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THE INTERNATIONAL COMMISSION ON

NON-IONIZING RADIATION PROTECTION

ICNIRP is an independent scientific organization that:

® provides guidance and advice on the health hazards of non-ionizing

radiation
develops international guidelines on limiting exposure to non-ionizing

radiation that are independent and science based
provides science based guidance and recommendations on protection

from non-ionizing radiation exposure
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STRUCTURE OF ICNIRP

ICNIRP operates through:
® A Main Commission (14 Members, including a
Chairperson and a Vice-chairperson)

® Four standing committees

® Consulting experts
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MAIN COMMISSION 2012 - 2016

http://www.ichirp.org/commission.htm

R. Matthes Germany  Chairperson
M. Feychting Sweden Vice Chairperson

®* R. Croft Australia ¢ Z. Sienkiewicz UK
* A. Green Australia ®* P. Soederberg Sweden
* K. Jokela Finland * B. Stuck USA
* J Lin USA : E. van Rongen Netherlands
e C Marino Italy S. Watanabe Japan
® A. Peralta Philippines
G. Ziegelberger Germany Scientific Secretary
M.H. Repacholi Switzerland Chairman Emeritus
P. Vecchia ltaly Chairman 2004-2012
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A MULTI-DISCIPLINARY APPROACH

Individual competences
o Medicine
o Biology
e Toxicology
o Epidemiology
e Physics
e ENgineering

Collective evaluation
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STANDING COMMITTEES
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e SC |- Epidemiology
Chair: Antony Swerdlow (UK)

e SC Il - Biology
Chair: Eric van Rongen (Netherlands)

e SC Il — Physics
Chair: James Lin (USA)

e SC IV - Optics
Chair: Per Soderberg (Sweden)
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ICNIRP Statement

GENERAL APROACH TO PROTECTION
AGAINST NON-IONIZING RADIATION

Health Physics 82:540-548 (2002)
www.ichirp.org
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FUNDAMENTALS OF ICNIRP GUIDELINES

Procedures and criteria are defined a priori

Restrictions are based on science.

No consideration for economic or social issues

Only established effects are considered
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STEPS IN THE DEVELOPMENT

OF GUIDELINES

Critical review of the literature
|dentification of health effects and biological effects relevant for health

Identification of the critical effect
Establishment of basic restrictions

Derivation of reference levels
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REVIEW OF THE LITERATURE

Any single observation or study may indicate the possibility of a

health risk related to a specific exposure.

However, risk assessment requires information:

From studies that meet quality criteria

From the totality of science
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REVIEW OF THE LITERATURE

The review performed by ICNIRP is at the same time:

® Comprehensive
No one single study can prove a health effect

® Selective
Studies are critically evaluated based on
o Quality
* Replicability

» Consistency
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OVERALL EVALUATION

A decision must be made whether the available evidence allows the
identification of an exposure hazard, i.e. an adverse health effect that

is caused by an NIR exposure.
By this identification, the effect becomes “established”.

Science-based exposure limits are set with regard to established

effects
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SYSTEMS OF PROTECTION
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® Health threshold based systems
Adequate for well established, threshold effects

® Optimization systems
Adequate for no-threshold known hazards

® Precautionary measures
Adequate for suspected, not established hazards
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ESTABLISHED EFFECTS

Effects are considered as established based on:

Quality of the studies (peer review)

« Consistency

* Replicability
Cause-effect relationship
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THE CRITICAL EFFECT

If several effects occur, it may be possible to rank them according to
the exposure level at which each effect becomes relevant.

The critical effect is the established adverse health effect that is

relevant at the lowest level of exposure
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ESTABLISHED EFFECTS FOR RF FIELDS

CAbsorption of electromagnetic energy
Increase of body temperature (general or local)

Thermal effects
Thermal effects are related to SAR, i.e. to to the energy absorbed

per unit time and per unit body mass (W/kg)
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THRESHOLDS FOR EFFECTS

Guidelines are developed based upon a quantitative relationship

between exposure and adverse effect
If the relationship takes the form of a threshold, it may be possible
to state a level of exposure below which the adverse effect may

be avoided
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THRESHOLD-BASED APPROACH
(ELF and RF fields)

Reduction factor

Exposure limit

Exposure level
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BIOLOGICALLY EFFECTIVE QUANTITIES
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Frequency

