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PUE-2015-00107 -Virginia Electrid-^nd Power Company - for Approval and 
Certification of Electric Facilities Haymarket 230 kV Double Circuit 
Transmission Line and 230-34.5 kV Haymarket Substation. 

Attached are two (2) case comments submitted to the Commission for consideration. 
Please enter in the case jacket for Case No. PUE-2015-00107. Thank you. 

Mr. Andrew Shropshire, et al. 

NOT FOR DISTRIBUTION 
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From: 
Sent: 
To: 

Subject: 

Importance: 

ashropshire77@gmail.com 
Sunday, May 22, 2016 10:13 AM 
PUE_Comments; Charlotte.p.mcafee@dom.com; vlink@mcguirewoods.com; 
jvalaika@mcguirewooods.com 
Case Comments Submission for Case # PUE-2015-00107 

High 

The following case comments were submitted online Sunday, May 22, 2016 at 10:12:41 AM 

Full Name: Mr. Andrew Shropshire 
Group or Organization: 
Address Line One: 16036 Sheringham Way 
Address Line Two: 
City, State, Zip: Gainesville, VA 20155 
Email: ashropshire?7@,gmai 1.com 
Case Number: PUE-2015-00107 
Comments: SCC and Staff, I would like to bring to your attention that a 63MW fuel cell park was recently 
approved by Connecticut. For testimony and other document's please see that state's web site at 
0ittp://www.ct.gov/csc/cwp/view.asD?a=2397&q=570126'). This installation is of comparable size to one that 
could be used to satisfy the power needs in an alternative way to a proposed electric transmission line (by 
extending the gas transmission line owned by Columbia Gas at the intersection of route 29 and 66). As stated 
elsewhere, drawing the energy from transmitted gas rather than transmitted electricity is significantly cheaper in 
terms of fuel costs (eletricity costs are more than double natural gas at 47% conversion rates for typical fuel 
cells). A gas transmission line would also have less visual/negative economic impact on the community than 
any of the proposed transmission line routes. Fuel cells such as the DFC3000 by Fuel Cell Inc (which are used 
in the CT application above) or the PureCell 400 by Doosan Fuel Cell America Inc can be aggregated to 
produce the 100MW or other energy needs, utilizing a small amount of land (as proven by their previous 
installations of comparable power systems). Dominion Power owns a 15MW plant of 5 DFC3000 fuel cells in 
Connecticut which it recently built. Dominion executives can be seen here promoting and endorsing the 
DFC3000 (see http://www.fuelcellenergv.com/news-resources/videos/ (see upper right video)). Regarding 
costs: Scott Samuelsen, director of the National Fuel Cell Research Center at the University of California, 
Irvine, quoted in a CNBC report, claims, "The fuel-cell companies that are public are beginning to demonstrate 
costs that are beginning to approach $3,000 per kilowatt." (from 
http://www.greentechmedia.com/articles/read/Fuel-Cells-2016-Within-Striking-Distance-of-Profitabilitv') For 
100MW, that would be $300 million, which given the $37million in annual fuel costs savings (electric vs gas 
costs for a year of 100MW), the system would pay for itself in less than 10 years. Regarding pollution 
produced, one can used the manufacturers data. For example the specs for the Purecell 400 
(http://www.doosanfuelcell.com/attach files/link/PureCell%20Model%20400%20Datasheet.pdf) or DFC3000 
(http^/www.fuelcellenergy.com/assets/PIDOOOl 56 FCE DFC3000 r3 hires.pdf). For the DFC3000 they are: 
NOx 0.01 Ib/MWh SOx 0.0001 Ib/MWh PM10 0.00002 Ib/MWh For the Purecell 400 they are: NOx 0.01 
Ibs/MWh (0.006 kg/MWh) CO 0.02 Ibs/MWh (0.009 kg/MWh) VOC 0.02 Ibs/MWh (0.009 
kg/MWh) S02 Negligible Particulate Matter Negligible Water usage and discharge is significantly 
different. I would ask whether any experts in these technologies have been consulted and why this alternative 
has not been put in the application for consideration? I think this also points to a need to extend the deadline for 
this application since alternative technologies have to be evaluated carefully. This application should be rejected 
for it's incompleteness and limited solutions. What are the envionmental impacts of the 100MW as DOM is 

7 

mailto:Charlotte.p.mcafee@dom.com
mailto:vlink@mcguirewoods.com
http://www.ct.gov/csc/cwp/view.asD?a=2397&q=570126'
http://www.greentechmedia.com/articles/read/Fuel-Cells-2016-Within-Striking-Distance-of-Profitabilitv'


proprosing? What is fueling the 100MW DOM is proposing to transmit to the facility? Where in this P 
state/elsewhere is this pollution being generated and how does this compare to the efficiency and pollution of 
the fuel cells? While I am not sure if this is a good idea, I think it is in the best interests of all for the SCC to ^ 
have all information as practical to make informed decisions. Andrew yi 
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Date: May 4,2016 -

From: Edit Braunstein- Resident at Somerset Crossing Subdivisiof!CQflriJ5Si\ii^ W- CENTER & 

To:SCC m i h M A K l ^  A - ^ O I  % 
Subject: PUE-2015-00107. Haymarket 230 kV Double Circuit Transmission Line and M 
230-34.5 kV Haymarket Substation 

Mr. Chairman of the SCC, 

My name is Edit Braunstein and, with my husband, we live at the Somerset Crossing 
neighborhood in Gainesville. 

Back in 2007 we were looking for a house to buy when we moved from Florida State. 
We visited a beautiful, very affordable new house, being built at the moment and with 
opportunities to finalize it according to our desire in a Linton Hall subdivision; however 
when we looked at the surrounding area, very close to that house we saw power lines. 
From that moment that particular nice house was never again considered as a potential 
home for us. We finally settled for an older, more expensive house, in a quiet 
neighborhood, without the issues of power lines. 

Nine years later we are coming not by our choice into a situation where the decision of 
having power lines close to our house is out of our control. 

Fortunately, someone else other than two big corporations, Amazon and Dominion, 
have the power to stop this situation and it is you as a chairman of the SCC. 

I hope and pray that you will have the clarity of mind to decide for what is the common 
sense solution and the common good for all the population affected by this situation: the 
Hybrid 66 proposal. 

You see, all the other proposals will affect families and specially children living in the 
area of the project and beyond, with potential health issues. 

The proposed route and the railroad route pass very close many homes and the two 
other alternative routes the Carver alternative route and the Madison alternative routes 
not only are close to many houses but are very close to The Elementary School. 
Children in the development age will be exposed to the EMF with potentially terrible 
consequences. 

Even though there is not uniform agreement in the scientific community about the 
correlation between cancer and exposure to EMF, the danger cannot be dismissed. 

