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Executive Summary 

Project Background 

EirGrid, the Transmission System Operator in Ireland, is in the process of implementing Grid25, its 

strategy for how the Irish transmission network will be developed in the long term to meet the challenges 

of increasing electricity demand and diversified generation sources. Developments under the Grid25 

strategy will include upgrading existing high-voltage electricity transmission infrastructure and 

construction of new infrastructure, such as overhead power lines and substations. 

At an early stage of this process, EirGrid has commissioned a series of literature reviews and evidence-

based studies that examine the actual effects on people and the environment of the construction and 

operation of existing high-voltage electricity transmission infrastructure, including 110 kV, 220 kV and 400 

kV overhead lines, underground cables and substations.  

The results of these studies will be used to inform the planning and design of transmission infrastructure 

projects, ensuring that design guidelines for new transmission projects will be based upon robust data, 

including the most effective measures to mitigate any negative impacts identified. The findings will also 

enable the Environmental Impact Assessment (EIA) of such developments to focus the scope on the 

most significant potential impacts, and base assessments upon a high standard of existing data. 

This study addresses the potential human health impacts of electromagnetic fields (EMF), and is 

presented in two parts: a literature review, and an evidence base of real-world EMF measurements.  

Literature Review 

A literature review has been conducted of the extremely low frequency (ELF) EMF health evidence base, 

including the position of authoritative health protection bodies and emerging research. The review 

complements measurements taken of EMF from high-voltage electricity transmission infrastructure in 

Ireland, with the combined objective of informing future grid infrastructure planning and more effectively 

addressing commonly raised community health concerns. 

The review principally draws from extensive research collated within key documents from health 

protection bodies. The literature review has benefited from the advice, peer review and gap analysis of Dr 

Michael Repacholi, the inaugural chair of the International Commission on Non-Ionizing Radiation 

Protection (ICNIRP) and former EMF Task Group leader for the World Health Organisation (WHO). 

The review explores a range of possible health effects from ELF EMF on human health, where the core 

documents developed by the International Agency for Research on Cancer (IARC) and WHO establish 

that the evidence for an association between ELF EMF exposure and carcinogenic effects, particularly 

leukaemia, is limited, and research does not rule in or out the possibility of a causal link. The evidence for 

other potential health effects such as Alzheimer‟s, cardiovascular disease, and effects on the immune 

system does not support a substantive link with ELF EMF.   
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Extensive research has been conducted into the potential for health effects associated with ELF EMF; the 
2007 WHO monograph alone draws upon around 1,000 published studies. While further research is 
considered desirable by WHO to investigate whether any causal mechanism underlies a possible 
correlation between ELF magnetic field exposure and childhood leukaemia, and whether the association 
is real or due to confounding factors, existing research has covered a wide breadth of topic areas, leaving 
limited avenues of emerging evidence. 

Scientific research can provide evidence that something might be unsafe but cannot prove that no health 
effect occurs; the absence of an identified mechanism for causal effect does not in itself rule in or out the 
possibility of adverse health effects, but rather, has been a stimulus for ongoing research.

Existing public exposure guidelines from ICNIRP have been set based on established acute effects from 
EMF. They do not account for postulated possible long term health effects from extremely low frequency 
fields due to the uncertainty surrounding the evidence base, but do incorporate a significant reduction 
factor from the lowest threshold for established effects, to allow for uncertainty and for long-term 
exposure. It is considered appropriate by health protection bodies to remain within guidelines set to 
manage known health risks and where possible to further reduce unnecessary exposure.

Evidence Base

Measurements of EMF generated by a range of high-voltage electricity transmission infrastructure in 
Ireland have been undertaken during 2012-13. Infrastructure types measured comprised single and 
double circuit overhead lines at 110 kV, 220 kV and 400 kV, transformer substations at these voltages, 
and underground cables at 110 kV and 220 kV. Measurements were made at different times of day and 
year, at a series of distance intervals from each type of infrastructure. Measured magnetic field strength, 
which is directly dependent on the power load carried by the infrastructure item, has also been scaled to 
typical and high load conditions based on annual records of load for each infrastructure item measured.

The measurement results have been compared to health protection guidelines for public exposure to 
EMF developed by the ICNIRP, which are discussed along with the underpinning health evidence base in 
the literature review section.

The maximum magnetic field strength measured at all overhead lines, underground cables and 
substation perimeters surveyed was well below the ICNIRP public exposure reference level, set to protect 
public health. Based on the measured data, magnetic field strengths estimated for overhead power lines 
and underground cables using records of annual load are also well below the ICNIRP reference level to 
protect public health under typical (mean or median load) and high power load (95th percentile) 
conditions.

The maximum electric field strength measured at all overhead lines and substation perimeters surveyed 
was below the ICNIRP reference level to protect public health. Underground cables produce no electric 
field above ground. Although the maximum electric field strength measured from the highest-voltage 
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overhead line (400 kV) is relatively close to the ICNIRP reference level, this reference level is set on a 

highly conservative basis that ensures that the ICNIRP basic restriction for electric field exposure cannot 

be exceeded by external field strengths below the reference level. 

Magnetic field strength decreased rapidly with distance from overhead lines and underground cables, as 

did electric field strength from overhead lines. Electric and magnetic field strength from substations at 

their perimeter was minor in comparison to overhead lines and underground cables, and likely to be 

influenced by nearby overhead lines or underground cables connecting to the substation. 
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1 Introduction to EMF 

1.1 Electromagnetic fields and the electromagnetic forces they represent are a fundamental part of 

the physical world. Electromagnetic forces are partly responsible for the cohesion of material 

substances and they mediate all the processes of chemistry, including those of life itself.  EMF 

occur naturally within the human body (through nerve and muscle activity) and also arise from the 

magnetic field created by the Earth and electric fields in the atmosphere. 

1.2 The sources of EMF with which this study is concerned are power frequency EMF in the 

frequency range below 100 kilohertz (kHz), i.e. the electric and magnetic fields produced 

wherever electricity is generated, distributed, or used.  

1.3 As a rule, at higher frequencies the electric and magnetic fields are coupled together but as the 

frequency decreases, so the coupling decreases. At the frequency of 50 Hz used for electricity 

transmission in Ireland the electric and magnetic fields act independently. 50 Hz power-frequency 

EMF is sometimes referred to as extremely low frequency (ELF) EMF. 

1.4 There are a number of man-made sources that generate electromagnetic fields: these include 

electric appliances, TV, radio, mobile phones and power lines. EMF can be divided into different 

bands, each having a range of frequencies that can interact in different ways with living 

organisms. These bands include ultraviolet radiation, visible light, infra-red radiation, microwaves, 

radiofrequency fields and extremely low frequency fields [1], all of which are classified as non-

ionising radiation. At extremely low frequencies, which include the power frequencies of 50 Hz 

and 60 Hz, the electric and magnetic fields that produce electromagnetic fields are not coupled, 

act independently of each other and have almost no radiated energy. Unlike higher-frequency 

ionising radiation such as X-rays, ELF EMF does not have enough energy to break the bonds 

that hold molecules together and is therefore non-ionising. Figure 1.1 outlines the 

electromagnetic spectrum. 

Figure 1.1: The Electromagnetic Spectrum (adapted from [1]) 

 

  

 

 

1.5 Ionising radiation occurs both naturally and from man-made sources. Natural sources include 

radioactive minerals remaining from the formation of the earth and also cosmic radiation entering 

the atmosphere from outer space. Man-made sources include the use of radioactive material in 

medical settings for diagnosing and treating disease and industrial settings through radioactive 

waste and the use of nuclear weapons [2]. Only the high frequency portion of the electromagnetic 

spectrum (which includes X rays and gamma rays) has enough energy to produce ionisation. 

Ionising Radiation 
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When ionising radiation interacts with an atom it can remove tightly bound electrons from the orbit 

of an atom causing the atom to become charged and subsequently making it more reactive [3]. In 

living tissue this can cause molecules within cells to be broken apart causing either cell death or 

abnormal reproduction of the cell. 

1.6 The EMF from power lines, electrical equipment and sunlight does not have enough energy to 

cause ionisation. Ultraviolet (UV) radiation provides a good example of the physical interaction 

between humans and non-ionising EMF, with UV radiation sitting just below X-rays (which are 

ionising) in the frequency range. One source of UV radiation is sunlight, where exposure 

stimulates vitamin D synthesis but prolonged exposure can also lead to skin damage and skin 

cancer. The interaction and possible health outcomes for other bands of non-ionising EMF, 

including ELF EMF, are not as clearly defined.  However, it has been postulated that an 

association could exist between ELF magnetic fields and a range of health effects including 

cancer, cardiovascular disease and neurodegenerative disorders, thereby creating an impetus for 

further health research to determine the possible link between ELF field exposure and health. 

1.7 In a developed country such as Ireland, essentially the entirety of the population is exposed on a 

daily basis to power-frequency EMF; any possibility of health risks therefore receives significant 

attention because even a small health risk could potentially have large public-health 

consequences, given the size of the exposed population. 

1.8 High-voltage power transmission utilising overhead and underground cables is not the only 

significant source of general public exposure to EMF. Low-voltage distribution circuits, household 

wiring and electrical appliances are typically a major source of exposure, providing most cases of 

higher exposure in a residential setting [4]. However, high-voltage transmission infrastructure can 

continuously generate relatively strong fields in close proximity and so is of potential importance 

for long-term exposure, albeit at lower field strengths in a residential setting given that both 

electric and magnetic field strength decrease with distance from the source and that electric fields 

are readily screened by most building materials.      

 Electric Fields 

1.9 Electric fields are created in spaces between points at different voltages. Voltage (potential 

difference) can be described as the pressure behind the flow of electricity, analogous to the 

pressure of water in a hose. 

1.10 Electricity in homes is at a voltage of 230 V but outside homes it is distributed at higher voltages, 

from 10 kV up to 400 kV. The naturally occurring atmospheric electric field at ground level is 

typically about 130 volts per metre (V/m) in fine weather and may rise to many thousands of volts 

per metre during thunderstorms.  

1.11 Generally, the higher the voltage, the greater the electric field strength. However, electric fields 

are readily screened by most building materials and also by vegetation. 
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1.12 Electric field strength is directly dependent on the power line voltage, with the strongest field 

generated by the highest voltage power lines (400 kV). As with the magnetic field, the electric 

field strength measured at 1 m above ground level is also affected by conductor height for 

overhead lines. This is influenced by load and ambient temperature conditions, due to line sag 

caused by thermal expansion of the conductor material. However, the electric field strength is not 

as strongly dependent on load as the magnetic field strength. Figure 1.2 shows electric field 

strength units and examples.  

Figure 1.2: Electric field units 

 

 Magnetic Fields 

1.13 Magnetic fields are produced by current, which is the flow of electricity. Current can be likened to 

the volume of water flowing in a hose when the nozzle is open. Anything that uses or carries 

mains electricity is potentially a source of power-frequency magnetic fields. The time-varying 

magnetic field from alternating current (AC) electricity transmission is separate to the Earth‟s 

natural (static) magnetic field, which varies between about 30 µT (microteslas) at the equator and 

60 µT at the poles, being approximately 50 µT in Ireland. Figure 1.3 shows magnetic field 

strength units and examples1. 

Figure 1.3: Magnetic field units 

 
                                                

1 Note that throughout the document, magnetic flux density B (in tesla) is referred to as „magnetic field strength‟, to reflect the 

widespread colloquial usage (rather than magnetic field strength H in A.m-1). Reference levels and basic restriction equivalent 

external field strengths in guideline exposure limits are for the B field, expressed in tesla. 
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1.14 The strength of magnetic field generated by electrical equipment depends on the current carried 

by it: the greater the current, the greater the magnetic field. However, the field strength 

experienced at a given point depends on distance from the source and how the fields from 

different sources interact. As such, magnetic fields exist around a wide range of sources and their 

strength varies significantly within households, workplaces and the built and natural environment. 

A feature common to all such magnetic fields is that their strength decreases rapidly as the 

distance from the source increases.  

Field Strength Calculation 

1.15 Magnetic field strength B can be calculated using Ampère‟s law:  

             

where µo is the permeability of free space (magnetic constant), I is the current and r is the 

distance from the source (i.e. the conductor). The magnetic field strength from each source is a 

vector quantity (it has magnitude and direction), and when fields of different orientations are 

summed (e.g. for the three current-carrying phases and the earth of a single circuit power line), 

the result would not typically be as great as the scalar sum of their maximum strength.  

1.16 This means that the load balance between circuit phases can influence the overall field strength, 

and can also be taken advantage of in double circuit power line designs (two circuits carried on a 

single set of structures) where the orientation of the phases can be transposed, such that they 

tend to have the greatest cancelling effect, reducing the resultant magnetic field strength. Broadly 

speaking, the magnetic field strength from a single current-carrying wire is inversely proportional 

to distance, while that from a single circuit power line is proportional to the inverse square of 

distance, and that from a transposed double circuit design may fall with the cube of distance, due 

to cancellation effects between the power phases. This means that the field strength decreases 

rapidly as one moves away from the power line conductors. 

1.17 The electric field strength E can be calculated using Gauss‟ law for a single conductor: 

    
        

 

(although it is more complex to calculate for multiple charge-carrying wires), where λ is the 

charge per unit length, εo is the permittivity of free space and r is the distance from the conductor 

(as a cylinder). As with the magnetic field, electric field strength drops rapidly with distance from 

the source. 

 EMF and Health in Ireland 

1.18 The International Commission on Non-Ionizing Radiation (ICNIRP) has developed health 

protection guidelines for public exposure to EMF. The 1998 ICNIRP guidelines [5] are widely 

adopted within the EU under the terms of a 1999 EC Recommendation (1999/519/EC). The 
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guidelines were updated in 2010 for time-varying fields [6]. The public health protection 

guidelines are expressed in terms of the internal electric field or induced current density in 

affected tissues of the body (“basic restrictions”), and in terms of measurable “reference levels” of 

external magnetic or electric field strength. The reference levels are such that compliance with 

them will ensure that the basic restrictions are not reached or exceeded. 

1.19 The most recent published reference levels (2010) are 200 µT and 5 kV m-1 for magnetic and 

electric field strength respectively, although at the present time, the standing EC recommendation 

for their adoption (1999/519/EC) is based upon a more stringent former reference level (1998) of 

100 µT for the magnetic field and the same reference level of 5 kV m-1 for the electric field. 

1.20 Responsibility for managing potential health impacts of EMF presently lies with the Department of 

the Environment, Community and Local Government in Ireland, although it is planned that this 

remit will be transferred to the Radiological Protection Institute of Ireland (RPII), which is itself 

being merged with the Environmental Protection Agency during 2013-14. In statements regarding 

EMF and health, the department refers to compliance with ICNIRP guideline exposure limits, 

although there is no specific transposition of the EC Recommendation (1999/519/EC) for 

adoption of 1998 ICNIRP guidelines into Irish Government policy. 

1.21 In 2007 the Department of Communications, Marine and Natural Resources (DCMNR, which 

formerly held responsibility for EMF and health, and is now called the Department of 

Communications, Energy and Natural Resources, DCENR) published a review [1] of possible 

health effects from EMF, including consideration of the current evidence base and whether 

precautionary measures would be appropriate for ELF EMF exposure. It suggests that a „prudent‟ 

precautionary approach would be valuable in addressing public perceptions of risk, although the 

evidence of actual health risks from power line EMF is weak. 

1.22 EirGrid cites the ICNIRP guidelines in its approach to safeguarding public health, and commits to 

designing and operating the transmission network in Ireland in accordance with up-to-date 

recommendations of expert and independent national bodies [7] [8]. EirGrid‟s strategy for route 

planning typically aims to avoid populated areas (on the grounds of visual / residential amenity 

impact), maintaining a minimum distance of 50 m from individual dwellings where feasible, and 

this inherently offers mitigation of residential exposure to EMF. 
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2 EMF Literature Review Scope and Key Aims  

2.1 In a developed country such as Ireland, the entire population will be likely to experience ELF EMF 

of varying strengths on a regular and long-term basis. A large body of public health research has 

been conducted, especially during the last three decades, to investigate the possibility of health 

risks from ELF EMF.  

2.2 A review of the research literature has been undertaken, with the aim of summarising the present 

state of scientific knowledge regarding EMF and health, placing in the context of this the resultant 

position of authoritative health-protection bodies. This will enable EMF from high-voltage 

electricity grid infrastructure comprising the transmission system in Ireland to be viewed in the 

light of internationally-adopted exposure guidelines and evidence that may exist for health risk at 

particular field strengths. 

2.3 Using computer models, it is possible to calculate the EMF that would be generated by overhead 

power lines, underground cables or substations with a high degree of accuracy for a specific set 

of conditions [9]. This requires that the current, voltage, and physical arrangement of the power 

line (e.g. ground clearance, burial depth, spacing between phases) relative to the receptor are 

known.  

2.4 However, a key theme that has emerged in the public sphere of dialogue regarding EMF and 

existing or proposed high-voltage electricity transmission infrastructure is that it is essential to 

address public perceptions of health risk, in addition to managing actual risk. Perceived risk and 

anxiety regarding health (or other effects) can itself induce stress that can lead to adverse health 

outcomes [10]. 

