500 deaths per
million (10th highest) [1].

The rollout of 5G technology is to
support the Internet of things (IoT). As of
January 2020, 31 countries had working
5G networks globally [2-5] In the top
quartile of the highest ranking countries
for COVID-19 deaths per million, 16 of
them had working 5G networks; while
only 7 countries had 5G in the r d highest
quartile; 6 in the 3 rd highest quartile and
only 2 in the bottom quartile. In the top
quartile, the 5G countries with higher
deaths per million than the U.S. were San
Marino (1238), Belgium (851), U.K.
(686), Spain (610) and Italy (582). The
other countries with 5G in the top quartile
with fewer deaths per million than the U.S.
were Ireland (358), Switzerland (229),
South Africa (175), Romania (140),

Germany (110), Denmark (106), Monaco
(102), Ornan (100), Bahrain (95), and
Saudi Arabia (91).

Three radio frequency bands are
used in 5th Generation (5G) wireless
cornmunications. The low band refers to
frequencies below 1 GHz; the mid band to
frequencies between 1 GHz and 6 GHz,
and the high band to the millimeter waves
(rnmW), which are 24 GHz and above. The
U.S. telecommunication companies began
using mrnW for 5G wireless
communications in 2019 after their
acquisition of the mmW spectrum, making
the U.S. the first country in the world to
use mmW for 5G. In June 2019, FCC's
Auction 101 for 28 GHz sold for $700
million and Auction 102 for 24 GHz sold
for $2 billion [6], and in March 2020, 37,
39 and 47 GHz bands in Auction 103 sold
for $7.5 billion [7], generating a total of
$10 billion for the U.S. government. As of
February 2020, European countries were
still not using mmW for 5G [8], and other
countries have used only the low and mid
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band frequencies for 5G. To achieve
higher speeds for 5G, densification of
antennas has occurred worldwide. Also,
because mmW have shorter wavelengths
(higher frequencies) than that used for 1G
to 4G, they are more susceptible to
interference from obstructions, thus
requiring more transmitters closer to users,
which have been added to streetlamps and
utility poles in sorne cities. The shorter
distance and higher density of mmW
antennas translates into higher radiation
exposures, as acknowledged by the FCC's
2019 Notice of Proposed Rulemaking 19-
126 [9] to increase the current RF exposure
limits four-fold to accomrnodate 5G mmW
devices and infrastructure.

If environmental exposure to 5G
mmW increases the severity of COVID-19
or other viral infections, then the rapid
rollout of 5G technology should be
reconsidered.

2. Methods
2.1 COVID-19 Attributed Cases and
Deaths

Data for number of cases, deaths,
and tests for COVID-19 from
Worldometer was assessed on April 22,
2020, May 15, 2020, and May 31, 2020
[1]. Data collection was stopped on May
31, 2020 because the nationwide
quarantine effectively ended by that time
as people in major cities all around the
country broke quarantine when they
gathered in crowds and some states began
lifting their stay-at-home orders.

2.2 Variables: Air Quality Index,
Latitude, Population Density and mmW
Index

A mmW exposure index was
calculated based on the sum of the total
population of the cities serviced by mmW
5G by each provider in a county or state,
divided by the total population of that
county or state. This factor is not a

calculation of the mmW exposure level but
a differentiation between the different
exposure levels in each state and county
based on the number of mmW providers
and the number of mmW cities and their
population in those counties or states,
which is necessary for statistical analysis.

Population density data were
obtained from Wikipedia, which are
calculated from population data from the
U.S. Census divided by the area of the
state or county. Air Quality Index (AQI)
data from 2019 from the EPA were
included in the analysis for states and
counties. Latitude, which may relate to
potential production of endogenous
vitamin D associated with sun exposure,
was also included in the analysis for
counties.

2.3 States and Counties with and without
5G mmW Networks

Cities with 5G mmW networks
were chosen for analysis because the most
frequencies for wireless communications
(5G mmW plus low and mid band 5G as
well as frequencies from previous
generations 1G to 4G) and the highest RF
exposures due to the increased number of
small cell antennas for 5G and their
placement close to users would be present
there. Even though urbanization and high
density may be part of the criteria for
choosing where to locate 5G mrnW, and
therefore it may seem appropriate to adjust
the case and death rate data for
urbanization and density, it is actually
NOT appropriate to do so for this analysis.
The higher the urbanization and density in
an area, the higher the levels of RF
radiation present because of the higher
density of cell phone towers, Wi-Fi hot
spots, cell phones and Wi-Fi routers
present in highly urbanized or dense areas.
To adjust the data for urbanization and
density would therefore remove the effect
of higher levels of RF radiation present in
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highly urbanized or dense areas.
Therefore, case and death rate data and
charts were not adjusted for density or
urbanization. However, multi-variate
analysis was done to detennine if
urbanization or density, along with AQI
and latitude, were statistically significant
factors in the case and death rates using
multiple linear regression, and then their
contributions relative to the contribution
from 5G mmW to the case and death rates
were calculated.

Counties and states with mmW 5G
service were determined from the websites
of the wireless providers AT&T [10], T-
Mobile [1 1 ], and Verizon [12] which
specified the cities that they service with
mmW 5G (Table 1). There were no
changes in the cities using mmW for 5G
between April 22 and May 31, 2020.

The data were analyzed three ways
to determine robustness: at the state level,
at the county level, and for the largest
counties in California.

In this analysis, 32 states were
using mmW 5G and 18 states were not. All
counties using mmW for 5G were included
except for Hampton Roads, VA, because it
spaimed a combination of 16 counties and
cities which made its analysis difficult; so,
a total of 53 counties using mmW 5G were
used.

The counties not using non-mmW
were from the largest 120 cities in the U.S.
according to the U.S. Census Bureau.
After omitting the counties that contained
cities with mmW 5G service, 49 counties
were left that did not have mmW 5G
technology. There are thousands of
counties in the U.S., and because only the
ones containing the 120 largest cities were
included, sorne states were not represented
in the county analysis. The states not
represented in the county analysis (but
included in the state analysis) are: VA, CT,
DE, ME, MS, MT, NH, ND, RI, SC, VT,
WY.

California, the most populated
state in the U.S., has 60 counties in total
and six counties with 5G mmW
technology. The counties that did not use
5G mmW teclmology chosen for
comparison included only those with a
population of 500,000 or greater, of which
there were 11.

Pearson' s correlations were
calculated for the case and death rates with
the four variables population density,
mmW index, AQI, and latitude. Two-
sample t-test was used to compare case and
death rates of 5G rnmW states and counties
to that of non-5G mmW states and
counties, and statistical significance was
defined to be p <0.05 with alpha = 0.05.
Regression analyses were performed to
find regression equations for the case and
death rates and identify statistically
significant variables at p < 0.05. The
numbers of cases per test and deaths per
test were analyzed at the state level but not
at the county level due to rnissing data.

3. Results
3.1 U.S. Compared to European
Countries

Whereas none of the European
countries was using mmW for 5G as of
February 2020 and mrnW spectrum was
not even assigned to any European country
except Italy [8], the U.S. began using
mmW for 5G in 2019. Of the 10 European
countries (with populations greater than 2
million) with the highest numbers of
COVID-19 deaths per million through
August 9, 2020 [1], deaths per million
were significantly higher for those
countries with 5G compared to non-5G
and this difference was statistically
significant (617 vs. 383, p = 0.026) (Table
2).
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Table 1. Cities with mmW 5G Coverage
and Provider from April 22 to May 31,
2020. Source: AT&T [10], T-Mobile [11],
Verizon [12].

Table 2. Top 10 Ranking European
Countries for COVID-19 Deaths/Million
for 5G * vs. Without 5G through August
9, 2020. Source: Worldometer [1]

City	 State AT&T T-Mobile Verizon

Rank #
Rank #	 Deaths per

Deaths per	 Million out of
tufillion out of	 European

213 Countries	 Countries
Worldwide (pop. > 2 million)

2	 1
3	 2
6	 3
7	 4
17	 8

Total
Deaths

per
Cauntry	 Population	 Mllion 

Belgium *	 11,595,151	 851
U.K.*	 67,924,946 686

Spain *	 46,756,796 610
ttaly*	 60,451,842 582

Ireland *	 4,943,652 358

5
	

Sweden	 10,106,111 570
12	 6
	

France	 65,289,486 464
16	 7
	

Netherlands	 17,139,065 359
22	 9
	

Armenia	 2,963,856 267
23	 10
	

N. Macedonia	 2,083,364 253

U.S. For Comparison 	 U.S. 	 331,214,010 500

	

Mean 5G European Countries 	 617

	

Mean non-5G European Countries	 383

	

p-value of T-test, with vs. without 50
	

0.0257*

The 500 deaths per million for the
U.S. are within the range of the 5G
European countries. Because of
differences in testing and criteria for how
cases are counted between U.S. and
European countries, deaths per million is
the most consistent number to use for
comparison between countries. However,
there are still other differences between the
U.S. and European countries - per capita
income, standard of health care,
population demographics, quarantine
measures, and environmental factors like
air pollution - that complicate comparison
between countries. Nevertheless, these
data are provided to show how the U.S.
compares to the top 10 European countries
with the highest deaths per million, with
and without 5G.

3.2 States with vs. without 5G mmW

There were 32 states with 5G
mmW and 18 states without 5G mmW
Descriptive statistics for the cumulative
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Daily New Deaths in the U.S.	 April 21, 2020:
Jk
	

Daily Deaths 2,748

State
Population

Population
Density
(people
per sq.

km)
mmW
index AQI

Tests
per

Million

Cases
per

Million

Deaths
per

Mullan

%
Cases

per Test

Deaths
per

Test

Deaths
per

Case

max 39,937,489 467 1.284 51.2 39,487 13,368 1037 51.60% 3.04% 8.30%
mean 8,752,116 91.7 0.207 43.4 14,378 2500 126 15.50% 0.72% 4.13%
min 903,027 4.29 0.006 33.5 7,224 492 10 4.50% 0.07% 0.47%

max 8,626,207 287 O 47.6 21,540 6274 431 32.10% 2.20% 6.90%
mean 2,639,561 50.2 o 40.0 14,324 1288 55 8.80% 0.40% 3.50%
min 567,025 0.502 O 21.2 6,567 412 8 2.30% 0.00% 1.30%

0.0002 ** 0.062 7.3E-06 ** 0.025 * 0.49 0.027 * 0.046 * 0.005 ** 0.022 * 0.081
3.32 1.83 N/A 1.09 1.00 1.99 2.33 1.77 1.81 1.18

States

with 5G mmW
with 5G mmW 32

with 5G mmW

without 5G mmW
wíthout 5G mmW 18

without 5G mmW

p-value of t-test
Ratio of means
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data through April 22, which was just after
the peak of daily deaths for COVID-19 had
occurred on April 21 (Figure 2), can be
found in Table 3. The average rate of cases
and deaths was much higher for the mmW
states compared to the non mmW states,
and these differences were statistically
significant with p-values between 0.005 to
0. 046 (Table 3 and Table 4A). There were
almost twice as many cases per million
(2,500 vs. 1,288, ratio 1.94) and more than

twice as many deaths per million (126 vs.
55, ratio 2.29) for states with vs. without
mmW teclmology. For mmW states
compared to the non-mmW states, there
were almost twice as many cases/test
(15.5% vs. 8.82%, ratio 1.76) and twice as
many deaths/test (0.721% vs. 0.364%,
ratio 1.98). The fatality rate (deaths per
case) was higher for the mmW states but
was not statistically significant (4.13% vs.
3.50%, ratio 1.18, p = 0.081).

Figure 2. COVID-19 daily new deaths peaked at 2,748 on April 21, 2020 in the U.S.
Source: Worldometer [1]

Table 3. Descriptive statistics through April 22, 2020 (after peak of daily deaths occurred)
for states with and without 5G mmW for population, mmW index, COVID-19 tests, air
quality index (AQI), and number of COVID-19 attributed cases and deaths. Statistical
significance is indicated by * (p < 0.05) and ** (p < 0.01).

Copyright 2021 KEI Journals. All Rights Reserved. http://journals.ke-Lorg/index.php/mra



they are independent of
	

other, no relationship

0.094	 0.047 0282 0.183

Total Cases Total Deaths
per milton	 per milfion

Cases	 % Deaths
per Test	 per Test

4,595 248 1226%	 0.622%
2,459 123 7.24% 0.340%

87% 102% 69% 83%

0.016* 0.052 0.005** 0.031*

0.788 0.733 0.654 0.687
0.656 0.681 0.400 0.485
0.422 0.442 0.321 0.329

0.085

% Death
per Case

4.60%
3.97%
15.9%

0.12

0.439
0.306
0.213

0284	 0237	 0.162

% Cases
per Test

9.88%
5.88%

68%

Deaths % Death
per Test per Case

	

0.494%	 4.57%
	0.270% 	 3.91%

	

83%	 17%

	

0.003**	 0.025*	 0.116

	

0.623
	

0.695
	

0.495

	

0.350
	

0.453
	

0.332

	

0.293
	

0.295
	

0.203
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Data from May 15 and May 31
show the same pattern as for April 22, with
statistically significant higher
cases/million, deaths/million, cases/test,
and deaths/test for the mmW states
compared to the non mmW states. For data
cumulative through May 31, 2020,
comparing mmW to non-mmW states,

there were 5776 vs. 3220 cases per million
(ratio 1.79, p = 0.012); 307 vs. 158 deaths
per million (ratio 1.95, p = 0.049); 9.88%
vs. 5.88% cases per test (ratio 1.68, p =
0.003); and 0.494% vs. 0.270% deaths per
test (ratio 1.83, p = 0.025) (Table 4B & C;
Figure 3A & B; Figure 4A & B).

Table 4. Case and death rates attributed to COVID-19 and Pearson's Correlations for
population density, mmW index and their interaction for U.S. states for cumulative data
through (A) April 22, 2020; (B) May 15, 2020; and (C) May 31, 2020. Statistical significance
is indicated by * (p < 0.05) and ** (p < 0.01). NOTE: YTD is year to date.

A YTD through April 22, 2020

Mean for States with mmW 5G 32
Mean for States wtthout mmeif 5G 18

mmW vs. non-mmW 5G

p-vabe br blest rnmW vs. non-mmW

Pearson Con. to PooDensity (50 states)
Peasson Corr. to PooDensltv'mrnW (mmW states1

Pearson Com to mmW index (50 sta(es)

Total Tests Total Cases Total Deaths % Cases 	 % Deaths % Death
per million	 per million	 per milton	 per Test	 per Test	 per Case

4.13%
3.50%

18%

0.081

0.284
0.380
0.302

14,378 2500 126 15.5% 0.721%
14,324 1,288 55 8.82% 0.364%

2% 99% 131% 77% 99%

0.49 0.027* 0.046 * 0.005 ** 0.022 *

0.723 0.577 0,701 0.600
0.700 0,783 0.434 0.559
0.479 0.580 0.353 0.431

Correlation between Popviation Density and mmW Factor s 0.072,1.e. they are Independent of each other, no relatIonshIp.

Pearson Correlation to Air Qually hdex

B YTD through May 15, 2020

	Mean for States with mmW 5G 32	 34,606

	

Mean for States without mmthl 5G 18
	

33,932
mmW vs. rion-mmW 5G
	

2%

p-value br t-test mmW vs. non-mmW
	

0.44

Pearsan Com to PooDensitv (50 states1
Pearson Corr, to PooDensitv'mrnW (mmW states)

Pearsan Com to mmW index (50 states)

CorrelatIon between Populatkut Densfly and mmW Factor is 0.073,

Pearson Correlation to Air Quatty Index

C YTD through May 31, 2020

	Mean for States wlth mmW 50 32
	

54,805

	

Mean for States without mmIN 661 18
	

53,506
mmW vs. non-mmW 5G
	

2%

	

p-va be for t-test mmW vs. non-mmW 	 0.42

Pearson Corr. to PooDensitv (50 states)
Pearson Corr. to PooDensaV`mmt11 immW states)

Pearson Com to mrnW indes (50 sta(es)

Correlation between Population Density and mmW Factor ls 0.073, Le. they are independent of each other, no refationship.

	

Pearson Correladon to Alr Guality Index	 0.181	 0.143
	

0.319	 0.257	 0.169

Total Tests
per

Total Tests
Per million

Total

0.152	 0.121

Cases
per million

Totel Deaths
per milton

5,776 307
3,220 158

79% 94%

0.012*	 0.049*

0.793 0.774
0.625 0.665
0.396 0.410
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Figure 3. COVID-19 attributed case/million (A) and deaths/million (B) for states with and
without 5G mmW for data through May 31, 2020.
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Figure 4. Percentage of COVID-19 attributed cases/test (A) and deaths/test (B) for states
with and without 50 mmW technology for data through May 31, 2020. Note: different
scale.
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3.3 Counties with vs. without 5G
minW

Data for 53 counties with 5G
mmW and 49 counties without 5G mmW
were analyzed. Comparing mmW to non-
mmW counties, there were 7100 vs. 3797
cases per million (ratio 1.87, p = 0.005)

A COunty CaseelMfition, YTD thru 5-3140
." 3797 no minWave 5G vs. 7100 with mmWave 5G

(p n 0.005)

and 446 vs. 168 deaths per million (ratio
2.65, p = 0.012), and these differences.
were statistically significant. The fatality
rate, which is deaths/cases, was higher for
the mmW counties (4.70% vs. 4.07%, ratio
1.15), but this difference was not
statistically significant (Table 5; Figures
5A and 5B).

County DeathsfMlfilon , YTD thru 531-20
168 no minWave 5G vs. 44$ vtith rnrnWave $0

(p • 0.012)
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Figure 5. COVID-19 attributed cases/million (A) and deaths/million (B) for counties
with and without 5G mmW technology through May 31, 2020. Note: different scale.
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Table 5. Descriptive statistics and Pearson's Correlations for U.S. counties through May
31, 2020 with and without 5G mmW for population, population density, mmW index, air
quality index (AQI), latitude and number of COVID-19 attributed case and death rates.
Statistical significance is indicated by * (p < 0.05) and ** (p < 0.01).

Population
Density

County	 (people	 mmW
Counties in U.S. 	 n	 Population	 per sq. km)	 index

	

Cases
	

Deaths
	

Deaths

	

per	 per	 per

	

AQI Latitude Million
	

Million
	

Case

with 5G mmW
	

max	 10,105,518	 26,822
with 5G mmW
	

53 mean	 1,509,298	 2,108
with 5G mmW	 min	 51,823	 28.6

without 5G mmW
	

max	 3,185,968	 5,360
without 5G mmW 49 mean	 852,626	 514
without 5G mmW
	

min	 119,648	 27

p-value of t-test
	

0.005 **	 0.007
Ratio of means	 1.77	 4.11

Pearson's Correlation to Pop. Density
Pearson's Correlation to PopDensity*mmW
Pearson's Correlation to mmW

Pearson's Correlation to Air Quality Index
Pearson's Correlation to Latitude

3.00 71.0 47.7 32,064 3,105 11.7%
0.862 44.0 37.5 7,100 446 4.70%

0.02 27.0 25.8 463 16 0.84%

0 80.0 61.2 22,141 2,081 10.7%
0 43.7 36.9 3,797 168 4.07%
0 22.0 21.5 430 O 0.00%

** 3E-11 ** 0.44 0.31 0.005 ** 0.012 ** 0.11
N/A 1.01 1.02 1.87 2.66 1.15

0.594 0.699 0.430
0.508 0.676 0.446
0.615 0.709 0.371

-0212 -0.169 -0.072
0268 0.228 0.199

3.4 California Counties with vs.
without 5G nunW

Data for six counties with 5G
mmW and 11 counties with a population
of 500,000 or greater without 5G mmW in
California were analyzed. The six counties
with 5G mmW technology were San
Francisco, Los Angeles, San Diego,
Alameda, Santa Clara, and San Mateo. The
11 counties that did not have 5G mmW
technology were Orange, San Bernardino,
Contra Costa, Sacramento, Riverside,
Kern, Fresno, Ventura, San Joaquin,
Stanslaus, and Sonoma. The mmW
counties had higher average cases per
million (2750 vs. 1679, ratio 1.64, p =
0.06) and significantly higher average
deaths per million (102 vs. 52, ratio 1.96,

p = 0.064 and higher fatality rate (3.75%
vs. 3.01%, ratio 1.25, p = 0.131) than that
of the non-mmW counties (Table 6).

3.5 Pearson's Correlations
A Pearson's correlation coefficient

assesses the relationship between two
variables. The correlation coefficient is
considered very strong between +0.7 and
+1; strong between ± 0.5 and ± 0.7, and
moderate between ± 0.3 and ± 0.49.

Pearson' s correlations of
cases/million, deaths/million, cases/test,
and deaths/test to air quality index, latitude
population density, and mmW index were
calculated. The results are in Table 4 for
states, Table 5 for counties, and Table 6 for
California.
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Table 6. Descriptive statistics and Pearson's Correlations for California counties through
May 31, 2020 with and without 5G mmW for population, population density, mmW index,
air quality index (AQI), latitude and number of COVID-19 attributed case and death rates.
Statistical significance is indicated by * (p < 0.05) and ** (p < 0.01).