In fact, the Australian Leukemia Foundation (2007) supports a prudent avoidance 
approach in relation to high-level EMF exposure (paper included) and also the British 
Journal of Cancer in an article published in 2013: Childhood leukemia close to high-
voltage power lines-the Geocap Study, (108, pp. 1899-1906): we can read "In 



conclusion, the present study has generated additional findings, based on a recent 
nationwide unselected population-based study, that support the hypothesis that living 
< 50m from a 225 / 400 kV HVOL may be associated with an increased incidence of 
childhood AL". 

We do not know what the new tools of biology and science in general will demonstrate 
in the future about these correlations, but we know that by choosing 1-66 Hybrid 
proposal we will put behind a lot of concerns for all the families involved in this 
unwanted discussion and it could also avoid a lot of pain and suffering in the future. 

Thanks for your attention. 
Sincerely, 

Edit Braunstein 
Residence: 10507 Neale Sound Ct, Gainesville, VA 20155. 

Biochemical Engineer and Supervisor of Manufacturing Science and Technology for 
Cell Biology 
ATCC- American Type Tissue Collection 
10801 University Boulevard 
Manassas, VA, 20110 
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Leukaemia Foundation of Australia 

Position Statement: Powerlines and Childhood Leukaemia 

Leukaemia 
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Summary 

The Leukaemia Foundation acknowledges that there is a great deal of 

community concern regarding the potential health effects of living close to high 

voltage powerlines. The possible link between proximity to these lines and 

exposure to the powerful electromagnetic fields (EMFs) they produce and 

childhood leukaemia has been the subject of a number of international studies 

over the past 30 years. While some have reported an association between 

exposure to high-level EMFs (greater than 0.4 pT) and acute lymphoblastic 

leukaemia (ALL) in children, to date there is insufficient evidence to prove any 

causal link (i.e. that EMFs cause childhood leukaemia). There is no consistent 

evidence either to prove childhood exposures are associated with brain or any 

other types of solid tumours. 

The scientific evidence surrounding the potential health effects of EMFs and in 

particular, magnetic fields remains uncertain. It cannot however be dismissed. 

As such the Leukaemia Foundation supports a prudent avoidance 6 approach in 

relation to high-level EMF exposure (see below). 

Powerlines are part of the national grid that supplies electricity across Australia. They 
include high voltage transmission lines, which are mounted on large steel towers and 
lower voltage distribution lines mounted on concrete or wooden poles on the roadside, or 
placed underground. 

Electromagnetic fields are a combination of electric and magnetic forces that travel 
together in wave-like patterns, at the speed of light. These waves travel at different 
frequencies. The frequency is simply the measurement of the number of times the 
electric and magnetic waves oscillate per unit of time. This is usually expressed in 
measurements known as Hz. 

Electric fields result from electrical charges. The strength of the electric field is 
proportional to the voltage, i.e. the higher the voltage, the stronger the electric field. An 
electric field is produced as soon as an appliance is plugged in, regardless of whether it 
is switched on or not. Commonly used building materials such as wood and metal can be 
used to successfully shield us from these fields. 

Magnetic fields result from the movement of electrical charges, also known as the 
current. The strength of the magnetic field is proportional to the current, i.e. the greater 
the amount of electricity flowing through a wire the stronger the magnetic field. 
Magnetic fields are commonly measured in units called tesla (T) or microtesla (pT). A 
magnetic field is only generated when a device is switched on, or when an electric 
current flows through a wire. Magnetic fields pass easily through most types of material, 
making attempts at shielding both difficult and expensive. 
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Background 

Electromagnetic fields (EMFs) are produced by all electrical equipment including 

electrical supply equipment (high and low voltage power lines, substations, 

above and below ground distribution cables, electrical wiring in business and 

homes), domestic appliances, TV and radiotransmitters, mobile phones and their 

base stations. They are also produced by natural forces in the earth. As such, it 

would impossible for any of us to completely avoid exposure in today's world. 

Exposure levels to EMFs from electric appliances around the home are generally 

in the range of 0.01 - 0.25 pT. For homes near high voltage powerlines however, 

these levels may be as high as 0.5 - 1 pT. For homes immediately under the 

high voltage powerline, magnetic field levels of 6 - 10 pT may be found1. It is 

important to point out that very few children in Australia live in close proximity 

to high-voltage powerlines. (the high-voltage distinction is important, as 

everyone has a powerline coming into their house) 

There is a general consensus among experts, including the Australian radiation 

health authorities, that there is no scientific evidence to prove that ongoing 

exposure to electric and magnetic fields at the levels commonly found in the 

Australian environment (including most homes and work places), constitutes a 

proven health risk 1. 

Both electric and magnetic fields are generally strongest close to their origin (for 

example a high-voltage power line) and become progressively weaker with 

distance. While the potential negative health effects of electric fields are 

generally thought to be limited to accidental electrocution, the potential health 

effects of magnetic fields are generally less well understood. 

A comprehensive overview of EMFs and health is available at 

http://www.arDansa.aov.au/is emf.htm 

UT 

& 
h9 

What does the research tell us? 

The link between magnetic fields and childhood leukaemia has been investigated 

in a number of studies. In the most extensive and detailed to date, the UK 

Childhood Cancer Study (UKCCS)2 found 'no evidence that either proximity to 

electrical installations or the magnetic field levels they produce in the UK is 

associated with increased risk of childhood leukaemia or any other cancer.' The 

researchers in this study measured children's residential exposure to electro­

magnetic fields (EMF) from a number of sources including domestic appliances, 

electrical wiring in homes, proximity to both low and high voltage power lines, 

underground power lines and electrical substations. They concluded that there 

was no evidence that exposure increased the risk of leukaemia, or any other 

type of childhood cancer. 

Updated August 2007 
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In contrast, a recent UK study found that children who lived close to high voltage 

power lines at the time of their birth (within 200 m) had a significantly higher ® 

(1.69 times higher) chance of developing leukaemia than those who lived further </J 

away (beyond 600 m) 3. Those who lived between 200-600 m of a line also had ® 

an increased risk (1.23 times higher) than those living further away. It is ^ 

important to point out that the authors admitted to having 'no satisfactory ^ 

explanation' for their findings. Exposure to magnetic fields from power lines was 

suggested as a possible explanation for the increased risk, however the authors 

pointed out that the strength of these forces was estimated to be typically less 

than the average magnetic fields found in most homes generated from other 

sources, such as domestic electrical appliances. The authors were also careful to 

state that the study does not prove that power lines cause leukaemia in children, 

and that there is no 'laboratory data or acceptable biological mechanism' to 

support their findings, which may have resulted from some other unexplained 

factors. 

In a major European study 4, researchers analysed the results from several 

previous studies of residential exposure to EMFs and childhood leukaemia. They 

found that a very small number of children (less than 1%) who were exposed to 

higher than average intensity magnetic fields (greater than 0.4 pT) had around a 

two fold increased risk of childhood leukaemia, compared to those exposed to 

fields of less than 0.1 pT. It is important to point out that very few children were 

found to be in this high-risk category, since very few children are ever exposed 

to such high intensity fields. Again the authors were unable to provide any 

'explanation for the elevated risk' and suggest that at least some of it may have 

been be due internal problems with the study. Their findings however were 

consistent with an American study 5, which identified a similarly increased risk 

for children exposed to fields 0.3pT or higher. 