A
300 GHz

Power density
(W/m2)

SAR (W/kg) I

10 GHz |- I

300 MHz -
SA (J/kg)
110 MHz |- Pulsed fields
Current density
(A/m?)
10 MHz |-
100 kHz —

1 Hz

Magnetic flux density (T
Static J 9 RAU)
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THE TWO-LEVEL SYSTEM

* Basic restrictions
in terms of biologically effective quantities

* Reference levels
in terms of an external exposure metric

levels ensures compliance with basic

Exposure below reference
restrictions, since the relations between them have been developed under

worst-case conditions.
If the reference level is exceeded, the basic restriction is not necessarily

exceeded.
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BASIC RESTRICTIONS

AND REFERENCE LEVELS

Basic restrictions (limits of exposure) are set in terms of the
biologically effective quantity, below the threshold for effects

* Reference levels in terms of measurable quantities are derived by
the basic restrictions assuming conditions of maximum coupling
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ICNIRP Guideline

GUIDELINES FOR LIMITING EXPOSURE TO
TIME-VARYING ELECTRIC, MAGNETIC,

AND ELECTROMAGNETIC FIELDS
(UP TO 300 GHz)

Health Physics 74:494-522 (1998)
www.ichirp.org
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BASIC RESTRICTIONS ON SAR

Workers

Whole body
Local - head and trunk (average on 10 Q)

Local - limbs (average on 10 g)

General public

Whole body
Local - head and trunk (average on 10 Q)
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REFERENCE LEVELS FOR MOBILE

NETWORKS
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ICNIRP ON LONG-TERM EFFECTS

RF
Although there are deficiencies in the epidemiological work, [...] the

studies have yielded no convincing evidence that typical exposure levels
lead to adverse reproductive outcomes or an increased cancer risk in

exposed individuals.

ICNIRP Guidelines, 1988
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EVOLUTION OF ICNIRP GUIDELINES

* RF (interim) 1984
* RF 1988
* 50/60 Hz electric and magnetic fields (interim) 1990
e Static magnetic fields 1994
1998

* Time-varying electromagnetic fields >0 Hz - 300 GHz

Basic features of guidelines have not changed over the time
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STATUS OF ICNIRP GUIDELINES

January 1, 2012

Guidelines for:
16 years old

e Static magnetic fields

e Campi elettrici e magnetici ELF (e IF) 12 years old
* Radiofrequency fields 14 years old
Guidelines were old
Were they outdated?
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WHY TO REVISE A STANDARD?

® New scientific data (new effects, change of thresholds, refinement of

dosimetry)
® New technologies (revision of reduction factors, possibility of relaxation)

® Qutdated rationale

Social pressure, on any side, must not be a reason to revise

science-based standards
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NOT REASONS TO REVISE

SCIENCE-BASED STANDARDS

® Social pressure
® Different regulations issued by national or local authorities

® Time passed from last revision
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UPDATE OF GUIDELINES

Depending on the evaluation of the literature, the guidelines may be

subject to:
e Global revision
e Refinement / Clarification
e (Confirmation
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STATUS OF ICNIRP GUIDELINES

October 6, 2009

Guidelines for:
Published 2009

e Static magnetic fields
Published 2010

* ELF (and IF) electric and magnetic fields
Confirmed 2009

* RF fields
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TYPICAL SEQUENCE OF ACTIONS

* Update of science (Blue Book) ICNIRP
* Evaluation of carcinogenicity (Monograph) IARC
* Qverall evaluation of health hazard (EHC) WHO-ICNIRP
* Revision of standards ICNIRP
SWRIOg, KTONAL COMMsg,
First West African Conference on EMF and Health ‘
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APPROACH TO HEALTH RISK ASSESSMENT

ICNIRP Guidelines are based upon:
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e Rigorous methodology

e Science only
o Weight of evidence

e Consensus
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THE WAY TO CONSENSUS

o Draft prepared by an ad hoc working group

e Discussion and approval by the Main Commission

Expert consultation

Incorporation of comments

Final approval and publication
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ELF FIELDS

Exposure to Static and Low
Frequency Electromagnetic Fields,
Biological Effects and

