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Content

» Exposure to radiofrequency electromagnetic fields (RF-EMF) in our
everyday environment.
= Microenvironmental surveys

= Personal measurements
= RF-EMF dose calculation

» Effects on the brain

» Brain tumours
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Two approaches to measure RF-EMF

Personal volunteer measurements Microenvironmental survey

+ all sources including behavior

+ data quality, efficient,

- data quality, manipulation + minimized body shielding

- selection bias

- No differentiation between own and other - No individual behavior
people’s mobile phone - Private place measurements
- body shielding challenging

Warsaw, 03.12.2019 Martin Roosli 4
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Comparison of radiofrequency electromagnetic field exposure levels in ) |
different everyday microenvironments in an international context Skt
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ICNIRP reference levels:

40-60 V/m
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Radiofrequency electromagnetic field exposure in everyday
microenvironments in Europe: A systematic literature review
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ZuMe: Population based personal radiofrequency
electromagnetic field exposure measurements in Zurich

>

Random population sample from 12 communities from
canton of Zurich (Switzerland) with various degrees of
ubanity

42 pairs of one parent and adolescent (12-15 years)
and 30 young adults (18-30 years)

Measurements conducted: 21 Feb. — 2 Nov. 2015

Measurement device ExpoM-RF: 14 frequency bands
between 88 MHz — 2690 MHz

Electronic diary app, GPS recorded by Expom-RF

Full report (in German): Roosli et al., 2016:
http://www.awel.zh.ch/content/dam/baudirektion/awel/l

uft asbest elektrosmog/elektrosmog/dokumente/Pers
Meas AWEL 2016.pdf

Warsaw, 03.12.2019 Martin Roosli
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Average source contributions (mean=0.18 V/m)

B Uplink B Downlink B Broadcast B DECT O WLAN
Roosli et al, 2016

Warsaw, 03.12.2019 Martin Roosli 11
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RF-EMF per activity

Electric field [V/m]
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Mobile phone subscriptions and data transmission
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Comparison of personal RF-EMF exposure (2007 vs 2015)
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Exposure vs. distance to the source

Abbildung 2: SAR-Messungen an einem Smartphone
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RF-EMF dose clculation

Far-field

v‘f’-\A v
E dose

dose = dose =
output power * SAR * use duration /\ incident field * SAR * exposure duration

SAR = normalized Specific Absorption Rate brain whole bOdy Roser et al., IJERPH, 2015

RF-EMF = radiofrequency electromagnetic fields

Warsaw, 03.12.2019 Martin Roosli 16



Average cumulative dose
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UMTS phones emit 100-500 times less than GSM

phones!
GSM: Adapted from Vreiheid, OEM, 2009
900 MHz 1800 MHz
Output power per call (mW) Output power per call (mW)
Study No of Interoperator No of Mean Interoperator
centre calls W Median range$ calls l:S/DL\ Median range
Sweden 4185 (118.2 (95.2)\ 101.6 67.6-146.5+ 2366 (52.1(47.4) \ 36.2 455-68.7
Total 46994 \133.3 (91.7 121.2 67.6-204.0f 29505 4.2 (45.5)/ 51.8 44.7-99.0%
. Location Me Mean th percentile
UMTS p
Rural 0.04 0.5 0.7
Suburban 0.02 0.4 0.4
Urban 0.02 0.4 04
Dense urban 0.008 0.3 0.3
Indoor net <0.008 0.2 0.1 persson et al., BioEM, 2012
Warsaw, 03.12.2019 Martin Roosli 18
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Brain dose Zume: exposure reduction with UMTS call only

Brain (50% GSM, 50% UMTS) Brain (100% UMTS)

Warsaw, 03.12.2019 Martin Roosli 19
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The better the network the less exposure

Example mobile internet in LTE

MC=makro cell @SC=Small Cells

b Amsterdam

Uplink  (gBm)

20 ~100 ~80 60 120 2100 ~80 60
Downlink (dBm) Downlink (dBm)
Mazloum et al., AnnTel, 2019

Warsaw, 03.12.2019 Martin Roosli 20
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The better the connection, the less radiation from the devices

10000.00
GSM good W GSM bad UMTS good UMTS bad = WLAN good B WLAN bad

1000.00
100.00 |
10.00
0.10 I

Average actual SAR [uW/kg]

Voice Video Skype VolP Skype TV File Upload File Audio
Streaming Video Download Streaming
Services

Popovi¢, Ann Telecommun, 2019

Warsaw, 03.12.2019 Martin Roosli 21
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Brain and electronic media

Content?

Blue EMF?
light?