2.5 This literature review aims to present the current scientific health evidence base, including the 

position of authoritative health protection bodies and any newly emerging evidence, to aid public 

understanding of the potential for health impacts from EMF. Allied to this, an extensive catalogue 

of EMF measurements from operational grid infrastructure have been made, to provide evidence 

of EMF strength under real-world conditions. The results are given in the Evidence Base section 

of this study. 

2.6 This review covers extremely low frequency EMF (in the range of >0 Hz to 100 kHz) associated 

with power lines. Electric and magnetic fields exist wherever electricity is generated, transmitted 

or distributed in power lines or cables. As noted, a wide body of literature exists regarding the 

possible effects of ELF or „power-line frequency‟ EMF on human health. The majority of this 

research investigates possible health effects associated with magnetic fields.    

2.7 The report structure first gives an overview of the extensive literature reviews conducted by 

national and international health protection bodies, providing an understanding of the subject 

area and key health outcomes without unnecessary repetition of work already conducted. The 

studies included within this authoritative evidence base are outlined in the following section of this 

document. However, the milestone publication is taken to be the 2007 World Health Organisation 
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(WHO) monograph on extremely low frequency fields, which provides the definitive review of the 

scientific evidence base to that date.  

2.8 A search of scientific literature presented by the wider scientific community post-2007 was 

conducted in 2012, in order to determine how the current evidence base aligns with the position 

held by authoritative groups and whether newly emerging evidence has changed the existing 

consensus regarding risk from power-frequency EMF. 

2.9 A further literature search focusing on epidemiological studies of childhood leukaemia published 

in 2013-14 is also presented, as this had been the principal topic of interest for possible health 

impacts identified in the review. 

2.10 Finally, the concluding section considers any remaining uncertainties in the evidence regarding 

ELF EMF and human health.    
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3 Authoritative Health Literature 

 Introduction 

3.1 There are a number of review documents available regarding the potential health effects of ELF 

EMF, prepared by national and international health protection bodies. Particular regard has been 

given to the 2007 WHO monograph and 2002 IARC monograph which cover a wide range of 

topic areas and present the main body of evidence. 

3.2 Extensive research including in-vitro, in-vivo and epidemiological studies has been conducted 

regarding ELF EMF and health. A wide-ranging body of evidence has been established, 

especially during the most intense period of research in the last three decades. Overall, the 

documents referenced in this study draw from and build upon this extensive evidence base: the 

WHO monograph alone references approximately 1,000 papers, demonstrating the breadth of 

published evidence considered within these authoritative reviews. 

 Methodology 

3.3 The following review in this chapter documents present the key body of evidence from advisory 

health bodies and the remainder of this section provides an overview of the information contained 

within these documents: 

 World Health Organisation (WHO, 2007) in Environmental Health Criteria Monograph 238: 

Extremely Low Frequency Fields;  

 International Agency for Research on Cancer (IARC, 2002) monograph on static and ELF 

EMF fields;  

 The UK Health Protection Agency Advisory Group on Non-ionising Radiation (HPA AGNIR, 

2006);  

 International Commission on Non-Ionising Radiation Protection (ICNIRP, 1998, 2010), ELF 

Guidelines; 

 UK Childhood Cancer Study (UKCCS Investigators, 2000, 2010);  

 Department of Communications, Marine and Natural Resources (DCMNR, 2007) report on 

health effects of EMF;  

 Chief Scientific Advisor‟s review of recent investigations into health effects of EMF 

exposure from power lines (O‟Sullivan, 2011); and  

 Scientific Committee on Emerging and Newly Identified Health Risks, Health Effects of 

Exposure to EMF report (SCENHIR, 2009). 

3.4 Chapter 4 focuses on peer-reviewed literature published after the comprehensive 2007 WHO 

review, to provide an up-to-date summary of the evidence base focusing on emerging studies in 

the key areas of interest.  
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 Mechanism of Action 

3.5 The generic term „electromagnetic field‟ can be defined as a field of force generated by electrical 

charges or magnetic fields. Power lines are a source of ELF EMF, but do not have enough 

energy to cause ionisation in tissues that could result in direct cell damage. However, at very high 

field strength (above international guidelines) ELF fields can induce electric fields and currents in 

tissues that can result in involuntary nerve and muscle stimulation [1].   

3.6 In 2007 WHO published a review of the scientific literature on the biological effects of exposure to 

ELF EMF [11]. This is part of its series of Environmental Health Criteria monographs that assess 

information on the relationship between exposure to environmental pollutants and human health. 

3.7 The review considers frequencies in the range from >0 Hz to 100 kHz, with the majority of studies 

considered focusing on power-frequency (50 or 60 Hz) magnetic fields. A number of biophysical 

mechanisms have been postulated, with three possible key mechanisms identified at low field 

strengths suggested, principally: 

 induced electric fields in neural networks whereby electric fields interfere with synaptic 

transmissions; 

 an increased concentration of free radicals at low magnetic field strengths that are thought 

to contribute to a number of disease states including neurodegenerative disorders; and  

 an increased detection of change in magnetic fields through magnetite crystals in 

organisms.  

3.8 The WHO report concludes that the three direct mechanisms outlined above do not seem to be 

plausible causes of the potential for increased disease incidence at the exposure levels generally 

encountered by people. The lower bound level for effects on neural network transmission is 

thought to be 10-100 mV m-1 as electric fields below this cannot be discriminated by multicellular 

organisms. It is suggested that power frequency field strengths lower than the geomagnetic field 

strength of approximately 50 µT are unlikely to be of biological significance for the free radical 

pairs mechanism. Furthermore the presence of trace quantities of magnetite crystals in humans 

does not confer an ability to detect the geomagnetic field and therefore this is unlikely to have an 

effect on human health. However, the absence of an identified mechanism cannot in itself rule in 

or out the possibility of adverse health effects; rather, it has been a stimulus for ongoing research.   

3.9 In addition to biophysical mechanisms, WHO reviewed the possible link between exposure to low 

frequency EMF and an increased risk of cancer, cardiovascular disease, and neurodegenerative 

disorders and also possible changes in neurobehaviour, the neuroendocrine system, the immune 

system, reproduction and development. Each potential health pathway is summarised below. 

 Cancer 

3.10 The possibility that exposure to ELF EMF leads to an increased risk of cancer has been widely 

researched. In 2002 IARC classified ELF magnetic fields as „possibly carcinogenic to humans‟. 



 

 12   
   

rpsgroup.com 
 

However, this should to be set in context: „possibly carcinogenic‟ is the least probable of the three 

categories used by IARC to indicate that an agent could be carcinogenic. To clarify, an example 

of another well-known agent in the same category is coffee, which may increase the risk of 

urinary bladder cancer, while at the same time be protective against bowel cancer.   

3.11 The IARC monograph examines a range of studies on the carcinogenicity of ELF EMF including 

cancer in adults, children and studies using experimental animals. It highlights two pooled 

analyses, based on nine and fifteen studies respectively, that found a two-fold excess risk of 

leukaemia at ELF magnetic field strengths above 0.4 µT and a 1.7-fold risk for exposure above 

0.3 µT. However, similar conclusions could not be drawn for electric fields. This association may 

in part be explained by selection bias where studies either receive a low response rate or use 

historical data and subsequently assess a very low number of exposed subjects. The mechanism 

of action is thought to be via ELF fields enhancing damage from other sources and interfering 

with factors that play a role in late stage tumour development as opposed to causing direct 

genetic damage [12]. In the same report IARC concludes that the carcinogenicity to humans of 

static electric and magnetic fields and ELF electric fields is not classifiable.  

3.12 The UK Childhood Cancer Study (UKCCS), a very extensive study of possible causes of 

childhood cancers, found no association between measured power-frequency magnetic field 

exposure and risk for any malignancy. The study also considered residential proximity to 

electricity supply equipment, distances to high voltage lines, underground cables, substations and 

distribution circuits, concluding that there was no evidence that proximity to electrical installations 

in the UK is associated with increased risk of childhood leukaemia or any other cancer [13]. By 

contrast, a further UK-based study conducted by the Childhood Cancer Research Group 

(CCRG), often referred to as the „Draper study‟ (after former CCRG Director Gerald Draper), 

initially found (in 2005) a statistically significant increase in relative childhood leukaemia risk for 

children living within 200 m of a high-voltage (275 kV or 400 kV) power line, or a significant but 

lower risk for those born within 200-600 m, compared with those living or born at >600 m distance 

[14]. A further review of this data in 2010, which included calculation of magnetic field strength 

(rather than relying on distance), found that the findings were consistent with a possible increase 

in risk for exposure of >0.4 µT reported in other pooled analyses, although the number of cases 

with that exposure level was too low for this finding to be statistically significant [15]. The 

calculation of field strength showed that this level of exposure would extend to approximately 50 

m from the power lines, undermining the apparent evidence of increased risk at a distance of up 

to 600 m. 

3.13 Whether ELF EMF presents a risk of cancer has been further considered in the 2007 DCENR 

report stating that some epidemiological evidence indicates that where the average exposure 

exceeds 0.3 µT to 0.4 µT the incidence of childhood leukaemia could double [1]. However, the 

exposure of children in Europe to ELF magnetic fields is generally much lower than this, 

averaging 0.025 µT to 0.07 µT. If the increased risk from exposure of 0.4 µT were real, it could 

theoretically be responsible for approximately one case of childhood leukaemia in Ireland every 
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two to five years [1] [16]. This would be equivalent to approximately 0.4% to 1.4% of childhood 

leukaemia cases, based upon the typical incidence rate of 35-55 cases of childhood leukaemia 

per year in Ireland [1]. 

3.14 Hypothetical effects with such a low frequency of occurrence would be very difficult to detect with 

any reasonable level of certainty [16]. Furthermore, ICNIRP notes that the existing scientific 

evidence base is too weak to establish that there is a causal relationship between prolonged 

exposure to low frequency magnetic fields and an increased risk of childhood leukaemia or for 

this evidence to form the basis of exposure guidelines [17].   

3.15 The European Commission SCENIHR produced an update in 2009 to its 2007 opinion on the 

health risks from EMF. In keeping with the IARC monograph, the SCENIHR evaluation of 

scientific evidence concluded that ELF magnetic fields are a possible carcinogen and could 

contribute to an increased risk of childhood leukaemia [18]. However, it is noted the studies on 

which this conclusion has been based have weaknesses within their methodology such as low 

participation numbers and the use of proximity to power lines to determine exposure as opposed 

to magnetic field strength measurements. SCENIHR recognises the need for further research and 

independent replication of studies in order to ensure robust results [18].  

3.16 In contrast to the results for leukaemia, the IARC monograph found no consistent relationship in 

studies for childhood brain tumours or cancers at sites linked with residential ELF EMF [12]. This 

is consistent with the UKCCS pooled analysis of ten studies on ELF magnetic fields and 

childhood brain tumours, which concludes that the results provide little evidence for an 

association [13]. 

3.17 With regard to the residential exposure of adults, the IARC monograph concludes,  

“Although there have been a considerable number of reports, a consistent association between 

residential exposure and adult leukaemia and brain cancer has not been established. For breast 

cancer and other cancers, the existing data are not adequate to test for an association with 

exposure to electric or magnetic fields” [12] (page 333).   

3.18 The 2007 WHO monograph established that the findings of studies published subsequent to the 

IARC monograph considerably weakened the evidence for an association between ELF exposure 

and breast cancer. The monograph also concludes that the evidence for other childhood cancers, 

adult brain cancer and adult leukaemia remains inadequate [11].  

3.19 Melatonin is a hormone secreted by the human body that influences a range of physiological 

functions including sleep patterns, and may offer some protection against breast cancer 

development. Hypotheses exist which suggest that EMF exposure could affect melatonin 

production in the body, thereby influencing the risk of cancer. The IARC monograph highlights six 

laboratory studies that have investigated the influence of magnetic field exposure on endocrine 

functions in humans exposed to 50 Hz or 60 Hz magnetic fields. Overall, five of the six studies 

reported no effects. One study found a possible delay and reduction in night-time melatonin 
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concentrations; however, a number of concerns have been raised regarding the experimental 

design and statistical analysis of this study [12].   

3.20 In 2006 the UK HPA produced a report investigating whether EMF can affect the production or 

action of melatonin and subsequently whether this alters the risk of breast cancer. The HPA 

concluded that, 

“Investigations using cells, animals and humans have not given consistent or convincing 

evidence that EMF exposure affects melatonin production or action. However, there are 

deficiencies in the existing research, which leave open the possibility of an effect” [19] (page 

161).  

The 2007 WHO monograph concluded that the evidence is sufficient to give confidence that ELF 

magnetic fields do not cause breast cancer. 

3.21 As reported in the IARC monograph, experiments exposing animals (rats and mice) to ELF 

magnetic fields have been conducted but have proved to be inconclusive. Of the four long term 

bioassays discussed in the IARC report, one found an increase in incidence of thyroid C-cell 

tumours in male rats exposed to ELF magnetic fields at a range of flux densities tested, but failed 

to demonstrate a dose-response relationship. Eleven multistage carcinogenesis studies 

combining exposure to 7,12-dimethyl-benz(a)anthracene, a chemical which promotes tumour 

formation, with 50 Hz or 60 Hz magnetic fields, were performed in three laboratories. One 

laboratory reported significant increases in mammary tumour incidence at higher exposure levels. 

The second laboratory conducted three studies to replicate these findings at the highest field 

strengths but saw no enhancement of mammary tumorigenesis, while the third laboratory found 

no change in tumour incidence.  

3.22 Similarly the WHO monograph concluded that results from animal studies have not shown any 

consistent increase in any type of cancer, including haematopoietic (tissues in which new blood 

cells form), breast, brain and skin tumours. A number of studies examining ELF field effects on 

chemically-induced mammary tumours in rats produced inconsistent results; in relation to animal 

studies the WHO report concludes, 

“overall there is no evidence that ELF exposure alone causes tumours. The evidence that ELF 

field exposure can enhance tumour development in combination with carcinogens is inadequate” 

[11] (page 322).  

 Reproductive and Developmental Effects 

3.23 The IARC monograph also reviews studies that examine exposure during pregnancy to power 

frequency electric and magnetic fields of 50 Hz or 60 Hz. However, the focus of these studies is 

on the use of electric blankets and electrically heated beds which have been shown to increase 

exposure to electric fields by 36% [12]. IARC concluded that there is little evidence to support an 

association of exposure to ELF electric and magnetic fields with adverse reproductive outcomes.  

The WHO monograph also investigated EMF exposure from electric blankets and heated beds, 
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but in contrast to IARC, WHO suggests that some evidence exists that points to an increased risk 

of miscarriage associated with ELF magnetic field exposure [11]. 

 Cardiovascular Disease 

3.24 The potential for an association between cardiac effects and ELF EMF exposure has been 

related to heart rate variability and acute cardiovascular events.  Studies relating exposure to 60 

Hz magnetic fields with an increased incidence of cardiovascular disease and death have been 

considered by both ICNIRP and IARC, who conclude that the evidence is weak. Moreover IARC 

stated that, 

“the possible association between exposure and altered autonomic control of the heart is 

speculative” [12] (page 270). 

3.25 The WHO monograph summarises evidence including epidemiological studies of cardiovascular 

disease incidence (especially for electricity utility company employees, who have had 

occupational exposure to ELF EMF) and laboratory tests of heart rate variability using smaller 

groups of volunteers. 

3.26 Although some of the heart rate variability studies reported a change in heart beat intervals 

during or after ELF EMF exposure, a roughly equal number of studies did not find an effect. A 

pooled (multi-study) analysis suggested that heart rate variation was only found where other 

study factors such as sleep disturbance, stress and blood sampling were present in addition to 

ELF EMF exposure. More recent studies using a strong magnetic field (many times greater than 

the maximum from an overhead power line) did not find any effect on heart rate variability. 

WHO‟s 2007 monograph concludes that, 

“Overall, the evidence does not support an association between ELF [EMF] exposure and 

cardiovascular disease.” [11] (page 8).  

 Neurodegenerative Disorders  

3.27 A number of studies have researched amyotrophic lateral sclerosis and Alzheimer‟s disease in 

people occupationally exposed to ELF EMF. IARC reported that when considered together the 

studies indicate that there appears to be an association between the occurrence of disease and 

estimated exposure to ELF EMF. However, as the study designs have been shown to be weak, 

support for the hypothesis has subsequently reduced [12]. This position is shared by ICNIRP and 

WHO, demonstrating that studies investigating the association between low frequency exposure 

and Alzheimer‟s disease are inadequate and inconclusive [6] [11].  

3.28 The 2009 review from SCENHIR indicates a possible increase in Alzheimer‟s disease arising 

from exposure to ELF fields. However, SCENHIR concluded that further epidemiological and 

laboratory investigations of this observation are required [18]. This conclusion is based on 

laboratory studies which have provided suggestive evidence that long-term exposure of 



 

 16   
   

rpsgroup.com 
 

laboratory rodents to 50 Hz magnetic fields of 1.10 – 2.00 mT may impair or improve memory and 

increase anxiety-related behaviour in behavioural tests [18]. 

 Immune System 

3.29 A number of studies have investigated the effect of exposure to magnetic fields on markers of 

immune function. IARC reports [12] two studies that measured changes in the number of white 

blood cells that form part of the immune system, including monocytes and natural killer T-cells (a 

type of lymphocyte).  

3.30 The first compared a control group with two groups of workers (hospital staff operating magnetic 

resonance imaging units and industrial workers operating induction heaters) routinely exposed to 

magnetic fields. The study found that the numbers of natural killer cells and monocytes were 

significantly increased in the exposed group.  