Health Consequences (0-100 k

LET
ir F. McKin
7 H. Bernhardt

ICNIRP 13/21

| Commission on Non-lonizin, liation Protectior

ICNIRP 2003

Environmental Health Criteria N°238

Extremely Low Frequency Fields

World Health

WHO 2007
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ICNIRP Guidalings

GUIDELINES FOR LIMITING EXPOSURE TO TIME-VARYING ELECTRIC
AND MAGNETIC FIELDS
{1 Hz TO 100 ki

International Commission on Non-lanizing Radiation Pratection

INTRODUCTION

In this gocument Quidelnes are estabished for ™e protection of pecple exposed 10
slectric and magnotc fields in the exiemoly-low-iequescy (ELF) range ol e
ssectmmagnese spectrum. For the purposs of Bis docurmend the ELF rngs exinrds from
1 Mz 32 100 Kz Guidelines for Blasc feids have bean Esued 1 & Separss document
(ICHIRP 2003). Thasa guidelings should be apphad 1o Movament induced slactrc faids of
simo-varying magnatic felds up o 1 Hz
Thes publicabon replaces the ELF part of the 1988 guidelnes ICNIRP 1098).
Thess (uslines as bassd en scent nuu, .u.nu.-rm Mm Bilogieal alfects
resuting from eaxposure 10 (ELF) electric Al pokogical efiects of such
exposure hurve boen rviewnd by LARC, IF.NIHP HPANH.PE and WHO (ARG 2002,
IGNIAP 2003, HPA-NFIPE 2004, WHO 2007a). Those publeatons provied ihe scentfc
ratanss for hase puidsines.
‘rm«a guidalinas i g e ik N b ivaoiae feliowing & theeough review of
basin foe the guidelings iy two-loid:
tm- M mamx, sy um wll-gef v bulogeal resgorses,
Faregrg om parcepton 19 aneoyance, U ough tutace elechic-charge elecls. In skion,
the only well established effect in volurigers exposed 1o ELF magnetic felds arw the
stimulation of contral and peripheral nervous Sssues and the inducton in the oting of
phosphenes, & percepion of land Bckeding Bght in ®e perphary ol Ihe veual held. The
robind i par of he TN m: I8 regarted 4s &0 momnh Ak conpervalve, model o
induced electric figid efiects on CNS reurtaal circustry in gandral
In view of the uncertainty inhorent in the scientific datn, reduction factom. have been
appiod in estabishing the exposure quIteings
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RF FIELDS

Eaprsuare b bigh frequency dectrmagmetic Melds, thobogical cffecs
und heulth consequences (100 kHz-300 GHz)

s o
B it vt o et Tl e e S

oy mo!

Fainey

Paolo Vecctas, Wdiper Malthes, Gunde Zicgelberger
Tames Lin, Richard Saunders. Anebony Swendlow

NN (I

[& o Mol ng Radiation Protection

bl of snch puslines rerasins the svokdunc of abvehe

TENTRP STATEMENT 0N TH
EXPOSURE TO TIME-VARYT, z oy
FLECTROMAGNETIC FIELDS (TP TO 300 GHx.

The Interratiomal Commission on Nus-loricg Hadistion Prosoction”

ENTROBLCTION

e by ikl whoke

reapocvely, Soatund

mgart = swoeriol soopes oy
msorical el of barman hedien which Tt lafk-
[

ey heresnigirihs Kb, The Moshagiosl

e
i ehevation of i sk o saswess in i bemd

International Agency for Research on Cancer

Intradhuction to the IARC Monographs Valume 102

Radiafrequency Electrar

gresic Fieids finclucing mobie wiephones), 24-31 May

The inten ch on C

ional Agency for R cer (ARC) is the cancer-

research Institute of the World Hezith O o It was establishe in 1965 and iz

bazed in Lyon, France. In the earty years, the WRC received frequent requests for
advice on the carcinogenic risk of chemicals, including inquiries about it of known
and suspected human cartinogens. In view of the complexity of the information that

waz avadsble, IARC begar o consider means of shtsiming internations] expert

opinion n this topic. In 1878, the IARC Gon =dopted a resolution

concerming the role of the IARC in roviding government autherities with experi.
independent. scientific aginion on environmental carcinogenesia. A3 one means 1o
that end, the Council recommendes that the IARC should prepare monograshs on
the evaluation of carcinogenic risk of chemicals i man, which became the initial title:
of the book series. In the succeeding years, the scope of the Pragramme broadened
33 Monographs were developed for groups of related chemicals. comple mixtures,
accupational expasures, physicsl ané biclogical agents and Festyle factors. For this
reazon, the title of the series was changed in the lste 1880s to what it s today, JARC