County
Population

Population
Density
(people

per sq. km )
mmW
index AQI Latitude

Cases
per

Million

Deaths
per

Million

%
Deaths

per Case

10,105,518 7,245 1.20 71 37.8 5,309 231 5.16%
3,117,676 1,653 0.61 48 36.2 2,750 102 3.75%

769,545 262 0.22 35 32.8 1,409 46 1.62%

3,185,968 1,352 o 80 38.6 3,055 138 4.53%
1,367,642 400 0 54 36.2 1,679 52 3.01%

499,942 38 o 34 33.9 909 8 0.73%

0.144 0.159 0.007 ** 0.236 0.498 0.060 0.064 0.131
228 4.13 N/A 0.89 1.00 1.64 1.98 1.25

0.250 -0.046 -0.292
0.294 -0.006 -0.296
0.705 0.591 0.157

0.512 0.557 0.305
-0.470 -0.481 -0.210

Counties in Califomia	 n

with 5G mmW	 max
with 5G mmW	 6	 mean

th 5G mmW	 min

without 5G mmW	 max
without 5G mmW	 11	 mean
without 5G mmW	 min

p-value of t-test, with vs. without 5G mmW
Ratio of means, with vs. without 5G mmW

Pearson's Correlation to Pop. Density
Pearsods Correlation to PopDensity*mmW
Pearson's Correlation to mmW

Pearson's Con-elation to Air Quality Index
Pearson's Correlation to Latitude

3.5.1 Correlations of Case and
Death Rates with Population
Density

Population density is strongly
correlated with the rates of cases/million,
cases/test and deaths/million, and
deaths/test in the 50 states (r =0.60 to 0.79
for April through May) (Table 4).
Population density is an indicator of
person to person contact as well as the
amount of wireless radiation exposure. For
example, in New York City, many reside
in multi-level apartment buildings where
they are exposed to many Wi-Fi routers
and other wireless devices from closeby
neighbors. In addition, Wi-Fi routers from
certain providers have public Wi-Fi hot
spots that provide service to other
customers. These hot spots give off
enough radiation to wirelessly connect
anyone within a 100 meter radius [13].
Those living in an apartment complex in
the middle of a large urban city are likely
to be exposed to more Wi-Fi hotspots than
those living in single family homes in the

suburbs. So even though population
density is a major factor in transmission,
higher population density also inherently
means higher wireless radiation exposure
from neighbors (Table 4 for state data and
Table 5 for county data).

At the county level, population
density was also found to be strongly
correlated with the case and death rates.
Pearson' s correlations between
cases/million and population density was
0.594, between deaths/million and
population density was 0.699, and between
deaths/cases and population density was
moderate, at 0.43 (Table 5). These
correlations for population density are
comparable to those reported in other
studies. A study [14] found a Pearson's
correlation of -0.6 for public transit to
COVID-19 cases per million, and a -0.5
correlation for population density to
COVID-19 cases per million. A Brazilian
study reported a negative correlation
between COVID-19 cases and temperature
(r = -0.38) and a positive relationship
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between COVID-19 cases and population
density (r = 0.51) [15].

3.5.2 Correlations of Case and Death
Rates with Millimeter Wave Exposure

The mmW index is moderately to
strongly correlated with cases per million,
cases per test, deaths per million, and
deaths per test for the 50 states. For
cumulative data through April 22, 2020,
the Pearson's correlations with the mmW
index for the cases/million (r = 0.479) and
deaths/million (r = 0.580) were the highest
of the correlations from the data from
April and May. From April to May, the
same correlations trended downward
slightly, but multiple linear regression
with cumulative data through May 31,
2020 determined that mmW index was a
statistically significant factor in the case
and death rates, which is discussed later,
The correlation between population
density and mmW index is very low at
0.072, meaning that population density
and mmW index are not correlated to each
other, and that a high mmW index area is
not necessarily a high density area. This is
important, because it means that the higher
rates of cases and deaths in mrnW states
are not solely because of the higher
population density that may be present in
those states.

At the county level, mmW
exposure was also found to be strongly
correlated with the case and death rates.
Pearson's correlation for the mmW index
and for cases/million was 0.615, for
deaths/million it was 0.709, and for
deaths/cases it was a moderate 0.371
(Table 5).

For California counties, there were
strong correlations between the mmW
exposure index and cases per million (r =
0.705) and deaths per million (r = 0.591),
There were strong correlations also for the
air quality index (AQI) and the cases (r =
0.512) and deaths (r = 0.557) per million

(Table 6). However, population density
and latitude were not well correlated with
the cases and deaths per million for
California counties.

3.5.3 Synergy between Population Density
with mmW Exposure

There was a positive interaction
between population density and the mmW
index acting together that was greater than
the effect of population density or mmW
acting singularly on the deaths per million
in the cumulative data through April 22.
This is because the interaction of
population density with mmW index
(PopDensity*mmW) had a higher
correlation (0.783) to deaths/million
(Table 4A) than either the correlation of
population density (0.577) or mmW index
(0.580) alone did with deaths/million,
meaning that the combined action of
population density with mmW index had a
stronger effect on deaths/million than
either population density or mmW index
did singularly.

3.5.4 Correlations of Case and Death
Rates with Latitude and Vitamin D

Latitude is an indicator of potential
sun exposure and vitamin D production.
As latitude increases, the intensity of the
radiation from the sun decreases, which
reduces endogenous vitamin D
production. Higher latitudes have been
found to be partially associated with
increased COVID-19 mortality rates [16].
Low vitamin D levels have been found to
be a risk factor for the COVID-19
complications, which will be discussed
later. Latitude was found to have a weak
correlation with the case and death rates
(0.199 to 0.268 in Table 5), however,
based on regression analysis, which will be
discussed later, latitude was a statistically
significant factor in the case and death
rates.

Copyright 2021 KEI Journals. All Rights Reserved. 	 http://journals.ke-i.org/index.php/mra



Tsiang & Havas. Medical Research Archives vol 9 issue 4. April 2021 Page 14 of 32

3.5.5 Correlations of Case and Death
Rates with Air Quality Index (AQI)

AQI was found to have very little
to weak correlation with the case and death
rates in the state and county analysis for
the U.S. For the states, the correlations
ranged from 0.047 to 0.319 (Tables 4A—
C), and at the county level, the correlations
ranged from -0.212 to -0.072 (Table 5).
For California counties, air quality was
strongly correlated with the cases per
million and deaths per million (r = 0.512
and r = 0.557 respectively, Table 6), and
air quality was a statistically significant
factor for the cases per million and deaths
per million (p = 0.0016 and p = 0.0031
respectively, Table 7)

Air quality does have an impact on
respiratory diseases. AQI ranges from 0-
500, and air is considered unhealthy above
100, very unhealthy from 201-300, and
hazardous at 301-500. The average AQI
data for all states was between 21.2 to
51.2, indicating relatively clean air, which
may be why AQI did not show up as a
significant factor at the state level.
Furthermore, the AQI used was a yearly
average and not live data, and during the
lockdowns emissions from cars and
industry were significantly reduced, which
likely made the actual air quality that
people were exposed to better than the
AQI data used.

3.6 Multi-Variate Analysis shows
Population Density, Latitude, mmW
Index are Statistically Signcant
Factors in the Case and Death Rates

According to multiple linear
regression, at the state level, population
density and mmW index were statistically
significant contributors to the rates of
cases and deaths; urbanization was found
to not be a statistically significant factor
compared to population density and mmW
index. At the county level, population
density, mmW index, and latitude were

statistically significant contributors to the
rates of cases and deaths. For California
counties, only the AQI and mmW index
were statistically significant contributors
(p<0.01) to the case and death rates.

For case and death rates, the p-
values for population density were
between 1.02E-13 to 0.0064 for mmW
states and counties; the p-values for mmW
index were between 5.00E-06 to 0.026 for
mmW states, counties, and California
counties; the p-values for latitude were
0.014 and 0.045 for mmW counties; the p-
values for AQI were 0.0016 and 0.0031 for
California counties (Table 7). All
regression equations and the p-values for
density, mmW index, AQI, latitude are
given in Table 7.

Multi-variate analysis using
multiple linear regression showed the
higher mean population density in the
mmW states and counties is not the main
reason for their higher case and death
rates, that mmW index has at least as great
an impact as the higher density. At the
state level, the contribution of the mmW
index is about the same as that from the
higher density, but at the county level, the
contribution from mmW index is at least
three times higher than that from density
(Table 8).

The regression equation for state
cases/million (Table 7) is: Cases/million =
1418 + 32.54 state density + 7100 mmW
index, with an adjusted R2 of 0.732 , which
means that 73.2% of the variation in
cases/million is explained by the state
population density and the mmW index,
and the adjusted R2 measures how close
the data are to the fitted regression
fine. Both the state population density and
the mmW index are statistically significant
contributors to the cases/million (p < 0.01
for both, Table 7), and the regression
equation is statistically significant with p-
value = 1.35E-14, which is much less than
p < 0.01 (Table 7). The increase in state
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population density between average mmW
state and average non-mmW state is 91.7-
50.2 = 41.5 (Table 3). So, the contribution
to the mean case/million for mmW states
from its higher average population density
= 32.54*41.5 = 1350 (Table 8). The
increase in mmW index between average
mmW state and average non-mmW state is
= 0.207 - 0 = 0.207 (Table 3). So, the
contribution to the mean cases/million for
mmW states from its mmW exposure
index = 7100 * 0.207 = 1470 (Table 8).
Therefore, the contribution to the mean
cases/million for mrnW states from mmW
exposure is almost the same, but slightly
higher than it is from the higher population
density (1470 vs. 1350 out of the 5776
actual cases/million (Table 8). Thus, the
higher mean cases/million for the mmW
states is due to the higher average
population density AND the mmW

exposure of those states, with the
contribution from each being about the
same.

The regression equations also
predict what the case and death rates
would be if there was no mmW exposure.
For example, the mean cases/million of the
mmW states is 5776 cases/million;
however, if there was no mmW in these
states, the same regression equation
predicts that the mean cases/million would
be 24% lower, at 4403 cases/million
(Table 8).

For all of the case and death rates
for states, counties, and California, the
contributions from the higher population
density and from the mmW exposure of
the mmW states and counties are given in
Table 8, as well as what the predicted case
and death rates would be if there was no
mmW exposure.

Table 7. Regression Equations for data cumulative through May 31, 2020. Statistical
significance is indicated by * (p < 0.05) and ** (p < 0.01).

Regression
RA2 adj

p-value for
Regression

(Sig. F)

p-value
for

Pop.
Density

p-va Iue
for

mmW
index

p-value	 p-value
for	 for

latitude	 AQI
States: ** ** **

Case/Million = 1418 + 32.54 State Density+ 7100 mmW index 0.732 1.35E-14 1.0E-13 3E-05 not sig.	 not sig.
Death/Million = 12.2 + 2.46 State Density+ 577 mmW index 0.713 6.83E-14 7.2E-13 3E-05 not sig.	 not sig.

**

Case/Test = 0.0534 + 0.000299 State Density+ 0.0606 mmW index 0.427 7.89E-07 1.2E-06 2.6E-02 not sig.	 not sig.
DeathlTest = 0.00144 + 2.68E-05 State Density + 0.00480 mmW index 0.525 9.73E-09 1.3E-08 1.6E-02 not sig.	 not sig.

Counties in US: ** ** ** *

Case/Million = -5080 + 0.576 Density+ 218 Latitude + 3770 mmW index 0.448 2.80E-13 6.4E-03 2.5E-04 1.4E-02	 not sig.
Dealh/Million = -435 + 0.0652 Density+ 13.4 Latitude + 361 mmW index 0.587 2.10E-19 6.4E-05 5.0E-06 4.5E-02	 not sig.

Counties in CA: ** frk **

Case/Million = -268+ 36.6 AQI + 2012 mmW index 0.725 4.71E-05 not sig. 9.9E-05 not sig.	 1.6E-03
Death/Million = -49.7 + 1.96 AQI + 83.1 mmW index 0.610 5.37E-04 not sig. 2.0E-03 not sig.	 3.1E-03
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Table 8. Predicted Values and Contributions from mmW index and higher mean density
for mmW state or county for data cumulative through May 31, 2020.

Actual
Value

Predicted
by

Regression
if no mmW

Predicted
Change

if no
mmW

Predicted
Contribution
from mmW

Predicted
Contribution
from Higher

Mean Density
of mmW state

or county

Ratio of
Contribution
mmW:Higher
Mean Density
of mmW state

or county
mmW States:
Mean Case/Million	 5776 4403 -23.8% 1470 1350 1.09
Mean Death/MiHion	 307 214 -30.4% 119 102 1.17

Mean Caserfest	 9.88% 8.09% -18.1% 1.25% 1.24% 1.01
Mean Deathfrest	 0.494% 0.390% -21.1% 0.099% 0.111% 0.89

mmW Counties in 1JS:
Mean Case/Million	 7100 4320 -39.2% 3260 918 3.55
Mean Death/Million	 446 204 -54.3% 312 104 3.00

mmW Counties in CA:
Mean Case/Million 	 2750 1487 -45.9% 1227 N/A N/A
Mean Death/MiHion	 102 44.4 -56.5% 50.7 N/A N/A

Figure 6 shows that the mmW
exposure factor is better correlated than
the population density with the case and
death rates, and this is also seen in the
higher R2 for the mmW exposure factor.
For the cases/million, the R2 was 0.501 for
the mmW exposure as a predictor
compared to the R2 of 0.363 for population
density, and for the deaths/million, the R2
was 0.632 for the mmW exposure as a
predictor compared to the R2 of 0.526 for
population density.

These R2 for COVID-19 case and
death rate regressions as a function of
mmW exposure, population density, and
latitude are better than those found by
others. In New York a positive correlation
between COVID-19 cases per million and
population density was R2 = 0.17, p <
0.01, and between cases per million
and public transportation commute
ratios, R2 = 0.25, p < 0.01 [17].

4. Discussion
The world changed in March 2020

after the WHO classified COVID-19 as a
pandemic and as countries closed their
borders and initiated social distancing.
Admittance to hospital intensive care units
(ICU) reached an all-time high in some
places and elderly patients were moved to
nursing homes, where residents and staff
quickly developed fatal symptoms of
COVID -19.

Ventilators, commonly used for
respiratory ailments, were not as effective
as expected and doctors around the world
were sharing their concerns about
treatment protocols that were not working.
Atypical cardiovascular complications
were also being reported, including blood
clots, hypoxia, arrhythmia, lower
hemoglobin levels and strokes even in
younger patients [18-19] .
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COVID-19 was clearly different
than previous viral respiratory illnesses,
and one theory was proffered that COVID-
19 may be associated with the rollout of
5G mrnW teclmology, which had occurred
just prior to the first cases of COVID-19 in
China [20].

Our results show a statistically
significant increase between the COVID-
19 attributed cases and deaths in states and
counties in the U.S. with vs. without 5G
mmW technology. States with 5G mmW
technology had excess cases and excess
deaths per million when compared to
states without this technology, which was
the case for three different dates: April 22,
May 15 and May 30. When we examined
U.S. counties, to determine how robust this
relationship was, we got the same trend.

Multiple linear regression and
Pearson's correlation coefficients have
shown that the mmW index was

statistically significant to the case and
death rates in the analyses for states,
counties, and California counties, i.e., in
all three analyses, while population
density was statistically significant for two
of the analyses, and air quality index and
latitude were statistically significant for
only one of the analyses.

4.1 COVID-19 Anomalies and Wireless
Radiation

There are sorne unique anomalies
in COVID-19 that distinguish it from other
viral infections. These anomalies are
multiple blood clots that form in organs
and blood vessels, severe inflammation,
hypoxia and hypoxemia, and skin lesions
even in those who test negative for SARS-
CoV-2 (suggesting that their symptoms
may be due to something other than
SARS-CoV-2), and symptoms lingering
for months after initial onset of the

•

10,000	 20,000	 30,000	 00	 1.0	 2.0	 3.0
Population Density (per square km) 	 5G mmW Exposure

Figure 6. Regression plot for 53 counties with 5G mmW technology for COVID-19
attributed cases/million and deaths/million as a function of population density (A & B) and
as a function of 5G mmW exposure (C & D) through May 31, 2020.
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infection that resemble microwave
sickness symptoms. The interesting thing
about these anomalies are that RF
exposure can exacerbate all of them.

Some COVID-19 patients report
they have been sick for many months,
despite testing negative for the SARS-
CoV-2 virus, with numerous symptoms of
microwave sickness. Microwave sickness,
which the World Health Organization
refers to as idiopathic environmental
intolerance attributable to electromagnetic
fields (IEI-EMF), is the medical term for
the syndrome of symptoms that result from
chronic exposure to non-ionizing
radiation. It is also referred to as
electromagnetic sensitivity per the
Americans with Disabilities Act (ADA) or
electrohypersensitivity (EHS) in some
scientific studies. However,
electromagnetic illness (EMI) is perhaps a
more appropriate term since RFR exposure
has the potential to affect all humans and
not only those who are highly sensitive to
this radiation. Most of the symptoms that

these long COVID-19 patients have in
common with microwave sickness are
headaches,	 fatigue,	 difficulty
concentrating, memory prob lems,
insomnia, cardiovascular abnormalities
like palpitations and tachycardia, tinnitus,
anxiety, depression, and skin lesions
according to a COVID-19 Survey Report
by Indiana University School of Medicine
[21]. At least 24 of the long COVID
symptoms reported in the survey are also
symptoms of microwave sickness, aka
EHS [22] (Figure 7).

Wireless radiation is a toxic
substance that degrades the immune
system, and "[e]xposure to myriad toxic
substances degrades the immune system,
whose dysfunction is then exploited by
SARS-CoV-2 to result in COVID-19," [23].
A recent Russian study found a strong
correlation between a country' s exposure
limits for RF radiation and COVID-19
deaths per million (r=0.577) and deaths per
cases (r=0.551) [24].

Prevalence of Symptoms Common to both COVID-19* and Electrohypersensitivity (EHS)**

20	 40	 60
	

80	 100
FatIgue

Muscle aches (mlia1818)
Cardbvascular abnormalites, heart paIprtatMns, tactwcardia, arrhythmia

Difficulty concentrating

Heada che
DIfficulty sleeon

Ansiety

Memory problems
Dizkiress

JoInt paln (arthmIgia)
FedIng of burningskin, burningsensations, nerve sensations (dysesthesia)

Blurryvision (ocular deficiency)
Sadness(depressIon)

Rash, mvid toes (skIn lesions)
Heat Intolrance, abnormally low bodytemperature (dystherrnia)

Tinnitus
Confusion

FeelIng irritable (Irritablity)

•%CovId- 19 Patie	 Cl%EHSPatients..

Figure 7. Prevalence of symptoms common to both COVID-19 and Electrohypersensitivity
(EHS). Sources: *[21], **[22]
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4.2 Common Mechanisms of Harm and
Synergistic Effects between RF Radiation
and COVID-19.

Radio frequency radiation (RFR)
shares sorne mechanisms of harm with
SARS-CoV-2 which could act
synergistically with SARS-CoV-2 to
promote and prolong infection. As
explained below: (1) RFR impairs the
immune system which would contribute to
a greater number of people becoming
infected and dying from disease [25-28];
(2) RFR is known to increase free-radicals
and contribute to oxidative stress, leading
to increased infiarnmation [29-33]; (3)
RFR affects the blood, heart, and
autonomic nervous system resulting in
sorne	 combination	 of	 hypoxia,
tachycardia, arrhythmia, rouleaux
formation, and sympathetic up-regulation
[34-36]; (4) RFR interferes with the
body's repair mechanisms [37-39]; and (5)
a growing population (between 1% — 10%)
in developed countries is unable to tolerate
current levels of RFR [40-41], developing
symptoms of microwave sickness that are
similar to those reported for long COVID-
19 (Figure 7).

Microwave sickness is triggered by
our increasing exposure to RFR emitted by
mobile and cordless phones, cell phone
base stations, radar, broadcast antennas,
Wi-Fi, Bluetooth, smart meters, smart
appliances, srnart homes, srnart light
bulbs, wireless security systems, wireless
personal assistants, wireless baby
monitors, and wireless wearables, and now
an increasing number of people are also
exposed to 5G mmW.

Higher radiation exposures result
from the shorter distance to people and
higher density of antennas for 5G mmW
This is acknowledged by the FCC proposal
in December 2019 to increase the current
exposure limits four-fold to accommodate
5G mmW devices and infrastructure. The
current exposure limit for the general

population of 1000 piW/cm2 averaged over
a 30-minute period has been the guideline
since 1996 per FCC 47 CFR Ch. I § 1.1310
and the FCC has proposed to increase that
to 4000 liW/cm2 indefinitely in its 2019
FCC Notice of Proposed Rulemaking 19-
126 [9].

5G mmW have not been tested for
their long-term biological effects and there
is growing concem from the scientific and
medical communities that this technology
could have adverse biological
consequences. Studies suggest that mmW
can contribute to ocular damage,
arrhythmias, antibiotic resistance among
bacteria, teratogenic effects in drosophila,
and impaired immunity in mice [42]. Even
though inmW are absorbed mostly in the
skin, systemic signaling in the skin from
namW can result in physiological effects
on the nervous, cardiovascular and
immune systems mediated through
neuroendocrine mechanisms [42]. A
compendium of 3800 studies showing a
myriad of harmful biological effects from
RFR at non-thermal levels (and below
FCC's exposure limits) are contained in
the 2012 BioInitiative Report [43].

4.3 Wireless Radiation affects the
Immune System, increases Oxidative
Stress and Inflammation

There is a common presumption
that mmW are safer than the lower
frequencies used in 4G and previous
generations of wireless communications
because mmW are rnostly absorbed in the
skin. However, biological responses to
mmW irradiation can be initiated within
the skin, and the subsequent systemic
signaling in the skin can result in
physiological effects on the nervous
system, heart, and immune system [44].
The cities with 5G mmW would have the
most varied and highest potential RF
exposure levels because 5G mmW
requires the use of rnultiple small cells in
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close proximity to users and all three bands
of frequencies for 5G, in addition to
radiation from previous generations of
wireless communications..