Prudent avoidance 

Since 1991 the Energy Supply Association of Australia (ESAA), the peak 

organisation for electrical companies in Australia, has adopted a policy of 

prudent avoidance in regard to high-level EMF exposure. This involves taking 

exposure into consideration in the design and citing of new electrical facilities 

and avoiding where possible, and at a 'moderate cost and minimum 

inconvenience' homes, schools, playgrounds and 'other locations frequented by 

children'. It also involves sharing information with the public and involving them 

in decisions made regarding the citing of such facilities. 

Some individuals may choose to take some simple steps to reduce their EMF 

exposure on a daily basis. These could include: 

Avoiding spending any time near high voltage powerlines or mobile 

phone base towers 

Updated August 2007 
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- Switching off and unplug electrical equipment when not in use. 

- Avoiding heated waterbeds. 

- Avoiding electric blankets in beds, or at least switch them off and 

unplug before sleeping. 

- Avoiding sleeping close to clock radios or any other electrical 

equipment. 

- Sitting as far away as possible from your television or computer 

monitor. 

If you are concerned about the level of EMF exposure in your home or workplace 

you can measure it using a special device available for hire from ARPANSA. For 

more information visit ARPANSA at www.aroansa.aov.au 

Like many cancers, childhood ALL is thought to result from a series of changes in 

special proteins called genes, which normally control the growth and division of 

blood cells. The cause of changes remains unclear but there are likely to be a 

number of factors involved. For more information read the Leukaemia 

Foundation's Understanding acute lymphoblastic leukaemia (ALL) in children - A 

guide for parents and families. 
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High-voltage overhead power lines (HVOLs) are one of the major 
sources of extremely low-frequency magnetic fields (ELF-MFs), 
considered a possible risk factor for childhood leukaemia. In the 
absence of any underlying biological hypothesis, the International 
Agency for Research on Cancer (IARC) classified ELF-MF as 
possible carcinogens (group 2B), based on epidemiological 
observations over more than two decades (IARC, 2002). The first 
meta-analyses concluded that exposure to ELF-MF levels of at least 
0.3/iT was significantly associated with an increased incidence of 
childhood acute leukaemia (AL) (odds ratio (OR) = 1.7 (1.2-2.3) 
for exposures ^0.3p.T (Greenland et ah 2000) and OR = 2.0 
(1.3-3.3) for exposures >0.4/(T (Ahlbom et ah 2000)). A recent 
meta-analysis of the studies published after 2000 (Kheifets et al, 
2010) generated consistent but weaker results (OR=1.4 (0.9-2.4) 
for exposures is0.3 /iT). The large British study by Draper et al 
(2005) focused on the proximity of VFTV-HVOL and showed an 
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Childhood leukaemia close to high-voltage 
power lines - the Geocap study, 2002-2007 
C Sermage-Faure1,2, C Demoury1,2, J Rudant1-2,3, S Goujon-Bellec1,2,3, A Guyot-Goubin1,2,3, F Deschamps4, 

D Hemon1,2 and J Clavel*'1,2,3 

'/nserm. Center for Research in Epidemiology and Population Health (CESP), 1/1018, Environmental Epidemiology of Cancer 

Team, Villejuif F-94807, France; 2Univ Paris-Sud, UMRS 1078, Villejuif F-94807, France; 3French National Registry of Childhood 

Hematological Malignancies (NRCH), Villejuif, France and4Reseau de Transport d'Electricite (RTE), Coeur Defense, 110 esplanade 

du General de Gaulle, La Defense 92030, France 

Background: High-voltage overhead power lines (HVOLs) are a source of extremely low-frequency magnetic fields (ELF-MFs), 

which are classified as possible risk factors for childhood acute leukaemia (AL). The study was carried out to test the hypothesis of 

an increased AL incidence in children living close to HVOL of 225-400 kV (VHV-HVOL) and 63-150 kV (HV-HVOL). 

Methods: The nationwide Geocap study included all the 2779 cases of childhood AL diagnosed in France over 2002-2007 and 

30000 contemporaneous population controls. The addresses at the time of inclusion were geocoded and precisely located 

around the whole HVOL network. 

Results: Increased odds ratios (ORs) were observed for AL occurrence and living within 50 m of a VHV-HVOL (OR = 1.7 (0.9-3.6)). 

In contrast, there was no association with living beyond that distance from a VHV-HVOL or within 50 m of a HV-HVOL. 

Conclusion: The present study, free from any participation bias, supports the previous international findings of an increase in 

AL incidence close to VHV-HVOL. In order to investigate for a potential role of ELF-MF in the results, ELF-MF at the residences 

close to HVOL are to be estimated, using models based on the annual current loads and local characteristics of the lines. 

association between AL and residence at birth <200m from a 
VHV-HVOL (OR= 1.7 (1.1-2.5)) and, to a lesser extent, between 
200 and 600 m from a VHV-HVOL (OR = 1.2 (1.0-1.5)). With the 
same data, the relative risk was not significantly increased for 
estimates of ELF-MF >0.4/tT (Kroll et ah 2010). High-voltage 
overhead power lines account for only a fraction of ELF-MF 
exposure, but, in their near vicinity, constitute the main source of 
background exposure (Schiiz et al, 2000; Maslanyj et al, 2007). 

The aim of the present study was to test whether the risk of AL 
was increased in the vicinity of HVOL, where children were 
expected to encounter higher residential exposure to ELF-MF. 
We followed a two-step approach. The present one aims at 
investigating the relationship between AL and distance to HVOL. 
The second step will rely on calculated residential exposure to 
ELF-EMF based on characteristics of the neighbouring HVOL. The 
study, the first in France, was based on the geolocation of the last 

www.bjcaneer.com | D0l:10.1038/bjc.2013.128 1899 



BRITISH JOURNAL OF CANCER Childhood leukaemia around French high-voltage power lines 

address and covered the entire mainland over a recent period 
(2002-2007), on an exhaustive basis, free from participation bias, 
and was based on a geographic information system (CIS) using 
precise and recent databases to locate the dwellings and HVOL 

MATERIALS AND METHODS 

The Geocap case-control study. The Geocap case-control study 
included all the 2779 French childhood AL cases aged <15 years at 
the end of the year of diagnosis, diagnosed between 1 January 2002 
and 31 December 2007, residing in mainland France (excluding 
Corsica for which HVOL information was not available). The cases 
were obtained from the French National Registry of Childhood 
Hematopoietic Malignancies (Lacour et al, 2010). 