3.31 In the second study a group of 16 men aged 20-30 years were exposed to 50 Hz, 10 µT magnetic 

fields either continuously or at varying intervals between the hours of 23.00 and 08.00. No 

significant differences were observed between the exposed group and control group for a wide 

range of immune function markers including monocytes and lymphocytes.  

 Genotoxic Effects 

3.32 Genotoxic effects relate to structural changes at the gene level and include mutagenicity 

(mutation of specific genes), chromosomal mutation (change in the number or structure of 

chromosomes), micronuclei formation (small additional pieces of the nucleus, indicative of DNA 

damage) and adduct formation (chemicals bound to DNA causing possible mutation). A number 

of studies reported by IARC investigate the clastogenic effects (ability to break chromosomes) of 

exposure to power frequency electric and magnetic fields.  

3.33 As an example, IARC reported a study in which chromosome analyses were performed on 

lymphocytes from 32 workers occupationally exposed for more than 20 years to 50 Hz electric 

and magnetic fields in 380 kV switchboards. Comparison with a control group of 22 workers who 

had not been exposed to EMF showed that neither the numbers of structural chromosomal 

changes nor the frequencies of sister chromatid exchanges were increased. 

3.34 Such studies are subject to confounding by genotoxic agents such as tobacco and solvents, 

limiting the conclusions that can be drawn by comparing exposed and control groups. In-vitro 

studies conducted on mammalian cells have proved inconclusive, with little evidence that 

mutations could be directly caused by ELF magnetic fields [12]. The WHO monograph found that 

in general, studies of ELF field exposure of cells show no induction of genotoxicity at fields below 

50 mT [11]. 

3.35 IARC concluded that results from studies into the effects on in-vitro cell proliferation, malignant 

transformation and cellular end points such as signal transduction are inconsistent. However, 
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some studies suggest that ELF magnetic fields affect cell proliferation and modify cellular 

responses to other factors such as melatonin [12].  

3.36 In summary, ELF EMF are part of the non-ionising spectrum and as such do not have enough 

energy to cause direct cell damage to macromolecules leading to genotoxic effects through 

ionisation. The above studies support that view, providing little evidence of mutation directly 

caused by ELF magnetic fields, although additional research has been recommended.   

 Conclusion 

3.37 The authoritative evidence base explores a range of possible effects from ELF EMF on human 

health. Reviews published subsequent to the 2002 IARC review and categorisation of EMF as 

„possibly carcinogenic‟ have reached similar conclusions: the evidence for an association 

between ELF EMF exposure and carcinogenic affects, particularly leukaemia, is limited, and 

research does not rule in or out the possibility of a causal link. The evidence for other potential 

health effects such as Alzheimer‟s, cardiovascular disease, and effects on the immune system 

does not support a substantive link with ELF EMF.   

3.38 Extensive research has been conducted into the potential for health effects associated with ELF 

EMF; the 2007 WHO monograph alone draws upon around 1,000 published studies. While 

further research is desirable to investigate whether any causal mechanism underlies a possible 

correlation between ELF EMF exposure and childhood leukaemia, and whether the association is 

real or due to confounding factors, existing research has covered a wide breadth of topic areas, 

leaving limited avenues of emerging evidence. Scientific research can provide evidence that 

something might be unsafe but cannot prove that no health effect occurs [1], and as such while 

further study of cancer and other possible adverse health outcomes discussed above may be 

warranted, it must be accepted that a degree of uncertainty in the evidence base is likely to 

remain. 

3.39 As a follow-up to this discussion of the existing body of evidence, a review of further studies 

published following the 2007 WHO report is provided in the following section.  
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4 Scientific Literature Post-2007 

 Introduction 

4.1 A review of scientific literature presented by the wider scientific community following the 2007 

WHO monograph has been conducted in order to determine how the current evidence base 

aligns with the position held by authoritative groups and to identify any discrepancies or 

remaining uncertainties in the health evidence base.  

4.2 As highlighted by the authoritative evidence base in Chapter 3, the need for further research and 

independent replication of study findings is indicated, in order to establish in particular whether 

there is evidence of a link between ELF EMF and cancer. Therefore this area is the main focus of 

the following literature review.  

 Methodology 

4.3 An initial search of literature following the 2007 WHO monograph has been conducted using the 

PubMed database. The main criteria for the search were that the studies considered ELF EMF in 

the power frequency range and had been published during 2007-2012, subsequent to the WHO 

monograph. The search terms used were: EMF, ELF EMF, ELF magnetic field, EMF high 

voltage, EMF non ionising radiation and EMF power line. In total, 111 papers were considered 

and the results categorised by study type: epidemiological (27); in-vitro (42) or in-vivo (11); 

magnetic field (17); electric field (3); and guidelines (11).  

4.4 The studies were prioritised by an abstract review to determine the relevance to health effects 

from ELF EMF and their value to this review. Following this, 15 studies were reviewed in detail 

and have been summarised within this document. The full literature search can be seen in 

Appendix A.  

4.5 A large number of studies for the subject area relate to radio frequency EMF. As this is relevant 

to mobile phones and associated infrastructure rather than power line frequency EMF, the terms 

“radio frequency” and “radiofrequency” have been excluded from the search. 

4.6 In March 2014, this literature review was supplemented with a search focusing on 

epidemiological studies of childhood leukaemia published in 2013-14, as this had been the 

principal topic of interest for possible health impacts identified in the initial review, and a number 

of relevant peer-reviewed scientific papers had been published in the interim. The same search 

approach was employed, using the terms EMF/magnetic field/power line/high voltage and 

leukemia/leukaemia2. The publications that provided new epidemiological research regarding 

                                                

2 "2013/01/01"[Date - Publication] : "3000"[Date - Publication] AND (emf[Title/Abstract] OR magnetic field[Title/Abstract] OR power 
line[Title/Abstract] OR high voltage[Title/Abstract]) AND (leukemia[Title/Abstract] OR leukaemia[Title/Abstract]) 



 

 19   
   

rpsgroup.com 
 

childhood leukaemia and electricity networks or EMF are listed in Appendix A, and their findings 

are discussed in paragraphs 4.14 to 4.20.   

 Cancer 

4.7 ELF magnetic fields have been classified as possibly carcinogenic to humans, with a possible 

correlation between long-term exposure to magnetic fields above 0.3-0.4 µT and the risk of 

childhood leukaemia [20]. However, a mechanism to explain this possible effect, if real, has not 

been identified, leading to a requirement for further research. A review by Schüz, 2011, of the 

epidemiological evidence base concluded that the assessment of ELF magnetic fields as a 

possible carcinogen that may cause childhood leukaemia remains valid [21]. To date, despite a 

wide body of evidence, a causal relationship has not been established and although research 

activities are ongoing, it is possible that this status may remain uncertain [21] (see Section 2.4.3). 

Cancer promotion  

4.8 The initiation of cancer by ELF fields is theoretically improbable in that ELF EMFs are non-

ionising and do not have the required energy to cause direct damage at the molecular level. 

Mechanisms of cancer promotion including inhibited melatonin production have been considered, 

with some evidence of decreased blood serum level melatonin under power frequency magnetic 

fields [22].  

4.9 Although presented in a 2007 paper, this conclusion is drawn from a 2005 review which has been 

superseded by the HPA paper discussed in Section 2 of this document; the HPA research failed 

to find consistent evidence of an association [19]. 

Childhood leukaemia  

4.10 In case-control epidemiology studies, odds ratios are used in the reporting of results. These are 

the ratio of the odds of an exposure (ELF magnetic fields from power lines) in the case group 

(children with leukaemia) to the odds of an exposure in the control group (children without 

leukaemia). An odds ratio of 1 for example would indicate that childhood leukaemia is equally 

likely to occur in both groups from the same exposure; greater than 1 indicates that childhood 

leukaemia is more likely from the exposure and below 1 indicates the childhood leukaemia is less 

likely to occur from exposure to ELF magnetic fields from power lines.  

4.11 A pooled analysis that combined 9 studies with 3,247 cases of childhood leukaemia and 10,400 

control cases found a pooled odds ratio of 2.0 at exposure levels of >0.4 µT [23]. This association 

was also reported in the IARC monograph [12]. A more recent pooled analysis based on 7 

studies (from Brazil, Germany, Japan, Tasmania, the UK and two from Italy) included 10,865 

cases of leukaemia and 12,853 control cases and found an odds ratio of 1.44 for exposure of 

≥0.3 µT [24]. Due to data availability, the Brazilian study only considered cases of acute 

lymphoblastic leukaemia in children aged eight years and under. Omitting the study from Brazil, 

the pooled analysis gave a combined odds ratio of 2.02 for exposure of ≥0.4 µT, similar to that 
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provided in earlier studies [24]. Overall, this analysis relied heavily on one study that added to the 

overall size and number of cases but little to the statistical power, as few children with elevated 

exposure levels were included [21].   

4.12 The consistent results of the pooled analyses for a large number of international studies reduce 

the possibility that an association between ELF and magnetic fields is due to chance but do not 

rule out potential bias or confounding variables [21]. 

4.13 One such confounding variable is the use in certain studies of distance from power lines as a 

proxy for EMF exposure. Using published data for the UK as an example, the magnetic field falls 

to approximately 0.2 µT at 70-80 m from typical 275-400 kV transmission lines compared with 30-

50 m for 132 kV lines. In the UK 2% of residential homes with small children have background 

magnetic levels of 0.2 µT and 0.5% have levels of 0.4 µT [25]. As high exposure levels are rare, 

using power line proximity to estimate exposure can lead to misclassification compared to the 

alternative system of direct measurements within the home to allow exposure to be directly 

assigned to a household [25]. Additional confounding factors for consideration include the 

multiple possible sources of ELF magnetic fields, socio-economic factors, and lifestyle choices 

such as smoking and passive smoking [22]. 

Publications 2013-14 

4.14 The updated literature search focusing on research papers published in 2013-14 concerning 

epidemiological study of childhood leukaemia identified several studies of interest that add to the 

evidence base. The „Draper study‟ (discussed in paragraph 3.12) has been extended by Bunch et 

al [26] to add further evidence from Scotland and from 132 kV overhead lines to the data 

analysed, and to present trend in risk over time. The study continued to find an elevated 

childhood leukaemia risk associated with residences within 600 m of high-voltage power lines, 

and in particular within 200 m. However, this risk is most apparent in earlier decades of the time 

period considered in the study (1962-2008), which suggests that a factor that changes over time 

(such as population characteristics) is more likely to be the explanation than a physical effect 

from power lines. 

4.15 A study in Denmark published in 2014 [27] that was designed to independently verify the UK 

study‟s findings by using a comparable approach did not find an increased leukaemia risk for 

children living within 200 m or 600 m of high-voltage power lines. The methodology for a third 

independent verification study using this approach in California has been published [28], but 

results are not yet available. 

4.16 A study in France for the period 2002-2007, published in 2013 [29], found an increased childhood 

leukaemia risk associated with living within 50 m of the highest-voltage (225 kV – 400 kV) 

overhead lines, based on a small number of cases, but did not find increased risk for greater 

distances or lower-voltage lines.  

4.17 A pooled analysis using results from 9 previous studies published by Zhao et al in 2014 [30] 

found increased risk with exposure in the categories of greater than 0.2 µT compared to below 
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this level, and a slightly greater risk for exposure of greater than 0.4 µT compared to less than 0.1 

µT.  

4.18 In a further paper, residential mobility and population mixing (which could be a demographic 

factor changing over time that is relevant to the Bunch et al findings) near power lines in the UK 

was investigated [31], following the hypothesis of infections following population mixing as the 

cause of increased childhood leukaemia risk associated with residence near nuclear sites [32]. 

However, this study did not find a significant association between population movement and 

power line proximity. 

4.19 A Dutch study published in 2013 [33] followed up epidemiological evidence of an apparent  

childhood leukaemia cancer cluster. The study was not designed to investigate a causal 

relationship between high-voltage power lines and childhood leukaemia, but noted that “the 

children had not been subjected to prolonged exposure to strong magnetic fields emitted from the 

high-voltage power line.” 

4.20 Overall, the epidemiological study evidence published in 2013-14 is mixed; while a pooled 

analysis and data from a short time period in France show an increased childhood leukaemia risk 

associated with magnetic field exposure and short distance to high-voltage power lines, the UK 

study with a very large number of cases assessed over a multi-decade time period did not find an 

increased risk that could plausibly be linked to physical effects from power lines, while a parallel 

independent Danish study following a comparable approach did not find any statistically 

significant increased childhood leukaemia risk.  

Brain tumours 

4.21 Schüz, 2011, reviewed a meta-analysis of 13 studies investigating ELF magnetic fields and 

childhood brain tumour risk, finding a summary odds ratio of 1.68 for exposures >0.4 µT [21]. 

Subsequent to this a pooled analysis of 10 studies was published which encompassed 8,372 

cases of brain tumour and 11,494 control cases. Depending on the studies included the results 

indicate a pooled odds ratio of 1.14 or 1.16 for exposure to 0.4 µT. Schüz concludes that these 

odds ratios provide little evidence for an association between ELF magnetic field exposure and 

childhood brain tumours. Although childhood brain tumours and leukaemia are not directly 

comparable, due to the difference in tissue type and different potential aetiology, the substantially 

lower odds ratio (compared to results seen for childhood leukaemia) does not support a common 

source of underlying bias to explain apparent risk. This could suggest that if there is an 

association between ELF magnetic field exposure and childhood leukaemia, it is specific to that 

disease. However, the bias patterns may not be directly comparable between different studies. 

[21].    

4.22 A 2011 study of occupational and residential exposure to ELF EMF and the risk of brain tumours 

in adults found an insignificant association (wide confidence interval of 0.86-10.4 indicating 

uncertainty) between meningioma (tumour of the brain lining) and residential exposure to EMF in 

subjects residing near power lines. The data suggests that occupational or residential exposure 
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to ELF EMF may play a role in the occurrence of meningioma. However, the study is open to 

misclassification through the use of proximity to power lines as the methodology for establishing 

exposure and is based on a limited number of exposed participants, leading to statistically 

insignificant findings [34]. Similar conclusions were found in a pooled analysis conducted by 

Kheifets et al in 2010 [35]. 

Electric fields 

4.23 The majority of studies focus on ELF magnetic fields rather than electric fields in part due to the 

method of interaction between electric fields and organisms. Electric fields are largely absorbed 

by skin and muscle due to the conductivity of these tissues [22]. The highest electric fields at 

ground level from overhead lines is approximately 10 kV m-1, whereas the field strength inside a 

home from such an outside source is 10-1000 times lower because the building attenuates the 

field. Therefore within homes, wiring and appliances are the most common source of electric-field 

exposure.  

4.24 Similarly to magnetic fields, a mechanism of action has not been established; proposed 

mechanisms include electric shocks, micro shocks and surface charge [36]. A systematic review 

of existing literature for electric fields concluded that there is limited evidence of a change in 

cancer risk and little basis for continued research [36]. 

Summary  

4.25 The updated literature has been shown to be in keeping with the authoritative evidence base 

outlined above, in that although the evidence for classification of ELF EMF as a possible 

carcinogen based upon correlation between magnetic field exposure and disease incidence has 

not been substantially altered, no further progress has been made in establishing evidence of a 

causal link or a mechanism for action. A preliminary 2014 update to a European Commission 

health risk scientific committee opinion [37] suggests in its draft that the lack of experimental data 

“prevent[s] a causal interpretation” of evidence for childhood leukaemia risk from ELF EMF. 

Some recent national reviews have concluded that the scientific evidence does not establish that 

the ELF electric and magnetic fields around power lines or any device using electricity is a hazard 

to health [38] [39], although another indicates that the evidence base regarding a causal 

relationship remains unchanged [40]. 

 Cardiovascular Disease 

4.26 A recent study involving 58 volunteers exposed to two testing sessions (one real, one placebo) 

utilising a 60 Hz magnetic field at 1,800 µT did not result in an effect on skin blood perfusion, 

heart rate or heart rate variability. The magnetic field used in this study did not affect 

cardiovascular parameters, and therefore should magnetic field exposure have cardiovascular 

effects, they are smaller than observed in the study through the two hour resting period ECG [41]. 

A recent pilot study carried out by the same research group investigated the effect of exposure to 
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a 200 µT 60 Hz magnetic field on human circulation. Ten volunteers were exposed to two testing 

sessions (one real, one placebo), and the results indicate that the magnetic field used in the 

study did not affect perfusion, heart rate or mean arterial pressure [42].   

4.27 The above findings are in keeping with the conclusions drawn in the authoritative evidence base 

reported in Section 2 of this document, in particular the IARC monograph.  

 Neurodegenerative Disorders 

4.28 There are no known biological mechanisms to explain an association between ELF EMF 

exposure and Alzheimer‟s disease. ELF EMF has not been identified as a genotoxic agent but it 

has been hypothesised that it may promote or induce mutation through enhancing the effect of 

other agents.  

