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1948-2008

The Constitution of the World Health

Organization came into force on 7 April

1948

Declaration of Alma-Ata (September

1978)

Objective: the attainment by all peoples

of the highest possible level of health

Mandate: to act as the directing and

coordinating authority on international

health work
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Established in 1996

Coordinated by WHO HQ (HSE/PHE/RAD)

A multinational, multidisciplinary effort to create and disseminate information
appropriate to human health risk assessment for EMF

•To assess health and environmental effects of exposure to
non-ionizing radiation (0-300 GHz)

•To provide technical assistance in strengthening national
capacities for the sound management of EMF
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Structure

International EMF Project
Secretariat

International 

Organizations

National

Authorities
Collaborating 

Institutions

International Advisory Committee
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EMF: An environmental risk?

Science 
Risk Assessment

Policies
Risk Management

Public Concern
Risk Perception
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WHO and EMF Research

 WHO does NOT perform research

 WHO does NOT fund research

 WHO coordinates research

WHO assesses research
– Scientific reviews
– Health risk assessments
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WHO and EMF Research
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Scientific Process

Science

Policies

Define hypothesis

Design study

Conduct study

Report study

Incorporate study
in health risk assessment

Publish study
in peer-reviewed journal
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Some definitions

Hazard

– Something with the potential to cause harm; however, it does not always put

you at risk; "a property or situation that in particular circumstances cou

lead to harm." (EEA, 1999).

Risk

– The potential for disaster; "the combination of the probability, or

frequency, of occurrence of a defined hazard and the magnitude of the

consequences of the occurrence." (EEA, 1999)

Risk assessment

– "A systematic approach for characterizing the nature and magnitude of

an occurrence of a hazard." (enHealth, 2002)
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Definitions

Risk analysis

Risk assessment Risk management Risk communication

Risk assessment

Risk management

Risk communication
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Definitions (i)

Risk Analysis - A process for controlling situations where a (sub) population
could be exposed to a hazard

Risk Assessment - A framework in which all of the available data and
knowledge pertaining to a particular agent can be used to characterize the
nature and magnitude of the risk posed by that agent

Risk Management - Decision-making process involving considerations of
political, social, economic, and technical factors with relevant risk assessmen
information relating to a hazard so as to develop, analyse, and compare
regulatory and non-regulatory options and to select and implement appropria
regulatory response to that hazard

Risk management comprises three elements: risk evaluation; emission and exposure control; risk
monitoring.

Risk Communication - Interactive exchange of information about health risk
among stakeholders (risk assessors, managers, news media, interested
groups and the general public)
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Problem Formulation

Health Risk Assessment
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Definitions (ii)

Hazard Identification: identifying the type and nature of adverse
effects that an agent has as inherent capacity to cause (no
magnitude)

Dose-Response Assessment: quantification of the magnitude,
duration, frequency and timing of exposure to an agent and the
severity and frequency of adverse effects

Exposure Assessment: quantification of the range and
frequency of the exposure to an agent

Risk Characterization: The qualitative and, wherever possible,
quantitative determination, including attendant uncertainties, of
the probability of occurrence of known and potential adverse
effects of an agent under defined exposure conditions
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Evaluation of health risks

….
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Hazard identification and classification

of possible carcinogens

(Monographs)

Risk assessment

of  all health outcomes

(Environmental Health Criteria)

WHO Health Risk Assessment
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• Initiated in 1969

• Criteria established in 1971, last update January 2006
http://monographs.iarc.fr/ENG/Preamble/index.php

• Limited largely to the first step in risk assessment

• “Carcinogen”: exposure that is capable of increasing the incidence of malignan
neoplasms (at any stage of the carcinogenesis)

• 880+ agents have been evaluated

• Volume 80:  Non-Ionizing Radiation, Part 1: Static and Extremely Low-
Frequency (ELF) Electric and Magnetic Fields, 2002