Additionally, severe inflammation
has been reported in COVID-19 cases, and
oxidative stress is a cause of inflammation
[45]. There are many studies showing that
wireless radiation causes oxidative stress
and generates free radicals [29-33, 46-48].
A review by an expert committee
appointed by the Swiss government found
that RF-EMF increased oxidative stress
which can lead to changes in oxidative
balance, and that those with pre-existing
conditions (immune deficiencies or
diseases	 such	 as	 diabetes	 and
neurodegenerative	 diseases)	 that
compromise the body's defense
mechanisms (including antioxidative
protection) can experience more severe
health effects from EMF exposure; also,
young and elderly individuals can react
less efficiently to oxidative stress induced
by EMF [49]. So chronic RF exposure
creates oxidative stress and oxidative
stress leads to inflammation. RF exposure
has also been shown to directly increase
inflammation by the production of pro-
inflammatory cytokines that cause the
immune system to overreact [50].

There are many studies showing
the effect of wireless radiation on the
immune system [27, 43]. A 2013 review
found that wireless radiation has a
stimulating effect on the immune system
initially with short-term exposure, and an
immunosuppressive effect with chronic
exposure [26]. Cell phone radiation
exposure for 1 hour per day for 30 days
compromised the immune system of rats,
resulting in a significant decrease in
immunoglobulin levels, total leukocyte,
lymphocyte, eosinophil and basophil
counts; and a significant increase in
neutrophil and monocyte counts [51].
Shielding from EMFs was found to

significantly improve immune function
and decrease inflammation in humans;
lymphocyte NK (natural killer) cell
activity increased by 30% after EMF
exposure was reduced for two months
[52]. In 2015, a significant discovery was
made that the brain was directly connected
to the immune system by lymphatic
vessels [53], which would mean that the
immune system can be affected directly by
the brain and environmental influences
that affect the brain, such as wireless
radiation. A U.S. government study under
the National Institute of Health found that
cell phone radiation can affect the brain by
increasing glucose metabolism in the brain
[54] .

4.4 Wireless affects Vitamin D and
Vitamin D Receptor

Vitamin D is essential to the proper
functioning of the immune system. Low
vitamin D levels have been associated with
the most severe symptoms of COVID-19.
Patients with low vitamin D are twice as
likely to experience major complications
from COVID-19 [55]. Another study
found that 85% of severe COVID-19
patients had vitamin D insufficiency, and
that 100% of ICU patients less than 75
years old had vitamin D insufficiency [56].
The case fatality rate of COVID-19 was
highest in European countries with the
highest incidence of severe vitamin D
deficiency, and supplementation with
vitamin D may reduce COVID-19
mortality [16].

Vitamin D deficiency can result
from inflammation cáused by chronic
wireless radiation exposure [40]. Vitamin
D supplementation was also found to
reverse the negative effects of cell phone
radiation on the immune system of rats
[41]. Wireless radiation also lowers
vitamin D receptor (VDR) activity by
changing the shape of the VDR, thus
impairing VDR activity and its ability to
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bind with vitamin D [28]. This is important
because when a T-lymphocyte is exposed
to a foreign pathogen, it extends a VDR to
search for vitamin D, and if there is
insufficient vitamin D, T-lymphocytes
will not activate to destroy the invading
pathogens [57].

4.5 Wireless Radiation depletes
Glutathione which reduces Vitamin D
and promotes Infection

There' s evidence that low
endogenous glutathione production has led
to complications in COVID-19 and that
low glutathione levels reduce vitamin D
levels [58]. Vitamin D was also found to
correlate positively with glutathione levels
in type II diabetic patients [59], who have
an increased risk for COVID-19
complications. Glutathione treatment of
patients with COVID-19 pneumonia
successfully prevented the cytokine storm
in COVID-19 patients [60]. Several
studies have shown reduced glutathione
production from wireless radiation
exposure. Glutathione was found to be at
statistically significant lower levels in
those living close to a cell tower (within 80
m) exposed to 100 times higher RF
radiation compared to those living far from
a cell tower (300 m or more) [37]. Another
study found that radar workers in the
military who had been working with radar
for over 10 years had less than 50% of
glutathione levels of non-radar workers,
and this lower level was statistically
significant [30].

4.6 Wireless Radiation lowers Oxygen
Intake and damages Mitochondria

RF exposure also affects the
structure of hemoglobin, reducing its
ability to bind to oxygen. After just two
hours of exposure to cell phone radiation,
human hemoglobin structure changed,
decreasing its affinity to bind to oxygen in
the lungs between 11-12% [34] which

reduces the amount of oxygen that would
be carried from the lungs to the body's
tissues, contributing to hypoxia. This is
important because SARS CoV-2's ability
to infect cells is enhanced when blood
oxygen levels decline. The
"furin cleavage" sequence in the virus
activates increased ACE2 receptor attack
and cellular invasion in low oxygen
environments [61].

RF radiation also affects the
electron transport chain in mitochondria.
Mitochondria supply the energy in cells
and consume the majority of oxygen in the
cell. RF exposure leads to mitochondrial
dysfimction, leading to lowered oxygen
consumption in the cell and less energy
production, which would cause fatigue.
Wireless sources of EMF causing
extensive electron leakage from the
mitochondrial electron transport chain was
attributed as the main cause of EMF
damage in human reproductive cells, and
wireless EMF exposure increased
production of reactive oxygen species
(ROS) by mitochondria [32].

4.7 Wireless Radiation promotes Blood
Clotting

Vitamin D also has an
anticoagulant effect, and low vitamin D
levels have been shown to increase the
chance of venous blood clots [62].

Formation of blood clots leading to
strokes and other complications have been
reported in COVID-19 cases in the young
and middle-aged with no risk factors for
clotting. In children, a condition associated
with COVID-19 known as Multisystem
Inflammatory Syndrome in Children
(MIS-C) with symptoms including
"COVID Toes" involves inflammation of
the blood vessels and the formation of
blood clots.

RF exposure can cause red blood
cells to clump and stick together, known as
rouleaux formation [35-36] (Figure 8). As
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early as 1978, effects of mmW on blood
were found to cause a "tendency toward
hypercoagulation" at an exposure of 1000
ilW/cm2 or less [63]; 1000 11W/cm2 for 30
minutes is the current exposure limit for
mmW for the public in the U.S.

Electromagnetic fields were found
to increase the risk for blood clot
formation [64]. Other studies have also
shown changes in blood viscosity and
rouleaux formation with frequencies of 2
kHz [65]. Frequencies in the 0-3 kHz
range are found in wireless
communications in the form of pulsation
and modulation, and there is significant
evidence that the biological effects from
wireless communications is because of
these electric fields; in addition, the
application of pulsed electromagnetic
fields (PEMF) for short periods of time
have therapeutic effects [44] such as the
stimulation of bone growth [66]. The right
modulation in pulsating electrostatic field
therapy can reduce rouleaux formation
[67]. Electromagnetic fields have been
used for over a hundred years
therapeutically, and PEMF devices,
approved by the FDA, have been used in
animals and humans to reduce
inflammation, increase circulation and
reduce pain [68]. The fact that RF
radiation at non-thermal levels is used in
medical therapy means that there are
biological effects of RF radiation at non-
thermal levels. In addition, mmW are used
in medical therapy, including cancer
therapy. At power density levels far
exceeding the FCC permissible levels for
wireless communications of 1000

ILIW/cm2, mmW have been used to
stimulate immune cell activity suppressed
by anti-cancer drugs [69-70]. Chronic RF
radiation exposure within the FCC
permissible levels disturbs immune
function through stimulation of various
allergic and inflammatory responses; for
example, RFR increases mast cells in the
skin, morphologically alters immune cells,
and interferes with tissue repair processes
[25]. Anti-inflammatory effects of mmW,
achieved only with specific modulation
frequencies for certain mmW carrier
frequencies, have been used
therapeutically also; but without the
correct modulation frequency, certain
carrier mmW frequencies were
"ineffective" [71]. Therefore, it is not just
the mmW carrier frequency, but also its
combination with pulsation and
modulation frequencies that determine
biological effects. Medical therapy using
RF and mmW radiation is achieved only
under controlled conditions, with specific
carrier and pulsation and modulation
frequencies at specific power densities
over a specific and relatively short period
of time. The RF radiation that we are
exposed to from wireless communications
is constant and random, with varying
power densities, layered with many
frequencies from different sources that use
pulsation and modulation frequencies
needed to enable wireless communications
without consideration of biological
effects. Consequently, medical mmW and
telecommunication mmW have very
different biological impacts due to
different exposure parameters.
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Human Red Blood Cells Before and After Exposure to RF Radiation

A, Celis Before RF exposure 	 B. Cells After RF exposu rouleatix effect)

Figure 8. In A., red blood cells are not aggregated prior to RF radiation exposure. In B.,
blood cells from the same patient after 10 minutes of exposure to 2.45 GHz Wi-Fi aggregate
and exhibit rouleaux effect.

4.8 Both Wireless Radiation and
SARS-CoV-2 interfere with
Calcium Channels in the Cell
Membrane

Cell membranes are considered the major
target for the interaction between mmW
and biological systems, and the waves may
alter structural and functional properties of
membranes [72]. The cell membrane
becomes more permeable from RF
exposure from cell phones due to changes
in the phospholipid composition at
exposure levels well under the current
FCC exposure limit This increased cell
membrane permeability altered the
expression of 178 genes significantly (p <
0.05), affecting processes such as DNA
replication and repair, cell signalling and
calcium signalling, nervous system
function, immune system response, lipid
metabolism, and carcinogenesis [38].
Voltage gated calcium channels (VGCC's)
located in cell membranes control
intracellular	 calcium	 ion	 (Ca')
concentrations, and exposure to
electromagnetic fields has been shown to
increase intracellular Ca" concentration in
human lymphocyte cells between
approximately 25-50%, and this higher
intracellular Ca' concentration in human

lymphocyte cells increases allergic
reactions [73]. Increasing intracellular
Ca" concentrations have a myriad of
health effects, from headaches to cancer in
humans [66].

A related virus, porcine
deltacoronavirus, attacks host cells by
opening their voltage gated calcium
channels (VGCCs) in the cell
membrane, which increases the calcium
ion (Ca") concentration inside host cells
which increases virus replication.
Reducing the intracellular calcium by
blocking VGCC's reduced the infection
[74]. Anti-viral medications work by
inhibiting VGCC activation to reduce
intracellular Ca' to inhibit the viral
replication [75].

4.9 Both Wireless Radiation and SARS-
CoV-2 interfere with Cell Signalling via
p38/MAPK and mTOR Pathways

SARS-CoV-2 takes over a human
host cell by interfering with
phosphorylation cell signalling and
altering the phosphorylation of 40 human
proteins and 49 kinase enzymes, involving
the p38/MAPK and mTOR pathways
among others. This takeover of the human
host cells by the virus prevents the host
cell from replicating and provides a stable
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environment for viral replication [76].
Signals from wireless communications
have also been found to interfere with cell
signalling and phosphorylation in the
p38/MAPK and mTOR pathways, which
were associated with an increased
permeability in cell membranes due to
changes in its phospholipid composition
following exposure to radiofrequency
radiation [38]. There have been many
studies on the interaction of EMFs with
cell signalling systems; interference with
cell signalling and phosphorylation was
reported in an earlier study that found that
pulsed EMFs rapidly activates the
mTOR signalling pathway [77].

For all the above reasons,
environmental exposure to 5G mmW can
increase cases and severity of COVID-19.

5. Conclusion
While 5G did not cause COVID-

19, statistical analysis showed that
exposure to 5G mmW (which is present in
combination with 1G-4G and other RFR
sources like Wi-Fi) is a statistically
significant factor associated with higher
COVID-19 case and death rates in the U.S.
The higher population densities in the 5G
mmW states or counties is another
statistically significant factor but it does
not entirely account for the higher case and
death rates in those states and counties.
Population density is an indicator not only
of person to person contact, but also of
wireless radiation exposure from
neighbours. Latitude was also found to be
a statistically significant factor that
increases case and death rates for 5G
mmW counties. Air quality was not found
to be a statistically significant factor in the
case and death rates except for California
counties.

The higher case and death rates in
the average mmW state or county
compared to that of the average non-mmW
state or county were statistically

significant for multiple dates (April 22,
May 15, May 31 2020) and for a variety of
measurements (deaths/million, deaths/test,
cases/million, cases/test).

Multiple linear regression found
that at the state level, the mmW and the
higher population density contributed
almost equally to the increased case and
death rates in the mmW states. Regression
equations predicted that if the mmW states
did not have mmW, the average cases per
million for the mmW states would be
reduced by 24%, and the deaths per
million would be reduced by 30%.

At the county level, the mmW
exposure contributed three times as much
as the higher population density to the
increased case and death rates in the mmW
counties. Regression equations predicted
that if the mmW counties did not have
mmW exposure, the cases per million for
the mmW counties would be reduced by
39%, and the deaths per million would be
reduced by 54%.

For California counties, mmW and
AQI were statistically significant
contributors to the case and death rates
while population density was not.
Regression equations predicted that if the
mmW counties did not have mmW, the
cases per million would be reduced by
46%, and the deaths per million would be
reduced by 57%.

It is not difficult to see how
radiofrequency radiation could increase
the case and death rates when wireless
radiation and SARS-CoV-2 share common
mechanisms of harm to human and animal
cells and wireless radiation exposure
produces conditions that enhance
susceptibility to SARS-CoV-2. Both
interfere with cell signalling via the
phosphorylation pathways, increase
intracellular calcium ion concentrations by
activating VGCC's, and interfere with the
actions	 of	 cell	 membranes.
Radiofrequency radiation negatively
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impacts the immune system, reduces
oxygen availability to blood cells and
tissues, increases oxidative stress and
inflammation, and reduces glutathione
levels and vitamin D availability, all of
which assist viral infection.

In this analysis, we compared 5G
mmW areas with those that have RFR but
do not yet have activated mmW
technology. This is like comparing
smokers to those exposed to second-hand
smoke. Consequently, the difference
between COVID-19 attributed case and
death rates may be much higher had we
compared areas with 5G mmW technology
to areas with little or no RFR exposure,
which is nearly impossible to do as few of
these areas remain in the U.S.

The rollout of mmW 5G has been
done without any testing to assess its
safety, either singly or in combination with
RF frequencies already present, such as
1G-4G and Wi-Fi. In fact, no long-term
safety testing was done on any wireless
teclmology before they were introduced to
the market. Government presumption of
safety on all wireless technology is that
harmful effects can only happen at thermal
levels and that effects at non-thermal
levels do not exist, i.e. so as long as
wireless devices and infrastructure do not
emit enough energy to heat tissues, then
there is nothing to be concerned about.

However, thousands of studies have
shown harmful biological effects at non-
thermal levels, and medical devices using
non-thermal levels of radiofrequency
radiation have been used therapeutically
for decades, which is concrete evidence of
beneficial and adverse biological effects at
non-thermal levels of non-ionizing
radiation. Currently, mmW have been
deployed for 5G in approximately 50 U.S.
cities, but when 5G is fully rolled out,
mmW will be everywhere. More than 400
scientists and doctors have signed the 5G
Appeal [78] requesting a moratorium on
the 5G rollout. Any economic benefits
from 5G are likely to be outweighed by the
risk of harm to the health of billions of
people around the world.
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ABSTRACT

Background and Aim: Coronavirus disease (COVID-19) public health policy has focused on the
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) virus and its effects on human health
while environmental factors have been largely ignored. In considering the epidemiological triad
(agent-host-environment) applicable to all disease, we investigated a possible environmental factor
in the COVID-19 pandemic: arnbient radiofrequency radiation from wireless communication systems
including microwaves and millimeter waves. SARS-CoV-2, the virus that caused the COVID-19
pandemic, surfaced in Wuhan, China shortly after the implementation of city-wide (fifth generation
[5G] ofwireless communications radiation [WCR]), and rapidly spread globally, initially demonstrating
a statistical correlation to international comrnunities with recently established 5G networks. In this
study, we examined the peer-reviewed scientific litcrature on the detrimental bioeffects of WCR and
identified several rnechanisms by which WCR may have contributed to the COVID-19 pandernic as
a toxic environmental cofactor. By crossing boundaries between the disciplines of biophysics and
pathophysiology, we present evidence that WCR may: (1) cause morphologic changes in erythrocytes
including echinocyte and rouleaux formation that can contribute to hypercoagulation; (2) impair
microcirculation and reduce erythrocyte and hernoglobin levels exacerbating hypoxia; (3) arnplify
immune system dysfunction, including immunosuppression, autoimmunity, and hyperinflarnmation;
(4) increase cellular oxidative stress and the production of free radicals resulting in vascular injury
and organ damage; (5) increase intracellular Ca 2+ essential for viral entry, replication, and release,
in addition to promoting pro-infiammatory pathways; and (6) worsen heart arrhythmias and cardiac
disorders.
Relevance for Patients: In short, WCR has become a ubiquitous environmental stressor that we
propose may have contributed to adverse health outcomes of patients infected with SARS-CoV-2
and increased the severity of the COVID-19 pandemic. Therefore, we recommend that all people,
particularly those suffering from SARS-CoV-2 infection, reduce their exposure to WCR as much as
reasonably achievable until further research better clarifies the systemic health effects associated with
chronic WCR exposure.

1. Introduction

1.1. Background

Coronavirus disease 2019 (COVID-19) has been the focus of international public health

policy since 2020. Despite unprecedented public health protocols to quell the pandemic,
the number of COVID-19 cases continues to rise. We propose a reassessment of our public
health strategies.
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According to the Center for Disease Control and Prevention
(CDC), the simplest model of disease causation is the
epidemiological triad consisting of three interactive factors:
the agent (pathogen), the environment, and the health status of
the host [1]. Extensive research is being done on the agent, severe
acute respiratory syndrorne coronavirus 2 (SARS-CoV-2). Risk
factors that make a host more likely to succumb to the disease
have been elucidated. However, environmental factors have not
been sufficiently explored. In this paper, we investigated the
role of wireless communication radiation (WCR), a widespread
environmental stressor.

We explore the scientific evidence suggesting a possible
relationship between COVID-19 and radiofrequency radiation
related to wireless comrnunications technology including
fifth generation (5G) of wireless communications technology,
henceforth referred to as WCR. WCR has already been recognized
as a form of environmental pollution and physiological
stressor [2]. Assessing the potentially detrimental health effects
of WCR may be crucial to develop an effective, rational public
health policy that may help expedite eradication of the COVID-19
pandemic. In addition, because we are on the verge of worldwide
5G deployment, it is critical to consider the possible damaging
health effects of WCR before the public is potentially harmed.

5G is a protocol that will use high frequency bands and
extensive bandwidths of the electromagnetic spectrum in the vast
radiofrequency range from 600 MHz to nearly 100 GHz, which
includes millimeter waves (>20 GHz), in addition to the currently
used third generation (3G) and fourth generation (4G) long-
tenn evolution (LTE) microwave bands. 5G frequency spectrum
allocations differ from country to country. Focused pulsed beams
of radiation will emit from new base stations and phased array
antennas placed close to buildings whenever persons access the
5G network. Because these high frequencies are strongly absorbed
by the atmosphere and especially during rain, a transmitter's range
is limited to 300 meters. Therefore, 5G requires base stations
and antennas to be much more closely spaced than previous
generations. Plus, satellites in space will emit 5G bands globally
to create a wireless worldwide web. The new system therefore
requires significant densification of 4G infrastructure as well as
new 5G antennas that may dramatically increase the population's
WCR exposure both inside structures and outdoors. Approximately
100,000 emitting satellites are planned to be launched into orbit. This
infrastructure will significantly alter the world's electromagnetic
environment to unprecedented levels and may cause unknown
consequences to the entire biosphere, including humans. The new
infrastructure will service the new 5G devices, including 5G mobile
phones, routers, computers, tablets, self-driving vehicles, machine-
to-machine communications, and the Internet of Things.

The global industry standard for 5G is set by the 3G
Partnership Project (3GPP), which is an umbrella term for
several organizations developing standard protocols for mobile
telecommunications. The 5G standard specifies all key aspects of
the technology, including frequency spectrum allocation, beam-
forming, beam steering, multiplexing multiple in, multiple out
schemes, as well as modulation schemes, among others. 5G will

utilize from 64 to 256 antennas at short distances to serve virtually
sirnultaneously a large number of devices within a cell. The
latest finalized 5G standard, Release 16, is codified in the 3GPP
published Technical Report TR 21.916 and may be downloaded
from the 3GPP server at https://www.3gpp.org/specifications.
Engineers claim that 5G will offer performance up to 10 times
that of current 4G networks [3].

COVID-19 began in Wuhan, China in December 2019,
shortly after city-wide 5G had "gone live," that is, become an
operational system, on October 31, 2019. COVID-19 outbreaks
soon followed in other areas where 5G had also been at least
partially implemented, including South Korea, Northem Italy,
New York City, Seattle, and Southern California. In May 2020,
Mordachev [4] reported a statistically significant correlation
between the intensity of radiofrequency radiation and the mortality
from SARS-CoV-2 in 31 countries throughout the world. During
the first pandernic wave in the United States, COVID-19 attributed
cases and deaths were statistically higher in states and major cities
with 5G infrastructure as compared with states and cities that did
not yet have this technology [5].

There is a large body of peer reviewed literature, since before
World War II, on the biological effects of WCR that impact many
aspects of our health. In examining this literature, we found
intersections between the pathophysiology of SARS-CoV-2 and
detrimental bioeffects of WCR exposure. Here, we present the
evidence suggesting that WCR has been a possible contributing
factor exacerbating COVID-I9.

1.2. Overview on COVID-19

The clinical presentation of COVID-19 has proven to be highly
variable, with a wide range of symptoms and variability from
case to case. According to the CDC, early disease syrnptoms may
include sore throat, headache, fever, cough, chills, among others.
More severe symptoms including shortness of breath, high fever,
and severe fatigue may occur in a later stage. The neurological
sequela of taste and smell loss has also been described.