4.29 A longitudinal study of the Swiss population that investigated residential exposure to power lines 

and mortality from neurodegenerative diseases found an odds ratio for Alzheimer‟s disease in 

people living less than 50 m from power lines of 1.24 compared with people living 600 m or more 

away [43]. However, the researchers note that there is no proof of an association and although 

the hypothesis remains valid at present, further research is required [44]. In order to provide a 

possible explanation for this association a number of in vitro studies have been reviewed 

suggesting some evidence of induction of chromosome instability, increased production of the 

peptide amyloid-β and decreased production of melatonin, all of which hypothetically may 

contribute to the development of Alzheimer‟s disease [44]. Further detailed research is required in 

order to establish whether there is a possible association between exposure to ELF EMF, the 

above mechanisms and the onset of Alzheimer‟s disease. The authoritative evidence base 

(SCENHIR, WHO and IARC) found a possible association between the occurrence of Alzheimer‟s 

disease and exposure to ELF EMF but that further research is required to establish this. The 

updated literature outlined above is in keeping with that stance, with results shown to be 

inconclusive, requiring additional research. 

4.30 Although not strictly research into neurodegenerative disorders, in a study of cognitive 

performance, psychometric testing was conducted on people in a 60 Hz, 3 mT magnetic field, the 

results of which indicate that magnetic field exposure removed the improvements seen with 

practice. The study does not establish a clear magnetic field effect on human cognition but 

speculates that ELF magnetic field may interfere with neuropsychological processes responsible 

for the short term learning effect [45]. This is however in contrast to a study which placed 74 male 

volunteers into five groups who were either told that exposure would enhance cognitive 

performance, have a negative effect or remain neutral. Only one group was exposed to an ELF 

magnetic field of 400 µT. There was no significant difference reported between the groups for 

cognitive performance, psychological or physiological parameters [46].   
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 EMF Health Protection Guidelines 

International guidelines 

4.31 ICNIRP has published two editions of international guidelines for recommended EMF exposure 

limits, in 1998 and 2010. These are expressed in the form of Basic Restriction levels for induced 

current in the central nervous system (1998) and internal electric field (2010). Modelling has been 

used to convert these basic restrictions into reference levels of external electric and magnetic 

field strength that could be equivalent to the Basic Restriction. Table 4.1 summarises the 1998 

and updated 2010 Basic Restrictions and reference levels for long-term general public exposure. 

Table 4.1: ICNIRP general public Basic Restriction and reference levels for electric and magnetic 

field exposure at 50 Hz [5] [6] 

 Basic Restriction Electric field reference 
level 

Magnetic field 
reference level 

ICNIRP 1998 (head and trunk) 2 mA m-2 5 kV m-1 100 µT 

ICNIRP 2010 

5 kV m-1 200 µT (CNS of head) 20 mV m-1 

(All tissues) 400 mV m-1 

 

4.32 The guideline Basic Restriction levels consider well-established effects from electric and 

magnetic fields such as the stimulation of peripheral and central nerves. These are based on 

acute (i.e. immediate or short-term) effects perceptible or detectible from EMF exposure. To 

those levels based on short-term exposure, ICNIRP applies precautionary reduction factors in 

light of the uncertainty in the scientific data for long term exposure. ICNIRP‟s approach takes into 

account the evidence presented in the WHO and IARC monographs and wider evidence base, 

but does not consider the evidence of any disease causation to be strong enough to form the 

basis of exposure guidelines. With regard to leukaemia, ICNIRP states that, 

“It is the view of ICNIRP that the currently existing scientific evidence that prolonged exposure to 

low frequency magnetic fields is causally related with an increased risk of childhood leukemia 

[sic] is too weak to form the basis for exposure guidelines. Thus, the perception of surface electric 

charge, the direct stimulation of nerve and muscle tissue and the induction of retinal phosphenes 

are the only well established adverse effects and serve as a basis for guidance.” [47] (page 2) 

4.33 The 1998 ICNIRP guidelines have been recommended by the EC (1999/519/EC) and widely 

adopted within the EU (either by transposition of the recommendation into national legislation, or 

on a voluntary/guideline basis that can often form a de-facto standard) as well as by many other 

non-EU countries. Some European countries, however, apply lower magnetic field exposure 

limits, some examples of which are given in Table 4.2 [48].  
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Table 4.2: Magnetic Field Restriction Examples in Europe 

Country/Region Magnetic field restriction  Applicable to Notes 

Poland 75 µT   

Slovenia 10 µT Public areas Formerly 5 µT [49] 

Belgium 10 µT   

Italy 3 µT 
New installations near 
homes, schools and 

playgrounds 

10 µT for existing installations 
near same; 100 µT elsewhere 

Switzerland 1 µT 
New installations near 

playgrounds, and places 
of long-term exposure 

 

Netherlands 0.4 µT Long-term exposure of 
children 

Not a binding limit but a 
recommendation to local 

government 

Tuscany (Italy) 0.2 µT  [50] 

 

4.34 The reduced limits set out in Table 4.2 in several cases apply for areas classed as sensitive 

receptors such as schools, hospitals, and new homes. In Switzerland an exemption from the 

lower limit is granted for new installations if all measures that are technically and financially viable 

have been taken [51]. In Sweden, rather than a generic limit, change from the existing 

background is assessed, and radical deviation from it should be reduced where reasonable [48]. 

In Denmark, a voluntary agreement is in place between the government and electricity industry to 

examine options for exposure reduction if annual exposure for a new installation would be above 

0.4 µT [48]. The WHO International EMF Project provides an overview of adopted exposure limits 

throughout the world with the aim of providing a framework for matching EMF standards 

worldwide [52]. For example the limits for public exposure across a number of countries 

(Australia, Austria, Hungary, Italy, Poland) are comparable with those from ICNIRP but allow 

higher exposure levels for a few hours per day (from 100–1,000 µT) [53]. 

4.35 Other national interpretations of the ICNIRP guidelines exist. For example the UK‟s Department 

of Energy and Climate Change (DECC) published a voluntary code of practice for the electricity 

industry in 2011, updated in 2012 [54], in which the results of modelling for the HPA of EMF 

interaction with the body have been used to set external electric and field strength guideline limits 

that are equivalent to the 1998 Basic Restriction level. These are 360 µT for unperturbed 

magnetic field strength and 9 kV m-1 for unperturbed electric field strength from overhead power 

lines.   

Precautionary principle 

4.36 As noted, the prevailing international guidelines commonly accepted in EU states do not 

recommend EMF exposure restrictions on the basis of possible but unconfirmed health impacts 
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discussed in this review, although as a precautionary approach they do apply significant 

reduction factors from the thresholds of known physical effects from EMF in order to account for 

scientific uncertainty regarding issues such as the potential for long-term health impacts. 

4.37 A viewpoint therefore exists which suggests that, given the (limited) evidence particularly 

regarding a possible correlation of long-term magnetic field exposure and childhood leukaemia at 

field strengths significantly lower than the ICNIRP guideline limits, it may be appropriate to apply 

the precautionary principle and consider further intervention where practicable to reduce the 

potential exposure to EMF.  

4.38 Gee, 2009, states that,  

“the precautionary principle was designed to justify actions to protect the public and the 

environment in the absence of some significant knowledge, and could be used to justify exposure 

reductions to EMF, despite current gaps in knowledge.” [55] (page 220). 

This is relevant given that a mechanism of action has not been established to explain any 

potential association between exposure to ELF magnetic field strengths below the international 

guideline level and adverse health outcomes. Nevertheless, as noted by Kheifets et al, 2010, 

there has been a shift in the tone of debate surrounding risk management to, 

“how can we do something measured and reasonable that is a correct response to the scientific 

evidence and associated uncertainty, as well as to public concern.” [56] (page 1487). 

4.39 A full discussion of this issue, which is likely to be a national policy matter, is outside the scope of 

this literature review. However, it is worth noting that an open paper in 2010 by Maslanyj et al 

offers a useful summary of the application of the precautionary principle to this issue. The authors 

conclude that although there is,  

“no clear indication of harm at field levels implicated … the aetiology of childhood leukaemia is 

poorly understood. Taking a precautionary approach suggests that low-cost intervention to 

reduce exposure is appropriate. This assumes that if the risk is real, its impact is likely to be 

small. It also recognises the consequential cost of any major intervention. The recommendation is 

controversial in that other interpretations of the data are possible, and low-cost intervention may 

not fully alleviate the risk.” [57] (page 8) 

4.40 The paper notes in particular that due to uncertainties in the evidence and the fact that they may 

not be resolved in the near future, 

“despite the need for evidence-based policy making, many of the decisions remain value driven 

and therefore subjective.” [57] (page 8) 

4.41 The recommendation of a precautionary stance echoes WHO‟s 2007 view, which suggested that 

the use of „suitable precautionary measures to reduce exposure is reasonable and warranted‟ in 

view of uncertainties about the effects of chronic magnetic field exposure, but that due to the 

weakness of the evidence of a link between exposure to ELF magnetic fields and childhood 

leukaemia, the benefits of exposure reduction on health are unclear. WHO emphasised that any 
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precautionary measures should not compromise the benefits of electric power, and that the costs 

of any precautionary measures to further reduce exposure would only be justified where they are 

very low or have no cost.  

4.42 Discussing the precautionary principle in a recent publication, however, Repacholi, 2012 [58] 

notes that when assessing the evidence offered by scientific studies, there are four key criteria, 

namely: (i) Do the studies overall show a statistically significant and strong relationship between 

the exposure and the health effect?; (ii) Are the results of different types of studies consistent?; 

(iii) Is there a statistically significant dose-response relationship?; and (iv) Is it biologically 

plausible that exposure is capable of causing the health effect? He concludes that the view of 

WHO Task Force on EMF in reviewing scientific studies undertaken has been that the evidence, 

while mixed, may partially satisfy the first criterion but fails to satisfy the remaining three criteria 

and does not support a health risk from EMF overall. Given this, Repacholi references the Task 

Force in stating that ICNIRP exposure guidelines and their scientific validity would be undermined 

were they to be reduced by national authorities “to some arbitrary level in the name of precaution” 

[11], cited in [58], and suggests that doing so may inflame rather than help address public 

perceptions of risk. 

 Conclusion 

4.43 Following the 2007 WHO monograph, additional scientific research has been carried out to try 

and determine whether there is a causal link between ELF EMF and disease, in particular 

childhood leukaemia. To this end, the evidence base remains inconclusive; the IARC 

categorisation of ELF EMF as a possible carcinogen remains supported by evidence of possible 

correlation between exposure and disease, but evidence of a causal relationship or a plausible 

mechanism to explain causation has not been established following extensive research. Some 

recent national reviews have concluded that the scientific evidence does not establish that the 

ELF electric and magnetic fields around power lines or any device using electricity is a hazard to 

health [38] [39]. Epidemiological studies of childhood leukaemia published in 2013-14 continue to 

provide mixed evidence, with some studies finding increased risk associated with residential 

proximity to power lines but others not, while trends over time data in childhood leukaemia risk for 

those living close to power lines in the largest UK study implicates a non-EMF factor.  

4.44 Study limitations such as estimating long term exposure, the source of exposure and relation to a 

health outcome through a given mechanism of action cast doubt as to whether a firm conclusion 

will be reached in the near future. Similarly, the results of research into neurodegenerative 

disorders remain inconclusive, with the need for further research indicated in order to establish 

whether a real health impact exists. The results for ELF EMF and cardiovascular disease in both 

the authoritative and updated literature have failed to establish an association between the two 

with future research perhaps better targeted toward neurodegenerative disease and cancer. 

Similar conclusions have been drawn for the health outcomes associated with electric fields.  
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4.45 In the light of these findings, existing public exposure guidelines from ICNIRP have been set 

based on robust, well established acute effects from EMF. They do not account for postulated 

possible long term health effects from extremely low frequency fields due to the uncertainty 

surrounding the evidence base, but do incorporate a significant reduction factor from the lowest 

threshold for established effects, to allow for uncertainty and for long-term exposure. In the 

absence of an established causal mechanism it is considered appropriate to remain within 

guidelines set to manage known effects and where possible to further reduce unnecessary 

exposure. 
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5 EMF Evidence Based Study Scope and Key Aims  

5.1 The key aim of this element of the study is to compile a robust EMF evidence base from high-

voltage transmission infrastructure in Ireland, and relate this to the present state of scientific 

knowledge regarding potential health impacts as discussed in the literature review. The primary 

scope of work undertaken has been a series of measurements at varying distances from a range 

of existing infrastructure items representative of the typical designs in use throughout Ireland, at 

locations around Dublin and Co. Kildare.  

5.2 As discussed in the preceding sections, it is felt that real-world measurements of EMF from 

operational power lines, allied to a review of the health impact research literature, provides the 

best evidence from which to address perceived as well as actual risk from EMF. 

5.3 Magnetic field strength depends directly on the load (amount of power) carried by the 

transmission infrastructure items, and so it is necessary not only for such an evidence base to 

contain measurements taken under typical operating conditions, but also for measurements and 

analysis to consider (real-world) high-load conditions – i.e. during periods when the load on the 

transmission grid is greater than average.  
5.4 Analysis of measured magnetic field strength together with records of the load on power lines 

over a year allows magnetic field strength at average and highest loads to be estimated, using 

the measured data. Measurements have also been made to record the magnetic field 

experienced where several power lines cross or run together in close proximity. 
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6 Approach 

 Site selection 

6.1 The strength of EMF generated and profile of how the field strength changes with distance is 

primarily dependent upon power line geometry, the current carried, and the load balance between 

phases. High-voltage transmission infrastructure in Ireland comprises a range of tower and cable 

designs, transmitting power over single or multiple circuits at a number of different voltages (and, 

hence, currents for a given power load). 

6.2 In order to capture a robust dataset regarding EMF from power lines, it is necessary to survey a 

representative range of overhead and underground transmission line designs carrying varying 

power loads. This would allow a generalised set of typical EMF data for classes of power lines 

under these load conditions to be established, that can be applied to future developments. 

6.3 Conversely, field strength as experienced by a receptor at a given location would be influenced 

by a range of highly site-specific local factors such as topography, structures, and 

transient/changeable factors such as other sources of EMF or weather conditions. Duration of 

receptor exposure and location within the field would also strongly influence the potential degree 

of exposure. 

6.4 Investigation of such local factors is not a goal of this study, as their combination would likely be 

unique to any given location or receptor. The goal of site selection, instead, has been to choose 

power lines representative of the range of designs used, in settings that allow unobstructed space 

for measurement. This has been designed to allow focus on the power line EMF rather than 

influences of particular settings. Secondary considerations included the practicalities of land 

access and choice of general study areas that contain multiple power lines of different designs.  

6.5 For these reasons, areas near the transmission substations at Dunstown, Maynooth, Kilteel and 

Finglas were chosen, all to the west of Dublin, within County Dublin and County Kildare. Two 

additional sites were used: at the Curragh (Co. Kildare), open land was used for measurements 

of a 400 kV single circuit overhead line with horizontal tower design, and at Firhouse in Dublin, 

additional measurements of a double-circuit 110 kV line were made due to access limitations at 

Maynooth. A plan of sampling point locations is given in Appendix B.  

6.6 EMF strength drops rapidly with distance from the source. In addition, electric and magnetic fields 

are vectors, which means that the combined field strength from multiple sources would not 

typically be as great as the scalar sum of their maximum strength. These two points ensure that 

field strength measurements tend to be dominated by single proximate sources. The distance 

between EMF sources even where several are present in the area of a substation is sufficient to 

allow measurements of individual power lines. 
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6.7 These sites also enabled EMF measurements to be taken of the substations themselves, as the 

substations at Dunstown, Maynooth and Kilteel comprise 400 kV, 220 kV and 110 kV transformer 

and switching equipment. 

6.8 Table 6.1 shows the high-voltage transmission range of infrastructure types used in Ireland and 

the sites chosen for EMF measurements of examples for each type. 

Table 6.1: Infrastructure elements and EMF measurement sites 

Infrastructure 
Measurement site  

(location plan shown in Appendix B) 

Overhead power lines (AC) 

400 kV single circuit on double circuit tower Dunstown (Co. Kildare) 

400 kV single circuit  The Curragh (Co. Kildare) 

220 kV double circuit  Maynooth (Co. Kildare) 

220 kV single circuit  Dunstown (x2) (Co. Kildare) 

110 kV double circuit  Maynooth and Firhouse (Co. Kildare and Co. Dublin) 

110 kV single circuit  Kilteel (Co. Kildare) 

Underground power cables (AC) 

220 kV single circuit  Finglas (Co. Dublin) 

110 kV single circuit  Finglas (Co. Dublin) 

Substations (AC) 

400 kV / 220 kV transformer substation Dunstown (Co. Kildare) 

220 kV / 110 kV transformer substation Maynooth (Co. Kildare) 

110 kV transmission substation Kilteel (Co. Kildare) 

 Survey times 

6.9 The EMF survey aimed to record field strengths under typical conditions, representative of normal 

power loads on the grid infrastructure elements, as well as higher load conditions when a greater 

amount of power was being transmitted. 

6.10 Power demand, and hence grid load, varies over two distinct temporal scales: daily over a 24-

hour cycle, and seasonally over an annual cycle. Factors influencing daily demand profiles 

include social and working routines, while annual patterns are influenced by factors such as 

colder weather and shorter daylight hours in the winter. A third scale of variation over a week, 

with differences in demand over working days and the weekend, may also be perceived. 
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6.11 In light of these variations in power load carried, measurements that targeted typical conditions 

were undertaken during September 2012 and March 2013 at three intervals per day, over a 

period of three days per week (two weekdays and one weekend day) for each type of overhead 

line and underground cable, in order to capture a representative picture of EMF strength under 

typical operating conditions.  