• Volume 100: review of the human carcinogens that have been identified to dat

Background
IARC Monographs
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• For each type of cancer, classify human and animal data

separately as:
Sufficient

Limited

Inadequate

Lack of effect

Group 1: Is carcinogenic to humans

Group 2A: Probably is carcinogenic

Group 2B: Possibly is carcinogenic

Group 3: Not classifiable

Group 4: Is probably not carcinogenic

Background
IARC Classification
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Background
WHO Environmental Health Criteria

Original impetus for the Programme came from World Health

Assembly resolutions and the recommendations of the 1972 UN

Conference on the Human Environment

Subsequently the work became an integral part of the

International Programme on Chemical Safety (IPCS), including

UNEP, ILO and WHO

The EHC monographs have become widely established, used an

recognized throughout the world
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EHC Monograph no. 238
http://www.who.int/peh-emf/publications/elf_ehc/en/index.htm

This EHC represents the most thorough health risk
assessment currently available on ELF fields (500
pages, > 1000 references)

Main objectives
– to review the scientific literature on the biological effects of

exposure to ELF fields in order to assess any health risks
from exposure to these fields

– to use this health risk assessment to make
recommendations to national authorities on health protection
programmes

Frequency range >0 to 100 kHz
– Most studies conducted on 50 Hz fields, some on VLF fields

(3-30 kHz) fields, switched gradient magnetic fields used in
magnetic resonance imaging, and the weaker VLF fields
emitted by visual display units and televisions
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2002

October 200

June 2007
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Environmental Health Criteria

Contributors

Chapter authors, expert working group members (40+)

Task Group members (21 from 16 countries)
– Individual scientists, not representatives of their organizations

– Composition dictated by range of expertise and views, gender and
geographical distribution

– Membership approved by Assistant Director General

– Role: assess risks to health, reach agreements by consensus, make final
conclusions and recommendations that cannot be altered after the Task
Group meeting

Observers (6)

Secretariat
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Environmental Health Criteria

Target audience

– National and international authorities

– To assist them in making risk assessment and subsequent risk

management decisions

Reason for development

– Mandate

– Update
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Environmental Health Criteria
Electromagnetic Fields
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Environmental Health Criteria
Electromagnetic Fields

Static

(0 Hz)

IARC 2001-2002

EHC 2003-2005

ELF

(>0 Hz – 100 kHz)

IARC 2001-2002

EHC 2003-2007

RF

(>100 kHz – 300 GHz)

IARC 2009 ?

EHC 2008-2010
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Environmental Health Criteria

Development of an extensive database
– Peer-reviewed scientific publications (Medline, PubMed)

– Geographical inclusion

– Use of unpublished reports

– Use of reviews by other national and international expert review
bodies

• IARC Monograph on static and extremely low frequency (ELF) fields,
2002

• ICNIRP reviews on physics/engineering, biology and epidemiology
commissioned by WHO, 2003

• Advisory Group on Non-Ionising Radiation (AGNIR) of the Health
Protection Agency (HPA), United Kingdom (AGNIR, 2001a; 2001b; 200
2006)
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Inputs to the ELF EHC

New data and analysis

4 focused 

Expert 

Working 

Groups
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By type 

of studies
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Table of Contents
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RESEARCH
Balance of studies needed

http://www.niehs.nih.gov/emfrapid/booklet/emf2002.pdf
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Evaluating the overall body of work

+ + +

epidemiologic

studies

cellular 

studies

human

laboratory 

studies

animal 

studies
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Weight-of-Evidence

The “weight-of-evidence” determines the degree to

which available results support or refute a given

hypothesis

Strengths and weaknesses of each study should be

evaluated and results of each study should be

interpreted as to how it alters the “weight-of-evidence”
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Strength of evidence

Terms used in the EHC for a given health outcome

– “limited” when it is restricted to a single study or when there are

unresolved questions concerning the design, conduct or

interpretation of a number of studies.