Over the same period (2002-2007), sLx yearly sets of 5000 
control addresses were randomly sampled from the paediatric 
population of mainland France by the National Institute for 
Statistics and Economic Studies (1NSEE), using the income and 
council tax databases of the French households. These databases 
contain the addresses and income information of all the house­
holds in France, irrespective of employment status, and list the 
children in each household by year of birth. The sample was 
stratified on the 94 French mainland administrative areas 
(Departements). The individual variables available for the controls 
were the year of birth, number of children in the household and 
last address. Demographic and socioeconomic characteristics of the 
municipality (Commune) of residence were also used as contextual 
variables. The sample of 30000 controls was closely representative 
of the source population in terms of age and number of children in 
the household, and in terms of contextual variables, that is, size of 
the urban unit, median income, proportion of blue-collar workers, 
proportion of subjects who successfully completed high school 
(baccalaureate holders) and proportion of homeowners in the 
Commune of residence (Sermage-Faure et al, 2012). 

Geocoding. The residence considered for geolocation was the 
residence at the time of diagnosis for the cases and that at the time 
of inclusion for the controls. Residential histories, particularly 
addresses at birth, were not available. The method for geocoding 
the addresses of cases and controls was compiled, checked for 
consistency and corrected when necessary by GEOC1BLE, 
an outside service provider, in close cooperation with the 
epidemiology research team. The addresses were geocoded blind 
to case/control status, using the MAPINFO GIS, NAVTEQ street 
databases and detailed vectorized maps from the National 
Geographic Institute (IGN). Automatic processes were checked 
and completed by visual inspection of maps when necessary. 
Ultimately, only 3% of the cases and 1% of the controls could not 
be located more precisely than by their Commune of residence and 
were allocated the coordinates of their Commune town hall. 

In the Navteq and IGN databases, the geocodes are given at 
the middle of the street in front of the number in the street (i.e., the 
front door, the entrance of the plot or the projection of centre of 
the plot along the street), generally corresponding to the mailbox 
residence. Most often in urban areas and in collective housing, the 
mailbox is attached to the building of residence. However, 
especially in countryside, the house can be at a distance from the 
entrance of the plot, where the mailbox is. 

Depending on whether the databases enabled location of the 
home directly or by extrapolation from the nearest or more distant 
neighbours, the coordinates were assigned a degree of uncertainty 
along the street ranging from 20 m (exact number in the database) 
to the size of a Commune (Table 1). The scale of uncertainty 
provided by Geocible had been determined previously, based on 
the size of the objects to locate and on the mean differences 
between estimated and measured geocodes. The best geocoded 

Table 1. Distribution of the cases and controls by category of uncertainty 
of location by geocoding 

Cases Controls 

Category of 
accuracy of 
address location 
for geocoding 

At the exact number 

In a section of a short 

street 

At a close number 

In a medium street or 

in a hamlet 

In a long street 

In a Commune 

Total 

Uncertainty 

20 m 

50 m 

100 m 

300 m 

500 m 

N 

1946 

173 

130 

394 

54 

82 

2779 

% 
70.0 

6.2 

4.7 

14.2 

1.9 

3.0 

100.0 

N 

23171 

1658 

801 

3693 

383 

292 

30000 

% 
77.2 

5.5 

2.7 

12.3 

1.3 

1.0 

100.0 
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addresses were assigned an uncertainty of 20 m, equal to the mean 
value of the estimated coordinates given by the GIS and the center 
of the house. Altogether, 1946 cases (70%) and 23 171 controls 
(77%) were located by their exact number in the street (best 
geocoded addresses, uncertainty of 20 m), whereas 303 cases (11%) 
and 2459 controls (8.6%) were located by a segment of a short 
street or by a close number (uncertainty of 50-100 m). 

In addition to the coordinates obtained for all the postal 
addresses of the Geocap sample, another set of coordinates was 
also estimated using photographic views obtained from Street View 
(Google Maps), Geoportail (IGN data) and the French cadaster, 
when available. This was possible for 72% of the cases and 69% of 
the controls living <200m from a HVOL, considering the 
uncertainty, and used to position the building of residence. 

HVOL characteristics and distance from the nearest HVOL. 
There are 77 400 km of HVOL in France. There are five main types: 
HVOL of 400 kV (13 350 km), 225 kV (21200 km), 150 kV 
(1050 km) and 90 or 63 kV (41 800 km). The HVOLs have been 
precisely mapped by RTE (Reseau de Transport d'Electricite), the 
French utility in charge of electricity transmission, based on the 
utility's own database, in which pylons and sections of lines are 
accurately located, and on the most precise local maps of the 
national geographic institute (IGN). The distances from the closest 
HVOLs were estimated by GEOCIBLE. 

Statistical analysis. All the statistical analyses were performed 
using the SAS software package (version 9; SAS Institute Inc., Gary, 
NC, USA). The ORs, their 95% confidence intervals and two-sided 
P-values were estimated by unconditional logistic regression 
adjusted for age in 5-year categories and Departcment. Additional 
analyses stratified by age category were adjusted for age in years. 

The subjects were classified in terms of their distance from the 
closest HVOL (<50, 50-99, 100-199, 200-599 and 3=600 m). The 
very high voltage lines, 225 and 400 kV (VHV-HVOL), and the 
high voltage lines, 63, 90 and 150 kV (HV-HVOL), were separated 
as dwellings located <50m from VHV-HVOL are expected to be 
more frequently exposed to higher ELF-MF than those located 
^50 in from HV-HVOL (Maslanyj et al, 2009). The inverse 
distance function was used to test for the existence of a trend in AL 
incidence, assigning 0 to the dwellings located at least 600 m from 
an HVOL. 

All the main analyses were conducted on the whole study 
sample, without any selection by address uncertainty. The analyses 
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Table 2. Description of the cases included in the study, by the distance between their residence and the closest HVOL and by voltage category (very high 
(225-400kV) or high (63-150 kV)) over the period 2002-2007 

Distance from the closest HVOL 
yj 

0-49 m 

225-400 kV HVOL 

50-199 m 3= 200 m 0-49 m 

63-150 kV HVOL 

50-199 m 35 200 m Total 

lb 

Gender 

Female 

Male 

12 

12 

1246 

1500 

26 

28 

1229 

1482 

1262 

1517 

Age 

<5 years 6 n 1291 8 24 1276 ~1 1308 

5-9 years 3 10 858 2 18 851 871 

10-14 years 0 3 597 4 12 584 600 

Down's syndrome 0 0 43 0 0 43 43 

AL type 

ALL 

B-cell precursor ALL 

T-cell ALL 

Other ALL 

AML 

Other AL 

21 

"TT 
0 
9 

2250 

1056 

173 

1021 

428 

68~ 

13 

~T" 
1 
4 

46 

"iT 
4 

17 

2220 

1041 

168 

1011 

424 

67" 

2279 

1074 

173 

1032 

431 

69" 

Abbreviations: AL= acute leukaemia; ALL = ocuta lymphoblastic leukaemia; AML=acute myeloblastic leukaemia; HVOL=high-voltage overhead power line. 

were conducted on all the cases and also stratified by age group -
<5 years old covering most of the incidence peak and ^5 years 
old - and for acute lymphoblastic leukaemia (ALL) alone. 