Merogrephs on the Evaluation o

Thraugh the Monagraphs Progromms, the IARC seeks to identify the causes
of human cancer. This is the first steg in cancer grevention, which i3 needed 2z much
todsy 3z when IARC was esssbished. The global burden of cancer iz high and
continues to increase: the annusl number of new cases was estimated 3t 12 million
in 2008 andl iz expected 1o reach 27 million by 2030 (Boyle & Lewin 2005, With
current trends in demographics and exposure, the cancer Gurden has been shifting
from high-rezource countries to low- and medium-rezource countries. Az 3 result of
Monaographs evalustions, nationsl heslth sgensies have been hle, on scientific
prounds, to take measures o reduce human exposure to carcinogens in the

workplace and in the enviranment.
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ICNIRP 2009

confirmation
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IARC 2011
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RF STATEMENT 2009

ICNIRP STATEMENT ON THE “GUIDELINES FOR LIMITING
EXPOSURE TO TIME-VARYING ELECTRIC, MAGNETIC, AND
ELECTROMAGNETIC FIELDS (UP TO 300 GHz)"

The International Commission on Non-Ionizing Radiation Protection®

INTRODUCTION

Sy mi publication of the ICNIRP “CGuidelines for
limiting exposure o dme-varving electric, magnetic, and
electromagnetic fields (up to 300 GHeY' (ICNIRP 19498)
many scientitic studies of the effects of such fields have
been published, In the frequency range up o approxi-
mately 100 kHz several scientific reviews and health
hazard assessments have been undertaken by organiza-
tions such s the World Health Organization (W HCO

effects such ps “work stoppagee” cansed by mild whisle-
body heat stress andfor tissue damage caused by exces-
sive localized heating (IAndrea et al. 2007). With
regard to non-thermal interactions, it is in principle
impossible to disprove their possible existence but the
plausibility of the vanouws non-thermal mechanisms that
have been proposed is very low. In addition, the recent in
wvitro and animal genotoxicity and carcinogenicity studies
are ruther consistent overall and indicate that such effects
are unlikely at low levels of exposure. Therefore, ICNIRFP

Health Physics

www.icnirp.org
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CONFIRMATION OF ESTABLISHED EFFECTS

It is the opinion of ICNIRP, that the scientific literature published since
the 1998 guidelines has provided no evidence of any adverse effects
below the basic restrictions and does not necessitate an immediate
revision of its guidance on limiting exposure to high frequency

electromagnetic fields.
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CONSISTENCY OF REFERENCE LEVELS

Electric fields to produce whole—body SAR restriction
B N LA ' Y ] Y
o I-III L
E‘:l_
£
= 40
Lad
| ICMIRP Public Level
2:1:'_
Q i i

o1 1.0
frequency, GHz

RMS E-values required to produce a whole-body-averaged SAR of 0.08 W/kg in child models
Dimbylow & Bolch 2007
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CONSISTENCY OF REFERENCE LEVELS

A special concern was raised with regard to numerical computations using
anatomical models of human bodies which might influence the derivation of

reference levels from the basic restrictions.

[...] from 1 to 4 GHz for bodies shorter than 1.3 m in height (corresponding
approximately to children aged 8 years or younger) at the recommended
reference level the induced SARs could be up to 40% higher than the current
basic restriction under worst-case conditions. However, this is negligible
compared with the large reduction factor of 50 (5000%) for the general pubilic.
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NON-THERMAL EFFECTS

With regard to non-thermal interactions, it is in principle impossible to
disprove their possible existence but the plausibility of the various non-

thermal mechanisms that have been proposed is very low.
in vitro and animal genotoxicity and

In addition, the recent
carcinogenicity studies are rather consistent overall and indicate that

such effects are unlikely at low levels of exposure.
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CONCLUSIONS

(Personal views)

A balance is needed between updating and stability of standards

Most probably, the next revision of RF guidelines will not compromise

the adequateness of present standards
Relevant modifications of basic restrictions and reference levels are

unlikely to occur in the future
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