– “inadequate” when the studies cannot be interpreted as showing

either the presence or absence of an effect because of major

qualitative or quantitative limitations, or when no data are

available.
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EHC on ELF Fields

Preamble

Summary and recommendations for further studies

Sources, measurements and exposures Neubauer, Hansson Mild

Electric and magnetic fields inside the body

Biophysical mechanisms

5. Neurobehaviour Röösli

6. Neuroendocrine system Feychting

7. Neurodegenerative disorders Johansen

8. Cardiovascular disorders Johansen

9. Immune system and haematology Lagroye

10. Reproduction and development

11. Cancer Schüz, Feychting, Kheifets

12. Health risk assessment

13. Protective measures Kheifets, Vecchia

Appendix: Quantitative risk assessment for childhood leukaemia Kheifets

References
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Sources, measurements and exposures

Sources

Measurements

Exposure to power magnetic frequency fields

– Geometric mean values in homes (0.025-0.07 T in Europe and

0.055-0.11 T in the US)

– Instantaneous values up to a few 100's μT

– Near power lines, up to 20 μT

– 1 to 4% children have mean exposures above 0.3 μT and  1-2 %

> 0.4 T
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Biophysical mechanisms

Known effects of intense fields:

Induced electric field interactions with electrically
excitable cells such as nerve and muscle cells

Plausible low level interactions:

Induced electric field effects in neural networks *

Free radical release through ELF magnetic field effects
on radical pair interactions *

ELF magnetic field effects on magnetite crystals in
tissue *

*Further research recommended
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Neurobehaviour

• Nerve stimulation and phosphene induction in the retina are

well established

• Effects on brain electrical activity *, cognition *, sleep and mood

are less clear

• Double-blind studies suggest that symptoms felt by hypersensitiv

people are unrelated to ELF exposure

• The evidence for an association between EMF exposure and

depressive symptoms or suicide is inadequate

*Further research recommended
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Neuroendocrine System

No effect on night-time melatonin levels in

volunteers found in most laboratory studies

Variable results in animal studies

"Overall, these data do not indicate
that ELF electric and/or magnetic fields
affect the neuroendocrine system in a
way that would have an adverse impact on
human health and the evidence is thus
considered inadequate"



||

Neurodegenerative disorders

For Parkinson’s disease and multiple sclerosis there is

no evidence for an association

The evidence for an association between ELF exposure

and Alzheimer’s disease or amyotrophic lateral sclerosis

(ALS) is inadequate*

*Further research recommended
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Cardiovascular disorders

The evidence does NOT support an association betwee

ELF exposure and cardiovascular disease
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Immunology and haematology

Evidence for effects on the immune and haematological

systems is generally inconsistent

– Both positive and negative effects have been reported, but man

of the cell populations and functional markers were unaffected b

exposure.

"Overall, evidence for effects of ELF electric or magneti

fields on the immune and haematological system is

considered inadequate"
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Reproduction and Development

• The evidence for an increased risk of miscarriage associated wit

maternal ELF magnetic field exposure is inadequate*.

• Otherwise, no evidence for other adverse pregnancy outcomes

*Further research recommende
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Cancer
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ELF magnetic fields classified as Group 2B

“Possibly Carcinogenic”  based on

– limited human data (epidemiologic studies)

childhood leukaemia

– inadequate animal data

Other exposures and outcomes considered

“inadequate to classify”

IARRC

IARC Monograph (vol. 80, 2002)
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Cancer

Focus on studies post IARC, 2002

• For childhood leukaemia the IARC classification has not changed

– ELF magnetic fields remain a possible carcinogen*

• The evidence for breast cancer has been weakened considerably

and does not support an association

• The overall evidence for an association between ELF fields and

risk for adult brain cancer and leukaemia remains inadequate*

                                      *Further research recommended
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Risk assessment

Hazard identification

Exposure assessment

Exposure-response assessment

Risk characterization
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Risk assessment

Hazard identification

to evaluate qualitatively the weight of evidence for adverse effects

in humans based on the assessment of all the available data

(1) whether ELF fields may pose a health hazard to human beings

(2) under what circumstances an identified hazard may occur

– Acute effects (CNS)

– Chronic effects (CL)
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Risk assessment

2. Exposure assessment

Determination of nature and extent of exposure to

EMF under different conditions

– Residential exposures

– Occupational exposures
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Risk assessment

3. Exposure-response assessment

Quantitative relationship between exposure and

effect

– Threshold levels: for electric fields and induced current

densities (ICNIRP, 1998; IEEE, 2002)