Ing et al. [6] detennined 80% of those affected have rnild
symptorns or none, but older populations and those with
comorbidities, such as hypertension, diabetes, and obesity, have
a greater risk for severe disease [7]. Acute respiratory distress
syndrome (ARDS) can rapidly occur [8] and cause severe shortness
of breath as endothelial cells lining blood vessels and epithelial
cells lining airways lose their integrity, and protein rich fluid leaks
into adjacent air sacs. COVID-19 can cause insufficient oxygen
levels (hypoxia) that have been seen in up to 80% of intensive care
unit (ICU) patients [9] exhibiting respiratory distress. Decreased
oxygenation and elevated carbon dioxide levels in patients' blood
have been observed, although the etiology for these findings
remains unclear.

Massive oxidative darnage to the lungs has been observed in
areas of airspace opacification documented on chest radiographs
and computed tomography (CT) scans in patients with
SARS-CoV-2 pneumonia [10]. This cellular stress may indicate a
biochernical rather than a viral etiology [11].

DOI: http://dx.doLorg/10.18053/ctres.07.202105.007



668	 Rubik and BrowniJournal of Chnical and Translational Research 2021; 7(5): 666-681

Because disseminated virus can attach itself to cells containing
an angiotensin-converting enzyme 2 (ACE2) receptor; it can
spread and damage organs and soft tissues throughout the
body, including the lungs, heart, intestines, kidneys, blood
vessels, fat, testes, and ovaries, among others. The disease can
increase systemic inflarnmation and induce a hypercoagulable
state. Without anticoagulation, intravascular blood clots can be
devastating [12].

In COVID-19 patients referred to as "long-haulers," symptoms
can wax and wane for months [13]. Shortness of breath, fatigue,
joint pain, and chest pain can become persistent syrnptoms.
Post-infectious brain fog, cardiac arrhythrnia, and new onset
hypertension have also been described. Long-term chronic
complications of COVID-19 are being defined as epidemiological
data are collected over time.

As our understanding of COVID-19 continues to evolve,
environmental factors, particularly those of wireless
communication electrornagnetic fields, remain unexplored
variables that may be contributing to the disease including its
severity in some patients. Next, we summarize the bioeffects
of WCR exposure from the peer reviewed scientific literature
published over decades.

1.3. Overview on bioeffects of WCR exposure

Organisms are electrochemical beings. Low-level WCR from
devices, including mobile telephony base antennas, wireless
network protocols utilized for the local networking of devices and
internet access, trademarked as Wi-Fi (officially IEEE 802.11b
Direct Sequence protocol; IEEE, Institute of Electrical and
Electronic Engineers) by the Wi-Fi alliance, and mobile phones,
among others, may disrupt regulation of numerous physiological
functions. Non-thermal bioeffects (below the power density that
causes tissue heating) from very low-level WCR exposure have
been reported in numerous peer-reviewed scientific publications
at power densities below the International Commission on Non-
Ionizing Radiation Protection (ICNIRP) exposure guidelines [14].
Low-level WCR has been found to impact the organism at all levels
of organization, from the molecular to the cellular, physiological,
behavioral, and psychological levels. Moreover, it has been shown
to cause systemic detrimental health effects including increased
cancer risk [15], endocrine changes [16], increased ftee radical
production [17], deoxyribonucleic acid (DNA) darnage [18],
changes to the reproductive system [19], leaming and memory
defects [20], and neurological disorders [21]. Having evolved
within Earth's extremely low-level natural radiofrequency
background, organisms lack the ability to adapt to heightened
levels of unnatural radiation of wireless communications
technology with digital modulation that includes short intense
pulses (bursts).

The peer-reviewed world scientific literature has docurnented
evidence for detrimental bioeffects from WCR exposure
including 5G frequencies over several decades. The Soviet and
Eastern European literature from 1960 to 1970s demonstrates
significant biological effects, even at exposure levels more

than 1000 times below 1 mW/cm 2, the culTent guideline for
maximum public exposure in the US. Eastern studies on animal
and human subjects were performed at low exposure levels
(<1 mW/cm2) for long durations (typically rnonths). Adverse
bioeffects from WCR exposure levels below 0.001 mW/cm2
have also been documented in the Western literature. Damage to
human sperm viability including DNA fragmentation by internet-
connected laptop cornputers at power densities from 0.0005 to
0.001 mW/cm2 has been reported [22]. Chronic human exposure
to 0.000006 — 0.00001 mW/cm 2 produced significant changes in
human stress hormones following a mobile phone base station
installation [23]. Human exposures to cell phone radiation at
0.00001 — 0.00005 mW/cm2 resulted in complaints of headache,
neurological problems, sleep problems, and concentration
problems, corresponding to "microwave sickness" [24,25]. The
effects of WCR on prenatal development in mice placed near
an "antenna park" exposed to power densities from 0.000168 to
0.001053 mW/cm2 showed a progressive decrease in the number
of newborns and ended in irreversible infertility [26]. Most US
research has been performed over short durations of weeks or less.
In recent years, there have been few long-terrn studies on animals
or hurnans.

Illness from WCR exposure has been documented since
the early use of radar. Prolonged exposure to microwaves and
millimeter waves from radar was associated with various
disorders tenned "radio-wave sickness" decades ago by Russian
scientists. A wide variety of bioeffects from nonthermal power
densities of WCR were reported by Soviet research groups
since the 1960s. A bibliography of over 3700 references on
the reported biological effects in the world scientific literature
was published in 1972 (revised 1976) by the US Naval Medical
Research Institute [27,28]. Several relevant Russian studies are
summarized as follows. Research on Escherichia coli bacteria
cultures show power density windows for microwave resonance
effects for 51.755 GHz stimulation of bacterial growth, observed
at extremely low power densities of 10-13 mW/cm2 [29],
illustrating an extremely low level bioeffect. More recently
Russian studies confirmed earlier results of Soviet research
groups on the effects of 2.45 GHz at 0.5 mW/cm2 on rats (30 days
exposure for 7 h/day), demonstrating the formation of antibodies
to the brain (autoimmune response) and stress reactions [30].
In a long-term (1 — 4 year) study comparing children who use
mobile phones to a control group, functional changes, including
greater fatigue, decreased voluntary attention, and weakening
of semantic mernory, among other adverse psychophysiological
changes, were reported [31]. Key Russian research reports that
underlie the scientific basis for Soviet and Russian WCR exposure
guidelines to protect the public, which are much lower than the
US guidelines, have been summarized [32].

By comparison to the exposure levels employed in these
studies, we measured the ambient level of WCR from 100 MHz
to 8 GHz in downtown San Francisco, California in December,
2020, and found an average power density of 0.0002 mW/cm2.
This level is from the superposition of multiple WCR devices.
It is approximately 2 x 1010 times above the natural background.
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Pulsed radio-frequency radiation such as WCR exhibits
substantially different bioeffects, both qualitative ly and
quantitatively (generally more pronounced) compared to
continuous waves at similar time-averagedpower densities [33-36].
The specific interaction mechanisms are not well understood.
All types of wireless communications employ extrernely low
frequency (ELFs) in the modulation of the radiofrequency carrier
signals, typically pulses to increase the capacity of information
transmitted. This combination of radiofrequency radiation with
ELF modulation(s) is generally more bioactive, as it is surmised
that organisms cannot readily adapt to such rapidly changing
wave forms [37-40]. Therefore, the presence of ELF components
of radiofrequency waves from pulsing or other modulations must
be considered in studies on the bioeffects of WCR. Unfortunately,
the reporting of such modulations has been unreliable, especially
in older studies [41].

The BioInitiative Report [42], authored by 29 experts from ten
countries, and updated in 2020, provides a scholarly contemporary
summary of the literature on the bioeffects and health consequences
from WCR exposure, including a compendium of supporting
research. Recent reviews have been published [43-46]. Two
comprehensive reviews on the bioeffects of millimeter waves report
that even short-term exposures produce marked bioeffects [47,48].

2. Methods

An ongoing literature study of the unfolding pathophysiology of
SARS-CoV-2 was performed. To investigate a possible connection

to bioeffects from WCR exposure, we examined over 250 peer-
reviewed research reports from 1969 to 2021, including reviews
and studies on cells, animals, and hurnans. We included the world
literature in English and Russian reports translated to English,
on radio frequencies from 600 MHz to 90 GHz, the carrier wave
spectrum of WCR (2G to 5G inclusive), with particular emphasis
on nonthermal, low power densities (<1 mW/cm2), and long-term
exposures. The following search terms were used in queries in
MEDLINEa and the Defense Technical Information Center (https://
discover.dtic.mil) to find relevant study reports: radiofrequency
radiation, microwave, millimeter wave, radar, MHz, GHz, blood,
red blood cell, erythrocyte, hemoglobin, hemodynamic, oxygen,
hypoxia, vascular, infiammation, pro-infiammatory, immune,
lymphocyte, T cell, cytokine, intracellular calcium, sympathetic
function, arrhythmia, heart, cardiovascular, oxidative stress,
glutathione, reactive oxygen species (ROS), COVID-19, virus,
and SARS-CoV-2. Occupational studies on WCR exposed workers
were included in the study. Our approach is akin to Literature-
Related Discovery, in which two concepts that have heretofore
not been linked are explored in the literature searches to look for
linkage(s) to produce novel, interesting, plausible, and intelligible
knowledge, that is, potential discovery [49]. From analysis of
these studies in comparison with new information unfolding on
the pathophysiology of SARS-CoV-2, we identified several ways
in which adverse bioeffects of WCR exposure intersect with
COVID-19 manifestations and organized our findings into five
categories.

Table 1. Bioeffects of Wireless Cornmunication Radiation (WCR) exposure in relation to COVID-19 rnanifestations and their progression
Wireless communications radiation (WCR) exposure bioeffects	 COVID-19 manifestations
Blood changes

Short-term: rouleaux, echinocytes

Long-term: reduced blood clotting time, reduced hemoglobin, hemodynamic
disorders

Blood changes
Rouleaux, echinocytes
Hemoglobin effects; vascular effects
—> Reduced hemoglobin in severe disease; autoimmune hemolytic

anemia; hypoxemia and hypoxia
—> Endothelial injury; impaired microcirculation; hypercoagulation;

disseminated intravascular coagulopathy (DIC); pulmonary
embolisrn; stroke

Oxidative stress

Glutathione level decrease; free radical increase and damage;
apoptosis

—> Oxidative injury; organ damage in severe disease

Immune system disruption and activation
Decreased production of T-lyrnphocytes; clevated inflamrnatory
biomarkers.

--> Irnrnune hyperactivation and inflamrnation; cytokine storm
severe disease; cytokine-induced hypo-perfusion with resulting
hypoxia; organ injury; organ failure

Increased intracellular calcium
—> Increased virus entry, rcplication, and release
—> Increased NF-KB, pro-inflammatory processes, coagulation, and

thrombosis
Cardiac effects

Arrhythmias
—> Myocarditis; myocardial ischernia; cardiac injuiy; cardiac failure

Oxidative stress

Glutathione level decrease; free radicals and lipid peroxide increase; superoxide
dismutase activity decrease; oxidative injury in tissues and organs

Immune system disruption and activation

Irnmune suppression in sorne studies; irnmune hyperactivation in other studies
Long-term: suppression of T-lyrnphocytes; infiaminatory biomarkers increased;
autoimrnunity; organ injury

Increased intracellular calciurn

From activation of voltage-gated calcium channels on cell membranes, with
numerous secondary effects

Cardiac effects
Up-regulation of sympathetic nervous system; palpitations and arrhythmias

Supportive evidence including study details and citations are provided in the text under each subject h eading, i.e., blood changes, oxidative stress, etc.
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3. Results

Table 1 lists the manifestations common to COV1D-19 including
disease progression and the corresponding adverse bioeffects
from WCR exposure. Although these effects are delineated into
categories — blood changes, oxidative stress, immune system
disruption and activation, increased intracellular calcium (Ca2±),
and cardiac effects — it must be emphasized that these effects are
not independent of each other. For example, blood clotting and
inflammation have overlapping mechanisms, and oxidative stress
is implicated in erythrocyte morphological changes as well as in
hypercoagulation, inflarnmation, and organ damage.

3.1. Blood changes

WCR exposure can cause morphologic changes in blood readily
seen through phase contrast or dark-field microscopy of live
peripheral blood samples. In 2013, Havas observed erythrocyte
aggregation including rouleaux (rolls of stacked red blood cells) in
live peripheral blood samples following 10 min human exposure
to a 2.4 GHz cordless phone [50]. Although not peer reviewed,
one of us (Rubik) investigated the effect of 4G LTE mobile phone
radiation on the peripheral blood of ten human subjects, each of
whom had been exposed to cell phone radiation for two consecutive
45-min intervals [51]. Two types of effects were observed:
increased stickiness and clurnping of red blood cells with rouleaux
formation, and subsequent formation of echinocytes (spiky red
blood cells). Red blood cell clumping and aggregation are known
to be actively involved in blood clotting [52]. The prevalence of
this phenomenon on exposure to WCR in the human population
has not yet been determined. Larger controlled studies should be
performed to further investigate this phenomenon.

S imilar red blood cell changes have been described in peripheral
blood of COVID-19 patients [53]. Rouleaux fonnation has been
observed in 1/3 of COVID-19 patients, whereas spherocytes and
echinocyte formation is more variable. Spike protein engagement
with ACE2 receptors on cells lining the blood vessels can lead
to endothelial damage, even when isolated [54]. Rouleaux
formation, particularly in the setting of underlying endothelial
damage, can clog the microcirculation, impeding oxygen
transport, contributing to hypoxia, and increasing the risk of
thrombosis [52]. Thrombogenesis associated with SARS-CoV-2
infection may also be caused by direct viral binding to ACE2
receptors on platelets [55].

Additional blood effects have been observed in both hurnans
and animals exposed to WCR. In 1977, a Russian study reported
that rodents irradiated with 5 – 8 mm waves (60 – 37 GHz) at
1 mW/cm2 for 15 min/day over 60 days developed hemodynamic
disorders, suppressed red blood cell formation, reduced
hemoglobin, and an inhibition of oxygen utilization (oxidative
phosphorylation by the mitochondria) [56]. ln 1978, a 3-year
Russian study on 72 engineers exposed to millimeter wave
generators emitting at 1 mW/cm2 or less showed a decrease in
their hemoglobin levels and red blood cell counts, and a tendency
toward hypercoagulation, whereas a control group showed no
changes [57]. Such deleterious hematologic effects from WCR

exposure may also contribute to the development of hypoxia and
blood clotting observed in COVID-19 patients.

It has been proposed that the SARS-CoV-2 virus attacks
erythrocytes and causes degradation of hernoglobin [11]. Viral
proteins may attack the 1-beta chain of hemoglobin and capture
the porphyrin, along with other proteins from the virus catalyzing
the dissociation of iron from heme [58]. In principle this would
reduce the number of functional erythrocytes and cause the
release of free iron ions that could cause oxidative stress, tissue
damage, and hypoxia. With hemoglobin partially destroyed and
lung tissue damaged by inflammation, patients would be less able
to exchange carbon dioxide (CO 2) and oxygen (02), and would
become oxygen depleted. In fact, some COVID-19 patients
show reduced hemoglobin levels, measuring 7.1 g/L and
even as low as 5.9 g/L in severe cases [59]. Clinical studies of
almost 100 patients from Wuhan revealed that the hemoglobin
levels in the blood of most patients infected with SARS-CoV-2
are significantly lowered resulting in compromised delivery
of oxygen to tissues and organs [60]. In a meta-analysis of
four studies with a total of 1210 patients and 224 with severe
disease, hemoglobin values were reduced in COVID-19 patients
with severe disease compared to those with milder forms [59].
In another study on 601 COVID-19 patients, 14.7% of anemic
COVID-19 ICU patients and 9% of non-ICU COVID-19 patients
had autoirnmune hemolytic anemia [61]. In patients with severe
COVID-19 disease, decreased hemoglobin along with elevated
erythrocyte sedimentation rate (ESR), C-reactive protein, lactate
dehydrogenase, albumin [62], serum ferritin [63], and low oxygen
saturation [64] provide additional support for this hypothesis. In
addition, packed red blood cell transfusion may promote recovery
of COVID-19 patients with acute respiratory failure [65].

In short, both WCR exposure and COVID-19 may cause
deleterious effects on red blood cells md reduced hernoglobin levels
contributing to hypoxia in COVID-19. Endothelial injury may further
contribute to hypoxia and many of the vascular complications seen
in COVID-19 [66] that are discussed in the next section.

3.2. Oxidative stress

Oxidative stress is a non-specific pathological condition
reflecting an imbalance between an increased production of ROS
and an inability of the organism to detoxify the ROS or to repair
the damage they cause to biomolecules and tissues [67]. Oxidative
stress can disrupt cell signaling, cause the formation of stress
proteins, and generate highly reactive free radicals, which can
cause DNA and cell membrane damage.

SARS-CoV-2 inhibits intrinsic pathways designed to reduce
ROS levels, thereby increasing morbidity. Immune dysregulation,
that is, the upregulation of interleukin (IL)-6 and tumor necrosis
factor a (TNF-a) [68] and suppression of interferon (IFN) a and
IFN Í3 [69] have been identifiedin the cytokine storm accompanying
severe COVID-19 infections and generates oxidative stress [10].
Oxidative stress and mitochondrial dysfunction may further
perpetuate the cytokine storm, worsening tissue damage, md
increasing the risk of severe illness and death.
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Similarly low-level WCR generates ROS in cells that cause
oxidative damage. In fact, oxidative stress is considered to be
one of the primary mechanisms in which WCR exposure causes
cellular damage. Among 100 currently available peer-reviewed
studies investigating oxidative effects of low-intensity WCR, 93
of these studies confirmed that WCR induces oxidative effects in
biological systems [17]. WCR is an oxidative agent with a high
pathogenic potential especially when exposure is continuous [70].

Oxidative stress is also an accepted mechanism causing
endothelial damage [71]. This may rnanifest in patients with
severe COVID-19 in addition to increasing the risk for blood
clot formation and worsening hypoxemia [10]. Low levels of
glutathione, the master antioxidant, have been observed in a small
group of COVID-19 patients, with the lowest level found in the
most severe cases [72]. The finding of low glutathione levels in
these patients further supports oxidative stress as a component
of this disease [72]. In fact, glutathione, the major source of
sulfhydryl-based antioxidant activity in the human body, may
be pivotal in COVID-19 [73]. Glutathione deficiency has been
proposed as the most likely cause of serious rnanifestations
in COVID-19 [72]. The most common co-morbidities,
hypertension [74]; obesity [75]; diabetes [76]; and chronic
obstructive pulmonary disease [74] support the concept that pre-
existing conditions causing low levels of glutathione may work
synergistically to create the "perfect storm" for both the respiratory
and vascular complications of severe infection. Another paper
citing two cases of COVID-19 pneumonia treated successfully
with intravenous glutathione also supports this hypothesis [77].

Many studies report oxidative stress in humans exposed to WCR.
Peraica et al. [78] found diminished blood levels of glutathione in
workers exposed to WCR from radar equipment (0.01 mW/cm = -
10 mW/cm2 ; 1.5 - 10.9 GHz). Garaj-Vrhovac et al. [79] studied
bioeffects following exposure to non-thennal pulsed microwaves
from marine radar (3 GHz, 5.5 GHz, and 9.4 GHz) and reported
reduced glutathione levels and increased malondialdehyde (marker
for oxidative stress) in an occupationally exposed group [79].
Blood plasma of individuals residing near mobile phone base
stations showed significantly reduced glutathione, catalase, and
superoxide dismutase levels over unexposed controls [80]. In a
study on human exposure to WCR from mobile phones, increased
blood levels of lipid peroxide were reported, while enzymatic
activities of superoxide dismutase and glutathione peroxidase in
the red blood cells decreased, indicating oxidative stress [81].

In a study on rats exposed to 2450 MHz (wireless router
frequency), oxidative stress was implicated in causing red blood
cell lysis (hemolysis) [82]. In another study, rats exposed to 945
MHz (base station frequency) at 0.367 mW/cm2 for 7 h/day,
over 8 days, demonstrated low glutathione levels and increased
malondialdehyde and superoxide dismutase enzyme activity,
hallmarks for oxidative stress [83]. In a long-term controlled
study on rats exposed to 900 MHz (mobile phone frequency)
at 0.0782 mW/cm= for 2 h/day for 10 months, there was a
significant increase in malondialdehyde and total oxidant status
over controls [84]. In another long-term controlled study on rats
exposed to two mobile phone frequencies, 1800 MHz and 2100

MHz, at power densities 0.04 - 0.127 mW/cm = for 2 h/day over
7 rnonths, significant alterations in oxidant-antioxidant parameters,
DNA strand breaks, and oxidative DNA damage were found [85].

There is a correlation between oxidative stress and
thrombogenesis [86]. ROS can cause endothelial dysfunction and
cellular damage. The endothelial lining of the vascular system
contains ACE2 receptors that are targeted by SARS-CoV-2. The
resulting endotheliitis can cause luminal narrowing and result
in diminished blood flow to downstream structures. Thrombi
in arterial structures can further obstruct blood flow causing
ischernia and/or infarcts in involved organs, including pulmonary
emboli and strokes. Abnormal blood coagulation leading to
micro-emboli was a recognized complication early in the
history of COVID-19 [87]. Out of 184 ICU COVID-19 patients,
31% showed thrombotic complications [88]. Cardiovascular
clotting events are a common cause of COVID-19 deaths [12].
Pulmonary ernbolism, disseminated intravascular coagulation
(DIC), liver, cardiac, and renal failure have all been observed in
COVID-19 patients [89].

Patients with the highest cardiovascular risk factors in
COVID-19 includ males, the elderly, diabetics, and obese and
hypertensive patients. However, increased incidence of strokes in
younger patients with COVID-19 has also been described [90].

Oxidative stress is caused by WCR exposure and is known to be
implicated in cardiovascular disease. Ubiquitous environmental
exposure to WCR may contribute to cardiovascular disease
by creating a chronic state of oxidative stress [91]. This would
lead to oxidative damage to cellular constituents and alter signal
transduction pathways. In addition, pulse-modulated WCR can
cause oxidative injury in liver, lung, testis, and heart tissues
mediated by lipid peroxidation, increased levels of nitric oxides,
and suppression of the antioxidant defense mechanisrn [92].