All the analyses were performed taking the same baseline as 
reference category, that is, the group of children who lived in 
Communes with no part of their territory within 600 m of a HVOL, 
after accounting for geocoding uncertainty. Thus, the baseline 
included all the residences definitely located 3* 600 m from a 
HVOL, even if they were geocoded with the highest uncertainty. 
Additional sensitivity analyses also included the subjects 
living at least 600 m from a HVOL in the reference category, even 
when the Commune had a part of its territory within 600 m of a 
HVOL, in order to account for the possibility that the 
baseline category might select residences in relation with an AL 
risk factor. 

The 67 cases and 203 controls who lived in a Commune partially 
located within 600 m of a line but who could not be individually 
located better than at the town hall were considered to have 
missing data for the distances from HVOL. 

Supplementary analyses were performed to test the robustness 
of the results and account for the spatial extent of the house, by 
restriction to the best geocoded addresses (uncertainty <20m), or 
by modifying the distance cutoffs around the a priori value of 50 m 
(30, 40, 60 and 70 m). In addition, for sensitivity analyses, when the 
distances using the main geocoding and the photographic views 
were available, the cases and controls were classified in the category 
'<50111 from a HVOL', either when the distance from photo­
graphic views was <50m, or when at least one of the two 
estimated distances was <50m, or when both the estimated 
distances were <50m. 

The analyses were also stratified by contextual socioeconomic 
variables extracted from the 1999 census data for the Commune of 
residence, including the urban status of the Commune, median 
income of the households, proportion of blue-collar workers and 
proportion of baccalaureate holders. Additional analyses were 
performed after excluding the cases and controls who lived <5 km 
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from a nuclear power plant, in order to rule out possible 
confounding by residence in the proximity of a nuclear power 
plant, which was associated with AL in the present study (Sermage-
Faure et al, 2012). 

RESULTS 

Table 2 describes the cases registered from 2002 to 2007 by age, 
gender and leukaemia subtype, on the basis of the distance of their 
residences from the closest VHV-HVOL or HV-HVOL. 

The 610 cases (22.0%) and 7061 controls (23.5%) who were 
living in a Commune entirely located at least 600 m from any 
HVOL constituted the baseline of the models. Living within 50 m 
of the closest HVOL, all voltages considered together, was not 
associated with AL (OR= 1.2 (0.8-1.9)) (Table 3). However, while 
no association was observed with residences close to HV-HVOL 
(OR =1.0 (0.6-1.7)), an association was evidenced for children 
who lived within 50 m of a VHV-HVOL (OR = 1.7 (0.9-3.6)). In 
contrast, the ORs were close to one for the residences located 
^ 50 m from a HVOL, even a VHV-HVOL, and no statistically 
significant trend was observed with the inverse of the distance 
(P = 0.28 for distance from VHV-HVOL). The results for ALL 
were very similar (OR=1.9 (0.9-4.0) at <50m from a VHV-
HVOL). 

Splitting the sample into children aged <5 years and those aged 
^5 years showed that the association was only observed for the 
younger group (Table 4). In that age group, living within 50 m of 
the closest VHV-HVOL was significantly associated with AL 
(OR = 2.6 (1.0-7.0)), with a significant trend with the inverse of 
the distance (P = 0.03), whereas there was no association for the 
older group (OR= 1.0 (0.3-3.3) living within 50 m of the closest 
VHV-HVOL). 

Living within 50 m of a VHV-HVOL was not associated with 
AL in the Communes of urban units with a population > 100 000 
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Table 3. Association between childhood acute leukaemia and distance to the closest HVOL by category of voltage (very high (225-400 kV) or high 
(63-150 kV)) over the period 2002-2007 

Distance to HVOL 

225-400 kV HVOL 

Cases Controls 

63-150 kV HVOL 

Cases Controls 

Any HVOL 

Cases Controls 

© 

% % OR" 95% CI % % OR3 95% CI % OR3 95% CI 

Baselineb 610 22.0 7061 23.5 1.0 Reference 610 22.0 7061 23.5 1.0 Reference 610 22.0 7061 23.5 1.0 Reference 

Unknown 67 203 67 203 67 203 

>600m 1924 69.2 20 896 69.7 1.0 (0.9-1.2) 1792 64.5 19168 63.9 1.1 (1.0-1.2) 1665 59.9 17 937 59.8 1.1 (0.9-1.2) 

200-599m 145 5.2 1416 4.7 1.2 (1.0-1.4) 242 8.7 2740 9.1 1.0 (0.8-1.2) 345 12.4 3633 12.1 1 . 1  (0.9-1.2) 

100-199 m 

50-99m 

16 0.6 

"oT 

267 0.9 

97 0.3 

0.7 

To" 

(0.4-1.2) 

(0.5-2.1) 

1.2 

0.8 

461 

203 

1.5 0.8 (0.6-1.2) 44 1.6 669 2.2 0.8 (0.5-1.0) 

0.7 1.2 (0.7-1.9) 25 0.9 284 0.9 1.0 (0.7-1.6) 

0-49 m 0.3 60 0.2 1.7 (0.9-3.6) 14 0.5 164 0.5 1.0 (0.6-1.7) 23 0.8 213 0.7 1.2 (0.8-1.9) 

Total 2779 30000 2779 30000 2779 30000 

Abbreviations; CI ^ confidence interval, HVOL ^high-voltage overhead power line; OR =* odds ratio. 

0OR and95%Cls estimated by logistic regression adjusted forage at the end of the year (5-year age groups for the 0-14-year-old children, 1-year age groups for the 0-4-year-old children) and 

Ddpartemont of residence. 

bResidence in a Commune entirely located ^600m from on HVOL 

(Table 4), but an association was observed for the less urban 
categories of Commune. The same pattern was observed for the 
under-5-year age group (data not shown). The association between 
AL and living <50 m from a VHV-HVOL appeared more marked, 
although not significantly so, in the Communes with less-favorable 
contextual socioeconomic characteristics: median income or 
percentage baccalaureate holders lower than the median value 
for the controls; percentage hlue-collar workers greater than die 
median value for the controls. Adjustments for those contextual 
variables, either separately or jointly, did not change the estimates. 

No case and only two controls lived within 5 km of a nuclear 
power plant and <200 m from a VHV-HVOL; excluding them did 
not modify the results. 