– Epidemiological methods: dose-response analyses in CL meta

analyses (Greenland, 2000; Ahlbom, 2000)
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Risk assessment

4. Risk characterization

evaluation and integration of available

scientific evidence; used to estimate nature,

importance, and often magnitude of risk,

including uncertainties

– Acute effects (exposure limits)

– Chronic effects (attributable fractions)
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         Attributable Fraction

Assuming a causal relationship, the fraction of

childhood leukaemia cases attributable to ELF

exposure across the globe appears to be small

Worldwide, the number of cases possibly attributable

to ELF exposure ranges from 100 to 2400 (0.2 to 4.9%

of the 49000 worldwide cases in 2000)

There are considerable uncertainties in these

estimates, particularly in the assumptions regarding

exposure distribution



||

Health risk assessment

Acute effectsAcute effects

"Acute biological effects have been established for exposure to EL

electric and magnetic fields in the frequency range up to 100 kHz

that may have adverse consequences on health. Therefore, exposure

limits are needed. International guidelines exist that have

addressed this issue. Compliance with these guidelines provides

adequate protection for acute effects."
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Health risk assessment

Chronic EffectsChronic Effects

"Consistent epidemiological evidence suggests that chroni

low intensity ELF magnetic field exposure is associated

with an increased risk for childhood leukaemia.

However, the evidence for a causal relationship is

limited, therefore exposure limits based on

epidemiological evidence are not recommended, but some

precautionary measures are warranted"
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Protective Measures

Dealing with environmental health risks

Factors affecting health policy

Precautionary-based policy approaches

– Examples in various countries

– Cost and feasibility

Recommendations
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Protective Measures

It is essential that guidelines are developed in order to protect
against the established adverse effects

Because there are remaining uncertainties as to the overall healt

impact of ELF, the use of precautionary approaches is warranted

Given the weakness of the evidence concerning childhood

leukaemia and the limited impact on public health, the benefits of

exposure reduction are unclear and the costs to reduce exposure

should be very low
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Recommendations (i)

Acute effects

Policy makers should establish exposure guidelines for ELF field

exposure to both the general public and workers. The best source o

guidance for both levels of exposures and principles for scientific

review are the international guidelines.

Policy makers should establish an ELF EMF protection program tha

includes measurements of fields from all sources to ensure that the

exposure limits are not exceeded for either the general public or

workers.
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Recommendations (ii)

Chronic effects

Provided there is no compromise to health, social and economic benefits of electric power
implementing very low cost precautionary procedures to reduce exposures is reasonable
and warranted.

Policy makers and community planners should implement very low cost measures when
constructing new facilities and designing new equipment including appliances.

Changes to engineering practice to reduce ELF exposures from equipment or devices
should be considered, provided they yield other additional benefits, such as greater safety
or are of no or low cost.

When changes to existing ELF sources are contemplated, ELF field reduction should be
considered alongside safety, reliability and economic aspects.

Local authorities should enforce wiring regulations to reduce unintentional ground currents
when building new or rewiring existing facilities. Proactive measures to identify violations o
existing problems in wiring would be expensive and unlikely to be justified.
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Recommendations (iii)

National authorities should implement an effective and open

communication strategy to enable informed decision-making by all

parties, including stakeholders; this should include information on

how individuals can reduce their own exposure.

Local authorities should improve planning of EMF-emitting

facilities, including better consultation between industry, local

government, and citizens when siting major EMF emitting sources.

Government and industry should promote research programs to

reduce uncertainty in the scientific evidence on health effects of EL

field exposure.
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What's next?