In summary, oxidative stress is a major component in the
pathophysiology of COVID-19 as well as in cellular damage
caused by WCR exposure.

3.3. Immune system disruption and activation

When SARS-CoV-2 first infects the human body, it attacks
cells lining the nose, throat, and upper airway harboring ACE2
receptors. Once the virus gains access to a host cell through one of
its spike proteins, which are the multiple protuberances projecting
from the viral envelope that bind to ACE2 receptors, it converts
the cell into a virus self-replicating entity.

In response to COVID-19 infection, both aii immediate
systemic innate immune response as well as a delayed adaptive
response has been shown to occur [93]. The virus can also
cause a dysregulation of the immune response, particularly in
the decreased production of T-lymphocytes. [94]. Severe cases
tend to have lower lymphocyte counts, higher leukocyte counts
and neutrophil-lymphocyte ratios, as well as lower percentages
of monocytes, eosinophils, and basophils [94]. Severe cases of
COVID-19 show the greatest impairment in T-Iymphocytes.

In comparison, low-level WCR studies on laboratory
animals also show impaired immune function [95]. Findings
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include physical alterations in immune cells, a degradation of
immunological responses, inflammation, and tissue darnage.
Baranski [96] exposed guinea pigs and rabbits to continuous or
pulse-modulated 3000 MHz microwaves at an average power
density of 3.5 mW/cm2 for 3 h/day over 3 months and found
nonthermal changes in lymphocyte counts, abnormalities in nuclear
structure, and mitosis in the erythroblastic cell series in the bone
marrow and in lymphoid cells in lymph nodes and spleen. Other
investigators have shown diminished T-lymphocytes or suppressed
immune function in animals exposed to WCR. Rabbits exposed
to 2.1 GHz at 5mW/cm2 for 3 h/day, 6 days/week, for 3 months,
showed suppression of T-Iymphocytes [97]. Rats exposed to
2.45 GHz and 9.7 GHz for 2 h/day, 7 days/week, for 21 months
showed a significant decrease in the levels of lymphocytes and
an increase in mortality at 25 months in the irradiated group [98].
Lymphocytes harvested from rabbits irradiated with 2.45 GHz for
23 h/day for 6 months show a significant suppression in immune
response to a mitogen [99].

In 2009, Johansson conducted a literature review, which included
the 2007 Bioinitiative Report. He concluded that electrornagnetic
fields (EMF) exposure, including WCR, can disturb the immune
system and cause allergic and inflammatory responses at exposure
levels significantly less than current national and intemational
safety limits and raise the risk for systemic disease [100].
A review conducted by Szmigielski in 2013 concluded that weak
RF/microwave fields, such as those emitted by mobile phones, can
affect various immune functions both in vitro and in vivo [101].
Although the effects are historically somewhat inconsistent, rnost
research studies document alterations in the number and activity of
immune cells from RF exposure. In general, short-term exposure
to weak microwave radiation may temporarily stirnulate an innate
or adaptive irnmune response, but prolonged irradiation inhibits
those same functions.

In the acute phase of COVID-19 infection, blood tests
demonstrate elevated ESR, C-reactive protein, and other elevated
inflammatory markers [102], typical of an innate immune
response. Rapid viral replication can cause death of epithelial
and endothelial cells and result in leaky blood vessels and pro-
inflammatory cytokine release [103]. Cytokines, proteins,
peptides, and proteoglycans that modulate the body's immune
response, are modestly elevated in patients with mild-to-
moderate disease severity [104]. In those with severe disease, an
uncontrolled release of pro-inflammatory cytokines--a cytokine
storm--can occur. Cytokine storms originate from an imbalance
in T-cell activation with dysregulated release of IL-6, IL-17, and
other cytokines. Programmed cell death (apoptosis), ARDS, DIC,
and multi-organ system failure can all result from a cytokine
storm and increase the risk of mortality.

By comparison, Soviet researchers found in the 1970s that
radiofrequency radiation can damage the immune system of
animals. Shandala [105] exposed rats to 0.5 mW/cm 2 microwaves
for 1 month, 7 h/day, and found impaired immtme competence and
induction of autoirnmune disease. Rats irradiated with 2.45 GHz
at 0.5 inW/cm 2 for 7 h daily for 30 days produced autoimmune
reactions, and 0.1 - 0.5 mW/cm 2 produced persistent pathological

immune reactions [106]. Exposure to microwave radiation, even
at low levels (0.1 - 0.5 mW/cm 2), can impair immune function,
causing physical alterations in the essential cells of the immune
system and a degradation of immunologic responses [107]. Szabo
etal.[108] examined the effects of 61.2 GHz exposure on epidermal
keratinocytes and found an increase in IL-lb, a pro-inflammatory
cytokine. Makar et al. [109] found that immunosuppressed mice
irradiated 30 min/day for 3 days by 42.2 GHz showed increased
levels of TNF-a, a cytokine produced by macrophages.

In short, COVID-19 can lead to imrnune dysregulation as well
as cytokine storrns. By comparison, exposure to low-level WCR
as observed in animal studies can also compromise the irnmune
system, with chroni c daily exposure producing immunosuppression
or immune dysregulation including hyperactivation.

3.4. Increased intracellular calciwn

In 1992, Walleczek first suggested that ELF electromagnetic
fields (<3000 Hz) may be affecting membrane-mediated Ca"
signaling and lead to increased intracellular Ca" [110]. The
mechanism of irregular gating of voltage-gated ion channels in
cell membranes by polarized and coherent, oscillating electric or
magnetic fields was first presented in 2000 and 2002 [40,1111.
Pall [112] in his review of WCR-induced bioeffects combined with
use of calcium channel blockers (CCB) noted that voltage-gated
calcium channels play a major role in WCR bioeffects. Increased
intracellular Ca+2 results from the activation of voltage-gated
calcium channels, and this may be one of the primary mechanisrns
of action of WCR on organisms.

Intracellular Ca" is essential for virus entry, rephcation, and
release. It has been reported that some viruses can manipulate
voltage-gated calcium channels to increase intracellular Ca"
thereby facilitating viral entry and replication [113]. Research
has shown that the interaction between a virus and voltage-gated
calcium channels promote virus entry at the virus-host cell fusion
step [113]. Thus, after the virus binds to its receptor on a host
cell and enters the cell through endocytosis, the virus takes over
the host cell to manufacture its components. Certain viral proteins
then manipulate calcium channels, thereby increasing intracellular
Ca", which facilitates ffirther viral replication.

Even though direct evidence has not been reported, there
is indirect evidence that increased intracellular Ca" may be
involved in COVID-19. In a recent study, elderly hospitalized
COVID-19 patients treated with CCBs, amlodipine or nifedipine,
were more likely to survive and less likely to require intubation
or mechanical ventilation than controls [114]. Furthermore,
CCBs strongly limit SARS-CoV-2 entry and infection in cultured
epithelial lung cells [115]. CCBs also block the increase of
intracellular Ca" caused by WCR exposure as well as exposure to
other electromagnetic fields [112].

Intracellular Ca" is a ubiquitous second messenger relaying
signals received by cell surface receptors to effector proteins
involved in numerous biochemical processes. Increased
intracellular Ca" is a significant factor in upregulation of
transcription nuclear factor KB (NF-K.13) [116], an important

DOI: http://dx.doi.org/10.18053/jctres.07.202105.007



Rubik and Brown iJournal of Clinical and Translational Research 2021; 7(5): 666-681 	 673

regulator of pro-inflarnmatory cytokine production as well as
coagulation and thrombotic cascades. NF-KB is hypothesized
to be a key factor underlying severe clinical manifestations of
COVID-19 [117].

In short, WCR exposure, therefore, may enhance the infectivity
of the virus by increasing intracellular Ca2+ that may also indirectly
contribute to inflammatory processes and thrombosis.

3.5. Cardiac effects

Cardiac arrhythrnias are more commonly encountered in
critically iii patients with COVID-19 [118]. The cause for
arrhythmia in COVID-19 patients is nmltifactorial and includes
cardiac and extra-cardiac processes [119]. Direct infection of the
heart muscle by SARS-CoV-19 causing myocarditis, myocardial
ischernia caused by a variety of etiologies, and heart strain
secondary to pulmonary or systemic hypertension can result in
cardiac arrhythmia. Hypoxemia caused by diffuse pneumonia,
ARDS, or extensive pulmonary emboli represent extra-cardiac
causes of arrhythrnia. Electrolyte imbalances, intravascular fluid
imbalance, and side effects from pharmacologic regimens can also
result in arrhythrnias in COVID-19 patients. Patients admitted
to ICUs have been shown to have a higher increase in cardiac
arrhythmias, 16.5% in one study [120]. Although no correlation
between EMFs and arrhythmia in COVID-19 patients has been
described in the literature, many ICUs are equipped with wireless
pati ent monitoring equipnlent and conmninication devices
producing a wide range of EMF pollution [121].

COVID-19 patients commonly show increased levels of cardiac
troponin, indicating damage to the heart muscle [122]. Cardiac
damage has been associated with arrhythmias and increased
mortality. Cardiac injury is thought to be more often secondary
to pulrnonary emboli and viral sepsis, but direct infection of the
heart, that is, myocarditis, can occur through direct viral binding to
ACE2 receptors on cardiac pericytes, affecting local, and regional
cardiac blood flow [60].

Irnmune system activation along with alterations in the immune
system may result in atherosclerotic plaque instability and
vulnerability, that is, presenting an increased risk for thrombus
formation, and contributing to development of acute coronary
events and cardiovascular disease in COVID-19.

Regarding WCR exposure bioeffects, in 1969 Christopher
Dodge of the Biosciences Division, U.S. Naval Observatory
in Washington DC, reviewed 54 papers and reported that
radiofrequency radiation can adversely affect all major systems
of the body, including impeding blood circulation; altering blood
pressure and heart rate; affecting electrocardiograph readings;
and causing chest pain and heart palpitations [123]. In the 1970s
Glaser reviewed more than 2000 publications on radiofrequency
radiation exposure bioeffects and concluded that microwave
radiation can alter the electrocardiogram, cause chest pain,
hypercoagulation, thrombosis, and hypertension in addition
to myocardial infarction [27,28]. Seizures, convulsions, and
alteration of the autonomic nervous system response (increased
syrnpathetic stress response) have also been observed.

Since then, many other researchers have concluded that WCR
exposure can affect the cardiovascular system. Although the nature
of the prirnary response to millimeter waves and consequent events
are poorly understood, a possible role for receptor structures and
neural pathways in the development of continuous millimeter
wave-induced arrhythmia has been proposed [47]. In 1997, a
review reported that some investigators discovered cardiovascular
changes including arrhythmias in hurnans from long-term low-
level exposure to WCR including microwaves [124]. However,
the literature also shows sorne unconfirmed findings as well as
some contradictory findings [125]. Havas et al. [126] reported
that human subjects in a controlled, double-blinded study were
hyper-reactive when exposed to 2.45 GHz, digitally pulsed
(100 Hz) microwave radiation, developing either an arrhythmia or
tachycardia and upregulation of the sympathetic nervous system,
which is associated with the stress response. Saili et al. [127]
found that exposure to Wi-Fi (2.45 GHz pulsed at 10 Hz) affects
heart rhythm, blood pressure, and the efficacy of catecholamines
on the cardiovascular system, indicating that WCR can act directly
and/or indirectly on the cardiovascular system. Most recently,
Bandara and Weller [91] present evidence that people who live
near radar installations (millimeter waves: 5G frequencies) have a
greater risk of developing cancer and experiencing heart attacks.
Similarly, those occupationally exposed have a greater risk of
coronary heart disease. Microwave radiation affects the heart, and
sorne people are more vulnerable if they have an underlying heart
abnorrnality [128]. More recent research suggests that millimeter
waves may act directly on the pacennaker cells of the sinoatrial
node of the heart to change the beat frequency, which may underlie
arrhythmias and other cardiac issues [47].

In short, both COVID-19 and WCR exposure can affect the
heart and cardiovascular system, directly and/or indirectly.

4. Discussion

Epidemiologists, including those at the CDC, consider
multiple causal factors when evaluating the virulence of an agent
and understanding its ability to spread and cause disease. Most
importantly, these variables include environmental cofactors
and the health status of the host. Evidence from the literature
summarized here suggests a possible connection between several
adverse health effects of WCR exposure and the clinical course
of COVID-19 in that WCR may have worsened the COVID-19
pandemic by weakening the host and exacerbating COVID-19
disease. However, none of the observations discussed here
prove this linkage. Specifically, the evidence does not confirm
causation. Clearly COVID-19 occurs in regions with little wireless
communication. Furtherrnore, the relative morbidity caused by
WCR exposure in COVID-19 is unknown.

We recognize that many factors have influenced the
pandemic's course. Before restrictions were imposed, travel
patterns facilitated the seeding of the virus, causing early rapid
global spread. Population density, higher mean population age,
and socioeconomic factors certainly influenced early viral
spread. Air pollution, especially particulate matter PM 25 (2.5

DOI: http://dx.doi.org/10.18053/jctres.07.202105.007



674	 Rubik and Brown 1Journal of Clinical and Translational Research 2021; 7(5): 666-681

micro-particulates), likely increased symptorns in patients with
COVID-19 lung disease [129].

We postulate that WCR possibly contributed to the early spread
and severity of COVID-19. Once an agent becornes established in
a community, its virulence increases [130]. This premise can be
applied to the COVID-19 pandemic. We surmise that "hot spots"
of the disease that initially spread around the world were perhaps
seeded by air travel, which in sorne areas were associated with 5G
implementation. However, once the disease became established in
those comrnunities, it was able to spread more easily to neighboring
regions where populations were less exposed to WCR. Second
and third waves of the pandernic disseminated widely throughout
communities with and without WCR, as might be expected.

The COVID-19 pandemic has offered us an opportunity to
delve further into the potential adverse effects of WCR exposure
on human health Human exposure to ambient WCR significantly
increased in 2020 as a "side effect" to the pandernic. Stay-at-home
measures designed to reduce the spread of COVID-19
inadvertently resulted in greater public exposure to WCR, as
people conducted more business and school related activities
through wireless communications. Telemedicine created another
source of WCR exposure. Even hospital inpatients, particular
ICU patients, experienced increased WCR exposure as new
monitoring devices utilized wireless communication systems that
may exacerbate health disorders. It would potentially provide
valuable information to measure ambient WCR power densities in
home and work environments when comparing disease severity in
patient populations with similar risk factors.

The question of causation could be investigated in future
studies. For example, a clinical study could be conducted in
COVID-19 patient populations with similar risk factors, to
measure the WCR daily dose in COVID-19 patients and look
for a correlation with disease severity and progression over
time. As wireless device carrier frequencies and tnodulations
may differ, and the power densities of WCR fluctuate constantly
at a given location, this study would require patients to wear
personal microwave dosimeters (monitoring badges). In addition,
controlled laboratory studies could be conducted on animals, for
example, humanized mice infected with SARS-CoV-2, in which
groups of animals exposed to minimal WCR (control group)
as well as medium and high power densities of WCR could be
compared for disease severity and progression.

A major strength of this paper is that the evidence rests on
a large body of scientific literature reported by many scientists
worldwide and over several decades--experimental evidence of
adverse bioeffects of WCR exposure at nonthermal levels on
humans, animals, and cells. The Bioinitiative Report [42], updated
in 2020, sumrnarizes hundreds of peer-reviewed scientific papers
docurnenting evidence of nonthermal effects from exposures
<1 mW/cm2. Even so, some laboratory studies on the adverse health
effects of WCR have sometimes utilized power densities exceeding
1mW/cm2. In this paper, almost all of the studies that we reviewed
included experimental data at power densities <1 mW/cm2.

A potential criticism of this paper is that adverse bioeffects
from nonthermal exposures are not yet universally accepted in

science. Moreover, they are not yet considered in establishing
public health policy in many nations. Decades ago, Russians and
Eastern Europeans compiled considerable data on nonthermal
bioeffects, and subsequently set guidelines at lower radiofrequency
radiation exposure limits than the US and Canada, that is, below
levels where nonthermal effects are observed. However, the
Federal Communications Cornmission (FCC, a US governrnent
entity) and ICNIRP guidelines operate on thermal limits based
on outdated data from decades ago, allowing the public to be
exposed to considerably higher radiofrequency radiation power
densities. Regarding 5G, the telecommunication industry claims
that it is safe because it complies with current radiofrequency
radiation exposure guidelines of the FCC and ICNIRP. These
guidelines were established in 1996 [131], are antiquated, and
are not safety standards. Thus, there are no universally accepted
safety standards for wireless cornmunication radiation exposure.
Recently international bodies, such as the EMF Working Group
of the European Academy of Environmental Medicine, have
proposed much lower guidelines, taking into account nonthermal
bioeffects from WCR exposure in multiple sources [132].

Another weakness of this paper is that sorne of the bioeffects
from WCR exposure are inconsistently reported in the literature.
Replicated studies are often not true replications Small differences
in method, including unreported details, such as prior history of
exposure of the organisms, non-uniform body exposure, and other
variables can lead to inadvertent inconsistency. Moreover, not
surprisingly, industry-sponsored studies tend to show less adverse
bioeffects than studies conducted by independent researchers,
suggesting indushy bias [133]. Some experimental studies that are
not industry-sponsored have also shown no evidence of harmful
effects of WCR exposure. It is noteworthy, however, that studies
employing real-life WCR exposures from commercially available
devices have shown high consistency in revealing adverse
effects [134] .

WCR bioeffects depend on specific values of wave pararneters
including frequency, power density, polarization, exposure duration,
modulation characteristics, as well as the cumulative history of
exposure and background levels of electromagnetic, electric and
magnetic fields. In laboratory studies, bioeffects observed also
depend on genetic parameters and physiological pararneters such
as oxygen concentration [135]. The reproducibility of bioeffects
of WCR exposure has sometimes been difficult due to failure to
report and/or control all of these parameters. Similar to ionizing
radiation, the bioeffects of WCR exposure can be subdivided into
deterministic, that is, dose-dependent effects md stochastic effects
that are seemingly random. Importantly, WCR bioeffects can also
involve "response windows" of specific parameters whereby
extremely low-level fields can have disproportionally detrimental
effects [136]. This nonlinearity of WCR bioeffects can result in
biphasic responses such as immune suppression from one range
of parameters, and immune hyperactivation from another range
of parameters, leading to variations that may appear inconsistent.

In gathering reports and exarnining existing data for this
paper, we looked for outcomes providing evidence to support a
proposed connection between the bioeffects of WCR exposure and
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COVID-19. We did not make an attempt to weigh the evidence.
The radiofrequency radiation exposure literature is extensive
and currently contains over 30,000 research reports dating back
several decades. Inconsistencies in nomenclature, reporting of
details, and cataloging of keywords make it difficult to navigate
this enormous literature.

Another shortcoming of this paper is that we do not have access
to experimental data on 5G exposures. In fact, little is known
about population exposure from real-world WCR, which includes
exposure to WCR infrastructure and the plethora of WCR emitting
devices. In relation to this, it is difficult to accurately quantify
the average power density at a given location, which varies
greatly, depending on the time, specific location, time-averaging
interval, frequency, and modulation scheme. For a specific
rnunicipality it depends on the antenna density, which network
protocols are used, as, for example, 2G, 3G, 4G, 5G, Wi-Fi,
WiMAX (Worldwide Interoperability for Microwave Access),
DECT (Digitally Enhanced Cordless Telecommunications), and
RADAR (Radio Detection and Ranging). There is also WCR
from ubiquitous radio wave transmitters, including antennas, base
stations, smart meters, mobile phones, routers, satellites, and other
wireless devices currently in use. All of these signals superimpose
to yield the total average power density at a given location that
typically fluctuates greatly over time. No experimental studies on
adverse health effects or safety issues of 5G have been reported,
and none are currently planned by the industry, although this is
sorely needed.

Finally, there is an inherent complexity to WCR that makes
it very difficult to fully characterize wireless signals in the real
world that may be associated with adverse bioeffects. Real world
digital communication signals, even from single wireless devices,
have highly variable signals: variable power density, frequency,
modulation, phase, and other parameters changing constantly
and unpredictably each moment, as associated with the short,
rapid pulsations used in digital wireless communication [137].
For example, in using a mobile phone during a typical phone
conversation, the intensity of emitted radiation varies significantly
each moment depending on signal reception, number of
subscribers sharing the frequency band, location within the
wireless infrastructure, presence of objects and metallic surfaces,
and "speaking" versus "non-speaking" mode, among others.
Such variations may reach 100% of the average signal intensity.
The carrier radiofrequency constantly changes between different
values within the available frequency band. The greater the
amount of information (text, speech, internet, video, etc.), the
more cornplex the communication signals become. Therefore, we
cannot estimate accurately the values of these signal parameters
including ELF components or predict their variability over time.
Thus, studies on the bioeffects of WCR in the laboratory can only
be representative of real-world exposures [137].

This paper points to the need for further research on nonthennal
WCR exposure and its potential role in COVID-19. Moreover, sorne
of the WCR exposure bioeffects that we discuss here — oxidative
stress, infiammation, and immune system disruption — are
common to many chronic diseases, including autoimmune disease

and diabetes. Thus, we hypothesize that WCR exposure may also be
a potential contributing factor in many chronic diseases.

When a course of action raises threats of harm to human
health, precautionary measures should be taken, even if clear
causal relationships are not yet fully established. Therefore, we
must apply the Precautionary Principle [138] regarding wireless
50. The authors urge policymakers to execute an immediate
worldwide moratorium on wireless 5G infrastructure until its
safety can be assured.