Sensitivity analyses restricted to the best geocoded subjects 
(uncertainty ^20 m) generated slightly stronger results (OR = 2.1 
(0.9-4.7) for living within 50 m of a VHV-HVOL) (Table 5). The 
results were also unchanged when the cutoffs were 10 and 
20 m above or below the a priori value of 50 m, and when the 
baseline was extended to include the subjects living >600m from 
a HVOL, even if their Commune of residence had parts located 
<600m from a line (data not shown). Lastly, in the sensitivity 
analyses using the main geocoding distance and that based on 
photographic views when both were available (Table 5), the ORs 
remained of the same order of magnitude but die associations were 
no longer significant (OR= 1.3 (0.5-3.7) for distance < 50 m based 
on photographic views, OR = 1.7(0.6-4.8) for both distances 
<50m and OR=1.5 (0.8-3.1) for at least one distance <50m 
from a VHV-HVOL). For 0-4-year-old children, this was also the 
case (OR = 2.5 (0.6-10.5) for distance <50m based on photo­
graphic views, OR = 3.5 (0.8-15.1) for both distances <50m and 
OR = 2.3 (0.9-6.0) for at least one distance <50m). 

DISCUSSION 

The present analysis of die Geocap nationwide case-control study 
was carried out to test the hypothesis that living close to HVOL, 
particularly VHV-HVOL, was associated with an increased 
incidence of childhood AL. The study focused on HVOL, a 

major source of exposure to ELF-MF in neighbouring residences 
(Schiix el al, 2000; Maslanyj et at, 2007). The proximity of HVOL 
to the residence of all the subjects was reliably evaluated without 
any selection and using the same process over all mainland France 
and over the 2002-2007 period. The results for living < 50 m from 
a 225 or 400 kV HVOL were compatible with the 1ARC 
conclusions. There was no association beyond that distance. The 
association at a short distance was not observed for children aged 
^5 years or those living in the most urban Communes. 

The study covered a recent and relatively short period, and 
historical databases were therefore available for the entire period. 
One of the main strengths of the Geocap study is that it was 
designed to avoid selection biases. The cases were identified by the 
national registry, which complies with the international criteria 
required for cancer registration and classification, and achieves a 
high degree of completeness, by active research with almost three 
sources per case on average (Clavel et al, 2004; Lacour et al, 2010). 
Similarly, the recruitment of the controls did not require their 
active participation, preventing self-selection by socioeconomic 
status. De facto, the control sample was closely representative of the 
paediatric population on the basis of the sociodemographic 
contextual criteria (Table 1). 

All the cases' and controls' addresses were obtained and 
geocoded, and the distances were calculated from objective 
databases free from any recall bias and blind to case/control 
status. This is another strength of the Geocap study in that it 
enabled minimisation of differential misdassifications. The dis­
tances estimated from the GISs were assumed to rank, as 
adequately as possible, the cases and controls by the true distance 
of their dwellings from the HVOL. The databases used to locate the 
lines were very precise. In particular, pylons were located with an 
uncertainty of 2.5 m in the RTE database. 

Interestingly, the results were strengthened when the analyses 
were restricted to the best geocoded addresses. The 67 cases and 
203 controls (<2% of the subjects) whose addresses were not 
precise enough to enable their location close to the HVOL 
probably had no substantial impact on the results, given the 
expected distribution of the few subjects with respect to the 
distance from VHV-HVOL (about 0.2% of the controls <50m 
from VHV-HVOL). For the association to have been due to the 
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Table 4. Association between childhood AL and distance from HVOLs over the period 2002-2007, stratified by age and urban status of the Commune of 
residence 

Address-based distance from HVOL 

225-400 kV HVOL 

Ca 

% 

Co 

% 

ORa 95% CI 

63-150 kV HVOL 

Ca 

% 

Co 

% 

OR0 95% CI 

Age 

0-4 years 

Baselineb 

Unknown 

^600m 

200-599 m 

100-199 m 

50-99m 

0-49 m 

Total 

311 

35 

870 

74 

5 

6 
6 

1307 

23.8 

66.6 

5.7 

0.4 

0.5 

0.5 

2326 

85 

6734 

444 

87 

27 

14 

9717 

23.9 

69.3 

4.6 

0.9 

0.3 

0.1 

1.0 

0.9 

1.2 

0.4 

1.6 

2.6 

Reference 

(0.8-1.1) 

(0.9-1.6) 

(0.2-1.0) 

(0.7-4.1) 

(1.0-6.9) 

311 

35 

814 

115 

13 

11 

8 
1307 

23.8 

62.3 

8.8 

1.0 

0.8 

0.6 

2326 

85 

6146 

902 

145 

61 

52 

9717 

23.9 

63.2 

9.3 

1.5 

0.6 

0.5 

1.0 

0.9 

0.9 

0.6 

1.3 

1.1 

5-14 years 

Baseline 

Unknown 

5600 ni 

200-599m 

100-199 m 

50-99m 

0-49 m 

Total 

299 

32 

1054 

71 

11 

2 

3 

1472 

20.3 

71.6 

4.8 

0.7 

0.1 

0.2 

4735 

118 

14162 

972 

180 

70 

46 

20283 

23.3 

69.8 

4.8 

0.9 

0.3 
0.2 

1.0 

1.2 

1.2 

1.0 

0.5 

1.0 

Reference 

(1.0-1.4) 

(0.9-1.5) 

(0.5-1.8) 

(0.1-2.0) 

(0.3-3.3) 

299 

32 

978 

127 

20 

10 

6 
1472 

20.8 

66.4 

8.6 

1.4 

0.7 
0.4 

4735 

118 

13022 

1838 

316 

142 

112 

20283 

23.3 

64.2 

9.1 

1.6 

0.7 

0.6 

1.0 

1.2 

1.1 

1.0 

1.1 

0.9 

Size of urban unit' 

<5000 inhabitants 

Baselineb 

Unknown 

Ss600m 

200-599m 

100-199 m 

50-99m 

0-49 m 

Total 

309 

36 

525 

30 

2 
1 
4 

907 

34.1 

57.9 

3.3 

0.2 

0.1 

0.4 

3415 

67 

5630 

393 

71 

20 

19 

9615 

35.5 

58.6 

4.1 

0.7 

0.2 

0.2 

1.0 

1.0 

0.9 

0.3 

0.6 

2.5 

Reference 

(0.9-1.2) 

(0.6-1.3) 

(0.1-1.4) 

(0.1—4:6) 

(0.8-7.7) 

309 

36 

482 

68 

7 

4 

1 
907 

34.1 

53.1 

7.5 

0.8 

0.4 

0.1 

3415 

67 

5221 

724 

109 

45 

34 

9615 

35.5 

54.3 

7.5 

1.1 

0.5 

0.4 

1.0 

1.0 

1.0 

0.7 

1.1 

0.4 

5000-100000 inhabitants 

Baselineb 

Unknown 

J>600m 

200-599m 

100-199 m 

50-99m 

0-49 m 

Total 

71 

18 

513 

27 

5 

1 
4 

639 

11.1 

80.3 

4.2 

0.8 

0.2 
0.6 

756 

63 

5811 

219 

33 

19 

6 
6907 

10.9 

84.1 

3.2 

0.5 

0.3 

0.1 

1.0 

0.8 

1.2 

1.5 

0.6 

4.9 

Reference 

(0.6-1.1) 

(0.7-2.0) 

(0.5-3.9) 

(0.1-4.8) 

(1.3-19.2) 