6.12 One further set of measurements targeted higher load conditions. Analysis of historic total grid 

load data indicated that the highest annual loads tend to occur in the winter, particularly in 

December and January. A single set of measurements for each item of infrastructure was 

conducted in January 2013. 

6.13 Although total grid load in Ireland has the relatively clear trends discussed, load on individual 

power lines in the grid can be much more variable, due to factors such as load balancing within 

the grid and the generation and storage stations that are active at a given time.  

6.14 Real-time load data and hourly records of loads were used to establish the load on each 

infrastructure item at the time at which measurements were taken. 

 Measurement methods 

Measurement distances 

6.15 Existing published calculations [59] and measurements [9] of EMF from power lines indicate that 

the strength of both the magnetic and electric field would be expected to reduce proportionate to 

approximately the inverse square or inverse cube (depending on design, phasing) of distance 

from the source.  

6.16 For this reason, a measurement profile was chosen that allocates a greater proportion of 

measurements to the area close to the line, in order to offer finer resolution in the area where the 

field strength changes most rapidly.  

6.17 Measurements at up to 100 m from the power line centrelines were proposed, as the field 

strength would (due to the decrease of field strength with distance noted above) be negligible 

compared to its maximum directly under/above the source.  

6.18 Due to the closer spacing of cores in underground cables, the field strength was expected to drop 

more rapidly with distance than for the overhead lines. This was borne out in pilot measurements 

taken, and measurements were therefore grouped more closely over a shorter distance for the 

underground cables. 

6.19 Substations were measured from the closest publically-accessible point, which in all three cases 

was the outer perimeter security fence, in order to be representative of potential general public 

exposure. The distance between EMF sources (HV equipment on the substation site) and fence 

meant that a shorter measurement distance beyond the fence was warranted; space constraints 

at the sites limited this to 15 m, 30 m and 50 m at the substations measured. 
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6.20 Substation measurements were taken at the farthest accessible point on the fence from overhead 

power lines crossing it, in order to reduce as far as possible the influence of field strength from 

the overhead lines on the results. 

6.21 Measurement distances are summarised in Table 6.2. 

Table 6.2: EMF measurement distances 

Infrastructure Measurement distances (m) 

400 kV overhead line 

220 kV overhead line 

110 kV overhead line 

0, 5, 10, 15, 20, 25, 50, 75, 100*  

220 kV underground cable 0, 2, 5, 10, 15, 20, 25, 30, 35, 40, 50 

110 kV underground cable 0, 2, 4, 6, 8, 10, 12 

Substations 0, 5, 10, 15, 20, 25, 30, 50** 

* Limited to 75 m in some cases due to space/access constraints 

** Maximum; limited to 15 m and 30 m in other cases due to space constraints 

6.22 A distance of 0 m corresponds to the central point under the power line, above the underground 

cable, or at the substation fence. For horizontal design overhead lines, the central point lay 

directly under the middle (of three) phase wires. For double circuit vertical design overhead lines, 

the central point lay directly under the central earth wire, equidistant from the wires of each circuit 

either side. For the single circuit overhead line on double circuit pylons, the central point lay 

directly under the lower phase wire. Positioning was established visually, using parallax between 

the phase wires. 

6.23 The centreline of both underground cables was located using the EMF meter, on the predication 

that this would be the point at which the maximum magnetic field strength would be experienced. 

It would not be possible to confirm that this alignment with the cable‟s physical location is borne 

out without excavating the cable; however, it is the location of maximum field strength that is of 

interest, rather than cable centreline per se. 

Measurement equipment 

6.24 Magnetic field measurements were conducted using a Narda EHP-50D meter with electric and 

magnetic field probes. The meter offers three-axis field measurement, with an RMS (root mean 

square) total of field strength measured presented in the results. A calibration certificate for the 

meter used is reproduced at Appendix C. 

Measurement height 

6.25 All measurements were taken with the EMF meter at 1 m above ground level. Potential EMF 

interaction with the body is through induced currents, primarily in the central nervous system, and 

such currents are generated by the field over the entire surface of the body. Field strength will not 
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be uniform over the body as the distance from source is greater at head or feet, for example. A 

measurement height of 1 m above ground is, however, considered to provide a good 

approximation of field strength as it would be experienced body-wide, being approximately at the 

height of a standing adult‟s torso. 

6.26 The height of the power line above the point of measurement also influences the field strength 

measured. Measurements were conducted from a point measured to be in the centre of the span 

between pylons, at which point the line sags to its lowest level. Where the topography of the 

measurement site was not flat (especially on the Curragh), the measurement centre point was 

selected on high ground in order to avoid capturing artificially low field strengths due to greater 

line clearance over a valley or dip in the land (i.e. greater than usual vertical distance between 

power line and measurement point).  

6.27 Underground cable burial depth would also affect the magnetic field measured at 1 m above 

ground level; however it was not possible to ascertain cable depth. In general, however, direct-

buried underground cables (as opposed to those located in conduits or utilities pipes) are typically 

at a depth of 1 m – 2 m.  

 Measurement variation 

6.28 A number of factors influence real-world measurements of electric and magnetic fields, that would 

cause variation in the measurement results over several series of measurements at the same 

infrastructure item, even when the recorded loads at the time of measurement are similar or the 

same. Factors likely to cause variability in the measurement results include: 

 Exact load at the time of measurement. Loads were generally recorded from real-time data 

at the start of measurement series, and may have varied while measurements were 

undertaken. 

 Topography of the measurement sites. Although relatively flat sites were selected where 

possible, topography will have affected the straight-line distance from the EMF sources to a 

small degree.  

 Meteorological conditions at the time of measurement. Ambient temperature can affect the 

heating, and hence degree of sag (affecting measurement distance), in overhead line 

conductors. Wind causes some movement in the conductors of overhead lines, again 

affecting distance from them. Electric field measurements are particularly sensitive to 

conductivity, affected by humidity and rainfall. 

 Transmission system voltage variability, which would directly affect the electric field 

strength measured. Within the Grid Code [60], under normal operation, variation from 370 

kV to 410 kV, 210 kV to 240 kV and 105 kV to 120 kV is possible around the nominal 

operating voltages of 400 kV, 220 kV and 110 kV respectively. During transmission system 

disturbances, variation from 350 kV to 420 kV, 200 kV to 245 kV and 99 kV to 123 kV is 

possible around the nominal operating voltages of 400 kV, 220 kV and 110 kV respectively. 
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 EMF meter accuracy. Meter calibration results are given in Appendix C. This indicates that 

meter accuracy would be a minor component of results variation. 

6.29 Variability within results would be expected in measurements conducted under real-world 

conditions (as opposed to theoretical calculations). The consistency of results, and degree of 

variability, is discussed in the results consistency section of chapter 7. 
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7 Magnetic Field Results 

7.1 Table 7.1 to Table 7.15 show the magnetic field strength measured for each of the high-voltage 

transmission infrastructure items surveyed, with the load at the time of each measurement. 

Variation in the results measured at similar loads is due to factors outlined in the measurement 

variation discussion in Section 6. The consistency of results is discussed further in the results 

consistency section, below. 

 Results tables 

Table 7.1: Measured magnetic field for 400 kV single circuit overhead line (double circuit tower) 
[see Figure 7.1] 

Name Moneypoint → Dunstown 

Location Dunstown 

Type 400 kV single circuit 

Design Double circuit tower 

Date 03/09/12 03/09/12 03/09/12 05/09/12 05/09/12 05/09/12 09/09/12 09/09/12 09/09/12 21/01/13 

Time 10:35 14:02 16:41 09:30 12:13 15:18 10:30 12:47 16:02 14:40 
Load 
(MVA) 181 201 256 199 238 247 223 152 121 286 

Dist. (m) Magnetic field (µT) 

0 2.30 2.40 3.20 2.52 3.08 3.02 2.70 2.10 1.70 3.74 

5 2.04 2.10 2.96 2.30 2.92 2.86 2.60 1.94 1.58 3.57 

10 1.72 2.02 2.50 1.90 2.40 2.36 2.18 1.62 1.32 3.24 

15 1.34 1.40 1.96 1.52 1.90 1.86 1.74 1.26 1.04 2.89 

20 0.98 1.20 1.60 1.20 1.48 1.48 1.36 0.98 0.83 2.07 

25 0.79 0.98 1.20 0.94 1.18 1.16 1.08 0.77 0.67 1.28 

50 0.31 0.70 0.50 0.32 0.45 0.44 0.41 0.29 0.25 0.57 

75 0.17 0.50 0.45 0.19 0.23 0.28 0.20 0.14 0.12 0.46 

100 0.10 0.11 0.17 0.11 0.14 0.16 0.12 0.09 0.07 0.21 
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Table 7.2: Measured magnetic field for 400 kV single circuit overhead line (horizontal tower 

configuration) [see Figure 7.2] 

Name Moneypoint → Dunstown 

Location The Curragh 

Type 400 kV single circuit 

Design Single circuit tower 

Date 03/09/12 03/09/12 03/09/12 05/09/12 05/09/12 05/09/12 09/09/12 09/09/12 09/09/12 21/01/13 

Time 12:58 15:31 18:20 11:23 14:30 16:44 09:30 12:01 15:16 13:30 
Load 
(MVA) 196 255 236 212 243 237 166 177 221 280 

Dist. (m) Magnetic field (µT) 

0 3.20 4.30 3.80 3.56 3.92 3.78 2.54 2.64 3.30 4.86 

5 3.00 4.30 3.77 3.50 3.90 3.68 2.52 2.56 3.28 4.83 

10 2.80 3.90 3.40 3.24 3.58 3.28 2.40 2.40 2.98 4.61 

15 2.10 3.20 2.70 2.68 2.88 2.62 1.96 1.96 2.46 4.34 

20 1.60 2.40 2.09 2.04 2.16 2.02 1.50 1.48 1.82 3.61 

25 1.20 1.60 1.60 1.50 1.58 1.48 1.10 1.10 1.34 2.78 

50 0.50 0.50 0.50 0.45 0.48 0.44 0.34 0.33 0.39 0.78 

75 0.40 0.40 0.38 0.19 0.19 0.19 0.15 0.15 0.18 0.52 

100 0.05 0.05 0.05 0.12 0.12 0.11 0.04 0.11 0.07 0.20 

 

Table 7.3: Measured magnetic field for 220 kV single circuit overhead line 1 [see Figure 7.3] 

Name Dunstown → Turlough Hill 

Location Dunstown 

Type 220 kV single circuit 

Design Horizontal tower 

Date 03/09/12 03/09/12 03/09/12 05/09/12 05/09/12 05/09/12 09/09/12 09/09/12 09/09/12 21/01/13 

Time 11:10 14:30 17:10 10:23 12:50 15:58 11:00 13:10 16:25 15:00 
Load  
(MVA) 35 49 20 42 81 73 55 59 18 42 

Dist. (m) Magnetic field (µT) 

0 1.30 2.10 0.90 1.82 3.52 3.18 2.32 2.44 0.68 1.97 

5 1.20 2.20 0.60 1.62 3.30 3.04 2.12 2.30 0.58 1.93 

10 1.02 1.80 0.60 1.25 2.64 2.42 1.53 1.84 0.50 1.84 

15 0.93 1.30 0.45 0.84 1.82 1.66 1.19 1.22 0.32 1.42 

20 0.66 0.90 0.05 0.56 1.20 1.05 0.80 0.74 0.24 1.01 

25 0.44 0.60 0.05 0.38 0.83 0.75 0.56 0.50 0.17 0.73 

50 0.16 0.05 0.08 0.10 0.21 0.19 0.16 0.10 0.06 0.30 

75 0.07 0.05 0.01 0.04 0.09 0.08 0.08 0.03 0.03 0.09 

100 0.02 0.02 0.01 0.02 0.03 0.03 0.02 0.02 0.01 n/a 
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Table 7.4: Measured magnetic field for 220 kV single circuit overhead line 2 [see Figure 7.4] 

Name Dunstown → Maynooth 

Location Dunstown 

Type 220 kV single circuit 

Design Horizontal tower 

Date 03/09/12 03/09/12 03/09/12 05/09/12 05/09/12 05/09/12 09/09/12 09/09/12 09/09/12 21/01/13 

Time 12:00 15:00 17:30 10:45 13:12 16:08 11:15 13:30 16:43 15:15 

Load (MVA) 82 38 58 93 72 67 60 74 26 20 

Dist. (m) Magnetic field (µT) 

0 2.96 1.20 2.10 3.10 2.44 2.32 1.88 2.44 0.81 1.05 

5 2.88 1.20 1.70 2.94 2.38 2.18 1.72 2.28 0.82 0.95 

10 2.30 0.80 1.55 2.42 1.96 1.64 1.42 1.92 0.65 0.95 

15 1.78 0.60 1.30 1.78 1.44 1.30 1.05 1.50 0.48 0.92 

20 1.20 0.40 0.80 1.24 0.97 0.86 0.72 1.02 0.32 0.73 

25 0.71 0.40 0.50 0.86 0.70 0.62 0.52 0.72 0.23 0.46 

50 0.22 0.05 0.05 0.25 0.20 0.17 0.14 0.20 0.09 0.13 

75 0.10 0.05 0.05 0.10 0.09 0.09 0.07 0.09 0.03 0.06 

 

Table 7.5: Measured magnetic field for 110 kV single circuit overhead line [see Figure 7.5] 

Name Kilteel → Maynooth 

Location Kilteel 

Type 110 kV single circuit 

Design Horizontal wooden pole 

Date 04/09/12 04/09/12 04/09/12 06/09/12 06/09/12 06/09/12 08/09/12 08/09/12 08/09/12 21/01/13 

Time 09:36 12:36 15:15 10:00 12:20 16:47 11:00 13:35 16:47 13:00 
Load  
(MVA) 13 14 14 13 14 12 14 14 12 14 

Dist. (m) Magnetic field (µT) 

0 0.93 0.98 1.01 0.97 1.01 0.93 1.06 1.06 0.93 1.22 

5 0.90 0.90 0.85 0.84 0.87 0.82 0.97 0.93 0.82 1.00 

10 0.60 0.52 0.55 0.54 0.58 0.57 0.66 0.58 0.57 0.87 

15 0.40 0.30 0.31 0.32 0.33 0.30 0.39 0.36 0.30 0.52 

20 0.27 0.20 0.20 0.19 0.21 0.19 0.24 0.22 0.19 0.34 

25 0.17 0.13 0.14 0.13 0.13 0.12 0.16 0.15 0.12 0.23 

50 0.03 0.04 0.04 0.03 0.04 0.06 0.04 0.04 0.06 0.09 

75 0.02 0.02 0.02 0.02 0.02 0.03 0.02 0.02 0.03 0.04 

100 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 n/a 
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Table 7.6: Measured magnetic field for 220 kV double circuit overhead line circuit 1 [see Figure 

7.6] 

Name Maynooth → Woodlands 

Location Maynooth 

Type 220 kV double circuit 

Design Vertical tower 

Date 01/03/13 01/03/13 01/03/13 04/03/13 04/03/13 04/03/13 09/03/13 09/03/13 09/03/13 21/01/13 

Time 11:17 14:01 15:00 11:00 12:58 13:46 10:23 11:16 12:06 10:40 
Load  
(MVA) 237 206 204 173 171 168 77 64 66 148 

Dist. (m) Magnetic field (µT) 

0 4.97 4.23 3.75 3.19 3.07 3.14 2.09 1.56 1.65 2.46 

5 4.42 3.91 3.63 3.18 3.13 3.21 1.69 1.70 1.81 3.15 

10 3.49 3.09 2.97 2.54 2.54 2.59 1.31 1.36 1.42 2.58 

15 2.62 2.24 2.12 1.83 1.87 1.89 0.96 0.93 0.98 1.98 

20 1.92 1.65 1.50 1.34 1.35 1.40 0.65 0.66 0.68 1.49 

25 1.42 1.22 1.13 1.02 0.99 1.08 0.48 0.49 0.53 1.17 

50 0.51 0.42 0.40 0.36 0.37 0.36 0.16 0.16 0.21 0.38 

75 0.32 0.30 0.28 0.28 0.29 0.28 0.11 0.28 0.12 0.24 

100 0.15 0.14 0.13 0.11 0.11 0.11 0.05 0.06 0.06 0.12 

 

Table 7.7: Measured magnetic field for 220 kV double circuit overhead line circuit 2 [see Figure 

7.7] 

Name Maynooth → Shannonbridge 

Location Maynooth 

Type 220 kV double circuit 

Design Vertical tower 

Date 01/03/13 01/03/13 01/03/13 04/03/13 04/03/13 04/03/13 09/03/13 09/03/13 09/03/13 21/03/13 

Time 11:34 14:13 15:07 11:13 13:06 13:52 10:31 11:24 12:25 10:50 
Load 
(MVA) 10 17 16 40 39 47 108 109 108 32 

Dist. (m) Magnetic field (µT) 