Several unresolved safety issues should be addressed before
wireless 5G is further implemented. Questions have been raised
about 60 GHz, a key 5G frequency planned for extensive use,
which is a resonant frequency of the oxygen rnolecule [139].
It is possible that adverse bioeffects might ensue from oxygen
absorption of 60 GHz. In addition, water shows broad absorption in
the GHz spectral region along with resonance peaks, for example,
strong absorption at 2.45 GHz that is used in 4G Wi-Fi routers.
This raises safety issues about GHz exposure of the biosphere,
since organisms are comprised of mostly water, and changes in
the structure of water due to GHz absorption have been reported
that affect organisms [140]. Bioeffects from prolonged WCR
exposure of the whole body need to be investigated in animal
and human studies, and long-term exposure guidelines need to be
considered. Independent scientists in particular should conduct
concerted research to determine the biological effects of real-
world exposure to WCR frequencies with digital modulation from
the multiplicity of wireless communication devices. Testing could
also include real-life exposures to multiple toxins (chemical and
biological) [141], because multiple toxins may lead to synergistic
effects. Environmental impact assessments are also needed. Once
the long-term biological effects of wireless 5G are understood, we
can set clear safety standards of public exposure limits and design
an appropriate strategy for safe deployment.

5. Conclusion

There is a substantial overlap in pathobiologybetween COVID-19
and WCR exposure. The evidence presented here indicates that
mechanisms involved in the clinical progression of COVID-19
could also be generated, according to experimental data, by WCR
exposure. Therefore, we propose a link between adverse bioeffects
of WCR exposure from wireless devices and COVID-19.

Specifically, evidence presented here supports a prernise that
WCR and, in particular, 50, which involves densification of 4G,
may have exacerbated the COVID-19 pandemic by weakening host
immunity and increasing SARS-CoV-2 virulence by (1) causing
morphologic changes in erythrocytes including echinocyte and
rouleaux formation that may be contributing to hypercoagulation;
(2) impairing microcirculation and reducing erythrocyte and
hemoglobin levels exacerbating hypoxia; (3) amplifying immune
dysfunction, including immunosuppression, autoimmunity, and
hyperinflammation; (4) increasing cellular oxidative stress and
the production of free radicals exacerbating vascular injury and
organ damage; (5) increasing intracellular Ca 2  essential for viral
entry, replication, and release, in addition to promoting pro-
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inflammatory pathways; and (6) worsening heart arrhythmias and
cardiac disorders.

WCR exposure is a widespread, yet often neglected,
environmental stressor that can produce a wide range of adverse
bioeffects. For decades, independent research scientists worldwide
have emphasized the health risks and cumulative damage caused
by WCR [42,45]. The evidence presented here is consistent
with a large body of established research. Healthcare workers
and policymakers should consider WCR a potentially toxic
environmental stressor. Methods for reducing WCR exposure
should be provided to all patients and the general population.
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ABSTRACT

Widespread use of mobile phones has increased the human exposure to electromagnetic fields (EMFs),It is
required to investigate the effect of EMFs on the biological systems. In this paper the effect of mobile phone
RF (910 MHz and 940 MHz) on structure and function of HbA was investigated. Oxygen affinity was mea-
sured by sodium dithionite with UV-vis spectrophotometer. Structural changes were studied by circular
dichroism and fluorescence spectroscopy. The results indicated that rnobile phone EMFs altered oxygen
affinity and tertiary structure of HbA. Furthermore, the decrease of oxygen affinity of HbA corresponded
to the EMFs intensity and time of exposure.
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1. Introduction

Nowadays, more than 2.5 billion people utilize cell phones
and base stations constituting the cell network. The global system
for mobile communication (GSM) which being used in most of
the countries has a frequency of either 900 or 1800 MHz (pulsed
at 217 Hz, band width of 200 kHz). The spectrum of 900 MHz
has two bands: 890-915 MHz which is specific for handset, and
935-960 MHz which is specific for base station antenna. The devel-
opment of mobile communication has aroused a deep interest in
people and has stimulated wide and often controversial discussions
in the scientific cornmunity about potential damages induced by
exposure to low-level radiation emitted in the microwave (MW)
region [1].

There are several works on the effect of electromagnetic fields
(EMFs) on proteins. The possibility that RF radiation may cause
changes in protein conformation and hence biological properties
has been reported in Refs. [2-9]. George et al. [10] studied cit-
rate synthase unfolding by the effect of EMFS, and concluded that
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microwaves have effect on protein conformation that could take
the form of a direct interaction of the electromagnetic fields with
the protein or its water of hydration. In another work Mancinelli et
al. [11] also showed the same result, exploring a potential role of
MW-EMFs exposure in affecting folding process and/or determin-
ing the misfolding of polypeptide chains. Exposure to cell phone
radiation up-regulates apoptosis of genes in primary cultures of
neurons and astrocytes [12], and in human endothelial cell lines
[13]. Also expression of Hsp70 [14,15]; early gene, c-fos [16]; G1
phase-regulating proteins [17]; tumor suppressor p53 [18]; up-
regulating P27Kipl [19] affected by microwave irradiation.

It has reported the change in the activity of enzymes upon expo-
sure by microwave EMFs, e.g., extracellular-signal-regulated kinase
[20]; antioxidative enzyme activities [21]; trichoderma reesei cel-
lulase [22]; Na, K-ATPase [23]; acetylcholinesterase [24,25]; soluble
and insoluble peroxidase [26]; cerebral cytochrome c oxidase [27].

Schirmacher et al. [28] reported the influence of high frequency
EMFs on the permeability of an in vitro model of the blood-brain
barrier (BBB). They concluded that on exposure to EMFs the per-
meability of 14 C-sucrose increased significantly compared to that
of the unexposed samples.

In light of what happen to biological systems by exposing to
the EMFs, there are some evidences for possible effects of EMF
via involving in electron transfer reactions. These were extensively
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reported by Blank and coworkers [9,23,29-39]. Blank and Soo [34]
were also examined the EM field effects on electron transfer by
using simple system, the classic oscillating Belousov-Zhabotinski
(BZ) reaction. They concluded that EM fields accelerate all linked
redox reactions. In other work [39] they concluded that 60 Hz rnag-
netic fields accelerate electron transport from cytochrome c to the
enzyrne, cytochrome oxidase. In other studies, they demonstrated
the effects of low frequency electric and magnetic fields on several
biochernical systems, including the Na,K-ATPase, and indicate that
EMFs interact with electrons [23,33]. In recent review paper, Blank
[9] was considered examples of direct effects of electric and mag-
netic fields on charge transfer in biological systems, and reported
the structural changes driven by such effects. Blank [9] also con-
cluded that conformational changes that arise from alterations in
charge distribution play a key role in membrane transport proteins,
including ion channels, and probably account for DNA stimulation
to initiate protein synthesis. ln conclusion it appears likely that
weak EMFs can control and arnplify biological processes through
their effects on charge distribution.

Behind these works there are also several papers showed that
the EMFs had no effects on biological systems. Schwarz et al.
[40] reported the genotoxic effects of Radiofrequency EMFs (GSM,
1950 MHz) in vitro in human fibroblasts but not in lymphocytes.
They concluded that GSM exposure may cause genetic alterations
in sorne but not in all human cells in vitro. Martino et al. [41]
showed that pulsed EMFs did not affect on the rnetabolic activ-
ity and cell number of Sa0S-2 osteoblast-like cells. Mobile phone
exposure does not induce apoptosis on sperrnatogenesis in rats
which were reported by Dasdag et al. [42]. Stefanics et al. [43]
reported a single 10 min exposure of 900 MHz EMFs emitted by
a cornrnercial mobile phone does not produce measurable irnme-
diate effects in the latency of auditory brainstern waves I, III and
V. Leadbeater et al. [44] showed that microwave irradiation on
the lipase-catalysed transesterification reaction of methyl acetoac-
etate does not have a noticeable effect on reaction rate or product
conversion. Mobile phone base station-emitted radiation does not
induce phosphorylation of Hsp27 reported by Hirose et al. [45]. Fer-
reira et al.1461 showed that high frequency EMFs exposure on the
central nervous systern of rats is not able to produce detectable
oxidative stress. Zeng et al. [47] reported that RF EMFs exposure
under experimental conditions cannot produce distinct effects on
gene and protein expression in the MCF-7 cells. Thorlin et al. [48]
suggested that exposure of cultured astroglial and microglial brain
cells to 900 MHz microwave radiation does not provide evidence
for any effect. Bismuto et al. [1] showed that Measurements of
absorption spectroscopy, circular dichroism and fluorescence ernis-
sion decay in the frequency domain do not exhibit any influence
of the microwave radiation on the native structural state of myo-
globin. Li et al. 149] reported that 837 MHz microwave exposure of
TP53 tumor suppressor protein in normal human fibroblasts do not
change significantly.

Normal hemoglobin (HbA) is an essential component of the cir-
culatory system of vertebrates. Its chief physiological function is to
transport oxygen from the lungs to the tissues [50]. Hemoglobin
(molecular weight 64,500) is roughly spherical, with a diameter
of nearly 5.5 nm. It is a tetrameric protein containing four heme
prosthetic groups, each one associated with each polypeptide chain.
Adult hemoglobin contains two types of globin, two a chains (141
residues each) and two chains (146 residues each). Although,
fewer than half of the amino acid residues in the polypeptide
sequences of a- and p-globins subunits are identical, the three-
dimensional structures of the two types of subunits are very similar.

In arterial blood passing from the lungs through the heart to the
peripheral tissues, hemoglobin is about 96% saturated with oxy-
gen [51,52]. In the venous blood returning to the heart, hemoglobin
is only about 64% saturated [52]. Hemoglobin, with its multiple

subunits and 02 -binding sites, is better suited to oxygen transport.
Interactions among the subunits in hemoglobin caused confor-
mational changes that alter the affinity of the protein for oxygen
[53,54]. The modulation of oxygen binding allows the 02-transport
protein to respond to changes in oxygen demand by tissues.
Hemoglobin must bind oxygen efficiently in the lungs, where the
p02 is about 13.3 kPa, and release oxygen in the tissues, where the
p02 is about 4 kPa. Myoglobin, or any protein that binds oxygen, and
this binding is described by a hyperbolic binding curve, would be
ill suited to this function. A protein that binds 02 with high affinity
would bind it efficiently in the lungs but would not release rnuch of
it in the tissues. If the protein that binds oxygen with a sufficiently
low affinity to release it in the tissues, it would not pick up much
oxygen in the lungs. Hemoglobin solves the problem by undergoing
a transition from a low-affinity state (the T state) to a high-affinity
state (the R state) as more 0 2 molecules are bound. As a result,
hemoglobin has a hybrid S-shaped, or sigmoid, binding curve for
oxygen [55].

In addition to carrying nearly all the oxygen required by cells
from the lungs to the tissues, hemoglobin carries two end products
of cellular respiration (1-1± and CO2 ) from the tissues to the lungs
and the kidneys, where they are excreted. Carbon dioxide must
be hydrated and therefore results an increase in the 1-1± concen-
tration (a decrease in pH) in the tissues. The binding of oxygen by
hemoglobin is profoundly influenced by pH and CO2 concentration,
so the interconversion of CO 2 and bicarbonate is of a great impor-
tance to the regulation of oxygen binding and release in the blood.
Hemoglobin transports about 40% of the total H and 15-20% of the
CO2 formed in the tissues to the lungs and the kidneys. The binding
of 1-1* and CO2 is inversely related to the binding of oxygen. At the
relatively low pH and high CO 2 concentration of peripheral tissues,
the affinity of hemoglobin for oxygen decreases as 1-r and CO2 are
bound, and 02 is released to the tissues. Conversely, in the capillar-
ies of the lung, as CO2 is excreted and the blood pH consequently
rises, the affinity of hemoglobin for oxygen increases and the pro-
tein binds more 02 for transport to the peripheral tissues. This effect
of pH and CO 2 concentration on the binding and release of oxygen
by hemoglobin is called the Bohr effect, after Christian Bohr, the
Danish physiologist who discovered it in 1904. The 02-saturation
curve of hemoglobin is influenced by the H + concentration. Both 02
and 1-1± are bound by hemoglobin, but with inverse affinity. When
the oxygen concentration is high, as in the lungs, hemoglobin binds
02 and releases protons. When the oxygen concentration is low, as
in the peripheral tissues, H is bound and 02 is released. Oxygen and
1-1 + are not bound at the same sites in hemoglobin. Oxygen binds to
the iron atoms of the hemes, whereas 1-1+ binds to any of several
amino acid residues in the protein [51,55-58].

2,3-disphosphoglycerate (DPG) is another molecule which con-
tribute in hemoglobin function. DPG is known to greatly reduce the
affinity of hemoglobin for oxygen. There is an inverse relationship
between the binding of 02 and the binding of DPG and binds at a site
distant from the oxygen-binding site and regulates the 02-binding
affinity of hernoglobin in relation to the p0 2 in the lungs [55,59].

In this research we attempted to study the effect of mobile phone
EMFs on the oxygen affinity and structure of HbA, because of the
importance of hemoglobin as a sole oxygen transporter in blood.

2. Materials and methods

2.1. Materials

All chemicals were purchased from Merck (Germany). These
were of analytical grade and were used without further purification.

All measurements were made in triplicate at 37.0 ± 0.1 °C unless
otherwise indicated.
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2.2. Methods

2.2.1. Preparation of hemoglobin
Human adult hemoglobin (HbA) was prepared from human red

blood cells of healthy donors. The heparinized blood was cen-
trifuged to remove plasma components. The packed red cells were
washed three times in an isotonic saline solution (0.9% NaC1) and
red cells were osmetically lysed with cold double distilled water.
Membrane components were removed by low-speed centrifuga-
tion (3000 rpm). The soluble Hb was centrifuged at least two
additional times at high speed to remove any insoluble rnaterials
(10,000 rpm). The hemoglobin solution was then brought to 20%
saturation with ammonium sulfate, left standing for about 15 min,
and centrifuged at 20,000 x g for 1 h at 2 °C. The supernatant con-
tained HbA [60].

2,3-diphosphoglycerate was removed by method of Benesch et
al. [61]. HbA samples were dialyzed at least three times in 50 mM
phosphate buffer (pH 7.5) for 24 h. The hemoglobin concentra-
tion was determined spectrophotometrically using a millimolar
extinction coefficient of 13.5 (monomer basis) at 541 nm for oxy-
hemoglobin [62]. Additionally, the samples were analyzed by
conventional sodium dodecyl sulfate polyacrylamide gel elec-
trophoresis (SDS-PAGE) for purity.

2.2.2. Exposure setup
Exposure of HbA to the RF 910 MHz and 940 MHz EMF were

carried by a spiral antenna (frequency range: 800 MHz to 12 GHz)
in a temperature controlled incubator in the shielded room of the
Antenna Laboratory of the University of Tehran (see Fig. 1).

If the sample is situated far from the antenna, it can be assumed
that the incident signal is a plane wave. The electric field intensity
(EFI) in the location of the sample has been measured using an
E-field probe and a calibrated spectrum analyzer at 37.0 ± 0.1 °C.

RF continuous wave without any modulation is generated by the
HP 8657A signal generator. As the output power level of the signal
generator is limited to 15 dBm (decibel referenced to mW), a high
power WicornTech GSM amplifier is added to guarantee the power
requirements.

The HbA sample (3 mL of solution) in a polystyrene tube
was exposed to the 910 MHz or 940 MHz EMF. Temperature was
controlled to within ± 0.1 °C by the incubator manufactured by
PERSSOJEN CO (Iran). The treated sample was matched with unex-
posed control which was kept in the same experimental conditions,
except this was isolated in a 10-mm thickness aluminum sample
holder with an aluminum cap.

The cable carries the signal from the E-field probe to the spec-
trum analyzer, which has 2.5 dBm losses. Observed power by the
spectrum analyzer (e.g., 21 dBm) shows that power on the sample
is equal to 23.5 dBm or 233.87 mW. Assuming the dipole antenna
(probe) has a resistance, with R = 5012 and length, L = 6.1 cm, the
electric field intensity of 37.7 dBV/m or 77 V/m was determined on
the sample, which is equal to 2 dBm/cm2 or 15.7 W/m2 using the

Shidded Room
RF

RF Power
A :fier

Temperature Cantrolkd Ineubator
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Fig. 1. A block diagram for exposing the HbA samples.

relation:

E2u = — or UdB = 2E38 - 25 - 7 clB

where E is the electric field intensity (EFI), is the free space char-
acteristic impedance (37712), and U is the power density.

The hemoglobin sample is holded inside the plastic tube with
5 cm in length and 1 cm in diameter. The change of temperature
inside the tube upon interaction with mobile phone radiation is
calculated and it was negligible.

2.2.3. Measurements of the oxygett affinity of HbA
Oxygen affinity of hemoglobin was measured on the basis of

differences in spectral characteristics between the two pigments,
oxyhemoglobin and deoxyhemoglobin as described by Tietz [63].
Absorbance of 800 IJ.L HbA in 10 mM phosphate buffer (pH 7.4)
was determined at 548 and 577 nm. These were designated A548(0)
and A 577( 0), respectively, where subscript o represents oxygenated
protein. 100 j.tL of sodium dithionite (Na 2 S2 04 ) solution [3 mg/mL]
was added to these oxygenated solutions, mixed gently, and then
absorbance was measured at 548 and 577 nm. Which are designated
as A548(r) and A577(r), respectively, where the subscript r represents
the deoxygenated HbA. Ratio of Ro and Rr as well as constants 1<4
and 1<5 were calculated as follows [63]:

As48(o) 
—	 (2)A577(o)

(3)

(4)

(5)

The fresh HbA solution (800 was placed into the cell of
spectrophotometer and absorbance at 548 and 577 nm was read.
This solution was titrated with several addition of 5111., solution of
sodium dithionite. During each addition, solution was mixed gen-
tly and absorbance was measured at 548 and 577 nrn after 3 min.
The titration was carried out till all oxygen was removed from HbA.
Percent saturation of HbA with 02 for each step was calculated as
follows:

Percent saturation 1(4 CA1557478 - K5	 (6)

Molar concentration of sodium dithionite [SDT], required for
50% saturation of HbA, is designated as [S13 -1] 50 . This is practi-
cally equivalent to P50 in oxygen dissociation curve of Hb [55].
The absorbance was recorded in Shirnadzu model UV-3100 spec-
trophotometer whose temperature was maintained at 37.0 ± 0.1 °C
by circulating water from an external Haak D8 water bath. All sam-
ples were kept in an air-shielded cuvette.

2.2.4. Circular dichroism spectropolarimetry
Circular dichroism (CD) spectra in the far-UV regions

(190-260 nm) were obtained in J-810 Jasco spectropolarime-
ter using 1 mm path cell at 25 °C. Protein concentration (monomer
basis) was 21 pLM (0.2 mg/mL) in the presence of 10 mM sodium
phosphate buffer, pH 7.4. Protein secondary structure was deter-
rnined by CDNN program, version 2.1.0.223. The visible-CD
(350-600 nm) was measured in an Aviv 215 spectropolarirneter at
25 °C. The CD measurement was performed using a 10-mm path
length quartz cuvette and a protein concentration of 11 H.M.

2.2.5. Fluorescence measurements
A Cary Eclipse Varian Australia spectrofluorescence that was

equipped with a temperature controller bath model Cary was used

(1)

Rr =
A577(r)

	

K	 100 

	

4	 (Ro—Rr)
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for the intrinsic fluorescence experiments. The excitation wave-
length was adjusted to 285 nm, which was specific for the excitation
of tryptophan (Trp) residues of the protein structure. Emission spec-
tra were recorded between the wavelengths of 290 and 400 nm
at the bandwidth of 10 nm. Hemoglobin samples were 10.3 p,M
(monomer basis) in a phosphate buffer (10 mM, pH 7.4).

1-anilinonaphthalene-8-sulfonate (ANS) is a small organic com-
pound that be used to probe for the accessibility of hydrophobic
patches in proteins. In this study, protein solution (10.311M,
monomer basis) was prepared in 1 ml of phosphate buffer (10 mM,
pH 7.4) with 10 1iL of ANS (2 mM). Emission scans were then
obtained from 365 to 600 nm using an excitation wavelength of
355 nm.

2.2.6. Aggregation assays
Time courses of thermal aggregation of HbA solutions (11.3 I.LM,

monomer basis) were followed by measuring absorbance at 360 nm
in Cary-100 Bio VARIAN spectrophotometer using a 10-mm path
length quartz cuvette [64]. Temperatures were controlled within
±0.1 °C by a Cary temperature controller. Aggregation was followed
for 300 min at 60 °C. It is important to note exposed and unexposed
hemoglobin samples were in solution at 37 °C and not aggregated.

2.2.7. Thermal denaturation measurements
Thermal denaturation of HbA solutions (10.4 i.M, monomer

basis) was followed at 280 nm in a Cary-100 Bio VARIAN spec-
trophotorneter using a 10-mm path length quartz cuvette [64].
Temperatures were controlled to within ±0.1 °C by a Cary tempera-
ture controllen Absorbance at 280 nm was obtained in temperature
range 25-85 °C with a scan rate of 0.5 'C/min. This scan rate was
found to provide adequate time for equilibration.

Thermal unfolding of HbA solutions (10.4 pt,M, monomer basis)
was also monitored in J-810 Jasco spectropolarimeter using 2 mm
path cell by measuring the decrease in ellipticity at 222 nm with
increasing temperature. The dynode voltage changes that occurred
with changes in temperature were also recorded and were used
as a criterion of protein aggregation [65,66]. Circular dichroism
and dynode voltage at 222 nm was obtained in temperature range
25-85 °C with a scan rate of 0.5 °C/min.

3. Results and discussion

3.1. Oxygen affinity

More than 1000 variants of Hb have been reported, some with
altered oxygen affinity, either higher or lower while maintaining
the stability of Hb. Individuals with low oxygen affinity hemoglobin
show mild anemia, whereas individuals with high oxygen affinity
hemoglobin shows symptoms associated with polycythemia [67].