71 

18 

451 

72 

15 

5 

7 

639 

1 1 . 1  

72.7 

11.5 

2.4 

0.8 

1.1 

756 

63 

4942 

876 

144 

73 

53 

6907 

10.9 

71.6 

12.7 

2.1 

1.1 

0.8 

1.0 

0.9 

0.8 

1.0 

0.7 

1.2 

> 100 000 inhabitants 

Baselineb 

Unknown 

^600m 

200-599m 

100-199 m 

50-99 m 

0-49 m 

Total 

230 

13 

886 
88 

9 

6 
1 

1233 

18.7 

71.9 

7.1 

0.7 

0.5 

0.1 

2890 

73 

9455 

804 

163 

58 

35 

13478 

21.4 

70.2 

6.0 

1.2 

0.4 

0.3 

1.0 

1.1 

1.3 

0.7 

1.4 

0.4 

Reference 

(0.9-1.4) 

(1.0-1.8) 

(0.4-1.4) 

(0.6-3.3) 

(0.1-2.9) 

230 

13 

859 

102 

11 

12 

6 
1233 

18.7 

69.7 

8.3 

0.9 

1.0 

0.5 

2890 

73 

9005 

1140 

208 

85 

77 

13 478 

21.4 

66.8 

8.5 

1.5 

0.6 

0.6 

1.0 

1.2 

1.1 

0.7 

1.7 

1.0 

Abbreviations; AL = acute leukaemia; Ca a number of cases; CI ** confidence interval; Co = number of controls; HVOL= high-voltage overhead power line; OR » odds ratio. 

aORs and 95% CIs estimated by logistic regression adjusted for age at the end of the year (5-year age groups for the 0-14-year-old children, 1-year age groups for the O-^l-year-old children) and 

D^partement of residence. 

b8aselinec4 residence in a Commune entirely located >600 m from any HVOL 

cAn urban unit is defined by the INSEE (National Institute of Statistics and Economic Studies) as a group of Communes in which the distance between dwellings is nowhere more than 200 m. 
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Table 5. Sensitivity analyses of the association between childhood acute leukaemia and distance to the closest HVOL by category of voltage (very high 
(225-400 kV) or high (63-150 kV)) over the period 2002-2007, for all ages and the 0-4-years age group 

Main results Sensitivity analyses 

GIS with any uncertainty 
(1)GIS with 

uncertainty of 20 m (2) Photographic views available 

Photograph only <50m by GIS or photo <50m by GIS and photo 

Ca Co OR 95% CI Ca Co OR 95% CI Ca Co OR 95% CI Ca Co OR 95% CI Ca Co OR 95% CI 

0-14 years 

Baseline 610 7061 1.0 Reference 610 7061 1.0 Reference 610 70611 1.0 I Reference I 610 | 7061 I 1.0 Reference 610 7061 1.0 Reference 

Any HVOL 

100-199 m 
50-99m 
0-49 m 

669 
284 
213 

0.8 
1.0 

1.2 

(0.5-1.0) 
(0.7-1.6) 
(0.8-1.9) 

499 
212 

152 

(0.5-1.1) 
(0.7-1.8) 
(0-7-2.0) 

455 
184 
158 

(0.6-1.3) 
(0.9-2.2) 
(0.6-1.9) 24 243 1.2 (0.7-1.8) 128 1.2 (0.7-2.1) 

VHV-HVOL 

100-199m 
50-99m 
0-49 m 

16 267 
97 
60 

0.7 
1.0 
1.7 

(0.4-1.2) 
(0.5-2.1) 
(0.9-3.6) 

200 
68 
39 

(0.4-1.3) 
(0.4-2.4) 
(0.9-4.7) 

172 
74 
38 

(0.7-1.9) 
(0.6-2.7) 
(0.5-3.7) 68 1.5 (0.8-3.1) 30 1.7 (0.6-4.8) 

HV-HVOL 

100-199 m 
50-99m 
0-4 9 m 

461 
203 
164 

0.8 
1.2 

1.0 

(0.6-1.2) 
(0.7-1.9) 
(0.6-1.7) 

346 
155 
120 

0.7 
1.2 

0.8 

(0.5-1.1) 
(0.7-2.0) 
(0.4-1.7) 

322 
121 
127 

(0.6-1.3) 
(0.7-2.3) 
(0.5-1.8) 15 0.9 (0.5-1.6) 103 1.0 (0.5-2.0) 

0-4 years 

Baseline 311 2326 1.0 Reference | 3111 2326| 1.0 | Reference] 3111 2326| 1.0 Reference 311 2326 1.0 | Reference 311 2326 1.0 Reference 

Any HVOL 

100-199m 
50-99m 
0-49 m 

213 
89 
62 

0.6 
1.2 

1.5 

(0.3-1.0) 
(0.7-2.1) 
(0.8-2.8) 

160 
62 
92 

(0.2-0.8) 
(0.6-2.9) 
(0.6-2,8) 

196 
55 
38 

(0.5-1.5) 
(0.9-3.3) 
(0.6-3.3) (0.8-2.6) 8 39 1.7 (0.8-3.9) 

VHV-HVOL 

100-199 m 
50-99m 
0-49 m 

0.9 
1.6 
2.6 

(0.2-1.0) 

(0.7-9.1) 
(1.0-6.9) 

(0.2-0.9) 
(0.5-5.0) 
(1.3-13.3) 

(0.6-2.8) 
(0.8-5.8) 
(0.6-10.5) (0.9-6.0) 3 5 3.5 (0.8-15.1) 

HV-HVOL 

100-199m 
50-99 m 
0-49 m 

108 
45 
36 

0.6 
1.3 
1.1 

(0.9-1.2) 
(0.7-2.5) 
(0.5-2.3) 

145 
61 

52 

(0.2-0.9) 
(0.5-2.6) 
(0.2-1.8) 

(0.4-1.4) 
(0.6-3.4) 
(0.4-2.9) 55 1.0 (0.5-2.1) 30 1.3 (0.5-3.4) 

Abbreviations: Ca —number of cases; CI -• confidence interval; Co = number of controls; GIS=igeographic information system; HV-HVOLhigh voltage high-voltage overhead power lines 

(63-150kV); HVOL = high-voltage overhead power lino; ORodds ratio; VHV-HVOL-very high voltage higb-voltago overhead power lines (225400kV). The first sensitivity analysis (1) is 

restricted to the addresses best geocoded (GIS obtained with uncertainty of 20m) and the second one (2) to the addresses for which a photographic view was available. The results shown in 

Tables 4 and 5 arc recalled in the first columns. 

Unknown category, the true addresses would have to have been 
within 50 m of a VHV-HVOL for none of the unclassified 
cases and for about 15% of the unclassified controls, which is very 
unlikely. The sensitivity analyses were consistent with the main 
results. 