 Workshop on Risk factors for Childhood Leukaemia

Research topics: ELF Research agenda
http://www.who.int/peh-emf/research/elf_research_agenda_2007.pdf
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Research Agenda

Motivation
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WHO Research Agenda

Research needs

identified when the evidence for a health risk is judged

suggestive, but insufficient to meet the criteria for assessing

health risk

established on the basis of unconfirmed effects having

implications for health, and replication of key studies to confirm

effects
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ELF Research Agenda

Epidemiological studies

Human volunteer studies

Animals studies

Cellular studies

Biophysical mechanisms

Dosimetry

Sources, measurements and exposure

Social issues
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Assigning Priority

High priority research needs: Studies to fill important gaps in

knowledge that are needed to significantly reduce the uncertainty

in the current scientific information relevant to health risk

assessment

Other research needs: Studies to better assist the understandin

of the impacts of ELF field exposure on health and that would

contribute useful information to health risk assessment.
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Epidemiological Studies

High priority research needs

Pooled analyses of existing childhood brain tumour studies

Update existing pooled analyses of childhood leukaemia with

new information

Further study of the risk of amyotrophic lateral sclerosis (ALS)

in ‘electric’ occupations
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Epidemiological Studies

Other research needs

Update existing meta-analyses of adult leukaemia and brain
tumour studies and cohorts of occupationally exposed
individuals

Further study of the possible link between miscarriage and EL
magnetic field exposure

Further study of the risk of Alzheimer’s disease in relation to
ELF magnetic field exposure
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Human volunteer studies

High priority research needs

None

Other research needs

Cognitive, sleep and EEG studies in volunteers, including children and

occupationally exposed subjects, using a wide range of ELF frequencies a

high field strengths
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Animal Studies

High priority research needs

Development of transgenic mouse models of childhood leukaemia for use
in EMF studies

Evaluation of co-carcinogenic effects of ELF fields

Other research needs

Studies of pre- and post-natal EMF exposure up to 100 kHz on
subsequent cognitive function in animals

Further investigation of opioid and cholinergic responses in animals

Studies of ELF magnetic exposure on immune and haemopoietic systems
development in juvenile animals
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Cellular studies

High priority research needs

Evaluation of co-carcinogenic effects using in vitro studies

Other research needs

Replication of in vitro genotoxic studies
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Biophysical mechanisms

High priority research needs

Determination of threshold responses to ELF-induced internal electric

fields on multicell systems, such as neural networks, using theoretical and

in vitro approaches

Other research needs

Further study of radical pair mechanisms in immune cells that generate

reactive oxygen species as part of their phenotypic function

Further theoretical and experimental study of the possible role of

magnetite in ELF magnetic field sensitivity
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Dosimetry

High priority research needs

None

Other research needs

Further computational dosimetry relating external electric and magnetic

fields to internal electric fields

Calculation of induced electric fields and currents in pregnant women and

in the foetus

Further refinement of micro-dosimetric models
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Exposure

High priority research needs

Identify gaps in knowledge about occupational ELF exposure, such as in

MRI

Other research needs

Further characterisation of homes with high ELF magnetic field exposure 

different countries

Assess ability of residential wiring outside USA to induce contact currents

in children
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Social issues

High priority research needs

None

Other research needs

Further research on risk perception and communication focused on ELF

magnetic fields

Development of cost-benefit/effectiveness analysis for mitigation of ELF

magnetic fields

Research on the development of health protection policies and policy

implementation in areas of scientific uncertainty
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Environmental Health Criteria
Electromagnetic Fields

RF Fields

20.. ?

2006

2007
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RF EHC ….

INTERPHONE multinational

epidemiologic study

IARC evaluation of carcinogenic 

risks to humans from RF 

WHO assessment of all 

health risks to humans from RF 
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IARC Monographs
http://monographs.iarc.fr/ENG/Meetings/AG08-PRIORITIES-

CALLAGENTS.pdf

Nomination of Agents for Future IARC Monographs before 2 June 2008.

Agent you wish to nominate for consideration in a future IARC Monograph

Briefly, what is the public health reason for IARC to undertake this review? 

Principal uses of the agent and pathways of human exposure 

Concise overview of the epidemiologic and experimental results 

References to the principal cancer epidemiologic studies (include meta- and pooled
analyses) 

References to the principal carcinogenicity bioassays in experimental animals 

References to the principal mechanistic studies or other relevant data (include review
articles)
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The International EMF Projec

Radiation and Environmental H

Public Health and Environment

World Health Organization

21 Avenue Appia

CH-1211 Geneva 27

Switzerland

email: emfproject@who.int

website: www.who.int/emf
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