Warsaw, 03.12.2019 Martin Roosli 22
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Human experimental trials in the sleep laboratory

waking
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Schmid et al. JSR, 2012
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Results

1.3
» Amplitude in spindle frequency € —
range increased. L
» No effects on sleep phase. s
. . % 1.1 1
» No effects on subjective sleep c
. =
quality. ;'? . r
© NV
- 0.9 T
5 10 15 20

Schmid et al. JSR, 2011
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A Section 508-conformant HTML version of this article

ResearCh is available at https://doi.org/10.1289/EHP2427.

A Prospective Cohort Study of Adolescents’ Memory Performance and Individual
Brain Dose of Microwave Radiation from Wireless Communication

Milena Foerster,> Arno Thielens,>* Wout Joseph,**> Marloes Eeftens,"? and Martin Roosli'?

"Department of Epidemiology and Public Health, Swiss Tropical and Public Health Institute, Basel, Switzerland

2University of Basel, Basel, Switzerland
*Department of Electrical Engineering and Computer Sciences, Berkeley Wireless Research Center, University of California Berkeley, Berkeley, California, USA

4Interuniversity Microelectronics Centre (IMEC), Leuven, Belgium
Department of Information Technology, Waves research group, Ghent University

Environmental Health Perspectives 077007-1 126(7) July 2018

HERMES (Health Effects Related to Mobile phonE uSe)

Warsaw, 03.12.2019 Martin Roosli 25
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HERMES Kohorte bei Jugendlichen

Survey in Swiss schools

« Mobilfunk und Mediennutzung
« Verhalten, Symptome und kognitive Funktionen
« EMF Expositions- und Dosismodellierung

Parental survey

HERMES 1 HERMES 2
24 schools 22 schools
Central Switzerland Central Switzerland and Basel-Stadt
2012 2013 2014 2015
Personal measurements Personal measurements
N =95 N =53 (+ parent)
<€ Oprerator data records > <€ Oprerator data records >
N=234 N=102

Warsaw, 03.12.2019 Martin R66sli 26
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Summary HERMES

» Symptoms related to night-time use, texting and browsing but not to
EMF

» Behaviour: related to self-reported usage but not objective data and
no longitudinal association -> recall bias or reverse causality

» Memory: Processes in most exposed brain areas may be affected
» Underlying mechanism for EMF effects not understood
» Strengths:
= Longitudinal design
= QObjective usage data
Dose modelling

» Confirmation in additional research needed.

Warsaw, 03.12.2019 Martin Roosli 27
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Brain tumour and mobile phone, why?

No direct DNA damage (non-ionzing radiation)

Hypothetical biological mechanisms discussed (e.g. free radicals,
DNA repair mechanism, oxidative stress) but no mechanism
established for radio- and microwave frequency radiation

Head is most exposed part
of the body when using a
mobile phone

In-vivo and in vitro studies
mostly negative but some
ambiguous/positive findings.

Warsaw, 03.12.2019 Marti2&Roosli
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IARC Classification for RF-EMF 2011, 31. May 2011

International Agency for Research on Cancer

£ World Health
¥ 4,;, Organization

ENGLISH FRANGAS

ElEnAFMIA AT AR IR TS

Possibly Carcinogenic to Humans (Group 2B):
Limited evidence of carcinogenicity in humans and less than
sufficient evidence of carcinogenicity in experimental animals

e Statistic

GLOBOCAN 2008 is released and

is part of the CANCERMondla/
website
FACT SHEETS
-- Select a cancer -
ar
-- Select & country of region --

Warsaw, 03.12.2019
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QLUPILES. A3 1 UANE IS AU0LANY | A30 PEUPIS YaLLIEY 1000 W UIE AYETLY 101 -
and the Monographs are always among the first things mentioned. Itis a ru?
highly valued and respected program

—
The program was initiated by the late Dr Lorenzo Tomatis and volume 1
appeared in 1972, The program still sits well with the care mission of the
Agency, namely that of cancer prevention. Cancer prevention is thankfully
increasingly being highlighted. Later this vear the United Mations General
Assembly will hold a high-level meeting on nan-communicable diseases - only the second one ever on a health
topic, the first being on HV-AIDS. Prevention through awoidance of risk factors will be a major facus of the world
leaders at that meeting. But of course one cannot prevent unless one firstidentifies causes and the Monographs
are an important part of that process

Listen to this episode [mp3 9.5 Mb ]
Download transcrigt (POF)
Read Introduction to ol 102

Inside the cover ofthe Monographs you will see stated thatthe Monograph is the "views and expert opinion of an
ARG Working Group”. You are a part of the Warking Group because you are an acknowledged expert, as testified
through your scientific publication record. Your interpretations of the research findings in the field will difier, and
indeed we seek a balance of views when establishing the Working Group, but you are cthosen an the hasis of
your expertise. Wou have rmuch evidence t0 assess across a range of distiplines and | am pleased that amony
the manuscripts to be congidered are a number of recent ones fram the IARC-led Interphone study.