The Geocap study was designed to avoid selection and 
differential misclassifkation biases, which are common short­
comings of case-control studies on environmental factors, 
particularly ELF-MF (Mezei and Kheifets, 2006; Kheifets and 
Oksuzyan, 2008; Schuz and Ahlbom, 2008). The study included no 
individual data other than age and address, which were obtained 
for all the cases and controls. Therefore, potential AL risk factors 
such as birth order, breastfeeding, day-care attendance and 
pesticide exposure were not available. However, conditionally on 
age and the sociodemographic characteristics of the Commune of 
residence, which were accounted for in adjusted or stratified 
analyses, known or suspected risk factors are not likely to differ 
markedly within vs outside the 50-m distance from the VHV-
HVOL. The study may have suffered from non-differential 
misclassifications, particularly because of the uncertainty of the 
geolocation of the homes, or because the period considered, that is, 
residence at diagnosis or interview, may not belong to the most 
relevant time window, or because the small numbers did not enable 

separation of the 400- and 225-kV VHV-HVOL or splitting the 
smallest category of distance. Therefore, the relationship between 
living close to VHV-HVOL and AL is probably not overestimated. 
As a registry-based study, the Geocap study considered the 
addresses at the time of diagnosis for the cases and at the time of 
inclusion for the controls. It did not cover the whole residential 
history since conception, and earlier or longer time windows may 
be more relevant in childhood AL. In the Escale case-control study 
(data collected in 2003-2004), the household had not moved 
during the index pregnancy or childhood for 46% of the controls 
< 15 years, and 60% of those <5 years (Amigou et al, 2011). In the 
present study, the relationship was only observed for children 
<5 years, which might be compatible with a smaller impact of 
misclassifications, due to moves, of early exposures related to the 
proximity of VHV-HVOL. The relationship was not observed in 
children living in the most populated urban Communes. 

The present study exclusively addressed the question, recurrent 
in France, of the risk of childhood AL close to HVOL. If living 
<50m from HVOL is causally related to AL, it is expected to 
induce an excess of less than one new case < 15 years per year in 
France, under steady conditions of residency close to VHV-HVOL. 
The distance of the residence from a HVOL is by no means a 
perfect surrogate for individual exposure to ELF-MF because of the 
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proximity of the lines. Individual in situ measurements would be 
more suitable exposure indicators, provided that they were 
standardized, accurate and precise measurements, and that no 
selection bias (and no participation bias) limited their interpreta­
tion. Residential proximity of a VHV-HVOL was considered 
an indicator of increased probability of high residential exposure to 
ELF-MF, with the hypothesis that other sources of exposure to 
ELF-MF would be independent of the presence of the line and thus 
would be distributed similarly for the children living <50m from 
a VHV-HVOL and those living further away (Schiiz et al, 2000; 
Maslanyj et al, 2007). The study combined stringent voltage 
(> 225 kV) and distance (< 50 m) conditions with a high degree of 
accuracy in the geocoding process, in order to identify the 
individuals who most probably had the highest exposures to 
ELF-MF in the population study. Exposure to ELF-MF depends on 
many sources and, regarding power lines, on many other 
parameters than distance, particularly current load and type of 
pylon (also related to the line voltage). Conversely, the distance 
from VHV-HVOL might also be an indicator of environmental 
exposures and lifestyle factors related to the vicinity of lines other 
than ELF-MF. 

In a descriptive analysis of studies of ELF-MF exposure in 
4452 homes in the United Kingdom (UKCCS, 1999) and 1835 
homes in Germany (Schiiz et al, 2000), only a small number of 
dwellings were located within 50 m of a HVOL (93 homes), 16 of 
which were close to a 220-400 kV HVOL (Maslanyj et at, 2009). 
Extremely low-frequency magnetic field exposure 5=0.4 fiT was 
more prevalent in the latter homes (18.8%) than in those close to 
11-132 kV HVOL (6.5%), even though the absolute numbers of 
dwellings with ELF-MF exposure 5=0.4/tT were similar (three and 
five homes, respectively). Therefore, in this study, the absence of an 
association close to HV-HVOL lines, where the prevalence of 
exposed residences is assumed to be lower, is poorly informative 
with respect to the hypothesis that ELF-MF may have a role in 
childhood AL. 

This hypothesis will be investigated more precisely in a future 
stage of the Geocap study. RTE is to calculate individual estimates 
of the exposure to ELF-MF for all the Geocap subjects located close 
to a HVOL, blind to case/control status. The exposure estimates 
will take into account the particular characteristics of each of the 
neighbouring lines (pylons geometry, height and type of cable, 
grotmd wires and so on), the average annual current load for each 
of the identified lines, the time-distribution percentiles of the 
current load and the particular location of the residence with 
respect to the closest line spans (Bessou et al, 2013). 

This is the first French contribution to the issue of ELF-MF, 
HVOL and childhood AL. The results are compatible with the first 
meta-analyses published in 2000 (Ahlbom et al, 2000; Greenland 
et al, 2000), the recent review by Schiiz and Ahlbom (2008) and the 
most recent meta-analysis summarizing the studies of the last 
decade (Kheifets et al, 2010). While no underlying biological 
mechanism has been advanced to date in support of the 
epidemiological observation (WHO, 2007), the IARC classification 
of ELF-MF as a possible carcinogen (IARC, 2002) has not been 
strongly challenged. The study by Draper et al (2005) based 
on residence at birth and covering more than three decades 
(1962-1995) revealed associations with longer distances from 
power lines than previously envisaged, far above the threshold 
usually recognised as generating ELF-MF greater than background 
exposures, and with a positive trend with decreasing distance. 
Extremely low-frequency magnetic fields were estimated second­
arily in the same study, and then considered unlikely to be the only 
explanation (Swanson, 2008; Kroll et al, 2010) for the observed 
relationship with distance. Overall, the number of exposed 
newborns was small because five AL cases and three controls 
resided at birth within 50 m of a HVOL (mainly VHV-HVOL) 
(Draper et al, 2005), and two AL cases and one control were 

assumed to be exposed to at least 0.4^T (Swanson, 2008). In the 
present study, we observed no significant trend with decreasing « 
distance to VHV-HVOL. 

Recently, in a commentary on the most recent papers by Kroll 
et al (2010) and Kheifets et al (2010), Schmiedel and Blettner ^ 
(2010) drew attention to the current limitations of epidemiology ~ 
with regard to affording new insights in the field and answering 
questions in the absence of satisfactory biological models. Geocap jf? 
was designed for quantitative modelling and the study of 
coexposures, and may thus be considered an appropriate tool for 
contributing to knowledge in the field. 

CONCLUSION 

In conclusion, the present study has generated additional findings, 
based on a recent nationwide unselected population-based study, 
that support the hypothesis that living < 50 m from a 225 or 
400 kV HVOL may be associated with an increased incidence of 
childhood AL. No increase in risk was observed further from those 
lines and no increase in childhood AL risk was detected within 
50 m of the 63-150 kV HVOL. Model-based estimates of ELF-MF 
exposures will be used to investigate for potential involvement of 
ELF-MF in the observed association. 
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