0 2.25 2.50 2.39 2.33 2.26 2.22 2.48 2.61 2.43 3.58 

5 1.69 1.91 1.80 1.87 1.76 1.76 1.97 2.01 1.96 2.92 

10 1.09 1.43 1.28 1.39 1.19 1.32 1.33 1.52 1.29 1.29 

15 0.88 1.02 0.94 1.00 0.97 0.98 1.05 1.09 1.03 0.96 

20 0.63 0.76 0.69 0.76 0.71 0.73 0.81 0.88 0.79 0.80 

25 0.41 0.58 0.53 0.59 0.58 0.56 0.63 0.69 0.61 0.64 

50 0.17 0.25 0.23 0.23 0.26 0.23 0.23 0.27 0.22 0.28 

75 0.22 0.19 0.20 0.20 0.19 0.20 0.19 0.20 0.19 0.15 

100 0.12 0.09 0.09 0.09 0.09 0.09 0.08 0.08 0.09 0.08 
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Table 7.8: Measured magnetic field for 110 kV double circuit overhead line circuit 1 [see Figure 

7.8] 

Name Maynooth → Rinawade 

Location Maynooth 

Type 110 kV double circuit 

Design Vertical tower 

Date 01/03/13 01/03/13 01/03/13 04/03/13 04/03/13 04/03/13 09/03/13 09/03/13 09/03/13 

Time 12:27 14:42 15:51 11:41 13:33 14:13 10:58 11:46 12:52 
Load  
(MVA) 32 30 30 33 31 32 25 27 30 

Dist. (m)* Magnetic field (µT) 

0 1.71 1.69 1.59 1.72 1.51 1.44 1.22 1.60 1.72 

5 1.32 1.22 1.11 1.21 1.24 1.19 0.91 1.01 1.19 

10 0.93 0.88 0.78 0.91 0.94 0.94 0.74 0.75 0.86 

15 0.64 0.57 0.55 0.63 0.66 0.65 0.55 0.56 0.61 

20 0.47 0.41 0.38 0.46 0.49 0.49 0.42 0.42 0.39 

25 0.34 0.31 0.28 0.34 0.37 0.36 0.31 0.32 0.31 

50 0.11 0.10 0.09 0.12 0.12 0.13 0.12 0.11 0.09 

75 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 

* Space constraints permitted measurement only to 75 m 

Table 7.9: Measured magnetic field for 110 kV double circuit overhead line circuit 2 [see Figure 

7.9] 

Name Maynooth → Ryebrook 

Location Maynooth 

Type 110 kV double circuit 

Design Vertical tower 

Date 01/03/13 01/03/13 01/03/13 04/03/13 04/03/13 04/03/13 09/03/13 09/03/13 09/03/13 

Time 12:18 14:30 15:22 11:32 13:23 14:06 10:49 11:40 14:50 

Load (MVA) 10 17 18 17 19 19 35 29 21 

Dist. (m) Magnetic field (µT) 

0 1.76 1.64 1.67 1.68 1.71 1.59 1.99 1.69 1.78 

5 1.29 1.26 1.34 1.39 1.36 1.29 1.56 1.38 1.42 

10 0.84 0.78 0.82 0.89 0.88 0.92 1.14 0.90 0.92 

15 0.54 0.49 0.51 0.57 0.56 0.62 0.60 0.58 0.61 

20 0.37 0.33 0.36 0.42 0.38 0.40 0.42 0.39 0.43 

25 0.26 0.24 0.24 0.28 0.27 0.30 0.31 0.27 0.32 

50 0.10 0.08 0.09 0.13 0.09 0.11 0.11 0.10 0.10 

75 0.06 0.06 0.06 0.07 0.07 0.06 0.07 0.06 0.07 

100 0.03 0.04 0.04 0.03 0.03 0.03 0.05 0.04 0.04 



 

 42   
   

rpsgroup.com 
 

Table 7.10: Measured magnetic field for 110 kV double circuit overhead line 3* [see Figure 7.9] 

Name Cookstown → Inchicore 

Location Firhouse 

Type 110 kV double circuit 

Design Vertical tower 

Date 25/01/13  
Time 16:00 

Load (MVA) 59 

Dist. (m) Magnetic field (µT) 

0 2.44  
5 2.37 

10 1.86 

15 1.41 

20 0.95 

25 0.78 

50 0.22 

75 0.13 

100 0.06 

* This single set of measurements was taken targeting high load conditions due to access constraints at the 
Maynooth site  

Table 7.11: Measured magnetic field for 220 kV single circuit underground cable [see Figure 7.10] 

Name Huntstown → Corduff 

Location Rosemount Business Park 

Type 220 kV single circuit 

Design Underground cable 

Date 04/09/12 04/09/12 04/09/12 06/09/12 06/09/12 06/09/12 08/09/12 08/09/12 08/09/12 21/01/13 

Time 11:07 13:51 18:28 08:55 11:52 15:41 08:11 11:46 14:40 14:40 
Load 
(MVA) 316 224 366 229 241 237 360 347 351 369 

Dist. (m) Magnetic field (µT) 

0 17.58 15.08 24.32 14.40 15.78 14.44 23.04 23.68 24.32 26.01 

5 4.77 3.15 6.94 1.98 2.28 2.36 6.22 6.67 5.68 3.67 

10 1.44 1.00 2.70 0.54 0.56 0.61 1.35 2.07 1.62 1.10 

15 0.74 0.53 0.51 0.25 0.24 0.26 0.31 0.29 0.33 0.73 

20 0.60 0.39 0.41 0.13 0.15 0.15 0.17 0.15 0.19 0.37 

25 0.42 0.37 0.33 0.08 0.09 0.09 0.15 0.10 0.11 0.77 

30 0.36 0.33 0.31 0.05 0.06 0.06 0.10 0.04 0.07 0.46 

35 0.34 0.25 0.21 0.03 0.03 0.03 0.07 0.05 0.05 0.28 
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Table 7.12: Measured magnetic field for 110 kV single circuit underground cable [see Figure 7.11] 

Name Finglas → Dardistown 

Location Finglas 

Type 110 kV single circuit 

Design Underground cable 

Date 04/09/12 04/09/12 04/09/12 06/09/12 06/09/12 06/09/12 08/09/12 08/09/12 08/09/12 

Time 10:45 13:37 18:47 08:30 12:05 16:01 11:35 14:20 18:01 
Load 
(MVA) 22 22 22 21 22 22 22 21 21 

Dist. (m) Magnetic field (µT) 

0 1.98 2.12 2.28 2.12 2.16 2.32 2.22 2.12 2.08 

2 1.04 1.52 1.32 1.26 1.26 1.24 1.48 1.30 1.26 

4 0.54 0.66 0.56 0.51 0.56 0.58 0.67 0.52 0.55 

6 0.20 0.32 0.30 0.29 0.31 0.31 0.35 0.32 0.32 

8 0.16 0.19 0.18 0.17 0.22 0.18 0.23 0.22 0.22 

10 0.12 0.13 0.14 0.12 0.12 0.13 0.15 0.14 0.15 

12 0.09 0.09 0.10 0.08 0.09 0.09 0.10 0.11 0.10 

 

Table 7.13: Measured magnetic field for 400/220 kV substation [see Figure 7.12] 

Name Dunstown 400/220 kV substation 

Date 03/09/12 03/09/12 03/09/12 05/09/12 05/09/12 05/09/12 09/09/12 09/09/12 09/09/12 21/01/13 

Time 10:45 14:17 16:52 09:42 12:27 15:26 10:45 13:01 16:17 15:30 
Load 
(MVA) 176 197 248 181 234 235 233 162 115 281 

Dist. (m) Magnetic field (µT) 

0 0.12 0.11 0.10 0.13 0.11 0.12 0.11 0.11 0.10 0.07 

5 0.09 0.09 0.08 0.09 0.10 0.09 0.09 0.09 0.09 0.11 

10 0.06 0.07 0.07 0.07 0.07 0.06 0.07 0.07 0.07 0.11 

15 0.05 0.06 0.05 0.06 0.06 0.05 0.06 0.06 0.06 0.10 
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Table 7.14: Measured magnetic field for 220/110 kV substation [see Figure 7.13] 

Name Maynooth 220/110 kV substation 

Date 01/03/13 01/03/13 01/03/13 04/03/13 04/03/13 04/03/13 09/03/13 09/03/13 09/03/13 21/01/13 

Time 11:45 14:25 15:21 11:21 13:16 14:02 10:44 11:38 12:32 11:00 
Load 
(MVA) 135 135 134 141 143 138 122 123 122 154 

Dist. (m) Magnetic field (µT) 

0 0.10 0.11 0.09 0.10 0.10 0.09 0.10 0.12 0.10 0.00 

5 0.69 0.70 0.69 0.69 0.70 0.64 0.72 0.69 0.69 0.51 

10 0.57 0.57 0.54 0.57 0.57 0.57 0.57 0.56 0.57 0.44 

15 0.50 0.49 0.49 0.51 0.49 0.49 0.49 0.49 0.49 0.36 

20 0.44 0.44 0.44 0.44 0.44 0.44 0.42 0.44 0.44 0.29 

25 0.38 0.41 0.38 0.38 0.38 0.38 0.38 0.38 0.38 n/a 

30 0.34 0.34 0.36 0.34 0.29 0.34 0.34 0.34 0.34 n/a 

 

Table 7.15: Measured magnetic field for 110 kV substation [see Figure 7.14] 

Name Kilteel 110 kV substation 

Date 04/09/12 04/09/12 04/09/12 06/09/12 06/09/12 06/09/12 08/09/12 08/09/12 08/09/12 21/01/13 

Time 09:00 12:26 16:41 10:20 12:40 17:10 11:15 13:50 17:25 13:10 
Load 
(MVA) 13 14 14 15 14 14 11 10 10 15 

Dist. (m) Magnetic field (µT) 

0 0.05 0.06 0.06 0.05 0.05 0.06 0.06 0.06 0.06 0.07 

5 0.03 0.05 0.04 0.03 0.03 0.05 0.05 0.05 0.05 0.07 

10 0.03 0.04 0.03 0.03 0.03 0.04 0.04 0.04 0.04 0.07 

15 0.03 0.03 0.03 0.02 0.02 0.03 0.03 0.03 0.03 0.07 

20 0.03 0.03 0.03 0.02 0.02 0.03 0.03 0.03 0.03 0.07 

25 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.06 

50 0.01 0.01 0.02 0.01 0.01 0.01 0.01 0.01 0.01 0.06 
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 Results graphs 

7.2 Figure 7.1 to Figure 7.14 show the measured magnetic field strength plotted against distance for 

each of the high-voltage transmission infrastructure items surveyed. For double-circuit overhead 

lines, the load at the time of measurement is given for both circuits on the graphs of 

measurements to each side of the overhead line. The measured magnetic field strength is 

influenced by the load on both circuits.  

7.3 Variation in the results measured at similar loads is due to factors outlined in the measurement 

variation discussion in Section 6.  

Figure 7.1: Measured magnetic field plotted against distance for 400 kV single circuit overhead 

line (double circuit tower) [see Table 7.1] 
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Figure 7.2: Measured magnetic field plotted against distance for 400 kV single circuit overhead 

line (horizontal tower configuration) [see Table 7.2] 

 

Figure 7.3: Measured magnetic field plotted against distance for 220 kV single circuit overhead 

line 1 [see Table 7.3] 
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Figure 7.4: Measured magnetic field plotted against distance for 220 kV single circuit overhead 

line 2 [see Table 7.4] 

 

Figure 7.5: Measured magnetic field plotted against distance for 110 kV single circuit overhead 

line [see Table 7.5] 
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Figure 7.6: Measured magnetic field plotted against distance for 220 kV double circuit overhead 
line circuit 1 [see Table 7.6] 

 
Note: the magnetic field measured to each side of this overhead line was also influenced by the load on the circuit on the other side 
of the line. The measured magnetic field on each side of the overhead line is shown in this figure and Figure 7.7. In each case, the 
loads on the circuit on the opposite site to the measurements are shown in brackets. 

Figure 7.7: Measured magnetic field plotted against distance for 220 kV double circuit overhead 
line circuit 2 [see Table 7.7] 

 
Note: the magnetic field measured to each side of this overhead line was also influenced by the load on the circuit on the other side 
of the line. The measured magnetic field on each side of the overhead line is shown in this figure and Figure 7.6. In each case, the 
loads on the circuit on the opposite site to the measurements are shown in brackets. 
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Figure 7.8: Measured magnetic field plotted against distance for 110 kV double circuit overhead 
line circuit 1 [see Table 7.8] 

 
Note: the magnetic field measured to each side of this overhead line was also influenced by the load on the circuit on the other side 
of the line. The measured magnetic field on each side of the overhead line is shown in this figure and Figure 7.9. In each case, the 
loads on the circuit on the opposite site to the measurements are shown in brackets. 

Figure 7.9: Measured magnetic field plotted against distance for 110 kV double circuit overhead 
line circuit 2 [see Table 7.9 and Table 7.10] 

 
Note A: the magnetic field measured to each side of this overhead line was also influenced by the load on the circuit on the other 
side of the line. The measured magnetic field on each side of the overhead line is shown in this figure and Figure 7.8. In each case, 
the loads on the circuit on the opposite site to the measurements are shown in brackets.  
Note B: measurements at 59 MVA load taken for CookstownInchicore overhead line. 
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Figure 7.10: Measured magnetic field plotted against distance for 220 kV single circuit 

underground cable [see Table 7.11] 

 
Note: the graph scale is greater in this plot than all others in this section (due to results magnitude) 

Figure 7.11: Measured magnetic field plotted against distance for 110 kV single circuit 

underground cable [see Table 7.12] 
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Figure 7.12: Measured magnetic field plotted against distance for 400/220 kV substation [see 

Table 7.13] 

 

Figure 7.13: Measured magnetic field plotted against distance for 220/110 kV substation [seeTable 

7.14] 
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Figure 7.14: Measured magnetic field plotted against distance for 110 kV substation [see Table 

7.15] 
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 Discussion 

7.4 The maximum magnetic field strength recorded among the overhead power lines was 4.97 µT for 

the 220 kV double-circuit overhead line, with a maximum of 26.01 µT recorded for the 220 kV 

underground cable and 0.72 µT for the 220/110 kV substation. All measured results fall well 

below the 2010 ICNIRP guideline reference level for general public exposure of 200 µT. As 

expected, the magnetic field strength recorded for all types of overhead power lines and 

underground power cables under all load conditions falls rapidly with distance from their 

centrelines. 

7.5 Magnetic field strengths measured directly under overhead lines vary across those surveyed, 

dependent on load, from 0.68 µT to the maximum of 4.97 µT noted. Although the peak magnetic 

field strength from the 220 kV underground cable is considerably greater than any overhead 

lines, it also decreases more rapidly with distance from the cable, reaching a similar level to 

overhead lines at 5 m – 10 m distance. Peak magnetic field strength from the underground cables 

is greater than overhead lines at similar load due to the smaller distance to the measurement 

point, as the burial depth of cables is less than the overhead clearance of overhead lines. 

However, the magnetic field strength decreases more rapidly with lateral distance from the 

underground cables than overhead lines for the same reason: a small change in distance laterally 

affects the straight-line distance from the underground cable proportionally more than the 

straight-line distance from the overhead line conductor, as the initial distance is smaller. 

7.6 The magnetic field at the 400 kV and 110 kV substation perimeters is very weak (<0.2 µT) and 

has a limited trend for decrease with distance, suggesting a contribution to the measured field 

from overhead lines around the substations. The magnetic field measured at the 220/110 kV 

substation shows a peak of up to 0.72 µT consistently at the 5 m distance interval (suggesting 

influence from a nearby overhead line), decreasing with distance thereafter, although the field 

strength at the perimeter is around 0.1 µT, similar to the other substations.  

7.7 As described in the approach/methodology section, the vector nature of EMF and the rapid 

decrease in field strength with distance means that in general, magnetic field exposure at a given 

point is likely to be dominated by a single proximate source. Non-standard conditions, i.e. where 

several powerlines or other items of high-voltage transmission infrastructure are in close 

proximity, are therefore considered unlikely to lead to significantly different cumulative effects to 

the measurements of individual items. Nevertheless, the possibility of greater field strength was 

investigated with a series of transects under overhead lines that are in close proximity (<100m), 

and a further measurement was taken where the downleads (conductors from the final 

transmission tower into the substation) of the Moneypoint-Dunstown 400 kV line cross the closest 

publically-accessible point at the Dunstown substation into the substation busbar. Transects were 

conducted in October 2011 using a Spectran NF-5035 meter with display hold function, to 

capture the highest magnetic field strength recorded while traversing under and between the 

lines.  
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7.8 The maximum magnetic field strength recorded where three 220 kV overhead lines stand in close 

proximity exiting the Dunstown substation was 2.47 µT, directly under the outer phase of one line, 

with lower readings recorded between them. A transect under two 220 kV overhead lines exiting 

the Maynooth substation similarly recorded maximum magnetic field strengths of 1.60 µT and 

3.18 µT directly under each line, with lower magnetic field strengths throughout the zone of 

overlapping influence between them. Finally, the maximum magnetic field strength recorded 

where the 400 kV overhead line downleads cross into the substation was 1.91 µT, comparable to 

the reading under other parts of the line. 

7.9 These results indicate that, as anticipated, the greatest magnetic field strength experienced at 

ground level would be from the proximate overhead line. Greater cumulative field strengths in 

between lines in close proximity was not found. 

 Annual load scaling 

7.10 The series of measurements at different loads for each infrastructure item allows a mean 

magnetic field strength per MVA (unit load) to be calculated for each distance interval. Combined 

with hourly records of load for each infrastructure item from one year encompassing the survey 

periods (April 2012 – March 2013 inclusive), this allows the typical magnetic field (based on mean 

or median load) and magnetic field at high load (top 95th percentile) to be calculated.  