ITyou are hete it is not only also because of your complementary expertise and perspective, itis because none of
the infarmation you have provided on your Declaration of Interest form has led us to reconsider your participation

Marti2 R66sli
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Glioma risk for long term mobile phone users (>10 years)

Glioma - Long-term Use

Study Sex Cases RR (95% CI)
Cohort

Frei 2011 M 117 1.04 (0.85, 1.26)
Frei 2011 F 10 1.04 (0.56, 1.95)

Benson 2014 F 135
Subtotal (I2= 52.2%, p = 0.124)

0.77 (0.62, 0.96)
0.92 (0.72, 1.16)

CaseControl

Interphone 2010 M+F 252
Coureau 2014 M+F 22
Yoon 2015 M+F 100
Hardell 2015 M+F 382
Subtotal (1°= 76.0%, p = 0.006)

0.98 (0.76, 1.26)
1.61 (0.85, 3.09)
1.04 (0.52, 2.09)
1.69 (1.40, 2.03)
1.30 (0.90, 1.87)

Overall (1’= 82.0%, p < 0.001) 1.11 (0.85, 1.46)

Neuroma - Long-term Use R66sli, Ann Review PH, 2019

Warsaw, 03.12.2019 Martin Ro6sli 30



Number cases per 100,000

20
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No increase in brain tumours in Sweden at age <70y*

Inzidence of brain tumours in Sweden:

A) Glioma, Male

B) Glioma, Female

o
[ | N —
= 70+years = 70+ years
= 40-69 years — 40-69 years
— 20-39 years — 20-39 years
= 0-19years = 0-19 years
A A A A

Number of cases per 100,000
15

>

T T T T
1970 1980 1990 2000

Year

2010 1970 1980

*Why increase at age 70y?
1. Longer life expectancy
2. More diagnostic testing

Warsaw, 03.12.2019

Martin Roosli

Ro06sli, Ann Review PH, 2019
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9.0 4
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Increase of temporal tumours?
Smoothed time trends of glioma in 20-59 year adults from Australia:

Topography

Annual Incidence Rate

m
|

01 l

1982-1992 1993-2002 2003-2013

Year

= Frontal = Temporal = Parietal ——  QOther locations == Qverlapping = Unspecified

Karipidis, 2018

Warsaw, 03.12.2019 Martin Ro6sli 33
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Predictions for brain tumours for the US

Potential Yearly Cellphone-Induced Brain Tumors
Assuming a 30-Year Latency Time and 10% of Users’

Cellphone-induced . . . Cellphone
o i Diagnosed with a Brain Tumor Subscribers
by Year (Millions) millions
0.4 5 400
Based on 10% of long-term smokers are diagnosed 2019
041 with lung cancer 1 350

New Dx ~380,000

0.3 4 Source USA Cellphone Subscribers: CTIA | 300

0.3 4 = Estimated (asumes 2% annual population growth) 1 250

0.2 4 + 200

0.2 4 + 150

0.1+ 2004 4 100

014 ~1,900 from 150

cellphone use
0.0 et bt ot — ———+—+—+—+—+—+0
EESSESSIESE S "@ 6“1@»@"'@ @" R N RO R
Fie. 1. Long-delay followed by sudden onset of brain tumor epidemic.
B s e = Morgan, Pathophys, 2009

Warsaw, 03.12.2019 Martin Roosli 34



Other tumours of the head

Meningioma (long-term use)

STUDY SEX  CASES RR (95% Cl)
Cohort |
Freietal.2011 M 21 —-— 0.90(0.57, 1.42)
Freietal. 2011 F 8 —a 0.93 (046, 1.87)
Benson et al. 2014 F 63 b 1.08(0.78, 1.49)
Subtotal (/2= 0.0%, p = 0.794) 1.00 (0.78, 1.29)
Case control
Interphone 2010 M+F 110 - 0.83(0.61, 1.14)
Coureau et al. 2014 M+F 10 —te—  157(064,3.86)
Carlberg & Hardell 2015 M+F 346 -> 1.10(0.92,1.32)
Subtotal (/2 =37.0%, p = 0.204) 1.02(0.80, 1.30)
Overall (12 =0.0%, p = 0.596) 1.03(0.90, 1.17)
1 1
0.2 1.0 5.0

Relative risk

Pituitary tumors (long-term use)

STUDY SEX CASES RR (95% Cl)
Cohort [
Benson et al. 2014 F 1 - 1.61(0.78, 3.35)

Subtotal (I2=.%,p=.)