Sodium dithionite (Na2 S2 04 ) is a powerful reducing agent used
to deoxygenate hemoglobin, and it is extensively used for this pur-
pose [68-74]. The reaction takes place between one molecule of
dithionite and one of oxygen, with the production of H202:

Na2 S2 04 + 02 + 2H2 0 2NaHS03 +H202	 (7)

We have used this reagent for deoxygenating of HbA.
Fig. 2 shows the percent saturation of HbA in 10 mM phosphate

buffer (pH 7.4) in the absence and presence of 940 MHz with an EFI
of 77 V/m as a function of [SDT]. We have analyzed each curve using
a non-linear least-squares method of [SDT] 50 , the molar concentra-
tion of SDT at which HbA is 50% saturated with 02 . These values of
[SDT]50 were used to determine a, defined as

a = 100([SDT]50unexposed-[SDT[50exposed)/[SDT]50unexposed

(8)

Fig. 2. Effect of 940 MHz with EFI of 77 V/m on HbA. Protein in 10 mM phosphate
buffer exposed (á), and unexposed (A). Experimental conditions: [HbA] =32.5 p,M,
exposure time = 1 h and pH 7.4. The effect of 910 MHz is resembled to 940 MHz, data
not shown. The error bars indicate of triplicate repeating experiments.

We have also determined a value of HbA in the absence and
presence of 940 MHz with EFI of 21.7, 30.6, 48.6 at 10 mM phos-
phate buffer from the measurements such as shown in Fig. 2 (this
figure is plotted for 77 V/m as a typical, other electric field intensity
are resemble to Fig. 2). These values are tabulated in Table 1. It is
seen in this table that dependence of a on EMFs is not linear; sug-
gesting that a of HbA depends on factor(s) as well. It worth noting
that Tkalec et al. [75] suggest the effects of radio frequency fields are
frequency dependent and are not linear over the whole field inten-
sity spectrum. Furthermore, several workers have also reported
the nonlinearity responses of biological systems to radiofrequency
exposure [76-81].

Results presented and discussed above led us to conclude that
the 02 binding ability of HbA is affect by the EMFs intensity. We
wanted to know whether the duration to which HbA is exposed
to particular EMFs is also important. We have therefore designed
experiments in which HbA is exposed to 940 MHz with EFI of 77 V/m
(about 1.6 mW/cm2 ) for five fixed times (15, 30, 60,90 and 120 min)
and measured % saturation as a function of [ SDT]. These results were
analyzed for a value for different times of exposure, and are shown
in Fig. 3. It is seen in this figure that a increase with an increase in
time of exposure.Then exposure of HbA with electric field intensity
for long time has more effect on the retardation of the 02-binding
ability of the time.

All the 02 -binding results suggested that EMFs has its effect
on the binding ability of HbA. We wanted to know whether
there is any relation between this decreased binding ability of
HbA and structure of the protein. In order to understand this
we carried out structural studies using UV/vis, CD and fluo-
rescence measurements. It should be noted that all structural
studies were carried out at 940 MHz with electric field intensity of
77 V/m.

Table 1

Values of ce (see Eq. (8)) of HbA in 10 mM phosphate buffer (pH 7.4). The protein was
exposed to 940 MHz with different electric field intensities (EFI) at 37 'C. The protein
concentration was 32 p,M.

S.D. 	 EFI (V/m)

100

	

-2.20 ± 0.70
	

21.7

	

13.46 ± 3.58
	

30.6

	

16.46 ± 5.54
	

48.6

	

17.01 ± 2.45
	

77.0

a Standard deviation.
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3.2. Circular dichroism studies
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Fig. 5. The visible CD spectra of the HbA at 37 C. CD spectra of the exposed (a) and
unexposed (b) HbA at 940 MHz, 77 V/m for 1 h. The HbA concentration was 11 p,M
dissolved in 10 mM phosphate buffer at pH 7.4. The error bars of spectra indicate
triplicate of repeating experiments and high reproducibility of measurements.
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Fig. 4 shows the far-UV CD spectra of unexposed and exposed
HbA in 10 mM sodium phosphate buffer with 940 MHz and EF1 of
77 V/m. It is seen in this figure that the exposed protein has slightly
more secondary structure. This finding seems to suggest that the
secondary structure has no significant role to play in the altered
binding ability of HbA under these experimental conditions.

Fig. 5 shows CD spectra of HbA in the Soret band region under
same experimental conditions used to obtain results shown in Fig. 4.
It may be seen in this figure that globin-heme interaction is affected
by an exposure to the radiation. The Soret CD spectra of HbA, which
results from the ,n-- ,rr* transition of the heme chromophore, and this
transition is influenced by the surrounding aromatic amino acids.
Therefore, the Soret CD spectral changes can reflect the changes not
only in the electronic state of the heme but also in its environment
[82,83]. Visible circular dichroism spectra of the HbA exposed to
940 MHz with EFI of 77 V/m is shown in Fig. 5. The spectral dif-
ference in the Soret region indicates that tertiary structure of the
protein is significantly changed on the exposure of HbA to EMFs.

Fig. 4. The far-UV CD spectra of the HbA in 10 mM phosphate buffer (pH 7.4). CD
spectra of the exposed (a) and unexposed (b) HbA at 940 MHz with EFI of 77 V/m
for 1 h. The HbA concentration was 21 p.M. The inset shows error bars of spectra for
triplicate repeating experiments and high reproducibility of measurements.

This finding is possibly due to a difference in the tightness of the
heme attachment [84], leading to a change in the binding ability of
the protein on exposure to the electric field.

3.3. Fluorescence measurements

The Hb molecule is assembled from two symmetrical (0,13) dim-
mers. Each (4) dimmer contains three tryptophan (Trp) residues,
adding to a total of six Trp residues in the tetramen Fluorescence of
hemoglobin tetramer is mainly due to the six tryptophan residues
[85].

Fig. 6 shows fluorescence spectrum of HbA solution in 10 mM
phosphate buffer exposed to 940 MHz with EFI of 77 V/m and
compare it with that of the unexposed HbA. This figure shows a
quenching of Trp fluorescence with 4 nm blue shift. It is known that
a shift of maximum emission wavelength corresponds to a polarity
change around the chromophore residues. A red shift always indi-
cates that Trp residues are, on average, more exposed to the solvent
and these is a decrease lis the fluorescence íntensity. On the other
hand, a blue shift is a consequence of transferring Trp residues into
a more hydrophobic environment and there is an increase in the

Fig. 6. Fluorescence spectra of HbA in 10 mM phosphate buffer (pH 7.4) at
37 `C. Unexposed (—) and exposed (- - -) proteins. Experimental conditions:
[I-IbAl =10.2 plvt, 940 MHz of EFI = 77 V/m, and exposure time = 1 h. The error bars
of spectra indicate of triplicate repeating experiments and high reproducibility of
measurernents.
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Fig. 7. Fluorescence spectra of ANS binding with exposed (- - -) and unexposed (-)
HbA (excitation wavelength was 355 nrn). The HbA concentration was 10.3 phl dis-
solved in 10 mM phosphate buffer (pH 7.4). The protein was exposed with 940 MHz,
EFI of 77 V/m for 1 h at 37 C. The error bars of spectra indicate of triplicate repeating
experiments and high reproducibility of measurements.

fluorescence intensity. However, it is observed that although there
is a blue shift indicating that Trp is transferred to a more hydropho-
bic environment, yet fluorescence intensity is decreased (see Fig. 6).
This could be due to quenching of the Trp fluorescence by the heme.
Our results do suggest that the tertiary structure of the protein is
altered on exposure to the EMFs.

The fluorescence probe ANS has often been used for research
on biosystems. ANS exhibits a large fluorescence enhancement on
binding to the exposed hydrophobic patches of proteins [85]. Ru-
orescence of ANS in exposed HbA is less than unexposed ElbA (see
Fig. 7). This finding suggests that the untreated HbA has more
hydrophobic patches exposed to solvent than the EMFs exposed
protein. Thus, the exposure of HbA to EMFs leads to a more compact
structure of the protein.

3.4. Aggregation measurements

Fig. 8 shows the change in A350 (a probe for measuring aggre-
gation) of HbA in 10 mM phosphate buffer solution exposed to
940 MHz with EFI of 77 V/m as a function of time at 60 °C. It is seen
in this figure that aggregation process of the exposed and unex-
posed of HbA is similar until 175 min. After that, aggregation of the

30	 60	 90	 120	 150	 180	 210 240	 270
	

300

Time, min

Fig. 8. Time courses for aggregation of HbA in 10 mM phosphate buffer (pH 7.4) at
60'C. Exposed (a) and unexposed (b) protein. Protein (11.3 ¡LIN.4)was exposed to radi-
ation (940 MHz, EFI = 77 V/m and exposure time = I h, at 37 °C) and measurements
of absorbance at 360 nrn was carried out at 60 C. The error bars indicate triplicate
repeating experiments and high reproducibility of measurements.

25	 31
	

37
	

43	 49	 55	 61	 67	 73	 79	 85

Temperature, °C

Fig. 9. Heat-induced denaturation of the exposed (- - -) and unexposed (-) HbA
in 10 mM phosphate buffer (pH 7.4). Experimental conditions: [HbA] = 10.4
940 MHz, EFI = 77 V/rn, exposure time = 1 h and at 37 C. Denaturation was moni-
tored by change in absorbance at 280 nm with a heating rate of 0.5 'C/min. The inset
shows first derivative of plots of A285 vs. temperature. The error bars were showed
in the inset indicates of triplicate repeating experiments and high reproducibility of
measurements.

exposed HbA reached a plateau, but aggregation process of unex-
posed HbA continued. So, it could be concluded that the extent
of aggregation of the exposed HbA is smaller than normal condi-
tion. This could be due to the less exposed hydrophobic surface on
the protein exposed to the radiation. This observation is in agree-
ment with the intrinsic and ANS fluorescence measurements (see
Figs. 6 and 7).

3.5. Thermal profiles

Fig. 9 shows thermal denaturation profiles of HbA in 10 mM
phosphate buffer unexposed and exposed to 940 MHz with electric
field intensity of 77 V/m. This figure indicated the thermal profiles
induced by tertiary structure which obtained by UV spectrometer
at 280 nm. The inset shows the first derivative of each curve. The
maximum in this profile occurs at Tm [86]. It has been observed
that the exposed HbA shows 2 °C increasing in Tm suggesting that
the exposed HbA structure is slightly more thermal stability rela-
tive to the unexposed protein. This finding is also consistent with
the fluorescence measurements.

It should be noted that each curve shown in this figure (see
Fig. 9) describes at least two phenomena, namely denaturation and
aggregation. We wanted to know which of these phenomena are
affected by EMFs that exerted in our experiments. Thus, we need to
discriminate these two different phenomena (unfolding and aggre-
gation). For this reason we carried out another experiment based
on the method used by Benjwal et al. [65]. This method is carried
out by circular dichroism (CD) experiments and then used CD data
along with dynode voltage data to discriminate between the heat-
induced protein unfolding and aggregation. To discriminate these
two phenomena we also used this technique.

Fig. 10 shows thermal unfolding and aggregation profiles of HbA
in 10 mM phosphate buffer unexposed and exposed to 940 MHz
with electric field intensity of 77 V/m used Far-UV circular dichro-
ism spectropolarimetry (accordance to secondary structure of
protein). Fig. 10a represents unfolding process and show that onset
of unfolding of unexposed protein is resembled with the exposed
sample. The figure also indicates that the whole thermal unfolding
profile of exposed protein is postponed relative to unexposed
sample. Fig. 10b represents aggregation process of HbA that is
obtained by dynode voltage at 222 nm as a criterion of aggregation
profile. It has been observed in this figure that onset of aggregation
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Fig. 10. Thermal unfolding and aggregation of the exposed (- - -) and unexposed (-) HbA in 10 mM phosphate buffer (pH 7.4) monitored by CD and turbidity. (a) CD melting
curves, 0222 (T), recorded at 222 nm report on a-helical unfolding. (b) Turbidity (dynode voltage) melting curves, V (T), recorded at 222 nm report on the heat-induced
increase in the particle size due to protein aggregation. Experimental conditions: [HbA] =10.4 p.,M, 940 MHz, EFI= 77 V/m, exposure time = 1 h and at 37 °C. Circular dichroism
and dynode voltage at 222 nrn was obtained in temperature range 25-85 °C with a scan rate of 0.5 °C/min. The error bars indicate triplicate repeating experiments and high
reproducibility of measurements.

of unexposed HbA is about 52 °C but those of exposed protein is
at 54 °C. This difference indicates that the structure of the exposed
HbA is slightly late aggregate and therefore is more thermal stable
relative to the unexposed protein.

The results from Figs. 9 and 10 indicate the thermal confor-
mational change for hemoglobin started near 60 and 55 °C for
tertiary and secondary structures, respectively and not any confor-
mational change occurred at near 37 °C for exposed and unexposed
hemoglobin. We conducted all other experiments at 37 °C where
there is no aggregation, to avoid any possible interference of sample
turbidity with spectrophotometrically measurements.

4. Conclusions

Our in vitro experiments led us to the following conclusions.
The mobile phone frequencies of 910 and 940 MHz affect the 02-
binding ability of I-IbA (we have shown the data and figures relative
to 940 MHz as a typical). The data relative to 910 MHz is resem-
bled to 940 MHz (data not shown). In fact, Hb of a healthy human
exposed to these frequencies bind less 02 in the lung and releases
more 02 in the tissue. This change in the functional activity of HbA
is due to changes in the teltiary structure of the protein at 37 °C. The
alteration of structure of exposed HbA is accordance with dimin-
ishing and late aggregation process relative to unexposed sample.
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Abstract The object of this study is to investigate the effects of 50-G micro-wave
radiation on the brain of Wistar rats. Male rats of the Wistar strain were used in the study.
Animals of 60-day age were divided into two groups—group 1, sham-exposed, and group
2, experimental (microwave-exposed). The rats were housed in a temperature-controlled
room (25 °C) with constant humidity (40-50%) and received food and water ad libitum.
During exposure, rats were placed in Plexiglas cages with drilled ventilation holes and kept
in an anechoic chamber. The animals were exposed for 2 h a day for 45 days continuously
at a power level of 0.86 1.1W/cm2 with nominal specific absorption rate 8.0 x 10-4 w/kg.
After the exposure period, the rats were killed and homogenized, and protein kinase C
(PKC), DNA double-strand break, and antioxidant enzyme activity [superoxides dismutase
(SOD), catalase, and glutathione peroxidase (GPx)] were estimated in the whole brain.
Result shows that the,'ó-hronic exposure to these radiations causes DN-A double-strand-bre
(head and tail length, intensity and tail migration) and a significant decrease in GPx and
SOD activity (p=<0.05) in brain cells, whereas catalase activity shows significant increase
in the exposed group of brain samples as compared with control (p=<0.001). In addition to
these, PKC decreased significantly in whole brain and hippocampus (p<0.05). All data are
expressed as mean ± standard deviation We conclude that these radiations can_ have_ a
',Signifi-cant effect on the Whole brain.

Keywords Glutathione peroxidase • Superoxidase • Catalase • Microwave radiation •
Protein kinase C

Introduction

icrowaves may affect hiological systems by increasing ffee radicals, whiéh may etihance
1ipid eioxi1afiú, áiEidby chángiiig - é aritióXidáti -vé---ádiVities df the braincelis, thus
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leading to oxidative damage. The effect of microwave radiations on biological systems is
primarily identified as due to an increase in temperature, i.e., thermal [1], though
nonthermal effects have also been identified [2, 3]. The present study was designed to
determine the effects of 50 GHz nonthermal microwave radiation on rat brain. This
frequency was chosen because 50 GHz has a very small penetration depth, which may
cause an increase in the random molecular motion due to free-radical processes within the
cell. So far, most of the investigations are confined to a frequency up to 10 GHz. Above-
range frequencies will have limited penetration into the body, and their mode of interaction
with the system, including those at cellular and molecular levels, will be interesting to
examine. It will be of further interest to establish their commonality with after-exposure
parameters at comparatively lower frequencies. The study also aims to spread over the
electromagnetic field (EMF) effect over a wider band of nonionizing electromagnetic
spectrum.

Protein kinase C (PKC) and antioxidant enzymes play an important role in functioning
of the central nervous system. PKC plays a key role in a variety of pathologic states,
including oncogenesis [4, 5]. This may affect the cellular responses to extracellular stimuli
participated in cell differentiation and apoptosis [6]. PKC modulates ion conductance by
phosphorylating membrane proteins such as channels, pumps, and ion exchange proteins
mobilization into the cytosol. This has been implicated in phosphorylation of several
neuronal proteins, which are thought to regulate neurotransmitter release and long-term
potentiation in memory formation [7]. The activation of this enzyme is thought to be
biochemically dependent on Ca2+. Tumor-promoting phorbol esters, such as 12,0-
tetradecanoyl phorbol-13-acetate (TPA), have a structure very similar to diacylglycerol
and activate PKC directly, both in vitro and in vivo [8]. TPA has a specific membrane
receptor in the cell membrane [9, 10]. In order to stimulate cell proliferation in cells, growth
factor and PKC are needed to induce the signal pathways. Furthermore, tumor promoters
TPA have a membrane receptor in the membrane of all cells. This receptor is considered to
be calcium phospholipid-dependent protein kinase (PKC). It is involved in the regulation of
a variety of cellular events, including modulation of receptor functions for major hormones
and certain enzymes such as adenylate cyclase and ornithine decarboxylase.

In the present investigation, PKC has been estimated in hippocampus, whole brain, and
the remaining portion. The hippocampus is understood to be responsible for learning and
memory. In addition to this, antioxidant enzyme estimation has also been performed. It is
well known that these enzymes play a major role in protecting the cells by removal of free
radicals, which are generated by microwave radiations. It has been established that the
overproduction of reactive oxygen species (ROS) comes through free radicals formation
and may change the levels of superoxides dismutase (SOD), glutathione peroxidase (GPx),
and catalase (CAT) activity in the whole brain. These parameters were undertaken to
determine the possible site of the EMF biointeraction with ROS. Very recently, Mahfouz et
al. [11] reported that microwave/radiofrequency radiation may lead to oxidative stress due
to overproduction of ROS. Others workers, several from our laboratory, have shown that
these radiations affect cholenergic systems, brain Na+—K+ ATPase activity [12, 13],
growth-related enzymes [14], PKC activity [3], single-strand DNA breaks in brain cells [15,
16], and reduced infertility in male rats [17].

In continuation, DNA double-strand breaks were observed and comet scoring was
carried out with tail and head-length migration and intensity. The first study of DNA strand
break was observed by Lai and Singh [18] in rat brain cells at continuous and pulsed RF
radiation. These field exposures induced the formation of DNA—protein and DNA—DNA
cross-links in brain cells of rats [19], which could be the result of free-radical damage
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involving iron cations [20, 21]. The results of Ivancsits et al. [22-25] indicate that the
interaction of these fields with DNA is quite complicated and apparently depends on many
factors, such as the mode of exposure, the type of cells, and the intensity and duration of
exposure. Sorne researchers found conflicting results; some observed that there is no effect
of radio frequency radiation exposure in DNA strand break of mammalian somatic cells
[26, 27]. To support these data and to confirm their pathological implications, we have
measured the activities of antioxidant enzymes, namely, SOD, CAT, and GPx and tumor
promoter PKC in rat brain cells.

Material and Methods

Material

The GPx (catalog No. 703102), CAT (catalog No. 707002), and SOD (CAT No. 706002)
antioxidant enzyme kit was purchased from the Cayman Chemical Company, Ann Arbor,
MI, USA. P32 radioactive labeled ATP was purchased from BRIT, Hyderabad, India. The
rest of the chemicals were purchased from Thomas Baker Chemicals Limited, Marine
Drive, Mumbai, India.

Animals Exposure

Male Wistar rats (60 days old and 190±20 g body weight) were obtained from the animal
facility of Jawaharlal Nehru University, New Delhi. They were divided into two groups, a
sham-exposed group (n=6) and an experimental group (n=6). In the animal exposure and
subsequent experimentation, a blind study was conducted, where the experimental and
control code was not disclosed before the data analysis. All animals were housed in an air-
conditioned room, where the temperature was maintained at 25 °C with constant humidity
(40-50%). The air circulation was constantly maintained to keep it in equilibrium with the
room temperature. The animals were provided with standard food pallets (prepared by
Brook Bond India, Mumbai, India) and water ad libitum.

The protocol and study method was approved by the Institutional Animal Ethical
Committee and the Committee for Puipose of Control and Supervision of Experimental on
Animal

Exposure Chamber

Two rats at a time were placed in a Plexiglas cage, which was quite ventilated with holes of
1-cm diameter. The dimension of the exposure cage was made in such a way that animals
moved freely. The chamber is lined with radar-absorbing material (attenuation, 40 db) to
minimize the possibility of any reflections. At far field distance from the horn antenna, it
was found that the field is homogeneous in the vertical plane midline of the beam. Rats
were exposed with 50 GHz continuous source through the antenna, 2 h a day for 45 days
(Fig. 1). The power density at receiving end was measured (0.86 ptW/cm 2) and the nominal
specific absorption rate (SAR) value was calculated (8.0 x 10-4 w/kg). The animals faced E
filed orientation parallel to the exposure chamber. Since the free space wavelength at this
frequency is 0.6 cm, it is assumed that the exposure is limited to the subcutaneous surface.
Every day, the cage was placed in the same position facing the hom antenna and the same
number of rat positions was filled.
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Fig. 1 Schematic diagram of 50-GHz radiation source

Sample Preparation and Tissue Homogenate

In the present investigations, enzyme assay was used to determine the enzyme activity
(SOD, GPx, and CAT) in exposed Wistar rats Immediately after exposure, animals
were killed by overdose of anesthesia and the brain was collected in ice-cold buffer.
The brain was homogenized in cold buffer (50 mM Tris—HC1, pH 7.5, 5 mM EDTA,
and 1 mM DTT per gram tissue) for GPx, 5-10 ml HEPES buffer for SOD, and
(50 mM potassium phosphate, pH 7.0, containing 1 mM EDTA per gram tissue) for
CAT. The sample was centrifuged at 10,000 xg for 15 min at 4 °C. Supernatant was
collected and enzyme assay was performed. Different sets of animals with the same age
group were taken for given parameters (DNA strand break, PKC, and antioxidant
enzyme).