7.11 The term „95th percentile‟ means that of all of the loads recorded (at hourly or 15 minute intervals) 

during the one year period for a particular overhead line or underground cable, 95% were lower 

than or equal to the 95th percentile load value, and 5% were greater than it. It has been calculated 

by first sorting the loads into rank order, and determining the rank of the 95th percentile using rank 

= 0.95 x the number of load records and then applying linear interpolation to determine the exact 

load where the rank is not an integer. 

7.12 The results are presented for several distance intervals in Table 7.16 to Table 7.22. Variation 

around the mean magnetic field per MVA is indicated with the calculated standard deviation, 

discussed further in the following section. 
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Table 7.16: Annual load-scaled magnetic field for 400 kV single circuit overhead line (double 

circuit tower) 

Name Moneypoint -> Dunstown 

Location Dunstown 

Type 400 kV single circuit 

Design Double circuit tower 

Distance (m) 0 25 50 100 

Magnetic field strength per MVA (µT) 0.0128 0.0048 0.0020 0.0006 

Standard deviation +/- 0.0007 0.0003 0.0005 0.0001 
   
Median annual load (MVA) 178.29 178.29 178.29 178.29 

Magnetic field strength (µT) 2.283 0.860 0.360 0.107 

Standard deviation +/- 0.124 0.058 0.095 0.011 
  

Mean annual load (MVA) 164.69 164.69 164.69 164.69 

Magnetic field strength (µT) 2.109 0.794 0.333 0.099 

Standard deviation +/- 0.115 0.054 0.088 0.010 
 

95th percentile annual load (MVA) 281.71 281.71 281.71 281.71 

Magnetic field strength (µT) 3.607 1.359 0.570 0.169 

Standard deviation +/- 0.196 0.092 0.150 0.018 

Table 7.17: Annual load-scaled magnetic field for 400 kV single circuit overhead line (single circuit 

tower) 

Name Moneypoint -> Dunstown 

Location Dunstown 

Type 400 kV single circuit 

Design Single circuit tower 

Distance (m) 0 25 50 100 

Magnetic field strength per MVA (µT) 0.0161 0.0068 0.0021 0.0004 

Standard deviation +/- 0.0008 0.0012 0.0003 0.0002 
  

Median annual load (MVA) 178.29 178.29 178.29 178.29 

Magnetic field strength (µT) 2.865 1.209 0.375 0.073 

Standard deviation +/- 0.147 0.205 0.058 0.034 
  

Mean annual load (MVA) 164.69 164.69 164.69 164.69 

Magnetic field strength (µT) 2.646 1.117 0.347 0.067 

Standard deviation +/- 0.136 0.189 0.053 0.031 
 

95th percentile annual load (MVA) 281.71 281.71 281.71 281.71 

Magnetic field strength (µT) 4.051 1.292 0.451 0.141 

Standard deviation +/- 1.047 0.373 0.126 0.038 
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Table 7.18: Annual load-scaled magnetic field for 220 kV single circuit overhead line 1 

Name Dunstown -> Turlough Hill 

Location Dunstown 

Type 220 kV single circuit 

Design Horizontal tower 

Distance (m) 0 25 50 100 

Magnetic field strength per MVA (µT) 0.0424 0.0102 0.0032 0.0004 

Standard deviation +/- 0.0030 0.0037 0.0017 0.0002 
  

Median annual load (MVA) 33.54 33.54 33.54 33.54 

Magnetic field strength (µT) 1.421 0.343 0.108 0.013 

Standard deviation +/- 0.100 0.125 0.058 0.005 
  

Mean annual load (MVA) 52.54 52.54 52.54 52.54 

Magnetic field strength (µT) 2.225 0.538 0.170 0.021 

Standard deviation +/- 0.157 0.196 0.091 0.008 
 

95th percentile annual load (MVA) 166.22 166.22 166.22 166.22 

Magnetic field strength (µT) 7.041 1.702 0.537 0.066 

Standard deviation +/- 0.498 0.621 0.289 0.027 

Table 7.19: Annual load-scaled magnetic field for 220 kV single circuit overhead line 2 

Name Dunstown -> Maynooth 

Location Dunstown 

Type 220 kV single circuit 

Design Horizontal tower 

Distance (m) 0 25 50 75 

Magnetic field strength per MVA (µT) 0.0354 0.0106 0.0028 0.0014 

Standard deviation +/- 0.0063 0.0044 0.0015 0.0006 
  

Median annual load (MVA) 36.75 36.75 36.75 36.75 

Magnetic field strength (µT) 1.300 0.391 0.102 0.050 

Standard deviation +/- 0.231 0.161 0.055 0.022 
  

Mean annual load (MVA) 42.95 42.95 42.95 42.95 

Magnetic field strength (µT) 1.519 0.456 0.120 0.058 

Standard deviation +/- 0.270 0.189 0.065 0.025 
 

95th percentile annual load (MVA) 99.02 99.02 99.02 99.02 

Magnetic field strength (µT) 3.502 1.052 0.276 0.135 

Standard deviation +/- 0.623 0.435 0.149 0.059 
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Table 7.20: Annual load-scaled magnetic field for 110 kV single circuit overhead line 

Name Kilteel -> Maynooth 

Location Kilteel 

Type 110 kV single circuit 

Design Horizontal wooden pole 

Distance (m) 0 25 50 100 

Magnetic field strength per MVA (µT) 0.0754 0.0110 0.0035 0.0001 

Standard deviation +/- 0.0048 0.0022 0.0014 0.0000 
  

Median annual load (MVA) 14.09 14.09 14.09 14.09 

Magnetic field strength (µT) 1.063 0.155 0.050 0.001 

Standard deviation +/- 0.068 0.031 0.020 0.000 
  

Mean annual load (MVA) 15.89 15.89 15.89 15.89 

Magnetic field strength (µT) 1.198 0.175 0.056 0.001 

Standard deviation +/- 0.077 0.035 0.022 0.000 
 

95th percentile annual load (MVA) 33.30 33.30 33.30 33.30 

Magnetic field strength (µT) 2.512 0.367 0.118 0.002 

Standard deviation +/- 0.161 0.074 0.047 0.001 

Table 7.21: Annual load-scaled magnetic field for 220 kV underground cable 

Name Corduff -> Huntstown 

Location Rosemount Business Park 

Type 220 kV single circuit 

Design Underground cable 

Distance (m) 0 10 20 30 

Magnetic field strength per MVA (µT) 0.0651 0.0041 0.0009 0.0006 

Standard deviation +/- 0.0044 0.0017 0.0005 0.0005 
  
Median annual load (MVA) 227.18 227.18 227.18 227.18 

Magnetic field strength (µT) 14.783 0.930 0.205 0.137 

Standard deviation +/- 1.006 0.377 0.121 0.118 
  
Mean annual load (MVA) 240.49 240.49 240.49 240.49 

Magnetic field strength (µT) 15.649 0.985 0.217 0.145 

Standard deviation +/- 1.065 0.399 0.128 0.125 
 

95th percentile annual load (MVA) 388.40 388.40 388.40 388.40 

Magnetic field strength (µT) 25.274 1.591 0.351 0.234 

Standard deviation +/- 1.720 0.644 0.207 0.201 
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Table 7.22: Annual load-scaled magnetic field for 110 kV underground cable 

Name Finglas -> Dardistown 

Location Finglas 

Type 110 kV single circuit 

Design Underground cable 

Distance (m) 0 4 8 12 

Magnetic field strength per MVA (µT) 0.0995 0.0264 0.0091 0.0044 

Standard deviation +/- 0.0045 0.0023 0.0013 0.0004 
  

Median annual load (MVA) 20.42 20.42 20.42 20.42 

Magnetic field strength (µT) 2.032 0.539 0.186 0.089 

Standard deviation +/- 0.092 0.047 0.026 0.009 
  

Mean annual load (MVA) 19.65 19.65 19.65 19.65 

Magnetic field strength (µT) 1.955 0.519 0.179 0.086 

Standard deviation +/- 0.088 0.045 0.025 0.009 
 

95th percentile annual load (MVA) 25.76 25.76 25.76 25.76 

Magnetic field strength (µT) 2.563 0.680 0.234 0.112 

Standard deviation +/- 0.115 0.059 0.032 0.011 
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 Results consistency 

7.13 Standardising the magnetic field measurements against load, as in the above tables, also allows 

the level of consistency in the measurement results to be investigated. Magnetic field strength is 

directly dependent upon current and should therefore vary linearly at a given distance with 

changes in power load (as the voltage on each infrastructure item is approximately fixed). 

7.14 The standard deviation in the results is typically <20% for measurements closer to the 

centrelines, but up to around 40-50% for the measurements at the greatest distances. However, it 

is small (1 x 10-5 to 9 x 10-3 µT) in absolute terms per MVA at these distances. 

7.15 This indicates good consistency for many measurement results recorded at the higher loads, 

close to the line/cable, but less so where the magnetic field was weaker at greater distances. 

However, the variation in measurements of the weaker fields at the greatest distances (where the 

standard deviation in percentage terms is typically greatest) would translate into absolute 

apparent errors in magnetic field strength of one standard deviation under typical loads in the 

order of <0.04 µT for overhead lines and <0.2 µT for underground cables. 

7.16 The magnetic field measured on each side of the 220 kV and 110 kV double circuit overhead 

lines is influenced by the load on both the circuits (both sides of the line). Standardising 

measurements per-MVA and scaling on that basis would not account for the relative influence of 

the load on each individual circuit (with the load on the circuit on the same side as the 

measurements having a greater influence, particularly at closer distances) or for potential field 

cancellation between the circuits (e.g. due to transposed phasing). Results scaling to annual 

loads has therefore not been undertaken for the double circuit overhead lines.  

7.17 In general it should be noted that the use of variation on a per-MVA basis as a measure of 

possible non-systematic error in the results depends upon the load data being accurate for the 

exact time the measurements were taken. In reality, load data given in real time were recorded at 

the start of the measurement series (potentially varying while it was undertaken) and were 

rounded to 1 MVA. Load data from annual records were available mainly at hourly intervals. 

Unrecorded variance in actual load may be a cause of some apparent inconsistency in the data 

when standardised against load, which does not reflect genuine error in the measurements at a 

particular time. 
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8 Electric field results 

8.1 Table 8.1 to Table 8.13 show the electric field strength measured for each of the high-voltage 

transmission infrastructure items surveyed, with the power load at the time of each measurement. 

Variation in the results measured at similar loads is due to factors outlined in the measurement 

variation discussion in Section 6. 

 Results tables 

Table 8.1: Measured electric field for 400 kV single circuit overhead line (double circuit tower) [see 

Figure 8.1] 

Name Moneypoint → Dunstown 

Location Dunstown 

Type 400 kV single circuit 

Design Double circuit tower 

Date 03/09/12 03/09/12 03/09/12 05/09/12 05/09/12 05/09/12 09/09/12 09/09/12 09/09/12 21/01/13 

Time 10:35 14:02 16:41 09:30 12:13 15:18 10:30 12:47 16:02 14:40 
Load 
(MVA) 181 201 256 199 238 247 223 152 121 286 

Dist. (m) Electric field (kV m-1) 

0 3.90 3.60 3.42 3.48 3.15 3.74 4.08 3.96 3.10 4.72 

5 3.12 3.43 2.99 2.74 2.96 3.00 3.55 3.43 2.86 4.44 

10 1.93 1.51 1.81 1.73 1.78 1.78 2.20 2.16 2.02 3.84 

15 1.10 0.82 0.92 0.95 1.00 0.96 1.21 1.12 0.99 1.83 

20 0.51 0.70 0.58 0.68 0.48 0.47 0.91 0.77 0.53 0.98 

25 0.31 0.40 0.32 0.42 0.28 0.30 0.65 0.49 0.33 0.71 

50 0.21 0.22 0.16 0.22 0.16 0.15 0.28 0.20 0.15 0.29 

75 0.11 0.11 0.11 0.14 0.09 0.11 0.15 0.10 0.09 0.16 

100 0.07 0.07 0.07 0.10 0.06 0.07 0.15 0.06 0.06 0.15 
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Table 8.2: Measured electric field for 400 kV single circuit overhead line (horizontal tower 

configuration) [see Figure 8.2] 

Name Moneypoint → Dunstown 

Location The Curragh 

Type 400 kV single circuit 

Design Single circuit tower 

Date 03/09/12 03/09/12 03/09/12 05/09/12 05/09/12 05/09/12 09/09/12 09/09/12 09/09/12 21/01/13 

Time 12:58 15:31 18:20 11:23 14:30 16:44 09:30 12:01 15:16 13:30 
Load 
(MVA) 196 255 236 212 243 237 166 177 221 280 

Dist. (m) Electric field (kV m-1) 

0 1.43 1.46 2.16 1.25 1.26 1.32 2.76 2.51 1.32 2.85 

5 1.91 1.77 2.45 1.57 1.62 1.74 3.20 2.93 1.60 3.18 

10 2.89 2.74 3.59 2.51 2.53 2.72 4.15 3.89 2.42 3.6 

15 2.92 2.95 3.81 2.76 2.76 2.70 4.31 4.19 2.74 3.74 

20 2.29 2.29 2.92 2.28 2.23 2.15 3.40 3.20 2.24 3.63 

25 1.56 1.62 2.11 1.58 1.53 1.54 2.63 2.40 1.54 3.63 

50 0.28 0.30 0.43 0.30 0.29 0.28 0.98 0.84 0.28 0.73 

75 0.10 0.10 0.13 0.12 0.13 0.13 0.61 0.44 0.10 0.43 

100 0.01 0.04 0.05 0.04 0.04 0.04 0.24 0.16 0.06 0.15 

Table 8.3: Measured electric field for 220 kV single circuit overhead line 1 [see Figure 8.3] 

Name Dunstown → Turlough Hill 

Location Dunstown 

Type 220 kV single circuit 

Design Horizontal tower 

Date 03/09/12 03/09/12 03/09/12 05/09/12 05/09/12 05/09/12 09/09/12 09/09/12 09/09/12 21/01/13 

Time 11:10 14:30 17:10 10:23 12:50 15:58 11:00 13:10 16:25 15:00 
Load  
(MVA) 35 49 20 42 81 73 55 59 18 42 

Dist. (m) Electric field (kV m-1) 

0 1.19 1.11 1.14 0.87 0.93 1.02 1.09 0.74 0.69 2.85 

5 1.75 1.49 1.83 1.38 1.36 1.52 1.96 1.84 1.59 2.67 

10 2.14 1.88 2.04 1.64 1.64 1.65 2.22 2.01 1.47 2.49 

15 1.73 1.73 1.32 1.35 1.35 1.15 1.80 1.29 0.98 2.20 

20 1.14 1.09 0.84 0.68 0.67 0.72 1.23 0.75 0.60 1.67 

25 0.60 0.56 0.53 0.46 0.83 0.41 0.79 0.52 0.36 1.12 

50 0.11 0.37 0.09 0.09 0.09 0.08 0.16 0.10 0.06 0.34 

75 0.04 0.11 0.03 0.03 0.03 0.03 0.05 0.04 0.03 0.09 

100 0.01 0.04 0.01 0.01 0.01 0.01 0.01 0.01 0.01 n/a 
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Table 8.4: Measured electric field for 220 kV single circuit overhead line 2 [see Figure 8.4] 

Name Dunstown → Maynooth 

Location Dunstown 

Type 220 kV single circuit 

Design Horizontal tower 

Date 03/09/12 03/09/12 03/09/12 05/09/12 05/09/12 05/09/12 09/09/12 09/09/12 09/09/12 21/01/13 

Time 12:00 15:00 17:30 10:45 13:12 16:08 11:15 13:30 16:43 15:15 
Load 
 (MVA) 82 38 58 93 72 67 60 74 26 20 

Dist. (m)* Electric field (kV m-1) 

0 0.76 0.71 0.72 0.65 0.70 0.72 1.11 1.09 1.06 1.37 

5 1.25 1.16 1.23 1.14 1.08 1.11 1.26 1.18 1.40 1.89 

10 1.58 1.64 1.80 1.42 1.35 1.44 1.75 1.67 1.54 2.30 

15 1.55 1.39 1.64 1.35 1.29 1.22 1.44 1.73 1.34 2.46 

20 0.87 0.94 1.02 0.80 0.82 0.78 0.93 1.17 0.86 2.30 

25 0.53 0.58 0.59 0.41 0.43 0.42 0.54 0.58 0.51 1.80 

50 0.09 0.11 0.14 0.09 0.11 0.09 0.12 0.14 0.17 0.28 

75 0.02 0.03 0.03 0.02 0.03 0.02 0.03 0.02 0.05 0.07 

* Space constraints permitted measurement only to 75 m 

Table 8.5: Measured electric field for 110 kV single circuit overhead line [see Figure 8.5] 

Name Kilteel → Maynooth 

Location Kilteel 

Type 110 kV single circuit 

Design Horizontal wooden pole 

Date 04/09/12 04/09/12 04/09/12 06/09/12 06/09/12 06/09/12 08/09/12 08/09/12 08/09/12 21/01/13 

Time 09:36 12:36 15:15 10:00 12:20 16:47 11:00 13:35 16:47 13:00 
Load  
(MVA) 13 14 14 13 14 12 14 14 12 14 

Dist. (m) Electric field (kV m-1) 