Case control

Schoemaker & M+F
Swerdlow 2009

Shrestha et al. 2015 M+ F

Subtotal (/2= 0.0%, p = 0.400)

Overall (/2=20.8%, p = 0.283)

<> 161(078,334)

1.00 (0.50, 1.90)

0.59(0.21, 1.65)
<p 0.86 (0.49, 1.50)

> 1.07 (0.64,1.77)

0.2 1.0 5.0
Relative risk

Warsaw, 03.12.2019
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Neuroma (long-term use)

STUDY SEX CASES RR (95% Cl)
Cohort i

Schizetal. 2011b M 15 —— 0.88(0.52,148)
Benson et al. 2014 F 14 —— 1.17 (0.60, 2.27)
Subtotal (/2= 0.0%, p = 0.509) <> 0.98 (0.65, 1.48)
Case control :

Interphone 2011 M+F 68 -1 0.76 (0.52,1.11)
Han etal. 2012 M+F 92 —o—  1.29(0.69,243)
Hardell et al. 2013b M+F 58 | =  249(1.74,3.56)
Pettersson et al. 2014 M+F 103 == 1.11(0.76,1.61)

Subtotal (/12 = 85.8%, p < 0.001)

Overall (I12=78.3%, p < 0.001)

1.29 (0.74, 2.23)

1.19(0.80, 1.79)

0.2

1.0 5.0

Relative risk

Salivary tumors (long-term use)

STUDY SEX BEHAVIOR CASES RR (95% CI)
Case control |

Hardell et al. 2004 M+F  Any 6 -~ 0.65 (0.27,1.59)
Soderqvist et al. 2012 M+F Malignant 2 - 0.30(0.10, 1.40)
Lonn et al. 2006 M+F Malignant 2 ' 0.40(0.10, 2.60)
L8nn et al. 2006 M+F  Benign 7 - 1.40 (0.50, 3.90)
Sadetzki et al. 2008 M+F Malignant 1 —o:l— 0.47 (0.05,4.51)
Sadetzki et al. 2008 M+F Benign 12 > 0.93 (0.44, 1.98)

Overall (12=0.0%, p =0.491)

0.74(0.48, 1.15)

Martin Roosli

0.2 1.0 5.0
Relative risk

Ro606sli, 2019
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Transmitters and childhood leukemia: ecologic studies

Studie Exposition Intensitdt [Wim] Studientyp Anz. Fille

! ! s
e e e
IS EEIN I | R is i3
el o L HE
e~ et %-d =ES =3 s=3 SES S 23
Sevin et al. 1992 TV/-Radiosender <3,5km Cluster o8 sl 0 L5 )
Maskarinec etal. 19247 Radiosender <4,2km Cluster HR—l] 55
(23,4 kHz) 1 00_2 41
Hocking et al. 1996°! 3 TV-[Radiosender  0,9-5,5V/m Cluster 1206 - 2
(63-533 MHz) <4 km 1347 1,00-1,40) (1,09-1,59)
1,583 1,55 316)
(1,07-2,34) 00-2,41) (0,62-4,81)
Dolk et al. 1997h TV-{Radiosender =5VIm Cluster 935 '/ 1,01 0,85 02 1.3 1,05 "
<10k 0,83-1,1 (0,90-1,13) (0,68 0,67-1.56) (1,08-15 (0,78-1.42) (1,11-1,36)
Dolk et al. 1997a Tv-{Radiosender <5V/m f 3 00 1,02
<10km 07) 0,88-1,15) (0,95=1.02
Cooper et al. 20074 TV-/Radiosender <5Vm 1,08 1,06

Michelozzi et al. 20024

All but one risk estimates >1!

Warsaw, 03.12.2019

Real risk increase?
Publication bias?
Surveillance bias?

Texas sharpshooter fallacy?

Martin Roosli

(0,95-1,17)

—

Roosli et al, 2003
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Conclusions: transmitters and childhood leukaemia

» 2003: (Small) ecological studies on childhood leukaemia
- most ecologic studies found increased risk
(eg. Dolk et al., 1997, Hocking et al., 1996, Michelozzi et al., 2002)

» 2016: Four (large) case-control studies:
- no association between RF-EMF exposure and

leukaemias other childhood tumours (Merzenich et al., 2008, Ha
et al., 2007, Elliott et al, 2010, Hauri et al, 2014)

Warsaw, 03.12.2019 Martin Roosli 37
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Summary

>
>

YV V V VY

A\

Public exposure levels substantially below regulatory limits

Despite increasing wireless communication use, no indication for
increase in exposure

Mobile phone is relevant RF-EMF exposure source
Subtle effects on the brain may occur at very high exposure levels
No indication for an increase in tumours of the head.

No association between exposure from transmitters and childhood
leukaemia

No indication for a risk for other diseases.

Warsaw, 03.12.2019 Martin Roosli 38
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