Estimation of GPx Activity

One hundred twenty microliters of assay buffer and 50 pi cosubstrate mixture were added
in nonenzymatic wells. One hundred microliters of assay buffer, 50 pi of cosubstrate
mixture, and 20 pi of diluted GPx were added in other wells as control samples, whereas
the same amount of assay buffer and cosubstrate including 20 pJ of brain sample in place of
GPx were added in all the wells Immediately, reaction was initiated by adding 20 i1 of
cumene hydroperoxide to all the wells being used. Finally, the well plate was placed in a
microplate reader spectrophotometer, and the absorbances of the samples were taken at
340 nm

Estimation of Superoxidase Activity

Twenty microliters of SOD standard was diluted with 1.98 ml of sample buffet SOD
standard wells were prepared by using 200 j.il of the diluted radical detector and 10 tl of
diluted standard. Sample wells were also prepared by adding 200 pi of the diluted radical
detector and 10 of sample to the wells. The reaction was initiated by adding 20 pi of
diluted xanthine oxidase to all the wells. The sample plate was kept in microplate reader
temperature, and absorbance was taken at 450 nm
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Estimation of CAT Activity

One hundred microliters of assay buffer, 30 p.1 of methanol, and 20 pi of standard were
added to wells, which contained 10 of formaldehyde and 9.99 ml of sample buffer and
formaldehyde wells were prepared. Control wells were prepared by adding 100 pi of
diluted assay buffer, 30 pi of methanol, and 20 i1 of diluted CAT. Thirdly, the sample wells
were prepared by adding 100 pi of diluted assay buffer, 30 ii of methanol, and 20 p1 of
tissue samples. The reaction was initiated by adding 20 pi of diluted hydrogen peroxide to
all the wells. Sample plate was incubated for 20 min at room temperature and 30 ii of
potassium hydroxide was added to terminate the reaction. Thirty microliters of purpald
(chromogen) was added to each well and thereafter incubated for 10 min at room
temperature on a shaker. Ten microliters of potassium periodate was added to each well,
incubated for 5 min at room temperature on shaker, and the absorbance of samples was
taken at 540 nm.

Calcium-dependent Protein Kinase (PKC) Assay

After 45 days of exposure, the animals were killed with rat cocktail anesthesia (Ketamine,
Xylazine; IP) and then decapitated. Brain tissue was taken out from the cranial cavity
immediately and put into a deep freezer for a short while to become tissue hard. The
hippocampus was taken out and assays were performed in three sets as follows: (1)
hippocampus, (2) whole brain minus hippocampus (remaining brain), (3) whole brain.

Each brain tissue was homogenized separately in 40 vol of ice-cold, 1-mM sodium
bicarbonate (pH 7.5). The homogenate was centrifuged at 600 g for 10 min at 4 °C. The
supernatants were centrifuged at 20,000xg for 30 min at 4 °C. The pellet was pipetted with
ice-cold, 1-mM sodium bicarbonate and centrifuged at 20,000 xg for 30 min at 4 °C. The
pellet was resuspended in incubation buffer (100 mM HEPES, 120 mM NaC1, 1.2 mM
MgSO4, 2.5 mM KC1, 15 m1VI NaHCO3, 10 mM glucose, 1 mM EDTA, pH 7.4) and
protein concentration was measured by Lowry's method [28]. Protein kinase activity was
assayed in a total volume of 0.5 ml incubation medium [50 mM HEPES, 10 mM MgC12,
0.5 mM CaC12, and 0.2 mM EGTA (free calcium level of 0.1 mM), pH 7] with a total
protein concentration of 100 ug. P 32-labeled ATP (specific activity 3,000 Ci/mmol ATP)
was added to initiate the reaction and then incubated at 25 °C. Fifty-microliter samples were
taken out and pipetted upon 3-mm filter discs (pretreated with 10% trichloroacetic acid,
20 mM sodium pyrophosphate, and 10 mM EDTA). These filter discs were dropped into
500 ml of the TCA mixture (10% trichloroacetic acid, 20 mM sodium pyrophosphate, and
10 mM EDTA) and left ovemight at 4 °C. Filters were washed once in 5% TCA, heated to
90 °C for 15 min in 10% TCA. Furthermore, 5% TCA wash was extracted in hot ethanol/
ether (3:1 v/v) before drying. Radioactivity was measured in a Hewlett Packard scintillation
counter

DNA Double-strand Breaks Estimation

In the present investigations, comet assay (also referred to as single-cell gel electrophoresis)
is used to determine DNA damage (DNA strand break). Assay was performed according to
the technique of Singh [29]. Immediately after the exposure period, one rat at a time was
anesthetized by placing it in a glass jar containing cotton dipped in anesthetized ether.
Animals were killed and brain was homogenized in phosphate buffer and a single-cell
suspension was made by using pipette. From the suspension, 10 pi of its suspension was
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mixed with 0.2 ml, 0.7% agarose. Agarose was suspended in phosphate buffered salMe
with 3:1 agarose higher resolution and kept at 37 °C to maintain physiological conditions
[18]. The mixture was pipetted out and poured onto a fully frosted sfide, immediately
covered with coverglass (24 x 60 mm) These slides were kept in an ice-cold steel tray on
ice for 1 min to allow the agarose to gel. Again, a layer was made over the gel with 100
of agarose as before, after removing the coverglass [29, 30]. These slides were immersed in
ice-cold lysing solution with the addition of DNAase free proteinase K (0.5 mg/m1) and
kept ovemight at 4 °C. After lysing overnight, the slides were removed and placed in a
horizontal slab of an electrophoresis assembly. One liter of electrophoresis buffer was
gently poured into the assembly. After 20 min to allow for unwinding, electrophoresis was
started at 250 mA (12 V) for 30 min. The slides were removed from the electrophoresis
apparatus and placed in coplin jar containing neutralizing buffer. After 30 min, the slides
were transferred to another jar of neutralizing solution. After one more change of 30 min,
the slides were left vertical at room temperature to dry and stained with ethidium bromide
(EtBr of 0.05 mg/m1) covered with a 24 x 60-mm coverglass. Microscopic slides were
prepared with each individual animal separately.

Images were taken at 100 x magnification using a charge-coupled device camera GW525x
(Genwac, Orangeburg, NY, USA) attached to Leica DMLB fluorescence microscope (Leica,
Wetzlar, Germany) with an excitation filter of 490 nm, a 500-nm dichroic filter, and an
emission filter of 515 nm. The images of double strand DNA break in brain cells were
recorded with fluorescence microscope.

Comet Scoring

Slides were assayed for double-strand DNA breaks. Twenty cells were selected from each
slide. Therefore, from each animal, 40 cells (two slides) were scored. Head and tail length
(pm), intensity (%), and tail migration (1,tm) from the beginning of the nuclear area to the
last five pixels of DNA perpendicular to the direction of migration at the leading edge were
measured. Tafi and head length, migration, and intensity of individual cells were measured.
The scoring of comet assay was done by using Comet assay IV 4.2 version software
(Perceptive Instrument, Haverhill, UK). Data are presented as mean ± standard deviation.
The difference between exposed and control groups was tested for significance by
using one-way analysis of variance (ANOVA). A difference at p<0.05 was considered
statistically significant.

Results

Antioxidant Enzymatic Activity in Brain Cells

Compared with the control group (16.82±2.96), those exposed to the 50-GHz showed
a significant decrease (12.66±0.87 nmol min -1 m1-1 ; p<0.001) in GPx activity (Fig. 2a).
The exposed group also showed a significant decrease of SOD activity (169.09±
15.34 U/m1; p<0.006) as compared to the control group (189.50±13.13) (Fig. 2b).
However, the exposed group of animals showed a significant increase in CAT activity
(9.81±1.60 nmol min-1 m1-1 ; p<0.001) as compared to the control group (6.86±0.76)
(Fig. 2c). The results occulting significant changes occurring in the exposed group of
brain cells in all antioxidants enzymatic activities of GPx SOD and CAT are shown in
Fig. 2a-c.
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Fig. 2 Antioxidant enzyme ac-
tivities in rat brain cells in
50 GHz exposed Wistar rats.
Result shows significant decrease
in exposed group of brain GPx
(a) and SOD (b). However, the
exposed group shows significant-
ly increased brain CAT enzyme
activity compared to control (c).
Data are expressed as mean ±
standard deviation (SD). * p < 0.05
vs control group
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PKC Activity

The important role of PKC is the transduction for the activation of many cellular functions
and control of cell proliferation. Cells, which are subjected to prolonged exposure to tumor
promoter phorbol esters, showed depletion in PKC level. PKC activity in whole brain is
reduced significantly (p<0.005) in the chronically exposed group (3,198.0±1,259.28/mg
protein), as compared to their sham exposed counterpart (6,321.33±2,141.55/mg protein)
(Fig. 3a). In the hippocampus group, the experimental results also show a significant
decline. For the sham-exposed group, it was 3,990.0±1,494.27/mg protein, and for the
exposed group, it was 2,703.0±1,213.46/mg protein (p<0.03) (Fig. 3b).

However, in the remaining brain, the experimental data do not show a significant
difference when compared to the sham-exposed group (p>0.05). For the sham-exposed
group, we measured 6,455.33±4,061.20/mg protein, whereas for the exposed group, it
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Fig. 3 Effect of chronic expo-
sure to 50 GHz microwave radi-
ation on PKC activity in whole
brain (a), hippocampus (b) was
statistically significant (p<0.05)
as compared to sham-exposed
group. However, whole brain
minus hippocampus (remaining
brain) (c) shows no significant
result. Asterisks show significant
results

PKC activity of rat remaining brain exposed to 50GHz

was 4,850±4,119.14/mg protein (Fig. 3c). All statistical work was done by one-way
ANOVA.

DNA Double-strand Break

In the qualitative picture of DNA double-strand break, it is shown that more tail migration
has taken place in the exposed brain (Fig. 4) as compared to control (Fig. 5). Our results
show that the prolonged chronic exposure to 50 GHz causes reproducible increase in
double-strand DNA breaks in brain cells of rats in all the exposed-group animals. The
average values of head and tail length, intensity, and tail migration of rat brain cells exposed
to 50-GHz continuous wave are given in Table 1. It shows that there is a significant
increase in the head and tail length of DNA, and tail migration was also recorded as
compared to the control group. A comparison for the control group, the average values of
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Fig. 4 DNA double-strand break of exposed rat brain cells observed in fluorescent microscope at 40x

head length (93.26±0.41 pim), tail length (66.26±0.69 Inn), and tail migration (19.63±
0.70 pun), was recorded, whereas for the exposed group, it was head length (109.17±1.13 p.m;
p<0.01), tail length (176.56±2.35 vun; p=0.0023), and tail migration (122.23 ±2.19 Inn;
p<0.005). At the same time, the total average value of head and tail intensity was also
recorded. A significant decrease was observed in head intensity, whereas significant
increase was observed in tail intensity of the exposed group. For the control group, the
average value of head intensity (87.05±1.2%) and tail intensity (12.94±1.20%) was
scored. Alternatively, in the exposed group, the average values in head intensity (49.76±
1.04%; p<0.03) and tail intensity (48.24±2.00%; p<0.02) were recorded. The present
study was aimed to find out the effect of chronic exposure of radiation. Data obtained
show that prolonged (45 days) exposure to microwave radiation (50 GHz) causes double-
strand DNA break in brain cells.

Discussions

SOD and GPx play a key role in the biological system protecting the body from destructive
free-radical activity. An absence or decrease in activity of these enzymes may have noxious
metabolic outcomes. The mechanism of detoxication is not confined to the SOD alone, but
a product of SOD activity is also a strong inhibitor of this enzyme [31]. It is suggested that
an effective detoxication of active oxygen takes place with concordant SOD and CAT
action. CAT is involved in the detoxification of hydrogen peroxide (H 202), a ROS.

Fig. 5 No DNA double-strand break of exposed rat brain cells observed in fluorescent microscope at 40x
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Table 1 Average value of six animals were scored by using comet assay IV 4.2 version (Perceptive
1nstrument) has presented in mean ± SD (standard deviation).

Head length Tail length Tail migration Head intensity Tail intensity

Control 93.26±0.41 66.26±0.69 19.63 ±0.70 87.05±1.2 12.94± 1.20
Exposed 109.17±1.13 176.56±2.35 122.23±2.19 49.76± 1.04 48.24±2.00
p Value p<0.01 0.0023 0.005 p<0.03 p<0.02

In our study, SOD and GPx activities were significantly decreased (p<0.05) due to the
effect of EMF on the brain, whereas CAT activity was significantly increased in the exposed
group (p<0.05). Other studies also suggest that a decrease in the level of SOD activity may
indicate an increase in the generation of reactive superoxide ions in the biological samples
[32]. The decrease in GPx activity might have been due to the excessive production of free
radicals. Although GPx is a relatively stable enzyme, it can be inactivated under conditions
of severe oxidative stress [33, 34]. In addition to these, the hydrogen superoxide formed
during the detoxification process is then illuminated by CAT. Indeed CAT activity is
enhanced when H202 levels are particularly high [35]. Earlier, Rotilio [31] demonstrated
that the product of SOD activity (hydrogen superoxide) inhibits the enzyme activity of SOD
itself. The possible mechanism defines that EMF exposure leads to generation of ROS [36],
which are able to damage many biomolecules, including DNA, enzymes, lipids, and
proteins [37]. Under subtoxic conditions, free radicals are also known to play an important
role in cellular signal transduction processes [38]. We can hypothesize that a reduction or an
increase in antioxidative enzyme activities observed in our study may be related to
overproduction of ROS under microwave field exposure.

There is another enzyme, PKC, which may also play a pivotal role in mediating cellular
stimuli involved in proliferation, differentiation, apoptosis, and exocytotic release in a
number of neuronal and nonneuronal systems. This indicates that any alteration may fmally
lead to affect the normal growth of the cells. However, in the brain, the hippocampus is
probably a preferential site for EMF biointeraction [3]. This is in line with many other
reports that a chronic exposure of electromagnetic radiation affects learning and memory
functions [39] by affecting hippocampus. Butler et al. [40] reported that cells might be
functionally depleted of protein kinase by prolonged exposure to biologically active
phorbol esters. They reported that the activity was reduced to 92% as compared to control
[40]. An earlier study from our laboratory also suggests that there was a decrease in the
activity of PKC in rats exposed to 147-MHz amplitude-modulated at 16 Hz as compared to
the control group [22]. It is suggested that protein kinase in the membrane may be a target
for microwave radiations, which leads to a variety of altered intracellular events in the cells
[41]

Our study on DNA double-strand breaks is in agreement with other scientific reports that
have occulted the real picture of mutagenic effects due to EMF radiations. Lai and Singh
[18, 42-44] first reported an increases in single- and double-strand DNA breaks in brain
cells of rats exposed for 2 h to 2,450-MHz field at 0.6-1.2 W/kg. More recently, this has
been confirmed by Paulraj and Behari [16], who reported an increase in single-strand
breaks in developing brain cells of rats after 35 days of exposure to 2.45- and 16.5-GHz
fields at 1 and 2.01 W/kg. Nikolova et al. [45] reported a low and transient increase in DNA
double-strand break in mouse embryonic stem cells after acute exposure to 1.7-GHz field.
Aitken et al. [46] reported significant damage to both the mitochondrial genome (p<0.05)
and the nuclear -globin locus (p <0.01) in exposed mice to 900-MHz RFR at a SAR of
0.09 W/kg for 7 days at 12 h per day. A study by Diem et al. [47] reported an effect on
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exposed human fibroblasts and rat granulosa cells to mobile phone signal (1,800 MHz;
SAR 1.2 or 2 W/kg; during 4, 16, and 24 h) and suggested that the exposure may induce
DNA single- and double-strand breaks as measured by the comet assay.

Several reports suggested that DNA damage in cells could have an important implication
on human health because they are cumulative. Normally, DNA is capable of repairing itself
efficiently through a homeostatic mechanism, whereby cells maintain a delicate balance
between spontaneous and induced DNA damage. DNA damage accumulates if such a
balance is altered. Most cells have considerable ability to repair DNA single-strand breaks;
for example, some cells can repair as many as 200,000 breaks in 1 h. However, DNA
double-strand breaks, if not properly repaired, are known to lead to cell death or apoptosis.
Indeed, we have observed an increase in apoptosis and decrease in sperm count [26, 48, 49]
and DNA double-strand break in sperm and brain cells exposed to microwave RFR [17, 27,
42, 44].

The correlation between oxidative damage to cells (DNA strand break, antioxidant
enzyme, and PKC level changes) and ROS has been established in the present paper. ROS
are free radicals, which may play a role in mechanisms of the biological effects induced by
electromagnetic radiation. It is suggested that the outcome of oxidative damage induced by
EMFs will therefore depend on various factors, including the oxidative status of the cell,
capability of endogenous antioxidation enzymes, and processes to counteract free radical
buildup, availability of exogenous antioxidants, iron homeostasis (a balance of iron influx,
storage, and use), the parameters of exposure (e.g., intensity and duration of exposure and,
possibly, the wave shape), and whether the oxidative damage is cumulative. In aerobic
cells, ROS are generated as a by-product of normal mitochondrial activity. If not properly
controlled, ROS can cause severe damage to cellular macromolecules, especially DNA and
antioxidative enzyme. DNA damage and alteration in enzyme activities are clear indications
of tumor promotion.

Conclusion

conclude that prolonged exposure to 50 GHz field radiation may decrease the revel of
'PKG, cause thé DNA double-strand break, and alSo rnake the changes in antioxidanf
énzymes iri neurologtcal systern of male rats due to free radicals formation. It also confirinS:
Pat the pssibTiT of action -6f suCh rádiation is the hippocampus, the regipn responáible

or control of learning and memory . in the
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Resumen: Se observó un claro efecto
rouleaux al manipular por 10 o 15

un móvil.

• Introducción:

• Se tiene conocimiento sobre los efectos de electrosensibilidad
(ES) en las personas debido a la exposición a radiaciones de
radiofrecuencia de microondas (300 MHz-300 GHz),
provenientes de: la radio, la televisión, las PC, los teléfonos
móviles y sus antenas, teléfonos inalámbricos, routers
inalámbricos (WiFi), vigila bebés inalámbricos, juegos
inalámbricos, etc.

• En base a este conocimiento se decidió, realizar observaciones
"in situ", sobre muestras obtenidas de los proplos autores y de
personas que colaboraron para las distintas observaciones.



• Procedimiento

• En pruebas piloto realizadas por los autores se
comprobó que el manejo de celulares conectados
a datos móviles por 10 o 15 minutos producía el
efecto "fenómeno rouleaux" muy grande por lo
cual se realizaron distintos ensayos como se
detallan a continuación:



Efecto Rouleaux
• El electrosmog afecta a la sangre

• La sangre sana está formada por eritrocitos (glóbulos rojos),
que son redondos y flotan libremente en el plasma. Una
muestra de sangre viva, consistente en una gota de sangre de
un pinehazo en el dedo, puede observarse al microscopio.
Cambios en el tamaño, la forma y la aglomeración de estos
eritrocitos pueden indicar un deterioro de la salud.

• Si los eritrocitos están pegados entre sí y se asemejan a una
pila de monedas. Esto se conoce como formación rouleaux e
indica que la sangre no está sana.

• Con la formación de rouleaux, la superficie de los glóbulos
rojos se reduce significativamente, y la liberación de
nutrientes y la eliminación de productos de desecho. Los
síntomas pueden incluir dolores de cabeza, dificultad para
concentrarse, mareos, náuseas, problemas cardiacos y de
tensión arterial, así como sensación de frío, entumecimiento u
hormigueo en las extremidades (manos y pies)..

u.



Dispositivo de
medición BR-9A
• Indica que la radiación emitida por el móvil es mayor

cuando está conectado sólo a datos móviles que
cuando lo está sólo al WI-FI



Procedimiento
• En pruebas piloto realizadas por los autores se

comprobó que el manejo de celulares conectados
a datos móviles por 10 o 15 minutos producía el
efecto "fenómeno rouleaux" muy grande por lo
cual se realizaron distintos ensayos como se
detallan a continuación:

Se utilizaron 3 celulares distintos para las
pruebas de irradiación: 1 para filmar y los otros
2 para realizar y recepcionar las llamadas
utilizando datos móviles con las que se irradia la
muestra, estos móviles se colocan a muy corta
distancia de la muestra (aproximadamente 4 cm)
y a la altura donde se encuentra colocada en la
platina del microscopio.
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Muestra testigo luego de aprox.
5 [min] en el portaobjetos





Irradiando la muestra con llamadas de
celular, utilizando datos móviles, el
dispositivo BR-9A indica valores entre
15 y 19 WW/cm21.

• También se observa el efecto de la radiación sobre el
lente objetivo:

• Luego de Irradiar con datos móviles aproximadamente 10
[miú] se comienza a notar el efecto rouleaux.



Finalmente, luego de
manipular el celular

conectado sólo con datos
móviles para poder hacer las
observaciones anteriores, se

observaron dos muestras, una
obtenida del dedo de la mano

y otra del dedo del ffie. .....

• Del dedo de la mano (cabe señalar
que se notaba adormecimiento en
las manos):

•

• Del dedo del pie :
•



Muestra de sangre de persona
expuesta a radiación antenas 4G
y 5G
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