0 0.32 0.20 0.22 0.30 0.20 0.20 0.57 0.20 0.20 0.51 

5 0.91 0.76 0.78 0.97 0.78 0.83 1.09 0.75 0.83 1.51 

10 0.90 0.77 0.68 0.80 0.70 0.75 0.93 0.52 0.75 2.39 

15 0.62 0.45 0.38 0.52 0.40 0.42 0.78 0.30 0.42 1.55 

20 0.32 0.25 0.21 0.25 0.23 0.23 0.41 0.14 0.23 0.87 

25 0.21 0.15 0.03 0.16 0.13 0.13 0.26 0.02 0.13 0.48 

50 0.06 0.03 0.02 0.03 0.02 0.06 0.06 0.01 0.02 0.09 

75 0.01 0.01 0.01 0.01 0.01 0.02 0.02 0.02 0.01 0.03 

100 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 n/a 
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Table 8.6: Measured electric field for 220 kV double circuit overhead line circuit 1 [see Figure 8.6] 

Name Maynooth → Woodlands 

Location Maynooth 

Type 220 kV double circuit 

Design Vertical tower 

Date 01/03/13 01/03/13 01/03/13 04/03/13 04/03/13 04/03/13 09/03/13 09/03/13 09/03/13 21/01/13 

Time 11:17 14:01 15:00 11:00 12:58 13:46 10:23 11:16 12:06 10:40 
Load  
(MVA) 237 206 204 173 171 168 77 64 66 148 

Dist. (m) Electric field (kV m-1) 

0 4.17 3.89 3.69 3.62 3.41 3.69 4.55 4.37 4.11 3.49 

5 3.22 2.98 2.94 3.11 3.04 2.89 3.57 3.40 3.21 2.82 

10 1.81 1.76 1.66 1.68 1.64 1.66 2.22 2.00 1.98 2.00 

15 1.04 0.96 0.91 0.94 0.93 1.01 1.76 1.49 1.42 1.19 

20 0.58 0.56 0.51 0.52 0.48 0.49 1.01 0.75 0.54 0.67 

25 0.38 0.34 0.30 0.32 0.24 0.35 0.56 0.46 0.46 0.41 

50 0.07 0.07 0.07 0.08 0.08 0.08 0.16 0.12 0.10 0.09 

75 0.05 0.05 0.05 0.05 0.05 0.05 0.10 0.09 0.06 0.06 

100 0.03 0.03 0.03 0.03 0.03 0.03 0.06 0.05 0.04 0.03 

Table 8.7: Measured electric field for 220 kV double circuit overhead line circuit 2 [see Figure 8.7] 

Name Maynooth → Shannonbridge 

Location Maynooth 

Type 220 kV double circuit 

Design Vertical tower 

Date 01/03/13 01/03/13 01/03/13 04/03/13 04/03/13 04/03/13 09/03/13 09/03/13 09/03/13 21/03/13 

Time 11:34 14:13 15:07 11:13 13:06 13:52 10:31 11:24 12:25 10:50 
Load 
(MVA) 10 17 16 40 39 47 108 109 108 32 

Dist. (m) Electric field (kV m-1) 

0 3.38 3.06 2.89 3.13 2.95 2.79 3.74 3.66 3.22 3.58 

5 2.15 2.67 2.02 2.29 1.62 2.17 2.92 2.80 2.31 2.92 

10 1.33 1.30 1.01 1.22 1.09 1.17 1.55 1.49 1.25 1.29 

15 0.77 0.78 0.66 0.65 0.52 0.67 1.01 0.96 0.66 0.96 

20 0.59 0.56 0.49 0.58 0.54 0.51 0.90 0.86 0.59 0.80 

25 0.46 0.43 0.37 0.45 0.44 0.25 0.75 0.67 0.42 0.64 

50 0.21 0.19 0.17 0.19 0.20 0.20 0.41 0.28 0.20 0.28 

75 0.15 0.13 0.13 0.14 0.13 0.13 0.20 0.15 0.13 0.15 

100 0.06 0.06 0.06 0.06 0.07 0.06 0.12 0.07 0.06 0.08 
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Table 8.8: Measured electric field for 110 kV double circuit overhead line circuit 1 [see Figure 8.8] 

Name Maynooth → Rinawade 

Location Maynooth 

Type 110 kV double circuit 

Design Vertical tower 

Date 01/03/13 01/03/13 01/03/13 04/03/13 04/03/13 04/03/13 09/03/13 09/03/13 09/03/13 

Time 12:27 14:42 15:51 11:41 13:33 14:13 10:58 11:46 12:52 
Load  
(MVA) 32 30 30 33 31 32 25 27 30 

Dist. (m)* Electric field (kV m-1) 

0 2.28 2.41 2.20 2.31 1.94 2.21 3.16 3.03 2.86 

5 1.19 1.37 1.32 1.34 1.06 1.24 2.24 1.98 1.67 

10 0.53 0.48 0.36 0.45 0.52 0.45 0.84 0.66 0.59 

15 0.24 0.22 0.24 0.24 0.23 0.24 0.45 0.35 0.26 

20 0.23 0.24 0.24 0.22 0.21 0.22 0.37 0.36 0.25 

25 0.22 0.21 0.22 0.20 0.19 0.18 0.34 0.34 0.23 

50 0.12 0.10 0.08 0.11 0.10 0.09 0.19 0.16 0.11 

75 0.06 0.06 0.06 0.05 0.05 0.05 0.09 0.08 0.06 

* Space constraints permitted measurement only to 75 m 

Table 8.9: Measured electric field for 110 kV double circuit overhead line circuit 2 [see Figure 8.9] 

Name Maynooth → Ryebrook 

Location Maynooth 

Type 110 kV double circuit 

Design Vertical tower 

Date 01/03/13 01/03/13 01/03/13 04/03/13 04/03/13 04/03/13 09/03/13 09/03/13 09/03/13 

Time 12:18 14:30 15:22 11:32 13:23 14:06 10:49 11:40 14:50 

Load (MVA) 10 17 18 17 19 19 35 29 21 

Dist. (m) Electric field (kV m-1)  

0 2.33 2.18 2.24 2.14 2.25 2.01 3.13 2.95 2.52 

5 1.32 1.19 1.31 1.35 1.31 1.13 2.07 1.85 1.52 

10 0.48 0.39 0.38 0.46 0.46 0.35 0.77 0.63 0.58 

15 0.23 0.21 0.22 0.19 0.23 0.18 0.39 0.34 0.29 

20 0.22 0.20 0.23 0.18 0.21 0.17 0.41 0.32 0.26 

25 0.19 0.19 0.19 0.16 0.19 0.16 0.35 0.28 0.21 

50 0.11 0.10 0.10 0.10 0.08 0.07 0.18 0.15 0.11 

75 0.07 0.06 0.06 0.06 0.07 0.06 0.09 0.06 0.06 

100 0.04 0.03 0.04 0.03 0.04 0.03 0.06 0.05 0.04 
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Table 8.10: Measured electric field for 110 kV double circuit overhead line 3* [see Figure 8.9] 

Name Cookstown → Inchicore 

Location Firhouse 

Type 110 kV double circuit 

Design Vertical tower 

Date 25/01/13  
Time 16:00 

Load (MVA) 59 

Dist. (m) Electric field (kV m-1) 

0 2.33  
5 1.65 

10 0.81 

15 0.5 

20 0.286 

25 0.25 

50 0.17 

75 0.11 

100 0.05 

* This single set of measurements was taken targeting high load conditions due to access constraints at the 
Maynooth site  

Table 8.11: Measured electric field for 400/220 kV substation [see Figure 8.10] 

Name Dunstown 400/220 kV substation 

Date 03/09/12 03/09/12 03/09/12 05/09/12 05/09/12 05/09/12 09/09/12 09/09/12 09/09/12 21/01/13 

Time 10:45 14:17 16:52 09:42 12:27 15:26 10:45 13:01 16:17 11:00 
Load 
(MVA) 176 197 248 181 234 235 233 162 115 281 

Dist. (m) Electric field (kV m-1) 

0 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.07 

5 0.04 0.04 0.04 0.04 0.04 0.03 0.04 0.04 0.03 0.12 

10 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.12 

15 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.12 

 



 

 66   
   

rpsgroup.com 
 

Table 8.12: Measured electric field for 220/110 kV substation [see Figure 8.11] 

Name Maynooth 220/110 kV substation 

Date 01/03/13 01/03/13 01/03/13 04/03/13 04/03/13 04/03/13 09/03/13 09/03/13 09/03/13 21/01/13 

Time 11:45 14:25 15:21 11:21 13:16 14:02 10:44 11:38 12:32 11:00 
Load 
(MVA) 135 135 134 141 143 138 122 123 122 154 

Dist. (m) Electric field (kV m-1) 

0 0.03 0.04 0.03 0.04 0.04 0.03 0.02 0.03 0.04 0.00 

5 0.11 0.10 0.09 0.10 0.09 0.10 0.12 0.11 0.10 0.12 

10 0.08 0.09 0.08 0.07 0.07 0.08 0.07 0.06 0.07 0.07 

15 0.04 0.04 0.04 0.03 0.04 0.04 0.04 0.03 0.03 0.04 

20 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 

25 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 n/a 

50 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 n/a 

Table 8.13: Measured electric field for 110 kV substation [see Figure 8.12] 

Name Kilteel 110 kV substation 

Date 04/09/12 04/09/12 04/09/12 06/09/12 06/09/12 06/09/12 08/09/12 08/09/12 08/09/12 21/01/13 

Time 09:00 12:26 16:41 10:20 12:40 17:10 11:15 13:50 17:25 13:10 
Load 
(MVA) 13 14 14 15 14 14 11 10 10 15 

Dist. (m) Electric field (kV m-1) 

0 0.00 0.00 0.00 0.00 0.00 0.00 n/a n/a 0.00 0.03 

5 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.04 

10 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.02 

15 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.02 

20 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.02 

25 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.02 

50 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 
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 Results graphs 

8.2 Figure 8.1 to Figure 8.12 show the measured electric field strength plotted against distance for 

each of the high-voltage transmission infrastructure items surveyed. Variation in the results 

measured at similar loads is due to factors outlined in the measurement variation discussion in 

Section 6. 

Figure 8.1: Measured electric field plotted against distance for 400 kV single circuit overhead line 

(double circuit tower) [see Table 8.1] 
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Figure 8.2: Measured electric field plotted against distance for 400 kV single circuit overhead line 

(horizontal tower configuration) [see Table 8.2] 

 

Figure 8.3: Measured electric field plotted against distance for 220 kV single circuit overhead line 

1 [see Table 8.3] 
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Figure 8.4: Measured electric field plotted against distance for 220 kV single circuit overhead line 

2 [see Table 8.4] 

 

Figure 8.5: Measured electric field plotted against distance for 110 kV single circuit overhead line 

[see Table 8.5] 
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Figure 8.6: Measured electric field plotted against distance for 220 kV double circuit overhead line 

circuit 1 [see Table 8.6] 

 

Figure 8.7: Measured electric field plotted against distance for 220 kV double circuit overhead line 

circuit 2 [see Table 8.7] 
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Figure 8.8: Measured electric field plotted against distance for 110 kV double circuit overhead line 

circuit 1 [see Table 8.8] 

 

Figure 8.9: Measured electric field plotted against distance for 110 kV double circuit overhead line 

circuit 2 [see Table 8.9 and Table 8.10] 
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Figure 8.10: Measured electric field plotted against distance for 400/220 kV substation [see Table 

8.11] 

 

Figure 8.11: Measured electric field plotted against distance for 220/110 kV substation [see Table 

8.12] 
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Figure 8.12: Measured electric field plotted against distance for 110 kV substation [see Table 8.13] 
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 Discussion 

8.3 The maximum electric field strength recorded among the overhead power lines was 4.72 kV m-1 

for the 400 kV overhead line, and the maximum recorded among the substations was 0.12 kV m-1 

for both the 400 kV and 220/110 kV substations. There is no electric field above ground level for 

underground cables, as the field is fully screened by the cable sheath. All measured results fall 

below the 2010 ICNIRP guideline reference level for general public exposure of 5 kV m-1. 

8.4 For single-circuit overhead lines, the peak electric field strength measured was at around 5 m – 

15 m distance from the centreline; these towers carry the conductors spaced horizontally, and the 

peak field strength has been recorded under the outer conductor. In all cases, the measured 

electric field strength decreases rapidly with distance from the peak.  

8.5 Electric field strengths measured directly under the conductors of overhead lines vary across 

those surveyed, from 0.75 kV m-1 to the maximum of 4.72 kV m-1 noted.  

8.6 The electric field measured at substations is very weak (peaking at 0.12 kV m-1), and is lower 

immediately at the perimeter in all cases. This is likely to be due to the metal fence of the 

perimeter providing a path to earth for the electric field at that location, effectively screening the 

electric field measured adjacent to it. 

8.7 Electric field strength depends on voltage rather than current, and would not be expected to vary 

significantly under differing load conditions (although some change due to thermal expansion of 

overhead lines, causing sag that reduces ground clearance and hence measurement distance, 

would be expected). However, significant variability and some outlier measurements are evident 

in the plots of the multiple series of electric field measurements. This is likely to reflect variation in 

the transmission system voltage (either within Grid Code normal expected ranges, or potentially a 

transmission system disturbance), and also the fact that electric field measurements can be 

affected by environmental confounding factors such as weather conditions and grounding by 

nearby objects or natural features. 
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9 Conclusions 

9.1 Widely adopted international guidelines for continuous public exposure to ELF electric and 

magnetic fields, published by ICNIRP, exist to protect public health. These guideline values are 

based upon well-established acute effects on the body or the thresholds at which physical 

impacts from fields can be perceived, with a „safety factor‟ to allow for scientific uncertainty and 

the potential cumulative impacts of long-term exposure. The guidelines are expressed both as a 

basic restriction (for induced current in the central nervous system or internal electric field) and a 

reference level (external field strength at which the basic restriction could not be exceeded).  

9.2 The most recent published reference levels (2010) are 200 µT and 5 kV m-1 for magnetic and 

electric field strength respectively, although at the present time, the standing EC recommendation 

for their adoption (1999/519/EC) is based upon a more stringent former reference level (1998) of 

100 µT for the magnetic field and the same reference level of 5 kV m-1 for the electric field. 

 Magnetic field 

9.3 The maximum magnetic field strengths measured at all overhead lines, underground cables and 

substation perimeters surveyed are well below the ICNIRP reference level to protect public health 

(Table 9.1).  

Table 9.1: Maximum measured magnetic field strength 

2010 ICNIRP reference level 
200 µT 

Maximum field strength Percentage of reference level 

Underground cable 26.01 µT 13.01 % 

Overhead line 4.97 µT 2.49 % 

Substation perimeter 0.72 µT 0.36 % 

9.4 Based on the measured data, magnetic field strengths estimated for overhead power lines and 

underground cables using records of annual load are also well below the ICNIRP reference level 

to protect public health under typical (mean or median load) and high power load (95th percentile) 

conditions (Table 9.2). 
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Table 9.2: Maximum magnetic field strength under annual typical and high loads 

2010 ICNIRP reference level 200 µT 

Overhead line* 

Mean load 1.20 – 2.37 µT 0.60 – 1.18 % 

Median load 1.06 – 2.56 µT 0.53 – 1.28 % 

95th percentile load 2.51 – 7.04 µT 1.26 – 3.52 % 

Underground cable 

Mean load 1.96 –15.65 µT 0.98 – 7.83 % 

Median load 2.03 – 14.78 µT 1.02 – 7.39 % 

95th percentile load 2.56 – 25.27 µT 1.28 – 12.64 % 

* Excluding double circuit lines 

 Electric field 

9.5 The maximum electric field strengths measured at all overhead lines and substation perimeters 

surveyed are below the ICNIRP reference level to protect public health (Table 9.3). Underground 

cables produce no electric field above ground. 

Table 9.3: Maximum measured electric field strength 

2010 ICNIRP reference level 5 kV m-1 

Overhead line 4.72 94 % 

Substation perimeter 0.12 2.4 % 

 Public exposure 

9.6 The maximum magnetic field strength from all high-voltage transmission infrastructure items 

measured falls well below the ICNIRP guideline reference level for the protection of public health. 

This is the case for power loads at the times of measurement, and also the case when 

measurement results are scaled to higher loadings (those not exceeded 95% of the time in a 

typical year for the infrastructure included in the study). Under the EC recommendation, these 

public exposure guidelines are applicable primarily to long-term, residential exposure. 

9.7 Although remaining within the guideline reference level is considered appropriate to protect 

health, health protection bodies suggest that, based on the health impacts research literature, 

public perception of risk can be addressed through application of a precautionary approach in 

which unnecessary magnetic field exposure is further reduced. EirGrid typically aims, on the 

grounds of residential amenity and visual impact, to site new high-voltage transmission 

infrastructure away from populated areas and to maintain at least a 50 m distance from individual 

dwellings where feasible. This existing approach inherently offers a further reduction in magnetic 

field exposure, as the field strength decreases rapidly with distance away from the power line.  
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9.8 The maximum electric field strength measured from the highest-voltage overhead line (400 kV) is 

relatively close to the ICNIRP reference level. However, this reference level is set on a highly 

conservative basis that ensures that the ICNIRP basic restriction for electric field exposure 

cannot be exceeded by external field strengths below the reference level. 
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